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Preface
Nutrient.requirements.for.optimum.health.and.function.of.aging.physiological.systems.often.are.
quite.distinct.from.those.required.for.young.ones..Recognition.and.understanding.of. the.special.
nutrition.problems.of. the.aged.are.being.intensively.researched.and.tested,.especially.due.to. the.
increases.in.the.elderly.in.the.general.population..In.developed.countries,.economic.restrictions.and.
physical.inactivity.during.aging.can.significantly.reduce.food.intakes,.contributing.to.nutritional.
stresses.and.needs..Many.disease.entities.and.cancers.are.found.with.higher.frequency.in.the.aged..
Cancer,.trauma,.or.infectious.disease.can.alter.intakes.or.requirements.for.various.nutrients..Thus,.
specific.foods.and.nutritional.supplementation.may.be.helpful.in.treatment.of.aged.adults,.including.
cancer.patients.

Many.adults.and.elderly.are.using.foods.and.nutrients.well.above.the.recommended.daily.allow-
ance,.which.may.not.always.be.needed.for.optimal.health..Thus,.dietary.alcohol.and.high.calorie.
intakes. associated. with. causation. and. exacerbation. of. alcoholism. or. diabetes,. respectively,. will.
form.a.section.of.health.promotion.in.seniors..To.some.extent,.treatment.of.these.conditions.with.
diet.or.nutritional.supplements.is.a.unique.problem.in.the.aged.

The.major.objective.of.this.book.is.to.review.in.detail.health.problems.occurring.with.signifi-
cant.frequency.in.aging.adults.and.nutritional.therapies.to.overcome.them..The.effects.of.the.aging.
processes,.changes.in.social.status,.and.financial.conditions.significantly.affect.the.approaches.to.
treatment.and.study.of.nutritional.and.health.problem.in.the.aging.adult.and.the.elderly..In.sum-
mary,.to.understand.their.health.problems,.increasing.numbers.of.older.adults.and.elderly.in.the.
population.require.detailed.study.and.directed.research.using.nutritional.therapies.

This.book,.the.4th.edition,.was.created.by.enhancing.and.updating.key.chapters.by.the.authors.
who.wrote.them.in.the.3rd.edition..Some.new.topics.and.chapters.are.included:

Nutrition.and.Nutritional.Needs
Undernutrition
Mechanistic.Studies.of.Nutrition.in.the.Aged
Nutritional.Therapies.and.Supplementation

•
•
•
•
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1 Nutrition	and	Electrolytes	
in	the	Elderly

Marthe J. Moseley

Contents

Nutrition.plays.a.pivotal.role.in.health.promotion,.disease.prevention,.and.chronic.disease.manage-
ment..The.normal.physiologic.changes.of.aging.place.the.elder.at.risk.for.potential.complications.
regarding.altered.nutritional.state.and.electrolyte.imbalance..The.most.important.principle.in.limit-
ing.the.possibility.of.complications.at.any.time.throughout.the.age.span.is.prevention.

1.1  IntroduCtIon

The.population.of.older.persons.has.risen.dramatically.and.will.continue.to.grow.rapidly.throughout.
the.world..The.size.and.character.of.the.elderly.population.in.the.United.States.is.rapidly.changing..
During.the.20th.century,.the.U.S..population.under.age.65.tripled,.but.those.65.and.older.increased.
by.a. factor.of.11. (American.Geriatric.Society. [AGS].2006)..Those.persons.who.are.65.or.older.
numbered.37.3.million.in.2006,.representing.12.4%.of.the.U.S..population..By.2030,.about.one.in.
every.five.Americans.(20%).will.be.a.senior.citizen,.with.about.71.5.million.older.persons,.more.
than.twice.their.number.in.2000..People.65.and.older.represented.12.4%.of.the.population.in.the.
year.2000.but.are.expected.to.grow.to.20%.of.the.population.by.2030..In.2005,.the.65–74.age.group.
(18.6.million).was.over.8.5.times.larger.than.in.1900,.but.the.75–84.group.(13.1.million).was.17.
times.larger.and.the.85+.group.(5.1.million).was.42.times.larger.(AGS,.2006).

Data.from.the.Department.of.Health.and.Human.Services.(2006).reports.the.following.infor-
mation..In.2003,.persons.who.reached.age.65.had.an.average.life.expectancy.of.an.additional.18.4.
years.(19.8.years.for.females.and.16.8.years.for.males)..A.child.born.in.2004.could.be.expected.to.
live.77.9.years,.which.is.about.30.years.longer.than.a.child.who.was.born.in.1900..Much.of.this.
increase.occurred.because.of.reduced.death.rates.for.children.and.young.adults..However,.during.

1.1. Introduction..............................................................................................................................3
1.2. Background..............................................................................................................................4
1.3. Importance.of.Adequate.Nutrition...........................................................................................4
1.4. Detection.of.Nutritional.Risk...................................................................................................6
1.5. Optimal.Intervention................................................................................................................7

1.5.1. Ongoing.Nutritional.Evaluation....................................................................................7
1.6. Fluid.Needs..............................................................................................................................8

1.6.1. Perioperative.Plan.........................................................................................................8
1.8. Route.Selection........................................................................................................................9
1.9. Water.and.Electrolyte.Balance............................................................................................... 10
1.10. Intervention.Measures............................................................................................................ 11
1.11. Conclusion.............................................................................................................................. 12
Acknowledgment.............................................................................................................................. 12
References......................................................................................................................................... 12
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the.period.of.1983–2003,.reduced.death.rates.were.also.noted.for.the.population.aged.65–84,.spe-
cifically.for.men..with.a.reduction.of.29.4%.for.men.aged.65–74.and.a.reduction.of.22.3%.for.men.
aged.75–84..Life.expectancy.at.age.65.increased.by.only.2.5.years.between.1900.and.1960,.but.had.
increased.by.4.3.years.from.1960.to.2004..Over.2.0.million.persons.celebrated.their.65th.birthday.
in.2005.and,.in.the.same.year,.about.1.8.million.persons.65.or.older.died..Census.estimates.showed.
an.annual.net.increase.of.almost.500,000.in.the.numbers.of.persons.65.and.over..There.were.70,104.
persons.aged.100.or.more.in.2005.(0.19%.of.the.total.population),.which.had.increased.88%.from.
the.1990.data.of.37,306.

1.2  BaCkground

The.Department.of.Health.and.Human.Services.(2006).also.reported.statistics.in.terms.of.health.and.
health.care..In.2005,.38.3%.of.noninstitutionalized.older.persons.described.their.health.as.excellent.
or.very.good..There.was.little.difference.between.the.sexes.on.this.measure,.but.African.Americans.
(22.8%),. older. American. Indians/Alaska. Natives. (24.2%). and. older. Hispanics. (28.4%). were. less.
likely.to.rate.their.health.as.excellent.or.good.than.were.older.whites.(40.9%).or.older.Asians.(34.9%). 
Most.older.persons.have.at.least.one.chronic.condition.and.many.have.multiple.conditions.

In.other.areas.of.lifestyle,.reports.reflected.disease.prevention.behaviors.and.at-risk.behaviors.
(DHHS.2006)..Almost.60%.of.elders.reported.that.they.received.an.influenza.vaccination.in.2005.
and.56%.reported.that.they.had.received.a.pneumococcal.vaccination..About.24%.(of.persons.60+).
report.height/weight.combinations.that.place.them.among.the.obese,.yet.over.25%.of.persons.aged.
65–74.and.17%.of.persons.75+.report.that.they.engage.in.regular.leisure-time.physical.activity..Only.
9%.of.elders.reported.that.they.are.current.smokers.and.4%.reported.excessive.alcohol.consumption..
Elders.reported.at.2.6%,.that.they.had.experienced.psychological.distress.during.the.past.30.days.

Elderly.persons.experience.more.frequent.hospitalizations.(DHHS.2006)..In.2004,.over.13.2.
million.persons,.aged.65.and.older,.were.discharged.from.short-stay.hospitalizations,.a.rate.of.3,629.
for.every.10,000.persons.aged.65+..This. rate.was.considered. to.be.more. than. two.and.one.half.
times.the.comparable.rate.for.persons.of.all.ages.(1,384.per.10,000)..The.reportable.average.length.
of.hospital.stay.for.persons.aged.65+.was.5.6.days,.which.had.decreased.by.5.days.since.1980..In.
2003–2004,.older.persons.averaged.more.doctor.office.visits,.with.6.1.visits.for.elders.aged.65–74,.
and.7.6.office.visits.for.persons.over.75..Over.96%.of.older.persons.reported.access.for.medical.
care,.yet.2.4%.stated.a.failure.to.obtain.needed.medical.care.during.the.previous.12.months,.citing.
financial.barriers.as.the.reason—thus.supporting.the.link.between.poverty.and.poor.health.(Brave-
man.2007;.Wilcox.2007).

1.�  ImportanCe of adequate nutrItIon

Adequate.nutrition.status.has.been.recognized.as.an.important.factor.in.both.the.prevention.and.
treatment.of. chronic.disease,. in. elders.undergoing. surgery. (perioperative. condition),. and. in. any.
elder.with.alterations.in.immune.function..The.elderly.are.particularly.prone.to.inadequate.nutri-
tional. status. partly. due. to. age-related. physiologic. (Resnick. 2005). and. social. changes. (Metzler.
2007),.development.of.chronic.diseases,.use.of.medications.(Hayes.2005),.and.decreased.mobility..
These.factors.may.lead.to.subclinical.malnutrition,.which.is.not.easy.to.recognize.or.separate.from.
changes.resulting.from.the.aging.process.itself.(Amella.2006)..If.undetected,.subclinical.malnutri-
tion.among.older.people.may.result.in.more.rapid.deterioration.of.health.and.early.death.

It.is.important.to.distinguish.age-related.changes.from.those.associated.with.a.chronic.disease.
or.acute.illness..Age-related.changes.in.the.gastrointestinal.system,.clinical.implications.and.inter-
ventions.related.to.these.changes.are.important.for.discussion.(Amella.2006;.Beers.2005b;.Mick.
2007;. Resnick. 2005).. Gastrointestinal. age-related. changes. include. a. decrease. in. liver. size,. less.
efficient.cholesterol.stabilization.and.absorption,.fibrosis.and.atrophy.of.salivary.glands,.decreased.
muscle.tone.in.the.bowel,.atrophy.of.and.decrease.in.the.number.of.taste.buds,.slowing.in.esophageal.
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emptying,.decreased.hydrochloric.acid.secretion,.decreased.gastric.acid.secretion,.atrophy.of.the.
mucosal.lining,.and.decreased.absorption.of.calcium.all.as.part.of.physiological.aging..The.clinical.
implications.of.these.physiological.changes.include.a.change.in.oral.intake.due.to.a.reduction.in.
appetite,.discomfort.after.eating.related.to.the.slowing.of.the.passage.of.food,.decreased.absorp-
tion.of.calcium.and.iron,.altered.drug.effectiveness,.and.increased.risk.of.constipation,.esophageal.
spasm,.and.diverticular.disease..The.problems.in.digestion.influence.the.active.transport.mecha-
nisms. in. the. conversion. of. substrates. of. digestion.. The. decrease. in. hydrochloric. acid,. digestive.
enzymes,.and.bile.may.contribute.to.incomplete.digestion.of.nutrients,.thereby.contributing.to.elec-
trolyte.alterations..Possible.interventions.to.diminish.the.effects.of.the.clinical.implications.include.
the.encouragement.of.the.elder.to.eat.small,.frequent.meals.to.avoid.discomfort.and.improve.intake.
and.the.encouragement.of.fluid.intake.and.fiber.to.improve.bowel.function.

Older.adults.who.have.diagnosed.co-morbidities.are.at.higher.risk.for.under-nutrition.or.malnu-
trition.(Alamoudi.2001;.Beers,.2005b;.Resnick.2005)..Poor.nutrition.is.not.a.natural.concomitant.
of.aging.(Amella.2007),.however.the.age-related.changes.discussed.previously.highlight.the.com-
plexity.of.the.multidimensionality.of.the.issues.surrounding.nutrition.(Beers.2005b)..For.example,.
either.persons.who.have.a.body.mass.index.(BMI).less.than.19.(considered.underweight).and.those.
who.with.a.BMI.greater.than.25.(considered.overweight).often.have.a.greater.potential.for.loss.of.
muscle.mass,.a.compromised.immune.system.and.increased.incidence.of.complications.and.prema-
ture.death.(Amella.2006)..The.progression.to.malnutrition.is.often.insidious.and.often.undetected.
(Amella.2007)..The.healthcare.provider.plays.a.key. role. in.prevention.and.early. intervention.of.
nutritional.problems.

Nutrition.plays.a.pivotal.role.in.health.promotion,.disease.prevention,.and.chronic.disease.man-
agement..Older.adults.experience.a.variety.of.nutritional.problems.connected.to.age-related.changes,.
including.a.decrease.in.total.body.protein,.a.reduction.in.total.body.water,.a.loss.in.bone.density,.and.
an.increase.in.the.proportion.of.total.body.fat.with.a.redistribution.of.fat.stores..Cumulatively,.these.
changes.place.a.substantial.number.of.elderly.at.high.risk.for.poor.nutrition.status.

Many.elderly.patients.requiring.hospitalization.show.signs.of.malnutrition.on.admission.to.the.
hospital.or.develop.malnutrition.during.hospitalization..Malnutrition.from.any.cause.impacts.on.the.
recovery.and.rehabilitation.after.surgery.and.is.not.limited.to.protein-calorie.deficiency.but.also.low.
intakes.of.iron,.vitamins,.and.minerals.

Beers.(2005b).addressed.the.importance.of.the.role.of.leptin,.a.recently.discovered.protein.hor-
mone.produced.by.fat.cells.that.contributes.to.decreased.food.intake.and.increased.energy.metabo-
lism..Beer.noted.that.in.normal.younger.adults,.an.increase.in.body.fat.triggers.an.increase.in.leptin.
levels.and.a.decrease.in.body.fat.triggers.a.decrease.in.leptin.levels..However,.abnormally.elevated.
leptin.levels.are.strongly.correlated.with.decreased.body.fat..In.elderly.women,.leptin.levels.decline.
with. the.decline. in. body. fat. that. occurs. after. age.70.. But. in. elderly.men,. leptin. levels. increase.
despite.the.decline.in.body.fat.related.to.the.decline.in.testosterone.levels.that.occur.at.the.same.
age..The.importance.of.leptin.in.decreasing.food.intake.with.age.is.unknown..Yet,.postmenopausal.
women.with.high.leptin.levels.tend.to.eat.somewhat.less.than.those.with.low.leptin.levels.

Management. of. perioperative. care. in. geriatric. patients. is. typically. more. complex. than. in.
younger.patients,.due.to.changes.associated.with.advancing.age..One.in.four.elderly.suffer.from.
malnutrition,.which.is.costly.in.the.surgical.patient.because.it.leads.to.impaired.immune.system,.
poor.wound.healing,.infections,.complications,.multisystem.organ.failure,.prolonged.hospitaliza-
tions,.catastrophic.costs,.and.death..Factors.critical.for.obtaining.the.best.outcomes.from.surgical.
treatment.of.elderly.patients.include.avoidance.of.disturbances.in.nutritional.and.electrolyte.status.
(Tonelli.2005).

Immune.response,. typically.a.protective.pattern,. is. impaired. in.old.age,.resulting.in.an.aug-
mented. risk. of. infection. (Mick. 2007).. Nutrition. is. a. significant. determinant. of. immunocompe-
tence..Functional.adaptations. include.decreased.lymphocyte.proliferation,.reduced.production.of.
interleukin-2,.impaired.mixed.lymphocyte.reaction,.and.decreased.natural.killer.cell.activity..Beers.
(2005c).reported.that.an.increased.number.of.cytokines.(eg,.tumor.necrosis.factor,.interleukin-2,.
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interleukin-6).decreased.food.intake..Some.elderly.persons.had.elevated.levels.of.these.cytokines,.
which.may.contribute.to.anorexia..Stressors,.often.defined.as.surgery,.infection,.or.burns,.usually.
resulted.in.cytokine.release,.which.inhibited.the.production.of.albumin.and.caused.it.to.move.from.
the.intravascular.space.to.the.extravascular.space,.explaining.the.decreased.albumin.level.which.is.
more.rapid.in.elderly.patients..The.most.susceptible.elderly.patients.have.usually.been.underweight,.
but.with.a.recent.history.of.rapid.weight.loss.even.those.who.appear.to.have.ample.fat.and.muscle.
mass.are.susceptible.

1.�  deteCtIon of nutrItIonal rIsk

The. Mini. Nutritional. Assessment. (MNA). (Guigoz. 1994),. a. validated. nutritional. screening. device.
for.elderly.persons,.has.been. translated. into.numerous. languages.available.at. the.Hartford. Institute.
for.Geriatric.Nursing.site..The.MNA.is.an.assessment.tool.to.identify.patients.who.are.at.risk.from.
malnutrition.or.who.are.already.malnourished..It.is.completed.at.regular.intervals.in.the.community.or.
in.the.hospital.setting.(Guigoz.et.al..1994;.Nestle.2007)..The.tool.contains.two.sections:.screening.and.
assessment.

The.screening.section.of.the.MNA.(Nestle.2007).consists.of.questions.on.food.intake,.weight.
loss,.mobility,.stress,.neuropsychological.problems,.and.BMI..Scoring.for.responses.ranges.from.
0.to.2.or.3,.depending.on.the.choices.offered..Within.each.subsection,.questions.are.posed.for.the.
patient.if.he.or.she.is.able.or.the.information.is.obtained.from.the.medical.record..In.addition,.infor-
mation.can.be.obtained.from.the.care.provider..Some.indication.of.mental.state.of.the.patient.is.
required,.thus,.if.the.patient.is.severely.confused,.accuracy.is.determined.by.validating.professional.
judgment.with.someone.from.the.health.care.team..The.scores.from.this.section.are.summed..If.the.
score.is.12.points.or.greater,.the.elder.is.not.at.risk.and.no.further.testing.is.required..If.the.score.is.
11.points.or.less,.the.elder.might.be.at.risk.from.malnutrition.and.the.additional.assessment.section.
should.be.completed.

The.additional.assessment.is.the.section.that.includes.aspects.addressing.independent.living,.
use.of.prescription.drugs,.presence.of.pressure.ulcers,.number.of.full.meals.eaten.daily,.selected.
consumption.of.products.as.markers.for.protein.intake,.consumption.of.fruits.and.vegetables.per.
day,.fluid.consumption.per.day,.mode.of.feeding,.personal.view.of.nutritional.status,.comparison.
of.health.status.with.other.people.of.the.same.age,.and.measurements.of.both.mid-arm.circumfer-
ence.and.calf.circumference.(Nestle.2007)..The.points.from.the.assessment.section.of.the.MNA.
are.summed..Then. this. total. is.added. to. the.screening.scores. to.give. the. total.assessment. score.
(maximum.score.30.points)..The.score.range.of.greater.than.23.5.points.requires.no.further.action..
Scoring.points.less.than.23.5.recommends.that.the.elder.be.referred.to.a.dietitian.

In.the.situation.where.no.dietitian.is.available,.some.advice.on.how.to.improve.nutritional.intake.
is.recommended.to.include:.increasing.consumption.of.energy/protein-dense.foods,.supplementing.
food.intake.with.additional.snack.and.glasses.of.milk,.ensuring.adequate.fluid.intake.of.6–8.cups.
per.day,.and.seeking.need.for.oral.nutritional.supplements.if.nutritional.intake.cannot.be.improved.
by.diet.alone.(Nestle.2007)..Conversion.charts.available.in.the.MNA.user.guide.include.pictures.on.
how.to.measure.the.correct.circumferences.

The Merck Manual of Geriatrics.identifies.predictors.for.persons.at.risk.of.malnutrition.(Beers.
2005b)..Weight. loss. is. the.single.best. factor.for.predicting.such.persons,.and.a.BMI.<.21.kg/m2.
(weight/height2).suggests.a.problem.in.the.elderly..Midarm.circumference.or.midarm.muscle.cir-
cumference.helps.to.detect.muscle.mass.changes.in.persons.retaining.fluid..Albumin.is.an.excellent.
measure.of.protein.status..Healthy.ambulatory.elderly.persons.have.serum.albumin.levels.>.4.g/dL..
In.hospitalized.elderly.persons.albumin.levels.<.3.2.g/dL.are.highly.predictive.of.mortality..Cho-
lesterol.levels.<.160.mg/dL.in.nursing.home.residents.predict.mortality.reflective.of.malnutrition..
However,.acute.illness.associated.with.cytokine.release.can.also.lower.cholesterol.levels..Anergy.is.
a.failure.to.respond.to.common.antigens,.such.as.mumps,.injected.into.the.skin..Anergy.can.occur.
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in.healthy.as.well.as.in.malnourished.elderly.persons,.but.the.combination.of.anergy.and.signs.of.
malnutrition.correlate.more.strongly.with.a.poor.outcome.than.do.either.one.alone.

In.elders.who.are.identified.as.having.a.poor.nutritional.status,.screening.and.assessment.iden-
tify.the.need.for.additional.support..Based.on.the.Hartford.Institute.(Amella.2007).best.practices.
overview,.older.adults.are.at.risk.for.alterations.in.nutritional.status;.estimates.for.malnutrition.in.
older. adults.were.as. follows:.40–60%.of.hospitalized.older. adults.were.malnourished.or. at. risk.
for.malnutrition;.40–85%.of.nursing.home.residents.had.malnutrition,.and.20–60%.of.home.care.
patients.were.malnourished..In.the.same.overview,.it.was.noted.that.older.adults.who.were.malnour-
ished.were.more.likely.to.experience.longer.lengths.of.hospital.stay.and.costs,.diminished.muscle.
strength,.poor.wound.healing,.development.of.pressure.ulcers,.increased.infections,.postoperative.
complications,.functional.impairment,.and.death.

1.�  optImal InterventIon

Risk.factors.are.identified.through.purposeful.screening.and.assessment..Intervening.based.on.iden-
tification.of.risk.factors.in.older.adults.who.are.at.risk.for.undernutrition.due.to.dietary,.economic,.
psychosocial,.and.physiological.factors.that.include:.dietary.intake.(little.or.no.appetite,.problems.
with.eating.or.swallowing,.eating.inadequate.servings.of.nutrients,.eating.fewer.than.two.meals.a.
day..Limited.income.and.isolation.may.cause.restriction.in.the.number.of.meals.eaten.per.day.or.
reduction.in.the.dietary.quality.of.meals.eaten..Older.adults.who.live.alone.may.lose.the.desire.to.
cook.because.of. the.decreased.appetite.of.widows,.difficulty.cooking.due. to.disabilities,. lack.of.
access.to.transportation.to.buy.food,.diagnosis.of.chronic.illness.or.presence.of.chronic.conditions.
that.can.affect. intake..Disability.can.hinder.the.ability.to.prepare.or.ingest.food,.depression.can.
cause.decreased.appetite,.poor.oral.health.impairs.ability.to.lubricate,.masticate,.and.swallow.food,.
and.use.of.medications.(Hayes.2005),.specifically.antidepressants,.antihypertensives,.and.broncho-
dilators.can.contribute.to.dry.mouth,.which.impairs.oral.health.

Once. assessment. is. made. and. a. plan. is. completed,. Hartford. Institute. of. Geriatric. Nurs-
ing. (Amella.2007). recommends.a.holistic. assessment. to. include:. clinical.history,. social.history,.
drug–nutrient.interactions,.functional.limitations,.psychological.assessment,.and.a.mini-nutritional.
assessment—all.combined.to.determine.risk..If.the.risk.continues,.the.complete.in-depth.assessment.
ensues.to.include:.food.intake,.mobility,.BMI,.history.of.weight.loss,.psychological.stress.or.acute.
disease,.and.dementia.or.psychological.conditions..If.a.score.of.11.points.or.less.is.summed,.then.
an.in-depth.assessment.is.done.to.include:.assessment.of.dietary.intake,.documentation.of.intake.
with.a.calorie.count.(dietary.intake.analysis),.and.anthropometry.by.obtaining.an.accurate.weight.
and.height.through.direct.measurement..If.the.patient.is.unable.to.stand.erect.to.measure.stature,.
knee-height.measurements.are.taken.to.estimate.height.using.special.knee-height.calipers..Height.is.
not.estimated.in.older.adults.because.of.the.potential.of.shortening.of.the.spine.with.advanced.age..
A.self-reported.height.may.be.off.by.as.much.as.2.4.cm..The.current.weight.and.weight.history.are.
obtained.using.usual.body.weight,.history.of.weight.loss—whether.intentional.or.unintentional.and.
over.what.period.of.time..A.loss.of.10.pounds.over.a.6-month.period.is.a.red.flag.indicating.need.
for.further.assessment..BMI.is.calculated.to.determine.if.weight.for.height.is.within.normal.range.
22–27..BMI.below.22.is.a.sign.of.undernutrition..Visceral.proteins.are.then.monitored..Albumin,.
transferrin,.pre-albumin.and.retinol-binding.protein.are.protein. levels.monitored. to.assess.nutri-
tional.status.and.progress.with.nutritional.repletion..Albumin.is.the.most.widely.available.level.and.
usually.is.the.most.affordable.

1.5.1  OngOing nutritiOnal EvaluatiOn

Monitoring.ongoing.weight.changes.is.a.large.part.of.evaluating.nutritional.status.in.older.adults..In.
general,.an.older.person.who.unintentionally.loses.10.pounds.or.more.in.a.6-month.period.remains.
at.risk.of.malnutrition..A.similar.guideline,.used.by.Medicare-certified.nursing.homes,.is.weight.
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loss.of.5%.or.more.in.the.past.month.or.10%.or.more.in.the.past.6.months..This.degree.of.weight.loss.
increases.risk.of.functional.limitations,.increased.healthcare.costs,.and.need.for.hospitalization.

BMI.is.also.sometimes.used.to.estimate.body.size.and.reevaluate.nutritional.status.on.an.on-
going.basis..BMI.is.defined.as.body.weight.in.kilograms.divided.by.height.in.meters.squared.(kg/
m2).. A. BMI. below. 18.5. kg/m2. suggests. underweight. nutritional. status,. while. a. BMI. above. 30.
kg/m2.suggests.obesity.

Another.method.of.reassessment.is.to.determine.ongoing.adequate.intake..Inadequate.nutritional.
intake.has.been.defined.as.an.average.or.usual.intake.of.food-group.servings,.nutrients,.or.energy.
below.a.threshold.level.of.the.recommended.daily.allowance.(RDA)..The.thresholds.have.generally.
been.set.at.25%.to.50%.below.the.RDA,.because.it.is.difficult.to.accurately.assess.dietary.intake.and.
because.actual.need.varies.somewhat.from.person.to.person..Older.adults.with.daily.intakes.at.or.
below.screening.thresholds.are.further.evaluated.for.malnutrition.and.any.underlying.disease.

1.�  fluId needs

Dehydration.is.the.most.common.fluid.problem.in.older.people.(Bossingham.2005;.Mentes.2006)..
As.one.ages,.our.bodies. lose.some.ability. to.regulate.fluid. levels..As. the.sense.of. thirst. is.often.
reduced,.elderly.people.tend.to.drink.fewer.fluids..In.addition,.certain.conditions.also.reduce.the.
ability.to.recognize.thirst.or.need.for.fluid.(Mentes.2006)..It.is.common.to.need.more.fluid.than.
usual.during.fever.or.infection,.as.well.as.when.taking.diuretics.or.laxative.medications..Common.
signs.of.dehydration.are.less.urine.output,.low-grade.fevers,.constipation,.dry.gums,.and.confusion.
(Bossingham.2005).

In.general,.older.adults.need.to.take.in.1.ounce.(30.mL).of.fluid.per.kg.(about.half.an.ounce.per.
pound).of.body.weight.per.day..For.example,.a.150-pound.person.needs.75.ounces.of.fluid.every.
day..Ways.to.take.in.fluid.include.drinking.liquids.(nonalcoholic).or.eating.moist.foods.such.as.fruits.
and.vegetables..If.an.elder.becomes.over-.or.under-hydrated.(by.taking.in.too.much.or.not.enough.
fluid),.the.results.of.clinical.tests.may.be.affected.and.result.in.an.inaccurate.assessment.of.health.
status.(Mentes.2006).

1.6.1  PEriOPErativE Plan

A.plan.of.care.for.the.perioperative.(before,.during.and.after.surgery).elder.includes.determination.
and.assessment.of.nutritional.status..During.the.preoperative.phase.assessment,.the.mortality.rate.is.
significantly.higher.in.patients.who.have.lost.>.20%.of.body.weight.before.surgery.(Beers.2005a)..
Nutritional. status. is. assessed. by. standard. instruments,. such. as. the. MNA. or. Subjective. Global.
Assessment..Serum.albumin.is.measured.in.patients.with.chronic.disorders,.signs.of.undernutrition,.
or.poor.wound.healing..A.value.<.3.5.g/dL.indicates.higher.risk.of.complications.and.mortality.

Many.experts.believe.that.nutritional.support.should.be.provided.to.all.patients.preoperatively,.
preferably.using.the.GI.tract,. to.the.limit.tolerated.by.the.patient.(Beers.2005a)..Some.data.sug-
gest. that,. in.severely.malnourished.patients,.preoperative.use.of. total.parenteral.nutrition.(TPN).
decreases.complication.rates.and.does.not.increase.infection.rates.

In.the.postoperative.phase,.fluid.and.electrolyte.imbalances.can.cause.alteration.in.the.elderly.
(Tonelli.et.al..2005);.the.ability.to.maintain.homeostatic.levels.of.fluids.and.electrolytes.is.reduced.
(Beers.2005c)..In.addition,.the.margin.between.too.little.and.too.much.fluid.is.relatively.narrow..
Overexpansion.of.the.extracellular.compartment.from.excess.fluid.administration.may.be.danger-
ous,.as.cardiopulmonary.reserves.are.limited.in.the.elderly..During.the.early.postoperative.period,.
the.body.normally.retains.water.and.sodium,.and.the.elderly.may.have.difficulty.eliminating.the.
excess.fluid.

Initially,. the.amount.of. IV.fluids. is.adjusted. to.optimize.outcomes..Saturated.venous.oxygen.
(SVO2).values,.stroke.index,.pulmonary.artery.occlusive.pressure.and.central.venous.pressure.are.
monitored.and.trended..If.central.measures.of.fluid.status.are.not.accessible.for.trending,.then.blood.
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pressure,.pulse,.and.urine.output.measurements.are.closely.monitored.to.help.determine.fluid.require-
ments..Enough.fluids.are.given.to.replace.insensible.fluid.losses.and.measured.or.estimated.through.
external.losses.to.produce.a.urine.output.of.0.5.mL/kg/hour,.or.about.30.mL/hour.(Beers.2005c).

When.external.losses.are.minimal,.fluid.requirements.are.usually.1500.to.2500.mL.for.24.hours.
(Beers.2005c)..However,.more.fluids.may.be.needed.if.third-space.sequestration.of.fluids.is.exces-
sive..The.sequestered.fluid.is.usually.mobilized.on.the.3rd.to.5th.day.after.surgery.

Electrolyte.replacement.must.include.potassium,.which.is.replaced.as.20.to.100.mEq/day.intra-
venously.or.by.mouth.to.replace.losses.calculated.as.approximately.two.thirds.lost.in.urine.and.one.
third.lost.from.the.gastrointestinal.tract..If.potassium.replacement.is.inadequate,.postoperative.ileus.
(POI),.or.impairment.of.bowel.motility,.may.be.prolonged,.and.resistant.metabolic.alkalosis.may.
develop.(Ezri.et.al..2006)..POI.delays.return.to.feeding.and.can.prolong.hospitalization..Calcium.
and.magnesium.may.also.be.replaced,.but.usually.are.determined.based.on.the.serum.levels.

Hyponatremia,.or. low.blood.sodium,	 is.common.among.elderly.patients,.particularly.among.
men. undergoing. transurethral. resection. of. the. prostate. because. hypotonic. irrigation. solution. is.
absorbed.through.the.open.venous.sinuses.of.the.prostate.(Beers.2005c)..Symptoms.appear.when.
the.sodium.level.is.<.130.mEq/L,.and.confusion.or.a.seizure.may.occur.a.few.days.after.surgery.

The.patient’s.total.body.sodium.content.and.total.body.free.water.content.may.be.increased,.
normal,.or.decreased.(Beers.2005c)..Pulmonary.edema,.excessive.peripheral.edema,.or.evidence.
of.major.third-space.losses.suggests.increased.total.body.sodium.content..If.hyponatremia.is.due.
to.inadequate.sodium.intake,.0.9%.sodium.chloride.solution.should.be.given.cautiously,.avoiding.
increases.in.sodium.>.10.mEq/L.in.a.24-hour.period.

Beers.(2005c).has.suggested.early,.aggressive.nutritional.support.be.given.to.patients.with.mal-
nutrition—most.notably.to.those.with.septic.complications.and.those.who.have.lost.>.10%.of.their.
premorbid.weight..Supplemental.oral.feedings,.tube.feedings,.or.total.parenteral.nutrition.may.be.
given,.depending.on.the.patient’s.condition..If.anorexia.or.dysphagia.makes.oral.feeding.difficult.
but.gastric.and.intestinal.motility.and.absorption.are.normal,.enteral.feedings.may.be.given.by.con-
tinuous.drip..In.such.cases,.the.enteral.route.is.preferable.to.the.parenteral.route.because.it.causes.
fewer.complications,.costs.less,.and.may.have.a.trophic.effect.on.the.intestine.(Beers.2005c)..TPN.
is.used.when.intestinal.motility.or.absorption.is.abnormal.

Beers.(2005c).has.suggested.that.postoperative.metabolic.rate.briefly.increases..Measured.by.
oxygen.consumption,.it.is.usually.to.20%.to.40%.more.than.the.normal.basal.metabolic.rate,.unless.
a.complication.such.as.sepsis.develops..Age,.sex,.height,.and.weight.affect.the.basal.caloric.require-
ment,.but.body.temperature,.protein.losses.through.wounds,.and.muscular.work.related.to.physical.
activity.do.not..A.total.daily.caloric.requirement.of.1.2.to.2.times.the.basal.metabolic.rate.is.gener-
ally.adequate.

An. admixture. of. substrates. including. carbohydrates,. proteins,. and. fats. is. used. to. meet. the.
patient’s.metabolic.needs.and.to.produce.a.positive.nitrogen.balance.(Beers.2005c)..For.most.elderly.
patients,.protein.infused.at.0.5.to.1.0.g/kg/day.is.sufficient.to.maintain.a.positive.nitrogen.balance,.
increasing.to.1.5.to.2.5.g/kg/day.if.needed.

Parenteral.or.enteral.administration.of.fats.is.given.to.meet.the.patient’s.total.caloric.require-
ment..Fats.supply.essential.fatty.acids.and.enough.calories.to.minimize.the.mobilization.of.endog-
enous.proteins.for.energy.and.gluconeogenesis.(Beers.2005c).

1.�  route seleCtIon

Overall,.undernutrition.is.poorly.recognized.and.treated.in.elderly.persons..If.nutritional.support.is.
indicated,.the.most.appropriate.route.must.be.determined..A.nutrition.support.consultation.may.be.
indicated.for.older.individuals.who,.because.of.anatomical,.physiological,.or.mental.health.prob-
lems,.cannot.meet.their.nutritional.needs.by.eating.a.nutritionally.balanced.diet..Nutrition.support.
consultation.may.provide.for.interventions.that.include.altering.usual.food.intake.by.modification.of.
nutrient.content.or.optimizing.nutrient.density.or.food.consistency.or.form..The.goal.of.nutritional.
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support.is.to.maintain.adequate.nutritional.state,.to.determine.and.institute.dietary.modifications.
needed.for.prevention.of.energy.and.nutrient.deficiencies.and.for.management.of.the.elder.with.the.
most.efficient.method.possible.

The.enteral.route.is.the.preferred.route.and.the.optimal.route.for.nutrition.administration..The.
estimation.of.the.nutrient.balance.accomplished.when.completing.the.calorie.count.might.reveal.
at.least.50%.ingestion.of.nutritional.needs;.supplementation.may.be.sufficient.to.increase.intake.to.
an.optimal.nutrient.level..If,.however,.less.than.50%.of.nutritional.needs.is.ingested,.tube.feedings.
may.become.a.necessity..Tube.feedings.can.be.instigated.if.gastric.output.is.not.more.than.600.ml.
per.day.on.gravity.drainage..In.the.hospital.or.acute.care.setting.the.gastric.residuals.are.obtained.
every.4.hours.to.determine.that.the.residual.does.not.exceed.50%.of.the.volume.infused..At.the.start.
of.gastric.feedings,.rates.are.initially.slow.to.determine.tolerance..Increases.by.20.to.25.ml/hour.
are.completed.every.day.until.the.patient’s.nutrient.requirements.are.met..Other.options.for.feeding.
access.include.nasoenteric.tubes.or.jejunostomies.in.the.compromised.elder..It.is.well.known.and.
documented.that.bowel.rest.causes.intestinal.mucosa.atrophy.with.increased.permeability.to.bacte-
ria.and.endotoxins,.thus.the.phenomenon.of.bacterial.translocation..As.a.result.of.this,.all.nutritional.
needs.cannot.be.met.intestinally..Whenever.possible,.the.intestine.should.be.stimulated.with.some.
amount.of.enteral.nutrition.as.a.preventive.measure..A.balanced.diet.administered.continuously.
over.24.hours.in.the.elderly.includes.an.optimally.balanced.polymeric.formula.

.Adverse.effects.such.as.abnormal.electrolytes,.altered.glucose.levels,.or.even.aspiration.pneu-
monia.may.result.from.the.feeding.of.a.malnourished.elderly.person.(CREATE.2005)..In.addition,.
the.presence.of.food.in.the.gut.can.cause.a.significant.drop.in.blood.pressure,.which.is.associated.
with.falls.and.syncope,.or.loss.of.consciousness..The.decrease.in.blood.pressure.results.from.carbo-
hydrate,.which.releases.the.vasodilatory.calcitonin.gene-related.peptide.(Beers.2005b).

1.�  Water and eleCtrolyte BalanCe

Total.body.water.accounts.for.60%.of.body.weight..Water.content.reaches.approximately.50%.with.
a.decline.in.age..This.reduction.in.body.water.is.associated.with.a.decrease.in.lean.body.mass,.as.
water.composes.approximately.70%.of.muscle.tissue.

Age,.body.size,.fluid.intake,.diet.composition,.solute.load.presented.for.renal.excretion,.meta-
bolic.and.respiratory.rates,.body.temperature,.and.presence.and.extent.of.abnormal.fluid.losses.in.
part.determine.fluid.and.electrolyte.balance.(Mentes.2006;.Tonelli.et.al..2005)..The.body.gains.
water.via.the.gastrointestinal.tract.(GI).with.additional.water.produced.as.a.result.of.oxidation..Oral.
intake.encompasses.approximately.two.thirds.of.the.intake.and.is.usually.in.the.form.of.pure.water.
or.some.other.beverage,.and.the.remainder.is.via.ingested.food..Water.is.mainly.lost.through.the.
skin,.lungs,.GI.tract,.and.kidneys..These.fluid.losses.are.coupled.with.varying.losses.of.electrolytes,.
which.must.also.be.replaced.

The.kidneys.primarily.regulate.homeostasis,.the.maintenance.of.body.fluids..There.is.a.progres-
sive.decrease.in.kidney.function,.in.particular.the.glomerular.filtration.rate.(GFR),.as.a.result.of.
aging,.equivalent.to.the.decline.in.muscle.mass.explanatory.of.the.normal.creatinine.associated.with.
aging.(Bennett.et.al..2004;.Mentes.2006).

Cardiac.output.(CO).in.part.determines.renal.blood.flow.and.GFR..Thus,.any.alteration.in.CO.
that.results.in.a.decrease.CO.will.result.in.a.reduced.renal.blood.flow.and.GFR..Acute.renal.failure.
(ARF).is.one.indicator.for.increased.mortality.in.the.elder.person,.indicated.by.a.rise.in.the.blood.
urea.nitrogen.(BUN).and.creatinine,.with.or.without.oliguria..Immediate.evaluation.of.the.cause.of.
increased.BUN.or.creatinine.to.correct.or.remove.reversible.factors.is.a.priority.(Bennett.2004).

Elderly. individuals. are. at. increased. risk. for. dehydration. because. of. age-related. physiologic.
changes.(Amella.2007;.Bossingham.et.al..2005)..These.include.altered.thirst.perception,.reduced.
total.body.water.(TBW).as.a.portion.of.body.weight,.body.composition.changes.(i.e.,.higher.propor-
tion.of.fat.to.muscle),.impaired.renal.conservation.of.water,.decreased.effectiveness.of.vasopressin,.
and.increased.prevalence.of.multiple.chronic.diseases.
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Research-based.(Amella.2007).risk.factors.for.dehydration.include:

Age.of.85.years.and.older
Female.gender
Functionally.semi-dependent.elders.who.are.cognitively.impaired.yet.have.mobility,.and.
those.who.are.physically.unable.to.meet.their.needs.but.who.can.express.them
Functionally.independent
Elders.with.a.decrease.in.activities.of.daily.living.(ADLs)
Diagnosis.of.Alzheimer’s.disease.or.other.dementias
Presence.of.four.or.more.chronic.conditions.(Bennett.et.al..2004)
Bedridden
Daily.intake.of.more.than.four.medications
Presence.of.fever
Few.fluid.ingestion.opportunities
Poor.oral.intake
Communication.difficulties.(Price.et.al..2006).

These.factors.are.taken.into.account.in.planning.intervention.measures.

1.10  InterventIon measures

A.practical.approach.to.fluid.and.electrolyte.balance.in.the.elderly.is.considered.in.context.of.a.col-
laborative.team.approach..Hartford’s.(Amella.2007).approach.is.in.care.strategies..Refer.the.elder.to.
a.dietitian.if.at.risk.for.undernutrition.or.has.undernutrition..Consult.with.a.pharmacist.to.review.the.
patient’s.medications.for.possible.drug–nutrient.interactions.(Hayes.2005)..Consult.with.a.multidis-
ciplinary.team.specializing.in.nutrition..Consult.with.social.worker,.occupational.therapist,.speech.
therapist.as.appropriate..Alleviate.dry.mouth.to.include:.avoidance.of.caffeine,.alcohol.and.tobacco,.
and.dry,.bulk,.spicy,.salty.or.highly.acidic.foods..If.the.elder.does.not.have.dementia.or.swallowing.
difficulties,.offer.sugarless.hard.candy.or.chewing.gum.to.stimulate.saliva..The.lips.are.kept.moist.
with.petroleum.jelly,.frequent.sips.of.water.are.offered..The.elder.needs.to.maintain.adequate.nutri-
tional.intake..Daily.requirements.for.healthy.older.adults.include:.30.kcal.per.kg.of.body.weight,.
with.no.more.than.30%.of.calories.from.fat;.0.8.to.1.g/kg.of.protein.per.day;.caloric,.carbohydrate,.
protein.and.fat.requirements.may.differ.depending.on.the.degree.of.malnutrition.

The.nutrition.plan.strives.to.improve.oral.intake..Mealtime.rounds.determine.how.much.food.is.
consumed.and.whether.assistance.is.needed..Limit.health.care.team.breaks.to.before.or.after.patient.
mealtimes.to.ensure.adequate.staff.available.to.help.with.meals..Encourage.family.members.to.visit.
at.mealtimes.and.ask.family.to.bring.favorite.foods.from.home.when.appropriate;.ask.about.patient.
food.preferences.and.honor.them.and.suggest.small.frequent.meals.with.adequate.nutrients.to.help.
patients.regain.or.maintain.weight..In.addition,.nutrition.snacks.are.offered.to.the.elder.

Consideration. is. given. to. the. environment. (Amella. 2007)..All. bedpans,. urinals,. and. emesis.
basins.are.removed.from.rooms.before.mealtimes..Analgesics.and.antiemetics.are.administered.on.
a.schedule.that.will.diminish.the.likelihood.of.pain.or.nausea.during.mealtimes..Meals.are.served.
to.elders.in.a.chair.if.they.can.get.out.of.bed.and.remain.seated..A.more.relaxed.environment.is.cre-
ated.by.sitting.at.the.patient’s.eye.level.and.making.eye.contact.when.feeding..Late.food.trays.are.
ordered.or.food.is.kept.warm.if.the.elder.is.not.in.his.or.her.room.during.mealtimes..Interruptions.
are.made.for.patient.rounds.and.nonurgent.medical.procedures.are.rescheduled.to.not.conflict.with.
mealtimes..In.addition,.patients.are.assisted.with.mouth.care.and.placement.of.dentures.before.food.
is.served..Older.adults.are.scheduled.for.tests.or.procedures.early.in.the.day.to.decrease.the.length.
of.time.they.are.not.allowed.to.eat.and.drink.

Hydration.management.is.the.ongoing.management.of.oral.intake.(Amella.2007;.Mentes.2006)..
Care. strategies. include. calculating. a. daily. fluid. goal. that. is. individualized. and. providing. fluids.

•
•
•

•
•
•
•
•
•
•
•
•
•



12	 Handbook	of	Nutrition	in	the	Aged,	Fourth	Edition

consistently.throughout.the.day..Fluid.intake.is.planned.as.75%.to.80%.delivered.at.meals.and.20%.
to.25%.delivered.during.nonmeal.times.along.with.offering.a.variety.of.fluids.based.on.the.elder’s.
preferences..Plans.are.made.for.at-risk. individuals. in.nursing.homes..Plans.are.standardized. for.
risk.of.underhydration..Fluid.rounds.are.scheduled.midmorning.and.late.afternoon..Plans.for.after-
noon.gatherings.where.patients.can.meet.for.additional.fluids,.nourishment,.and.socialization.are.
included..Modified.fluid.containers.are.used.based.on.the.elder’s.ability.to.hold.a.cup.or.to.swallow..
Varieties.of.fluids.are.offered.and.encouraged.as.ongoing.intake.throughout.the.day..“Sip.‘n’.go”.
interventions.are.used.to.encourage.reluctant.elders.to.drink.a.standardized.amount.of.fluid..For.this.
intervention,.anyone.who.enters.the.elder’s.room.while.that.elder.is.awake.offers.at.least.2.ounces.
(60.mL).of.water.or.other.beverage.of.choice.

Fluid.regulation.is.documented.and.trended..Cognitively.intact.elders.who.are.visually.capable.
are.taught.to.regulate.fluid.intake.by.comparing.the.color.of.their.urine.to.a.standardized.urine.color.
chart..For.those.individuals.who.are.cognitively.impaired,.caregivers.are.taught.how.to.use.the.color.
chart..In.most.settings,.at.least.one.accurate.intake.and.output.recording.should.be.documented.and.
include.the.amount.of.fluid.consumed,.intake.pattern,.difficulties.with.consumption,.and.urine.spe-
cific.gravity.and.color..Accurate.calculation.of.intake.requires.knowledge.of.the.volumes.of.contain-
ers.used.to.serve.fluids,.which.should.be.posted.in.a.prominent.place.on.the.care.unit..Health-care.
providers.over-.or.underestimate.the.volumes.of.common.vessels.

Any.older.adult.who.develops.a.fever,.vomiting,.diarrhea,.or.a.non-febrile.infection.is.closely.
monitored.by.implementing.intake.and.output.records.and.provision.of.additional.fluids.as.toler-
ated.(Bennett.et.al..2004;.Mentes.2006)..Elders.who.can.accept.nothing.by.mouth.(NPO).are.given.
special.consideration.to.shorten.the.NPO.time.and.are.provided.with.adequate.amounts.of.fluids.and.
food.when.the.NPO.status.is.completed.

1.11  ConClusIon

Physiologic.changes.associated.with.the.normal.process.of.aging.place.the.elder.at.risk.for.com-
plications,.particularly.during. illness..Prevention. is. the.most. important.principle. in. limiting. the.
possibility.of.complications..The.goals.for.the.elderly.person.include.maintaining.nitrogen.balance,.
sustaining. intravascular. volume,. and. preserving. electrolyte. status.. Attention. must. be. placed. on.
screening.for.risk.and.assessment.to.prevent.untoward.events.from.occurring..Awareness.with.the.
circumstances.of.the.elderly.plus.routine.and.regular.screening.offers.the.best.guarantee.for.timely.
identification.of.nutritional.risk.and.electrolyte.imbalance,.which.leads.to.prompt.appropriate.inter-
vention..Nutritional.and.electrolyte.status.maintenance. in. the.elderly. improves.health.status.and.
quality.of.life.
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Evidence.of.epidemiological.associations.of.vitamins.and.disease.states.has.been.found.for.nine.
vitamins.(Table.2.1).1.Inadequate.folate.status.is.associated.with.neural.tube.defect.and.some.can-
cers..Folate.and.vitamins.B-6.and.B-12.are.required.for.homocysteine.metabolism.and.their.defi-
ciency.is.associated.with.coronary.heart.disease.risk..Vitamin.E.and.lycopene.may.decrease.the.risk.
of.prostate.cancer..Vitamin.D.is.associated.with.decreased.occurrence.of.fractures.when.taken.with.
calcium.2.Zinc,.beta-carotene,.and.vitamin.E.appear.to.slow.the.progression.of.macular.degenera-
tion,.but.do.not.reduce.the.incidence.

In.observational.studies.(case-control.or.cohort.design),.people.with.high.intake.of.antioxidant.
vitamins.by.regular.diet.or.as.food.supplements.generally.have.a.lower.risk.of.myocardial.infarction.
and.stroke.than.people.who.are.low.consumers.of.antioxidant.vitamins..The.associations.in.obser-
vation.studies.have.been.shown.for.carotene.and.ascorbic.acid,.as.well.as.tocopherol..In.randomized.
controlled.trials,.however,.antioxidant.vitamins.as.food.supplements.have.no.beneficial.effects.in.
the.primary.prevention.of.myocardial.infarction.and.stroke.
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taBle 2.1
examples of epidemiological associations of diet, vitamins, or supplements with 
specific diseases

study population Condition association results ��% CI

Kittner.et.al..
1999.

167.women.aged.15.
to.44.years.vs..328.
women.without.a.
stroke

First.ischemic.
stroke

Plasma.
homocysteine.
level.>.7.3.mu.
mol/L

Odds.ratio.1.6.. 1.1.to.2.5

Cancer.
Prevention.
Study.2000

26,593.male.
smokers,.aged.50.
to.69.years

Cerebral.
infarction

Dietary.intake.of.
p-carotene

Relative.risk.0.77 0.61.to.0.99

Cancer.
Prevention.
Study.2002

26,593.male.
smokers,.aged.50.
to.69.years

Cerebral.
infarction

Lycopene,.lutein,.
zeaxanthin,.
vitamin.C,.
flavonols,.
flavones,.
vitamin.E.

No.association

Robinson.et.
al..1998.

750.patients.vs..800.
controls

Coronary.artery.
disease

Homocysteine.
concentrations.
>80th.percentile.
of.control.
subjects

Increased.risk

Robinson.et.
al..1998

750.patients.vs..800.
controls

Coronary.artery.
disease

Red.cell.folate.
<10th.percentile.
of.controls

Increased.risk

Robinson.et.
al..1998

750.patients.vs..800.
controls

Coronary.artery.
disease

Vitamin.B-6.<.
20th.percentile.
of.controls

Increased.risk

Anderson.et.
al..2000

1412.patients. Coronary.artery.
disease.

Plasma.total.
homocysteine.
levels.

Higher.3-year.
mortality.

15.7%.vs..9.6%

Muntwyler.
et.al..2002

83,639.male.U.S..
physicians.with.no.
history.of.CVD.or.
cancer.

Cardio-vascular.
disease.or.
cardio-vascular.
mortality

Self-reported.use.
of.vitamins.E,.
C,.or.
multivitamins.

No.association

Hung.et.al..
2004

71,910.female.
participants.in.the.
Nurses’.Health.
study.and.37,725.
male.participants.
in.the.Health.
Professionals.
Follow-up.Study,.
free.of.chronic.
disease.

Incidence.of.
cardio-vascular.
disease,.cancer,.
or.death

Total.fruit.and.
vegetable.intake.
by.dietary.
questionaire

Relative.risk.for.
major.chronic.
disease.of.0.95.for.
highest.quintile.vs..
lowest..Relative.
risk.for.greater.than.
5.servings.daily.
0.88.for.
cardiovascular.
disease.and.1.00.for.
cancer

0.89.to.1.01.for.
major.chronic.
disease;.0.81.to.
0.95.for.cardio-
vascular.disease;.
95.to.1.05.for.
cancer

Chen.et.al..
2002.

15,317.men.and.
women.>20.years.
of.age

Hypertension Lower.levels.of.
vitamin.A.and.
vitamin.E

Higher.risk.of.
hypertension

43%.vs..18%
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taBle 2.1 (ContInued)
examples of epidemiological associations of diet, vitamins, or supplements with 
specific diseases

study population Condition association results ��% CI

Chen.et.al..
2002

15,317.men.and.
women.>20.years.
of.age

Hypertension Higher.levels.of.
alpha-carotene.
and.
beta-carotene

Lower.risk.of.
hypertension

16%.vs..11%

Chen.et.al..
2002

15,317.men.and.
women.>20.years.
of.age

Hypertension Higher.levels.of.
vitamin.C

Lower.diastolic.
pressure

Tabak.et.al..
1999.

.Finland.(n.=.1248),.
Italy.(n.=.1386),.
and.the.
Netherlands.(n.=.
691).middle.aged.
men

Pulmonary Higher.intake.of.
fruits,.
vegetables

Higher.forced.vital.
capacity

53.to.118.ml

Tabak.et.al..
1999

.Finland.(n.=.1248),.
Italy.(n.=.1386),.
and.the.
Netherlands.(n.=.
691).middle.aged.
men

Pulmonary Higher.intake.of.
vitamin.C,.beta.
carotene

No.association

Tabak.et.al..
1999

.Finland.(n.=.1248),.
Italy.(n.=.1386),.
and.the.
Netherlands.(n.=.
691).middle.aged.
men

Pulmonary Higher.intake.of.
vitamin.E

No.association

Nomura.et.
al..2003..

9,345.Japanese-.
American.men.

Bladder.cancer Alpha-carotene,.
beta;-carotene,.
lutein.plus.
zeaxanthin,.
beta;-
cryptoxanthin.
and.total.
carotenoids

No.association.after.
adjusting.for.
smoking

Luchsinger.
et.al..2003.

980.elderly.subjects.
free.of.dementia.at.
baseline,.followed.
for.mean.4.years

Alzheimer’s.
disease

Carotenes.and.
vitamin.C,.or.
vitamin.E.in.
supplemental.or.
dietary.
(nonsupplemen-
tal).form.or.in.
both.forms

No.association
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2.1  epIdemIologICal assoCIatIons

Table.2.1.summarizes.examples.of.the.epidemiological.associations.of.vitamins.with.specific.dis-
ease.states.

The.epidemiological.data.suggests.a.clear.association.between.elevated.homocysteine.levels.and.
higher.risk.of.stroke.and.cardiovascular.disease..An.association.has.been.shown.for.carotid.disease.
(five.studies),.coronary.disease.(two.studies),.peripheral.vascular.disease.(one.study),.and.aortic.ath-
erosclerotic.disease.(one.study)..An.increased.risk.of.cardiovascular.disease.with.high.levels.of.homo-
cysteine.levels.has.been.shown.in.10.of.13.case-control.studies.and.one.cohort.study..A.decreased.
risk.for.cardiovascular.disease.was.also.shown.with.high.levels.of.folate.(three.of.five.prospective.and.
one.of.two.retrospective.studies).and.vitamin.B6.(two.of.two.prospective.and.two.of.two.retrospec-
tive.studies).but.not.with.high.levels.of.vitamin.B12.(one.prospective.and.two.retrospective.studies).3.
The.risk.of.stroke.is.also.higher.for.persons.who.consume.fewer.fruits.and.vegetables..Folate.levels,.
which.are.dependent.on.homocysteine.levels,.are.also.predictive.of.cardiovascular.risk..Whether.or.
not.decreasing.homocysteine.levels.by.dietary.or.pharmacological.interventions.is.not.known..Low.
levels.of.vitamin.B6.have.been.associated.with.cardiovascular.risk.and.hyperlipidemia.

Other.studies.have.not.supported.a.link.between.supplemental.vitamins.and.disease..The.self-
reported.intake.of.vitamins.E,.C,.or.multivitamins.was.not.associated.with.decreased.incidence.of.
cardiovascular.disease.or.cardiovascular.mortality.after.adjusting. for.known.cardiovascular. risk.
factors.in.a.large.observational.study.of.male.physicians.4

Lung.function.studies.illustrate.the.sometimes.confusing.data.from.epidemiological.surveys..
Forced.expiratory.volume.was.associated.with.intake.of.vitamin.E.in.Finland,.but.only.with.dietary.
intake.of.fruit.in.Italy,.and.only.with.beta-carotene.intake.in.the.Netherlands..But.in.all.three.coun-
tries,.men.with.above-average.intakes.of.both.fruit.and.vegetables.had.a.higher.forced.expiratory.
volume.than.those.with.a.low.intake.of.both.foods..However,.after.adjustment.for.energy.intake,.
the.association.of.all. three.antioxidants.disappeared.5.Differences.across.populations,.even.over.
relatively.small.distances,.confound.these.studies.

Micronutrient. intake,. including. lutein,.zeaxanthin,.anhydrolutein,.alpha-cryptoxanthin,.beta-
cryptoxanthin,.lycopene,.dihydrolycopene,.alpha-carotene,.beta-carotene,.total.carotenoids,.retinol,.
alpha-tocopherol,.beta-tocopherol,.gamma-tocopherol,.delta-tocopherol.and.total.tocopherols,.were.
examined.in.men.who.developed.bladder.cancer.after.20.years.of.surveillance.and.compared.to.
age-matched.controls..There.were.statistically.significant. inverse. linear. trends. in. risk. for.alpha-
carotene,. beta-carotene,. lutein. plus. zeaxanthin,. beta-cryptoxanthin. and. total. carotenoids.. How-
ever,. after. adjustment. for. pack-years. of. cigarette. smoking,. none. of. the. inverse. trends. remained.
significant.6

Baseline.intake.of.carotenes.and.vitamin.C,.or.vitamin.E.in.supplemental.or.dietary.(nonsupple-
mental).form.or.in.both.forms,.was.not.related.to.a.decreased.risk.of.dementia.of.the.Alzheimer’s.
type.after.4.years.of.follow-up.7

2.2  randomIzed Controlled trIals

The.use.of.various.dietary.supplements,.including.vitamins,.to.prevent.or.delay.disease.or.aging.rests.
for. the.most.part.on.epidemiological.associations..It.does.appear.from.this.data.that.a.diet.rich.in.
vitamins.is.associated.with.a.tendency.to.improved.health..However,.the.results.from.controlled.trials.
is.dismal..The.discrepancy.between.different.types.of.studies.is.probably.explained.by.the.fact.that.
dietary.composition.and.supplement.use.is.only.a.component.in.a.cluster.of.healthy.behaviors..An.
alternative.hypothesis.is.that.there.are.as.yet.unknown.essential.organic.compounds.in.certain.foods.

Table.2.2.summarizes.examples.of. randomized.controlled. trials.and.meta-analytical. reviews.
for.vitamins.and.specific.diseases..The.data.from.randomized.controlled.trials.shows.(with.a.few.
exceptions). that. supplementation. with. vitamin. supplements. has. not. had. much. effect. on. disease.
states..The.use.of.mineral.and.vitamin.supplements.has.been.shown.to.slow.the.progression,.but.not.
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taBle 2.2
examples of Controlled trials of vitamins or supplements on specific diseases

study population Condition Inter�ention results effect

MRC/BHF.
Heart.
Protection.
Study.2002..

20,536.subjects.
followed.5.
years

Coronary.heart.
disease,.vascular.
occlusive.
disease,.diabetes.
mellitus,.
hypertension

Vitamin.E.600.mg/d,.
plus.vitamin.C.250.
mg/d,.plus.beta-
carotene.20.mg/d.or.
placebo

All-cause,.vascular,.
or.nonvascular.
mortality,.or.
secondary.measures.
including.major.
coronary.events,.
stroke,.
revascularization,.
and.cancer.

No.difference

The.SU.VI.
MAX.Study.
2004.

13,017.persons,.
age.45–60,.
followed.7.5.
years

Cancer,.
cardiovascular.
disease.or.
Cardiovascular.
mortality

120.mg.ascorbic.acid,.
30.mg.of.vitamin.E,.
6.mg.of.beta.
carotene,.100.microg.
of.Selenium,.20.mg.
of.zinc.vs.placebo

Total.
cancerincidence.
4.1%.vs..4.5%;.
ischemic.
cardiovascular.
Disease.incidence.
2.1%.vs..2.1%,.all-
cause.mortality.
1.2%.vs..1.5%

No.difference;.
may.have.small.
protective.effect.
in.men

HOPE.trial.
2005.

3,994.persons,.
>55.yrs.with.
CVD.or.
DBM,.
followed.7.
years

Cardiovascular.
events.and.
cancer

Vitamin.E.400.IU/d.
vs..placebo

Cancer.incidence.
11.6%.vs..12.3%;.
cancer.deaths.3.3%.
vs..3.7%;.major.
cardiovascular.
events.21.5%.vs..
20.6%..

No.difference..
Higher.risk.of.
CHF.and.
hospitalization.
for.CHF

Heart.
Protection.
Study.2002.

15,000.men.
aged.40.to.80,.
followed.5.
years

Cardiovascular.
disease

Daily.combination.of.
vitamin.E.(600.mg),.
vitamin.C.(250.mg),.
and.[beta]-carotene.
(20.mg).

Incidence No.significant.
reduction

Women’s.
Health.
Study.2006

39,876.healthy.
women.age.
>45.years.

first.nonfatal.
myocardial.
infarction,.
nonfatal.stroke,.
or.
cardiovascular.
death.and.total.
invasive.cancer

600.IU.of.vitamin.E.
on.alternate.days

24%.reduction.in.
cardiovascular.
death.(RR,.0.76;.
CI,.0.59–0.98.);.no.
effect.on.total.
mortality

No.difference.in.
myocardial.
infarction,.
stroke,.or.
cancer.

Jamison. 2056.persons,.
>21.yrs.with.
CKD,.
followed.3.2.
yrs

CKD.all-cause.
mortality.

40.mg.folic.acid,.100.
mg.pyridoxine.(B6),.
and.2.mg.
cyanocobalamin.
(B12).vs..placebo

Relative.risk.1.04,.
(CI,.0.91–1.18)

No.difference.
mortality,.
myocardial.
infarction,.
stroke,.
amputation,.
time.to.initiation.
of.dialysis

Meta-
analysis.
2005.

135,.967.
participants.in.
19.clinical.
trials.

All-cause.
mortality

Vitamin.E.>400.IU/d 39.deaths.per.10,000.
persons.(3.to.74.per.
10,000.persons;..
P.=.0.035)

Higher.mortality
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taBle 2.2 (ContInued)
examples of Controlled trials of vitamins or supplements on specific diseases

study population Condition Inter�ention results effect

Mullan.et.al..
2002..

30.patients,.45.
to.70.years.
old,.with.type.
2.diabetes,.
followed.4.
weeks

Hypertension 500.mg.of.ascorbic.
acid.daily

Mean.systolic.9.9.
mm.Hg,.mean.
diastolic.6.0.mm.
Hg.

Reduced.systolic.
blood.pressure

Kim.et.al..
2002.

439.subjects.
followed.5.
years.

Hypertension 500.mg.of.vitamin.C.
daily

Blood.pressure No.reduction

Pfeifer.et.al..
2001.

148.women,.
mean.age.74.
years.
followed.8.
weeks

Hypertension 1200.mg.calcium.plus.
800.IU.vitamin.D3.
or.1200.mg.
calcium/day

Decrease.in.systolic.
blood.pressure.of.
9.3%

Improved

Ram.et.al..
2003..

Six.trials Asthma Vitamin.C.
supplementation

Asthma.outcome No.difference

Caraballoso.
et.al..2003..

109,394.
subjects

Lung.cancer Beta-carotene,.alone.
or.combination.with.
alpha-tocopherol.or.
retinol,.or.alpha-
tocopherol.alone

Cancer.incidence No.reduction

The.Beta-
Carotene.
and.Retinol.
Efficacy.
Trial.1996.

18,314.
subjects,.45.to.
74.years,.at.
high.risk,.
followed.4.
years

Lung.cancer [Beta]-carotene.and.
retinyl.palmitate.
compared.with.
placebo

28%.(4%–57%).
higher.cancer.
incidence.and.17%.
(3%–33%).higher.
total.mortality.in.
the.supplemented.
group.

Worse.outcome

Virtamo.et.
al..2003.

25,390.persons.
followed.6.
years

Prostate.cancer Alpha-tocopherol. Relative.risk.0.88.
(0.76–1.03)

No.difference

Virtamo.et.
al..2003

25,390.persons.
followed.6.
years

Prostate.cancer Beta.carotene Relative.risk.1.06.
(0.91–1.23)

No.difference

Cole.et.al..
2007.

1021.persons.
with.recent.
history.of.
colorectal.
adenomas.

Incidence.of.
colon.polyps.in.
next.6.to.8.years

1.mg.per.day.folic.
acid.vs..placebo

Polyps.44.1%.for.
folic.acid.and.
42.4%.for.placebo.
at.3.years.(risk.ratio.
1.04;.CI,.0.90.to.
1.20)..Polyps.
41.9%.for.folic.acid.
vs..37.2%.for.
placebo.at.6.years.

Higher.risk.with.
folic.acid
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taBle 2.2 (ContInued)
examples of Controlled trials of vitamins or supplements on specific diseases

study population Condition Inter�ention results effect

Alzheimer’s.
Disease.
Cooperative.
Study.1997.

341.subjects.
followed.2.
years

Alzheimer’s.
dementia

Vitamin.E.1000.mg.
twice.a.day,.
selegiline.5.mg.twice.
a.day,.both.or.
placebo.

Time.to.either.death,.
institutionalization,.
decline.in.activities.
of.daily.living,.or.
progression.to.
severe.dementia.

Reduced.in.
vitamin.E.group.
(670.days).and.
selegiline.group.
(655.days).
compared.with.
placebo.group.
(440.days),.
higher.mortality.
1.08.(1.01.to.
1.14)

Rodriguez-
Martin.
2003.

50.subjects,.
followed.1.
year

Alzheimer’s.
dementia

Thiamine.
supplementation

Cognitive.status No.benefit

Lerner.et.al..
2002.

15.subjects Schizophrenia Vitamin.B6.400mg.
vs..placebo

Mental.status No.difference

Taylor.et.al..
2003.

247.subjects Depression Folic.acid Reduction.in.
depression.scores.

2.65.points,.CI.
0.38.to.4.93.

Christen.et.
al..2003.

22,071.male.
US.physicians.
aged.40.to.84.
years,.
followed.1.
year

Cataract Beta.carotene.50.mg.
on.alternate.days.vs..
placebo.

Incidence No.benefit

Evans.2003.. 4119.subjects.
in.7.trials

Age-related.
macular.
degeneration,.
progression.to.
advanced.
disease

Antioxidant.and.zinc.
supplementation

Risk.ratio.0.72.(0.52.
to.0.98)

Less.risk

Evans.2003 4119.subjects.
in.7.trials

Age-related.
macular.
degeneration

Vitamin.E,.beta.
carotene.or.both.

Prevention No.benefit

Girodon.et.
al..1999.

725.institution-
alized.elderly.
subjects.>65.
years,.
followed.2.
years..

Antibody.titers,.
respiratory.
infections,.
urinary.tract.
infections,.
survival.rate.

Trace.elements.(zinc.
and.selenium.sulfide).
or.vitamins.(beta.
carotene,.ascorbic.
acid,.and.vitamin.E).
or.a.placebo

Antibody.titers.after.
influenza.vaccine.
were.higher.in.
groups.that.
received.trace.
elements.alone.or.
associated.with.
vitamins,.but.the.
vitamin.group.had.
significantly.lower.
antibody.titers..

Higher.titers.with.
minerals.but.low.
with.vitamins
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taBle 2.2 (ContInued)
examples of Controlled trials of vitamins or supplements on specific diseases

study population Condition Inter�ention results effect

Chandra.et.
al..1992.

96.subjects Infection-related.
illness,.days.
taking.
antibiotics,.
nutritional.
deficiencies

Vitamin.A.400.units,.
beta-carotene.16.mg;.
thiamine.2.2.mg;.
riboflavin.1.5.mg;.
niacin.16.mg;vitamin.
B6.3.0.mg;.folate.
400.microg;.vitamin.
B12.4.0.microg;.
vitamin.C80.mg;.
vitamin.D.4.microg;.
vitamin.E.44.mg;.
iron.16.mg;.zinc.14.
mg;.copper.1.4.mg;.
selenium.20.microg;.
iodine.0.2.mg;.
calcium.200.mg;.and.
magnesium.100.mg..
vs..placebo.(calcium,.
200.mg,.and.
magnesium,.100.
mg).

23.(23.to.28).vs..48.
fewer.infection-
related.illness.days;.
18.(12.to.16).vs..32.
fewer.days.taking.
antibiotics

Improved

El-Kadiki.et.
al..2005.

8.trials.in.older.
adults

Days.with.
infection,.at.
least.one.
infection,.
incident.
infections

Any.combination.of.
vitamin.or.mineral.
supplements

14.(10.to.18).fewer.
days.with.infection;.
at.least.one.
infection.1.10.(0.81.
to.1.50).;.incident.
infections.0.89.
(0.78.to.1.03

Fewer.days.with.
infection,.no.
difference.in.
incident.
infections

Gillespie.et.
al..2003.

Frail.elderly.
subjects

Hip.fracture.and.
vertebral.
fracture.
incidence

Vitamin.D3.
supplementation.
along.with.calcium.

Risk.ratio.0.74.(0.60.
to.0.91)

Less.risk

Gillespie.et.
al..2003.

Frail.elderly.
subjects

Hip.fracture.and.
vertebral.
fracture.
incidence

Vitamin.D3.
supplementation.
alone.without.
calcium

Risk.ratio.1.20..
(0.83.to.1.75)

No.difference

Gillespie.et.
al..2003.

In.healthy.
younger,.
ambulatory.
subjects

Hip.fracture Vitamin.D3.
supplementation.
along.with.calcium

Risk.ratio.0.36..
(0.01.to.8.78)

No.difference

Gillespie.et.
al..2003.

In.healthy.
younger,.
ambulatory.
subjects

Non-vertebral.
fracture

Vitamin.D3.
supplementation.
along.with.calcium

Risk.ratio.0.46..
(0.23.to.0.90)

Less.risk
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prevent,.age-related.macular.degeneration..Folate.may.have.some.role.in.the.treatment.of.depression,.
although.the.trials.have.been.small.in.numbers..Vitamin.C.may,.or.may.not,.have.an.effect.on.hyper-
tension,.but.the.longest.trials.were.only.2.months.in.duration.

Randomized.controlled. trials.of.specific.supplements.also.have.failed. to.demonstrate.a.con-
sistent.or. significant.effect.of.any.single.vitamin.or.combination.of.vitamins.on. incidence.of.or.
death.from.cardiovascular.disease.8.After.an.initial.enthusiasm.for.antioxidants.in.the.secondary.
prevention.of.cardiovascular.disease,.recent.reports.from.several.large.randomized.trials.have.failed.
to.show.any.beneficial.effects..Thus,.the.apparent.beneficial.results.of.high.intake.of.antioxidant.
vitamins.reported.in.observational.studies.have.not.been.confirmed.in.large.randomized.trials.9

Vitamin.E.plus.vitamin.C.plus.beta-carotene.showed.no.difference.in.all-cause,.vascular,.or.
nonvascular.mortality,.or. secondary.measures. including.major.coronary.events,. stroke,. revascu-
larization,.and.cancer.compared.with.placebo.10.Four.placebo-controlled.trials.have.not.shown.a.
benefit.of.beta-carotene,.alone.or.combination.with.alpha-tocopherol.or.retinol,.or.alpha-tocopherol.
alone.on.the.development.of.lung.cancer..For.people.with.risk.factors.for.lung.cancer,.no.reduction.
in. lung.cancer. incidence.or.mortality.was. found. in. those. taking.vitamins. alone. compared.with.
placebo..For.people.with.no.known.risk.factors.of.lung.cancer,.none.of.the.vitamins.or.their.com-
binations.appeared.to.have.any.effect..In.fact,.in.combination.with.retinol,.a.statistically.significant.
increase.in.risk.of.lung.cancer.incidence.was.found.compared.with.placebo.11

Antioxidant.vitamins.and.zinc.had.reduced.progression.to.advanced.disease.in.age-related.mac-
ular.degeneration,.but.has.not.been.demonstrated.to.be.effective.for.prevention.

Six.controlled.trials.on.supplementation.of.vitamin.C.in.persons.with.asthma.showed.no.appre-
ciable.benefit.on.asthma.outcome.12.Trace.elements,.but.not.vitamins.alone,.have.been.shown.to.
produce.higher.antibody. titers.after. influenza.vaccination. in.older.persons,.but.had.no.effect.on.
infection.rate.or.survival.

Vitamin.D.supplementation,.along.with.calcium,.has.been.demonstrated.to.reduce.hip.fracture.
rate.in.older.persons..A.randomized.controlled.trial.of.persons.aged.65–85.years.living.in.the.gen-
eral.community.(n.=.2686),.evaluated.100,000.IU.oral.vitamin.D3.(cholecalciferol).supplementa-
tion.or.matching.placebo.every.4.months.over.5.years..Relative.risks.for.fracture.of.the.hip,.wrist.
or.forearm,.or.vertebrae.in.the.vitamin.D.group.compared.with.the.placebo.group.were.0.78.(95%.
confidence.interval.0.61.to.0.99.for.any.first.fracture.and.0.67.(0.48.to.0.93).for.first.hip,.wrist.or.
forearm,.or.vertebral.fracture..The.relative.risk.for.total.mortality.in.the.vitamin.D.group.compared.
with.the.placebo.group.was.0.88.(0.74.to.1.06)..Supplementation.every.4.months.with.100,000.IU.
oral.vitamin.D.may.prevent.fractures.without.adverse.effects.in.men.and.women.living.in.the.gen-
eral.community.13.Two.trials.found.that.400.IU.of.vitamin.D.did.not.significantly.reduce.fracture.
risk,14,15.but.trials.using.700.to.800.IU/d.of.vitamin.D.did.show.significant.reductions.in.observed.
fractures,.suggesting.that.the.effect.may.be.dose.dependent.16,17,18

In.a.meta-analysis.of.five.randomized.controlled.trials.with.1237.elderly.individuals,.the.effect.
on.falls.of.treatment.with.different.vitamin.D.analogues.for.2.months.up.to.3.years.was.evaluated.19.

taBle 2.2 (ContInued)
examples of Controlled trials of vitamins or supplements on specific diseases

study population Condition Inter�ention results effect

Trivedi.et.al..
2003

Community-
dwelling,.65–
85.years

First.non-
vertebral.and.
vertebral.
fracture

Vitamin.D3.v..placebo Relative.risk.0.78.
(0.61.to.0.99)

Less.risk

Bischoff-
Ferrari.et.al..
2004.

.5.RCT.with.
1237.persons

Falls Vitamin.D.vs..placebo Odds.ratio.for.0.78;.
(CI,.0.64–0.92).

Decreased.risk.
22%
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Four. trials. administered. either. vitamin. D. 800. IU/d. plus. 1200. mg/d. of. calcium20,21. or. an. active.
vitamin.D.analogue.and.no.calcium.supplements.22,23.The.lowest.dose.of.vitamin.D.was.400.IU/d,.
but.reported.calcium.intake.from.dairy.products.was.high.at.800.to.1000.mg/d.in.that.trial..Taken.
together,.vitamin.D.reduced.the.risk.of.falling.by.22%.(corrected.odds.ratio.(OR),.0.78;.95%.confi-
dence.interval,.0.64–0.92).compared.with.patients.receiving.calcium.or.placebo..From.the.pooled.
risk.difference,.the.number.needed.to.treat.(NNT).was.15.(95%.CI,.8–53)..It.should.be.noted.that.
none.of.these.trials.involved.residents.in.long-term.care.settings..In.a.second.meta-analysis.of.three.
studies.involving.613.participants.treated.with.cholecalciferol,.a.non-significant.corrected.OR.of.
falling.was.observed..(0.83,.95%.CI,.0.65–1.06)..However,.after.excluding.the.trial.with.a.400.IU.
dose,. the. two. trials.with.259.subjects.using.800. IU.of.cholecalciferol.demonstrated.a.corrected.
OR.of.falling.of.0.65.(95%.CI,.0.40–1.00),.which.approached.statistical.significance..For.the.two.
studies. involving.626.participants.who.used.active.vitamin.D,. the.corrected.OR.for. falling.was.
0.71.(95%.CI,.0.55–0.92)..Thus,.a.dose.of.400.IU.of.vitamin.D.suggests.that.this.dose.may.not.be.
clinically.effective.in.preventing.falls.in.the.elderly.24.Older.ambulatory.subjects.(n.=.139).with.a.
history.of.falls.and.25-hydroxyvitamin.D.levels.less.than.or.equal.to.12.microg/l,.were.randomized.
to.receive.a.single.intramuscular.injection.of.600,000.IU.of.ergocalciferol.or.placebo..Aggregate.
Function.Performance.Time.(AFPT),.choice.reaction.time,.and.postural.sway.measures.improved.
in.the.intervention.group.and.deteriorated.in.the.control.group..There.was.no.significant.difference.
in.muscle.strength.change.between.groups..A.significant.correlation.between.change.in.AFPT.and.
change.in.25O.HD.levels.was.observed..However,.there.was.no.significant.difference.in.the.number.
of.falls.or.persons.falling.between.two.groups..Vitamin.D.supplementation,.in.fallers.with.vitamin.
D. insufficiency,.had.a.significant.beneficial.effect.on. functional.performance,. reaction. time.and.
balance,.but.not.muscle.strength.25

2.�  rIsks

If.the.results.of.these.randomized.controlled.trials.were.not.disappointing.enough,.the.data.showing.
potential.harm.from.vitamin.and.mineral.supplements.is.alarming..β-carotene.and.retinyl.palmi-
tate. in.combination.produced.a. statistically. significant. increase. in. risk.of. lung.cancer. incidence.
compared.with.placebo.26.In.a.meta-analysis.of.participants.in.randomized.controlled.trials.using.
vitamin.E,.nine.of.11.trials.showed.an.increased.risk.for.all-cause.mortality.at.a.vitamin.E.dose.
greater.than.or.equal.to.400.IU/day.27.No.increase.in.all-cause.mortality.was.seen.for.doses.less.than.
400.IU.per.day.in.these.trials,.but.a.dose–response.analysis.showed.that.a.statistically.significant.
relationship.between.vitamin.E.dosage.and.all-cause.mortality.began.at.a.dose.greater.than.150.IU/
day..A.similar.increase.in.mortality.has.been.described.in.very.high.dose.vitamin.E.(2000.IU/day).
supplementation.in.persons.with.Alzheimer’s.dementia.28

Serious.adverse.events.have.been.reported..Toxicity.may.result.from.excessive.doses.of.vitamin.
A.during.early.pregnancy.and.from.fat-soluble.vitamins.taken.anytime.

There.is.some.concern.that.Vitamin.E.plus.vitamin.C.plus.beta-carotene.may.blunt.the.protec-
tive.HDL2.cholesterol.response.to.HDL.cholesterol-targeted.therapy.29

2.�  vItamIns and older adults

Aging.is.associated.with.increased.risk.for.low.vitamin.consumption..In.the.United.States,. total.
energy.intake.decreases.substantially.with.age,.by.1000.to.1200.kcal. in.men.and.by.600.to.800.
kcal.in.women.in.the.seventh.decade..This.results.in.concomitant.declines.in.most.nutrient.intakes..
Lower.food.intake.among.the.elderly.has.been.associated.with.lower.intakes.of.calcium,.iron,.zinc,.
B.vitamins.and.vitamin.E..This.low.energy.intake.or.low.nutrient.density.of.the.diet.may.increase.
the.risk.of.diet-related.illnesses..Fifty.percent.of.older.adults.have.a.vitamin.and.mineral.intake.less.
than.the.recommended.daily.allowance.(RDA),.while.10–30%.have.subnormal.levels.of.vitamins.
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and.minerals.30.Populations.at.high.risk.for.inadequate.vitamin.intake.include.elderly.people,.veg-
ans,.alcohol-dependent.individuals,.and.patients.with.malabsorption.

Older.adults. tend. to.consume.fewer.energy-dense.sweets.and. fast. foods,.and.consume.more.
energy-dilute.grains,.vegetables.and.fruits..Daily.volume.of.foods.and.beverages.also.declines.as.
a.function.of.age..Physiological.changes.associated.with.age,. including.slower.gastric.emptying,.
altered.hormonal.responses,.decreased.basal.metabolic.rate,.and.altered.taste.and.smell.may.also.
contribute.to.lowered.energy.intake..Other.factors,.such.as.marital.status,.income,.education,.socio-
economic. status,. diet-related. attitudes. and. beliefs,. and. convenience. likely. play. a. role. as. well.31.
Many.age-related.nutritional.problems.may.be.remedied.to.some.extent.by.providing.nutrient-dense.
meals.through.home.delivery.or.meal.congregate.programs.32

2.4.1  vitamins and HEaltH

2.�.1.1  the vitamin a and Carotenoid family

The. carotenoids. are. a. diverse. group. of. more. than. 600. naturally. occurring. pigments.. Natural.
sources. include. yellow,. orange,. and. red. plant. compounds,. such. as. carrots. and. green. leafy. veg-
etables..Humans.must.depend.on.dietary.intake.exclusively.for.these.micronutrients.as.they.cannot.
be.synthesized..Beta-carotene.and.lycopene.are.the.major.dietary.carotenoids..Lycopene.is.a.natu-
ral.pigment.synthesized.by.plants.and.microorganisms.but.not.by.animals..It.occurs.in.the.human.
diet.predominantly.in.tomatoes.and.processed.tomato.products..It.is.a.potent.antioxidant.and.the.
most.significant.free-radical.scavenger.in.the.carotenoid.family..There.is.no.known.deficiency.state.
for.carotenoids.themselves.and.no.recommended.daily.intake..Beta-carotene.can.be.converted.to.
vitamin.A,.whereas.lycopene.cannot..All.of.the.carotenoids.are.antioxidants,.and.approximately.50.
are.considered.vitamins.because.they.have.provitamin.A.activity..Vitamin.A.refers.to.preformed.
retinol.and.the.carotenoids.that.are.converted.to.retinol..Preformed.vitamin.A.is.found.only.in.ani-
mal.products,.including.organ.meats,.fish,.egg.yolks,.and.fortified.milk..More.than.1,500.synthetic.
retinoids,.analogs.of.vitamin.A,.have.been.developed..The.current.recommended.daily.intake.(RDI).
for.vitamin.A.is.1500.micrograms/L.(5000.IU).

2.�.1.2  vitamin C

Vitamin.C.(ascorbic.acid).is.a.water-soluble.vitamin.widely.found.in.citrus.fruits.and.raw.leafy.veg-
etables,.strawberries,.melons,.tomatoes,.broccoli,.and.peppers..Humans.cannot.synthesize.vitamin.
C.and.a.deficiency.results.in.scurvy.

2.�.1.�  vitamin e

Vitamin.E.occurs.in.eight.natural.forms.as.tocopherols.(alpha,.beta,.gamma,.and.delta).and.tocotri-
enols.(alpha,.beta,.gamma,.and.delta),.all.of.which.possess.potent.antioxidant.properties..Gamma-
tocopherol.is.the.predominant.form.of.vitamin.E.in.the.human.diet,.yet.most.studies.have.focused.
on.alpha-tocopherol,.which.is.the.type.found.in.most.over-the-counter.supplements..One.reason.for.
this.is.that.alpha-tocopherol.is.biologically.more.active.than.gamma-tocopherol..Vitamin.E.defi-
ciency.is.rare.and.is.seen.primarily.in.special.situations.resulting.in.fat.malabsorption,.including.
cystic.fibrosis,.chronic.cholestatic.liver.disease,.abetalipoproteinemia,.and.short.bowel.syndrome.

2.4.2  OtHEr EssEntial vitamins

2.�.2.1  vitamin B12

Vitamin.B12.deficiency.occurs.in.from.5%.to.20%.of.older.persons,33.but.it.is.often.unrecognized.
because.the.clinical.manifestations.are.subtle.34.Causes.of.the.deficiency.include.malabsorption.of.
the.vitamin.(60%.of.all.cases),.pernicious.anemia.(15%–20%.of.all.cases),.and.insufficient.dietary.
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intake..Measurement.of.vitamin.B12.and.folate.concentrations.will.determine.anemia.due.to.these.
causes.in.the.majority.of.cases..Confirmation.of.vitamin.B12.deficiency.in.those.patients.who.have.
values.in.the.lower.normal.range.should.be.obtained,.since.about.50%.of.patients.with.subclinical.
disease.may.have.normal.B12.levels..A.more.sensitive.method.of.screening.for.vitamin.B12.deficiency.
is.measurement.of.serum.methylmalonic.acid.and.homocysteine.levels,.which.are.increased.early.
in. vitamin.B12. deficiency..A.homocysteine. level.will. be. elevated. in.both.vitamin.B12. and. folate.
deficiencies,.but.a.methylmalonic.acid.level.will.be.elevated.only.in.vitamin.B12.deficiency..Renal.
failure.is.the.only.other.confounding.cause.of.an.elevated.methylmalonic.acid.concentration.

2.�.2.2  folic acid

Folate,.along.with.vitamins.B-6.and.B-12,.are.required.for.the.conversion.of.homocysteine.to.methi-
onine..Increases.in.homocysteine.have.been.associated.with.increased.coronary.heart.disease.risk.
in.observational.trials;.inadequate.folate.status.associated.with.neural.tube.defect.in.children,35.and.
with.colon.cancer.36.Folate.occurs.naturally.in.a.variety.of.foods,.including.liver;.dark-green.leafy.
vegetables. such. as. collards,. turnip. greens,. and. Romaine. lettuce;. broccoli. and. asparagus;. citrus.
fruits.and.juices;.whole-grain.products;.wheat.germ;.and.dried.beans.and.peas,.such.as.pinto,.navy.
and.lima.beans,.and.chickpeas.and.black-eyed.peas..Effective.in.1998,.the.Food.and.Drug.agency.
requires.manufacturers.to.add.from.0.43.mg.to.1.4.mg.of.folic.acid.per.pound.of.product.to.enriched.
flour,.bread,.rolls.and.buns,.farina,.corn.grits,.cornmeal,.rice,.and.noodle.products.

2.�.2.�  vitamin d

Vitamin.D.occurs.naturally.in.animal.foods.as.the.provitamin.cholecalciferol..This.requires.conver-
sion.in.the.kidney.to.the.metabolically.active.form,.calcitriol..Vitamin.D.is.not.a.true.vitamin,.since.
humans.are.able.to.synthesize.it.with.adequate.sunlight.exposure..By.photoconversion,.7-dehydro-
cholesterol.becomes.previtamin.D3,.which.is.metabolized.in.the.liver.to.25-hydroxyvitamin.D3,.
the.major.circulating.form.of.vitamin.D..In.the.kidney,.this.is.converted.to.2.metabolites,.the.more.
active.one.being.1,25-dihydroxyvitamin.D3..Food.sources.include.fortified.milk,.saltwater.fish,.and.
fish-liver.oil.

2.�.2.�  thiamin

Thiamine.pyrophosphate.is.a.coenzyme.for.pyruvate.dehydrogenase,.α-ketoglutarate.dehydroge-
nase,.and.transketolase..The.deficiency.of. thiamine.results. in.beriberi,.a.syndrome.that. includes.
symptoms. of. weight. loss,. emotional. disturbances,. impaired. sensory. perception,. weakness,. and.
heart.failure..Thiamine.is.found.in.fortified.breads,.cereals,.pasta,.whole.grains.(especially.wheat.
germ),.lean.meats.(especially.pork),.fish,.dried.beans,.peas,.and.soybeans..Dairy.products,.fruits,.
and.vegetables.are.not.very.high.in.thiamine,.but.when.consumed.in.large.amounts,.they.become.a.
significant.source.

2.�.2.�  pyridoxine

Vitamin.B6,.or.pyridoxine,.has.been.associated.with.cardiovascular.risk.and.hyperlipidemia..Vita-
min.B6.is.found.in.a.wide.variety.of.foods.including.fortified.cereals,.beans,.meat,.poultry,.fish,.and.
some.fruits.and.vegetables.

2.�.2.�  ribofla�in

Deficiency.is.rare.in.the.United.States.due.to.widely.available.sources.of.the.vitamin..Lean.meats,.
eggs,.legumes,.nuts,.green.leafy.vegetables,.dairy.products,.and.milk.provide.riboflavin.in.the.diet..
Breads.and.cereals.are.often.fortified.with.riboflavin..Other.than.deficiency.states,.association.with.
disease.is.unknown.
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2.�  mInerals

Approximately.15.inorganic.elements.are.required.in.minute.amounts..In.humans,.clinically.symp-
tomatic.and.reversible.deficiency.disease.has.been.established.for. iron,. iodine,.copper,.zinc,.and.
selenium.. Other. elements,. including. chromium,. manganese,. molybdenum,. and. vanadium,. have.
undoubted.biological.activity,.but.relationship.to.clinical.practice.is.not.as.clear.

2.�  summary

The.use.of.various.dietary.supplements,.including.vitamins,.to.prevent.or.delay.disease.or.aging.rests.
for. the.most.part.on.epidemiological.associations.. It.does.appear.from.this.data. that.a.diet. rich. in.
vitamins.is.associated.with.a.tendency.to.improved.health..However,.the.results.from.controlled.trials.
is.dismal..The.discrepancy.between.different.types.of.studies.is.probably.explained.by.the.fact.that.
dietary.composition.and.supplement.use.are.merely.components.in.a.cluster.of.healthy.behaviors..An.
alternative.hypothesis.is.that.there.are.as.yet.unknown.essential.organic.compounds.in.certain.foods.

Much.of.the.enthusiasm.for.the.use.of.vitamin.or.mineral.supplements.to.prevent.disease.or.increase.
longevity.results.from.the.belief.that.supplementation.is.harmless..However,.serious.adverse.events.
have.been.reported..Toxicity.may.result.from.excessive.doses.of.vitamin.A.during.early.pregnancy.
and.from.other.fat-soluble.vitamins.taken.in.high.doses..There.is.increasing.concern.from.randomized.
controlled.trials.that.beta-carotene.and.vitamin.E.may.be.associated.with.a.higher.mortality.risk.

The.most.prudent.approach.is.to.recommend.a.daily.intake.of.fruits.and.vegetables.as.a.likely.
source.of.essential.nutrients..Failing.compliance.with.a.natural.source.of.essential.nutrients,.and.in.
populations.at.high.risk.of.vitamin.deficiency,.vitamin.supplements.should.be.encouraged.
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The.elderly.subject.is.at.risk.for.undernutrition.for.several.reasons.that.make.him.or.her.all.the.more.
vulnerable.to.disease..Malnutrition.in.the.elderly.is.mainly.protein-energy.undernutrition,.but.it.can.
involve.only.micronutrient.deficiencies..It.is.important.to.screen.for.undernutrition.in.all.free-living.
elderly.subjects,.but.even.more.so.when.hospitalized.or.institutionalized..There.are.several.thera-
peutic.approaches.to.undernutrition.centered.on.dietary.advice.and.enteral.nutrition.

�.1  Causes of undernutrItIon

Numerous. situations. induce.undernutrition. in. the.elderly..Causes.are.often. interrelated,.particu-
larly.in.hospitals.or.nursing.homes.(Table.3.1).[1]..Usually,.undernutrition.in.an.elderly.subject.is.
facilitated.by.the.presence.of.hypermetabolism.or.hypercatabolism,.exacerbated.if.he.or.she.had.
insufficient.food.contribution.before..The.speed.at.which.undernutrition.takes.over.during.hyperca-
tabolism.depends.only.partially.on.age-related.metabolic.changes.

3.1.1  PHysiOlOgical cHangEs rElatEd tO agE

Physiological.changes.affect.every.step.from.food.breakdown.to.nutrient.metabolism.

�.1.1.1  Changes in the digesti�e tract

Taste. threshold. increases.with.age..Flavors.need. to.be. intensified.for.an.elderly.subject. to.savor.
their.taste..Furthermore,.numerous.drugs.affect.taste.(often.by.modifying.the.level.of.humidity.in.
the.mouth)..This.sensorial.alteration.with.age.could.contribute.to.the.increased.selection.of.sweet.
foods.[2].

Dentition.alterations.or.poor.gingival.condition.are.frequent.in.elderly.people,.a.condition.often.
added.to.because.dental.care.is.expensive..Only.painless.chewing.permits.a.correct.diet..Degrada-
tion.of.oral.conditions.is.responsible.for.a.masticatory.insufficiency,.imposing.a.monotonous,.poorly.
balanced.and.unappetizing.diet.[3].

Gastric.mucous.membrane.shrinks.with.age..As.a.result,.there.is.a.decrease.in.the.hydrochlo-
ric.secretion,.which.delays.gastric.evacuation..In.the.small.intestine,.the.decrease.in.secretion.of.
enzymes.is.responsible.for.a.delay.in.nutrient.digestion..The.delaying.of.the.intestinal.transit.with.
age.is.responsible.for.intestinal.stasis,.constipation,.and.microbial.overgrowth.

�.1.1.2  metabolic Changes

Fat-free. mass. diminishes. in. sedentary. subjects. losing. their. mobility.. Muscle. mass. is. especially.
affected.(there.is.a.50%.decrease.between.ages.20.and.70)..Protein.metabolism.(anabolism.as.well.
as.catabolism).at. the.whole-body. level. is.only. slightly.affected..Fatty.acid. requirements.are. the.
same.in.elderly.subjects..Both.men.and.women.lose.bone.calcium.with.age,.but.this.loss.is.greater.in.
postmenopausal.women..Furthermore,.the.active.absorption.of.calcium.decreases.in.elderly.people..
Consequently,.a.high.supply.of.calcium.is.essential.to.satisfy.the.needs.

Total.body.water.diminishes.with.age.(20%.loss.about.age.60)..This.is.all.the.more.serious.as.
the.water.regulating.mechanisms.are.impaired;.the.threshold.for.the.perception.of.thirst.is.higher.
and.the.amount.of.urine.decreases..The.consequence.is.worsening.dehydration,.which.can.be.pre-
vented.only.by.a.regular.and.systematic.fluid.supply.

However,.aging.is.not.by.itself.a.cause.of.undernutrition.

3.1.2  lOw FOOd intakE

Numerous.factors.induce.a.lack.of.interest.in.the.diet.for.the.elderly.subject..If.this.lack.of.interests.
persists,.insufficient.food.intake.leads.to.the.use.of.the.nutritional.stores.of.the.body.
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�.1.2.1  social Causes

Social.isolation.is.frequent.in.elderly.subjects,.especially.in.urban.areas..This.isolation.worsens.with.
age.and.the.deaths.of.spouse.and.friends..To.reinsert.an.elderly.person.into.a.circle.of.social.activity.
is.one.of.the.ways.to.prevent.undernutrition.[4].

The.diminution.in.resources.mainly.affects.the.widowed.and.subjects.who.are.outcasts.of.the.
social.system..Exclusion.originates.most.often.from.the.lack.of.knowledge.of.the.existing.social.
help..On.the.other.hand,.despite.sufficient.financial.income,.some.elderly.subjects.are.left.short.of.
funds.because.they.spend.a.large.part.of.their.income.on.their.families.

taBle �.1
Causes of undernutrition 
Environmental.Factors Social.isolation

Widowhood
Economic.difficulties,.poverty
Abuse
Hospitalization
Confusion.due.to.change.in.environment

Oral.problems Difficulty.in.chewing
Bad.oral.health
Dentures
Xerostomia,.decreased.salivary.flow
Oral.candidiasis
Taste.impairment,.glossodynia

Swallowing.problems Dysphagia
Cerebrovascular.accident,.neurological.disorders

Psychiatric.disorders Depression
Behavioral.disorders.

Dementia. Alzheimer.disease
Other.dementia

Neurological.problems Delirium
Attention.disorders
Parkinson’s.disease

Drugs Polymedication
Adverse.drug.effects
Prolonged.corticosteroid.treatment

Acute.physical.malady PainInfectious.diseases
Fractures.with.impaired.mobility
Surgical.procedure
Constipation
Pressure.sore

Functional.impairment. Assistance.needed.with.feeding
Impaired.mobility.and.activities.of.daily.living

Long-term.dietary.restrictions Strict.salt-free.diet
Low.calorie.diet.for.weight.loss
Diabetic,.particularly.in.nursing.home
Fat-free.diet
Fiber-free.diet.

Source:. From.HAS.2007..Stratégie.de.prise.en.charge.en.cas.de.dénutrition.protéino-énergétique.chez.la.personne.âgée..
Paris.
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�.1.2.2  diminished Capacities

Insufficient.physical.capacities.that.have.the.most.important.effects.on.food.intake.are:

Reduced.chewing.capacity,.whether.related.to.dentition,.jaw,.or.unfit.dentures
Dysphagia,.mainly.due.to.strokes.and.degenerative.cerebral.pathologies.[5]
Walking. difficulties,. responsible. for. a. making. shopping. or. visiting. a. restaurant. more.
challenging

In.institutions,.autonomy.losses.make.the.elderly.subject.totally.dependent.on.the.quality.and.
quantity.of.nursing.care..The. lack.of.dietitians,. the. lack.of.nutritional.knowledge,. the.excessive.
standardization.of.menus,.the.short.duration.of.mealtime,.the.lack.of.conviviality.and.non-adapted.
timetables.all.contribute.to.undernutrition.

Cognitive.deteriorations.may.lead.to.insufficient.food.or.the.substitution.of.“junk.food”.instead.
of.healthy.meals.[6]..Such.deterioration.can.worsen.self-prescribed.diets,.which.are.often.respon-
sible.for.unbalanced.intake..Subjects.with.dementia.rarely.have.insufficient.food,.except.when.their.
needs.have.considerably.increased,.as.with.patients.who.wander.ceaselessly,.thus.using.more.calo-
ries.but.finding. it. impossible. to.sit.down.to.a.meal..Restoration.of. lunch.as.a.social.activity.(by.
involving.the.elder.in.helping.in.its.preparation,.by.setting.the.table,.or.by.increasing.the.length.of.
time.allotted.to.meal.time).increases.food.intake.in.demented.subjects.by.restoring.memories.of.
more.convivial.mealtimes.[7].

�.1.2.�  preconcei�ed Ideas

Preconceived.ideas.about.food.and.ignorance.of.nutritional.needs.are.widespread,.and.elderly.peo-
ple.or. their.circles.of.friends.and.family.or. the.nursing.care.of.an.institution.often.enhance.this.
ignorance.[1].

�.1.2.�  digesti�e diseases

Digestive.diseases,.as.in.younger.adults,.can.cause.undernutrition..Oral.and.esophageal.candidiasis,.
which.occurs.more.frequent.in.the.elderly.because.of.the.reduction.in.salivary.outflow,.may.cause.
burns.during.food.ingestion.[8]..First.among.various.digestive.diseases.(cancers,.atrophic.gastritis,.
etc.),. are.gastric.ulcers,.which.are.often. responsible. for. symptoms.such.as.anorexia,.distaste. for.
meat,.or.dyspepsia,.but.these.symptoms’.lack.of.specificity.sometimes.leads.to.delayed.diagnosis.
and.treatment.

�.1.2.�  dietary and therapeutic mistakes

Long-term.weight-loss.diets.are.dangerous.because.their.effect.can.be.multiplied.when.elderly.sub-
jects.are.very.respectful.of.their.medical.prescriptions..A.diet,.if.necessary,.must.always.be.limited.
in.the.length.of.time.it.is.observed..Examples.of.abusive.diets.are.numerous.[9,10]:

A. low-calorie. diet. aiming. for. weight. loss. before. the. installation. of. a. prosthesis. can.
worsen.sarcopenia.
A.strict.salt-free.diet.can.worsen.anorexia.when.its.duration.goes.beyond.the.necessary,.
i.e.,.a.phase.of.acute.heart.failure.
Fiber-free.diet.for.irritable.bowel.syndrome.
When.the.diet.is.not.prescribed.by.a.doctor,.the.subject.may.impose.it.on.himself.

Hospitalization.is.itself.often.a.cause.of.undernutrition;.apart.from.the.illness.that.caused.the.
admission,.the.hospital’s.food.is.too.rarely.appetizing.

•
•
•

•

•

•
•
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Abundant.consumption.of.medications.at.the.beginning.of.meals.is.a.cause.of.anorexia,.as.is.
alcohol.consumption..Many.drugs.modify.either.the.taste.or.the.moisture.inside.the.mouth.

�.1.2.�  depression

Depression.is.frequent.in.geriatric.patients.and.is.almost.constant.in.institutions..Causes.of.depres-
sion.are.very.numerous:.a.sense.of.uselessness,.difficulty.in.accepting.the.diminution.of.capacities.
(physical.or.intellectual),.isolation,.loss.of.a.spouse,.etc..Food.consumption.can.be.regulated.only.
when.the.depression.is.cured.

3.1.3  HyPErmEtabOlism/HyPErcatabOlism

An.increase.in.nutritional.needs.constitutes.the.other.part.of.the.causes.of.undernutrition..Diseases.
in.subjects.weakened.by.low.food.intake.induce.a.state.of.true.undernutrition..Hypermetabolism.is.
activated.for.every.illness,.whether.it.is.an.infection.(lymphocytes),.tissue.destruction.as.in.a.myo-
cardial.infarction.or.a.stroke.(phagocytes).or.tissue.mending.as.it.happens.for.fractures.or.pressure.
sores..The.intensity.and.the.duration.of.this.hypermetabolism.and.hypercatabolism.depend.upon.the.
size.of.tissue.lesions.and.the.speed.of.healing..Whatever.the.mechanisms.of.activation,.there.will.
be.hyperstimulation.of.the.macrophages.and.monocytes..Causes.of.hypermetabolism.and.hyperca-
tabolism.are.infections,.cancers.and,.in.a.more.general.way,.every.chronic.or.acute.inflammatory.
condition.(rheumatisms,.pressure.sores,.etc.)..Some.organ.deficiencies.(heart.or.respiratory.failures).
increase.energy.expenditure.

�.2  ConsequenCes of undernutrItIon

Undernutrition.has.multiple.and.varied.consequences,.which.makes.it.a.very.serious.condition..It.is.
important.to.recognize.and.prevent.these,.as.they.are.not.always.foreseeable.[10].

3.2.1  incrEasE in mOrbidity and mOrtality

Undernutrition.increases.the.infectious.morbidity.in.institutionalized.elderly.subjects.from.two.to.
six.times,.multiplying.the.risk.of.mortality.over.1.year.by.4-fold.during.a.hospitalization.after.the.
age.of.80.[11].. In.elderly.subjects.who.are.apparently. in.good.condition.otherwise,.5-year.death.
probability.is.ten.times.higher.if.they.are.undernourished.(albumin.<.35.g/L).

3.2.2  altEratiOns in tHE gEnEral cOnditiOn

Undernutrition. leads. to. an. alteration. of. the. general. condition,. which. causes. the. following.
symptoms:

Constant.weight.loss.[12].resulting.from.a.loss.of.body.fat.mass.and.lean.mass,.especially.
of. the. muscle. mass. (sarcopenia).. Muscular. hypercatabolism. due. to. undernutrition. cre-
ates.in.the.elderly.subject.a.very.quick.depletion.of.the.protein.stores.already.diminished.
because.of.aging.and.the.more.sedentary.lifestyle.
Asthenia.and.anorexia,.the.norm.during.undernutrition.[13,14],.contribute.to.a.worsening.
of.the.nutritional.status.
During.hypercatabolism.(acute.pathology),.if.not.properly.treated.in.a.short.time.by.adding.
a.nutritional.support,.the.patient.then.enters.a.vicious.cycle.[1].:

Hypercatabolism. →. undernutrition. →. immune. deficiencies. →. new. disease. =. new,.
more.extended.hypercatabolism.→.more.serious.undernutrition.→.immune.deficien-
cies.→.new.pathology.→.new,.more.extended.hypercatabolism.→.even.more.serious.
undernutrition.→.etc..The.consequence.of.this.sequence.is.quite.often.the.death.of.the.
patient.

•

•

•

•
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Psychological.disorders,.ranging.from.simple.apathy.to.depressive.syndromes.are.frequent..At.
any.level,.they.can.be.serious,.and.they.can.also.simulate.authentic.dementia.[1,.9].

Body.protein.(muscles).and.fat.stores.are.already.diminished.in.elderly.subjects..During.an.acute.
episode,.in.order.to.provide.an.appropriate.response,.the.elderly.subject.must.draw.upon.already.
diminished.stores..The.patient.thus.enters.a.negative.spiral.likely.to.jeopardize.vital.prognosis.if.he.
or.she.is.not.fed—the.longer.the.sickness,.the.greater.the.consequences.to.the.nutritional.stores..Fur-
thermore,.after.an.acute.episode,.the.body.never.completely.reconstitutes.the.lost.stores;.the.elderly.
subject.will.not.completely.recover.his.or.her.previous.weight,.contrary.to.what.a.younger.adult.can.
do..The.convalescence.period,.which.permits.one.to.reconstitute.the.lost.stores,.is.longer.(three.to.
four.times.the.duration.of.the.acute.illness).and.less.effective.for.the.elderly.subject.

3.2.2  immunE dEFiciEncy

Undernutrition.induces.a.dysfunction.of.the.immune.system,.with.consequences.such.as.lymphope-
nia.(<1,200/mm3)..Every.aspect.of.immunity.is.affected—cellular.immunity,.function.of.T.lympho-
cytes,.humoral.immunity,.function.of.B.lymphocytes,.and.nonspecific.immunity.

Undernutrition.worsens.the.physiological.immune.deficiency.due.to.aging.and.leads.to.a.true.
acquired.immune.deficiency.in.the.undernourished.elderly,.which.weakens.defense.mechanisms.and.
induces.infections.[15]..If.an.infection.occurs,.it.worsens.undernutrition.by.the.anorexia.it.brings.on.
and.by.hypermetabolism.and.hypercatabolism..The.elderly.subject.affected.by.undernutrition.will.
hence.draw.upon.muscular.protein.stores.to.fight.against.the.infection..If.infection.occurs,.it.will.
have,.in.most.cases,.a.nosocomial.origin—originating.while.under.medical.care—and.will.be.more.
difficult.to.cure.[16].

3.2.3  digEstivE disOrdErs

The.slowing.down.of.intestinal.peristalsis.induces.a.digestive.stasis.that.results.in.the.creation.of.
a.fecal.impaction.that.increases.the.risks.of.infection.through.microbial.overgrowth..Diarrhea.is.
frequent.and.can.coexist.with.the.fecal.impaction.(fake.diarrhea)..This.is.a.serious.symptom.that.
can.also.appear.during.the.first.stages.of.refeeding..Undernutrition.also.contributes.to.the.onset.of.
pressure.sores.and.their.persistence.[17,18].

3.2.4  FOOd–drug intEractiOns and tOxicity

Drugs. often. influence. nutrient. metabolism. through. their. effects. on. nutrient. intake,. absorption,.
metabolism,.and.excretion..In.addition.to.these.effects,.food.itself.or.specific.constituents.in.food.
and.beverages,.as.well.as.vitamins,.minerals,.and.other.dietary.supplements,.can.influence.drug.
kinetics..Worsening.of.sarcopenia.promotes. falls.and.can.have.effects.on.general.mobility,. thus.
lessening.one’s.autonomy.

3.2.4  cOnsEquEncEs OF micrOnutriEnt dEFiciEnciEs

The.deficiency.in.micronutrients.(vitamins.and.trace.elements).may.be.isolated,.but.undernutrition.
always.accompanies.a.micronutrient.deficiency..The.deficiencies.in.B.vitamins.(especially.folate).
can.be.the.source.of.asthenia,.of.psychological.disorders—even.encephalopathy—neurological.dis-
orders.(polyneuritis),.anemia,.and.immune.deficiency.(folate,.B6,.vitamin.D,.etc.)..Such.deficiencies.
increase.the.risk.for.an.earlier.onset.(or.relapse).of.cardiovascular.diseases.or.cognitive.disorders.
such.as.Alzheimer-like.dementia.

Deficiencies.in.vitamin.D.and.calcium.worsen.osteoporosis,.which.can.be.made.more.complex.
by.fractures..Deficiency.in.zinc.leads.to.a.loss.of.taste.and.thus.contributes.to.the.maintenance.of.
anorexia..The.deficiency.in.zinc.also.induces.an.immune.deficiency.and.some.skin.disorders,.as.
well.as.delayed.wound.healing.
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Economic. and. social. consequences. are. quite. significant.. For. a. given. disease,. the. length. of.
hospitalization.is.multiplied.by.a.factor.of.two.to.four.in.an.undernourished.subject..Undernutrition.
brings.higher.morbidity.and.death.rates,.with.an.increase.in.drug.consumption.and.with.an.evolu-
tion.toward.loss.of.autonomy,.which.can.be.the.reason.for.institutionalization.[19].

�.�  dIagnosIs of undernutrItIon

3.3.1  mEdical HistOry

The.single.most.important.clinical.aspect.is.weight.loss,.which.should.be.expressed.in.actual.weight.
or.in.percent.of.the.patient’s.usual.weight..Furthermore,.the.interval.since.the.weight.loss.started.
should.be.explored..The.patient. should.be.asked.whether.a. loss.of.appetite. is.present,.but,.with.
regard.to.prognosis,.it.is.not.relevant.whether.the.patient.declares.the.weight.loss.to.be.voluntary.
or.involuntary..Often.it.is.helpful.to.question.the.patient.about.restrictive.diets.and.consumption.of.
alcohol.or.tobacco..Concomitant.illnesses.and.the.accompanying.medications,.including.possible.
side.effects,.have. to.be. taken. into.account..Here. special. attention. should.be.paid. to.depression,.
dementia.and.dysphagia.

Since.functionality.in.the.elderly.is.closely.correlated.with.nutritional.status,.it.is.usually.advis-
able.to.determine.their.basic.and.instrumental.activities.of.daily.living.(ADLs.and.IADLs).[20]..
Finally,.as.isolation.and.poverty.often.become.more.frequent.as.one.ages,.some.information.about.
the.living.conditions.and.the.social.relationships.of.the.patient.have.to.be.obtained.

3.3.2  clinical signs OF undErnutritiOn

The.attending.nurse.or.physician.must.pay.attention.to.physical.signs.of.overt.undernutrition..The.
most.prominent.are.muscle.atrophy,. loss.of. subcutaneous. fat,. and.peripheral.edema.as.a.conse-
quence.of.hypoprotidemia..Micronutrient.deficiencies. can.cause.a.wide. range.of. symptoms. that.
may.affect.the.skin,.the.mucous.membranes,.the.central.and.peripheral.nervous.system,.the.eyes,.
and.other.organs.as.well.

Low.intake.of.energy.and.different.nutrients.is.an.important.aid.to.find.out.which.patient.is.at.
risk.of.undernutrition.[14]..The.7-day.diary.and.the.24-hour.recall.strongly.depend.upon.the.coop-
eration.of.the.patient.and.often.are.inappropriate.when.memory.loss.is.present..It.seems.therefore.to.
be.more.appropriate,.especially.in.institutions,.to.use.eating.protocols.where.intake.is.documented.
by.estimating.it.via.meals.served..These.eating.protocols.should.be.filled.in.for.at.least.three.days.
in.a.row.

Anthropometric.measurements.are.an.essential.part.of.the.nutritional.assessment.in.the.elderly.
[21]..They.comprise.the.determination.of.body.height,.body.weight,.circumference.of.upper.arm.
and.calf,.and.the.measurement.of.the.triceps.skinfold.

A.mobile.patient.should.be.weighed.post-voiding,.standing.on.a.well-calibrated.scale.wearing.
light.clothing.and.without.shoes..If.the.patient.is.immobile,.a.chair.scale.or.a.lifting.scale,.depend-
ing.on.the.amount.of.his.or.her.disability,.has.to.be.used..When.assessing.the.body.weight,.special.
conditions.like.edema.and.ascites.have.to.be.taken.into.account..The.significance.of.an.individual’s.
weight.course.always.exceeds.that.of.a.single.measurement.

With.regard.to.height,.the.measurement.of.the.knee.height.and.the.calculation.of.the.original.
body.height.are.helpful.in.immobile.patients.and.in.those.with.kyphosis.[22].

Generally,.the.body-mass.index.reflects.body.composition.in.the.elderly.with.regard.to.body.fat.
and.lean.body.mass.to.a.lesser.degree.than.in.a.younger.population..The.cut-off.for.undernutrition.
for.adults.below.age.65.has.been.set.at.18.5.kg/m²,.while.for.prognostic.reasons.in.the.elderly.the.
threshold.is.usually.set.between.20.and.22.kg/m².[10,23]..For.example,.French.societies.have.set.the.
cut-off.for.undernutrition.at.21.and.for.severe.malnutrition.at.18.[9].



��	 Handbook	of	Nutrition	in	the	Aged,	Fourth	Edition

Because.of.its.relevance.with.regard.to.functionality,.a.parameter.reflecting.muscle.status.in.the.
aged.will.be.particularly.useful..Calf.circumference.proved.to.be.superior.to.upper.arm.circumfer-
ence..The.former.shows.a.good.correlation.with.other.nutritional.anthropometric.markers.(BMI,.free.
fat.mass,.triceps.skin.fold).and.mobility.[24,25]..The.cut-off.for.calf.circumference.is.set.at.31.cm.

3.3.3  biOlOgical signs OF undErnutritiOn

The.most.widely.used.laboratory.parameter.to.assess.the.nutritional.status.is.serum.albumin..Its.
strong.association.with.prognosis.has.been.documented.in.different.populations.[26]..However,.its.
serum.level.may.be.influenced.by.a.wide.variety.of.acute.and.chronic.inflammatory.conditions..In.
addition,.aging.per se.as.well.as.hepatic.and.renal.dysfunction.can.cause.decreases.of.the.serum.
level..Another.disadvantage.is.its.long.half-life.of.21.days..As.a.result,.low.serum.albumin.levels.in.
hospital.patients.are.rarely.the.consequence.of.a.poor.nutritional.status..On.the.whole,.serum.albu-
min.shows.a.low.specificity.with.regard.to.undernutrition.

Alternative.parameters.are.transferrin,.transthyretin,.retinol-binding.protein,.and.insulin.growth.
factor-1..Their.half-lives.are.shorter,.but.their.specificity.is.only.marginally.improved..Furthermore,.
their.routine.use.will.clearly.increase.laboratory.costs.

Additional.examinations.such.as.measurement.of.micronutrients.should.not.be.part.of.routine.
practice.and.should.be.ordered.only.when.suspicion.of.specific.deficits.exists.

On.the.whole,.laboratory.examinations.are.not.an.essential.component.of.the.diagnostic.instru-
ments.with.regard.to.undernutrition.in.the.elderly..Furthermore,.a.recent.study.showed.that.weight.
loss.and.anthropometric.data.exhibited.a.stronger.correlation.with.live.threatening.complications.of.
geriatric.hospital.patients.than.albumin.and.transthyretin.[27].

Bioelectrical.impedance.analysis.and.dual-energy.x-ray.analysis.measurements.are.interesting.
fields.of.ongoing.research.in.body.composition.in.the.elderly.but.at.present.they.don’t.have.to.be.
part.of.the.daily.routine.

3.3.4  scrEEning and assEssmEnt tOOls

Effective.tools.for.screening.and.assessing.the.nutritional.status.of.the.elderly.are.certainly.needed..
In.addition,.an.intervention.plan.should.be.based.on.the.results.of.the.screening.tool..All.elderly.
above.age.65.should.be.screened.routinely.once.a.year.[10]..Because.of.limited.financial.and.per-
sonal.resources.within.all.European.health.care.systems.the.screening.procedure.has.to.be.quick.
with.acceptable.sensitivity.and.specificity..The.amount.of.time.necessary.for.screening.should.not.
exceed.5.minutes..Along.with.existing.indexes.(MUST,.NRS,.NRI).used.in.adults,.there.are.few.
geriatric.indexes.available..The.one.worth.mentioning.is.the.Mini.Nutritional.Assessment.

The.short. form.of. the.Mini.Nutritional.Assessment. (MNA-SF).fulfils.at. least.some.of. these.
expectations.. It.was.derived.from.the.original.version.of. the.MNA.by. identifying.six. items. that.
strongly. correlated. with. the. conventional. nutritional. assessment. of. experienced. physicians. [28].
(Table.3.2).. If. the.score. is.11.or. less. the.patient. is.classified.as.at. risk.of.undernutrition.and. the.
full.MNA.has.to.be.done.(see.http://mna-elderly.com)..The.sensitivity.of.the.MNA.short.form.with.
regard. to.overt.undernutrition.has.been.successfully. tested. [29].. It.has.been.designed.especially.
for.the.nutritional.screening.in.the.community.setting,.while.an.nutritional.assessment.using.the.
original.“long”.MNA.should.be.the.first.step.in.nursing.and.hospital.patients.because.of.the.high.
prevalence.of.undernutrition.in.these.institutions.

According.to.the.result.of.the.assessment.the.patient.is.categorized.as.well.nourished,.at.risk,.or.
overt.undernutrition..In.a.multitude.of.studies.it.has.been.shown.that.the.MNA.correlates.well.with.
nutritional.intake,.anthropometry,.laboratory.data,.functionality,.morbidity,.length.of.hospital.stay,.
and.mortality.[30,31].(Figure.3.1).
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�.�  treatment of undernutrItIon

In.most.instances.a.symptomatic.therapy.concentrating.on.nutritional.intake.will.not.be.successful.
if.treatable.pathologic.causes.are.ignored..This.may.apply.to.oral.problems,.depression,.gastrointes-
tinal.disorders,.or.endocrinology.abnormalities..In.every.patient.where.undernutrition.is.diagnosed.
or.where.a.person.is.considered.to.be.at.risk,.the.treating.physician.must.start.a.diagnostic.work-up.
that.searches.for.organic.or.psychological.causes..In.addition,.this.may.be.paralleled.by.the.intro-
duction.of.a.nutritional.intervention,.as.the.sooner.it.is.introduced,.the.better.the.outcome.

3.4.1  stratEgy

Nutritional. support. will. mostly. depend. on. two. factors:. spontaneous. food. intake. and. nutritional.
status.(Table.3.3)..In.all.cases,.nutritional.support.aims.at.providing.30–40.kcal/kg/day.and.1.2–1.5.
g.protein/kg/day.[9].

taBle �.2
mini nutritional assessment—short form
A Has.food.intake.declined.over.the.past.3.months,.due.to.loss.of.appetite,.digestive.problems,.chewing.or.

swallowing.difficulties?

0. =.severe.loss.of.appetite

1. =.moderate.loss.of.appetite

2. =.no.loss.of.appetite

B Weight.loss.during.last.3.months?

0. =.weight.loss.greater.than.3.kg

1. =.does.not.know

2. =.weight.loss.between.1.and.3.kg

3. =.no.weight.loss

C Mobility

0. =.bed.or.chair.bound

1. =.able.to.get.out.of.bed/chair.but.does.not.go.out

2. =.goes.out

D Has.suffered.psychological.distress.or.acute.disease.in.the.past.3.months?

0. =.yes

2. =.no

E Neuropsychological.problems?

0. =.severe.dementia.or.depression

1. =.mild.dementia

2. =.no.psychological.problems

F BMI

0. =.BMI.less.than.19

1. =.BMI.19.to.less.than.21

2. =.BMI.21.to.less.than.23

3. =.BMI.23.or.greater

Source:. Adapted.with.permission.from.Société.des.Produits.Nestlé,.Vevey,.Switzerland.
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3.4.2  diEtary cOunsEling

The. first. measure. to. start. treatment. of. undernutrition,. especially. in. the. outpatient. setting,. may.
be.dietary.counseling,.which.will.be.most.effective.if.undertaken.by.a.qualified.dietitian,.whose.
involvement.certainly.depends.on.the.local.resources.and.the.possibility.of.reimbursement..Unfor-
tunately,.no.studies.have.addressed.the.isolated.effects.of.dietary.counseling.in.the.elderly..Nev-
ertheless,.the.positive.impact.of.individualized.care.by.a.dietitian.was.shown.by.a.recent.study.for.
patients.with.dementia. in. a. long-term.care. facility. [32].. In. this.population.weight. loss. could.be.
prevented.or.weight.could.be.increased.in.the.intervention.group.

3.4.3  FOOd FOrtiFicatiOn

After.counseling.a.patient.about.optimizing.his.or.her.diet,.the.next.step.may.be.dietary.fortifica-
tion,.which.usually.concentrates.on.increasing.energy.and.protein.intake..This.may.be.achieved.by.
increasing.the.use.of.energy-.and.protein-rich.food.by.including.oil,.cream,.butter,.sugar,.high-fat.
milk,.powdered.milk.and.cheese.in.the.daily.diet..As.an.alternative,.there.is.the.option.to.add.carbo-
hydrates,.lipids,.or.protein.via.commercial.powders.or.liquids.to.the.diet..A.wide.range.of.products.
is.available..Most.are.without.a.specific.recognizable.flavor.and.can.be.stirred.into.milk,.yogurt,.
soups,.or.sauces..The.very.few.controlled.trials.available.show.that.the.oral.intake.of.energy.but.not.

fIgure �.1  Flow.chart.of.artificial.nutrition.in.the.elderly.
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of.protein.may.be.increased.[33]..Dietary.fortification.is.one.useful.means.of.treating.undernutrition.
but.its.effectiveness.has.not.yet.been.sufficiently.proven.

Snacks,.sweet.or.spicy,.may.occasionally.be.practical.adjuncts.to.conventional.nutritional.ther-
apy.[34]..In.particular,.finger.food.is.reportedly.well.accepted.by.the.demented.

3.4.4  Oral nutritiOnal suPPlEmEnts

A.recent.meta-analysis.[35].showed.reduced.mortality.and.fewer.complications.for.hospital.patients.
who.were.undernourished.and.who.were.treated.with.supplements..The.best.results.with.regard.to.
mortality.were.obtained.for.those.above.age.75,.those.provided.with.a.supplemental.intake.over.400.
kcal/day,.those.in.poor.general.condition,.and.those.who.were.undernourished..There.also.was.a.
trend.toward.a.reduced.length.of.stay.in.hospital.for.the.intervention.group..Results.with.regard.to.
functional.parameters.were.so.diverse.that.no.clear.statement.could.be.made,.but.several.studies.
showed.improvements.

According.to.the.recently.published.European.Society.for.Clinical.Nutrition.and.Metabolism.
(ESPEN).guidelines.for.enteral.nutrition.in.geriatric.patients,.oral.supplementation.increases.energy.
and.nutrient. intake.[36],.and.can.maintain.or.improve.nutritional.status..Oral.nutritional.supple-
ments. are. indicated. for.elderly.patients.with.undernutrition.and. for. those.who.are.at. risk..They.
should.be.given.early.when.there.is.proof.of.insufficient.intake,.of.weight.loss.above.5%.in.3.months.
or.above.10%.in.6.months,.or.when.the.body.mass.index.(BMI).is.calculated.below.22.kg/m²..They.
are.also.indicated.for.the.frail.elderly.to.maintain.their.nutritional.status.

For.most.patients,.supplementation.will.be.prescribed.for.1.or.2.months,.and.prescription.will.be.
extended.after.a.positive.effect.has.been.documented..Acceptance.of.supplementation.by.the.patient.
may.become.a.problem,.therefore.the.intervention.has.to.be.explained.and.the.patient.motivated.if.pos-
sible..Supplements.should.be.given.between.meals.and.occasionally.before.bedtime..Otherwise,.they.
can.reduce.intake.during.regular.meals..The.consumption.of.each.supplement.should.not.take.more.
than.30.minutes.and.it.should.ideally.be.controlled.and.documented.by.the.nursing.staff..To.improve.
acceptance.it.may.be.advisable.to.change.the.consistency.of.the.product—ice.in.the.summer,.foam.if.
found.attractive—and.to.respect.the.preferences.of.the.patients.with.regard.to.available.flavors.

taBle �.�
nutritional support strategy in the elderly

nutritional status

normal undernutrition se�ere undernutrition

spontaneous oral Intake

Normal Follow-up Dietary.advice
Food.fortification
1-month.reassessment

Dietary.advice
Food.fortification.+.ONS
2-week.reassessment

Decreased,.but.>.50%.of.
normal.intake

Dietary.advice
Food.fortification
1-month.reassessment

Dietary.advice
Food.fortification
2-week.reassessment,.and.if.
failure:.ONS

Dietary.advice
Food.fortification.+.ONS
1-week.reassessment,.and.if.
failure:.EN

Decreased,.<.50%.of.
normal.intake

Dietary.advice
Food.fortification
1-week.reassessment,.and.if.
failure:.ONS

Dietary.advice
Food.fortification.+.ONS
1-week.reassessment,.and.if.
failure:.EN

Dietary.advice
EN
1-week.reassessment

EN.=.enteral.nutrition;.ONS.=.oral.nutritional.supplements
Source:.Adapted.with.permission.from.Société.des.Produits.Nestlé,.Vevey,.Switzerland.
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For.most.supplements,.one.ml.equals.one.kcal..Hypercaloric.drinks.(1.5–2.kcal/ml).are.avail-
able.and.may.prove.useful.under.certain.circumstances..Furthermore,.supplements.with.high.pro-
tein.content.may.be.indicated.for.severely.hypoprotidemic.patients..A.realistic.goal.for.the.amount.
of.calories.consumed.via.nutritional.supplements.could.be.set.at.400.kcal/day..If.the.acceptance.is.
good.this.may.be.adapted.to.600.kcal/day..Enteral.nutrition.(EN).should.always.be.considered.first.
in.a.patient.with.a.functioning.gastrointestinal.tract.[37],.and.parenteral.nutrition.should.be.con-
sidered.only.when.PN.is.contraindicated.or.not.tolerated.(Figure.3.1)..As.enteral.nutrition.is.often.
prolonged.due.to.persistent.anorexia.or.dysphagia,.percutaneous.endoscopic.gastrostomy.will.often.
be.the.route.of.choice.for.artificial.nutrition.in.the.elderly..Percutaneous.endoscopic.gastrostomy.
(PEG).tubes.will.not.be.needed.in.house-ridden.or.institutionalized.elderly.patients..EN.may.be.
delivered.as.continuous.or.cyclical,.with.similar.nutritional.results.[38,39]..However,.only.cyclical.
nocturnal.nutrition.may.allow.the.patient.to.have.physical.activity.during.the.daytime.and.to.eat.
normally.at.meal.times.

There.is.no.evidence.in.favor.of.a.specific.formula.in.the.elderly..Elemental.or.semi-elemental.
formulas.are.not.preferable.to.polymeric.ones..Last,.fiber.supplementation.can.improve.bowel.func-
tion.with.reduced.stool.frequency.and.more.solid.stool.consistency.without.affecting.the.nutritional.
efficiency.of.enteral.feeding.in.hospitalized.geriatric.patients.[40].

3.4.5  OutcOmEs

Life.expectancy.under.nutritional.support.is.lower.in.elderly.patients.than.in.younger.ones.[41]..This.
is.true.for.survival.in.home.EN.patients.[42].and.after.percutaneous.endoscopic.gastrostomy,.where.
age.is.an.independent.factor.associated.with.complications.and.mortality.[43].

There.is.a.resistance.to.refeeding.in.the.elderly.because,.for.the.same.amount.of.nitrogen.and.
energy.provided.by.EN,.the.increase.in.weight,.fat-free.mass,.and.chronic.phase.proteins.is.lower.
in.elderly.patients.than.in.younger.adults.[38,.44]..When.an.extra.7,500.kcal.are.needed.to.gain.one.
kg.of.body.weight.in.young.undernourished.patients,.8,800.to.22,600.kcal.are.needed.in.elderly.
patients.[45]..Chronic.inflammation.[46].as.well.as.a.higher.splanchnic.extraction.[47].of.proteins.
might.be.responsible..Many.tube-fed.patients.are.bedridden,.and.the.consequent.immobility.further.
enhances.muscle.wasting.and.prevents.gain.in.lean.mass..Health-related.quality.of.life.is.lower.in.
elderly. home. enteral. patients. compared. with. younger. patients. [48].. The. former. achieve. a. lower.
rehabilitation.than.their.younger.counterparts.[49].

3.4.6  clinical cOnditiOns

Even.though.the.same.diseases.leading.to.nutritional.support.can.be.found.throughout.the.lifespan,.
there.are.differences.in.indications.in.elderly.patients.[49]..For.example,.hip.fracture.is.a.common.
condition.in.the.elderly..A.Cochrane.analysis.that.includes.four.trials.testing.supplementary.over-
night.enteral.nutrition.failed.to.show.benefits.on.survival,.but.these.studies.were.heterogeneous.[50]..
Bastow.et.al..have.shown.a.benefit.of.EN.on.anthropometric.measurements.and.on.a.reduction.of.
rehabilitation.time.and.hospital.stay.in.the.most.undernourished.patients.[51]..

In.neurological.dysphagia,.nutritional.therapy.depends.on.the.type.and.extent.of.the.swallowing.
disorder..Nutritional.therapy.may.range.from.normal.food.to.mushy.meals.(modified.consistency),.
thickened.liquids.of.different.consistencies,.or.total.EN.delivered.via.nasogastric.or.gastrostomy.
tube..In.a.Cochrane.analysis.of.interventions.for.dysphagia.in.acute.stroke,.enteral.nutrition.deliv-
ered.via.gastrostomy.tube.was.associated.with.a.greater. improvement.of.nutritional.status.when.
compared.with.that.delivered.via.nasogastric.tube.[52]..As.dysphagia.will.rarely.improve.after.2.
weeks,.if.severe.dysphagia.persists.longer.than.14.days.after.the.acute.event,.a.gastrostomy.tube.
should.be.placed.immediately.[36].

An.indequate.intake.of.energy.and.nutrients.is.a.common.problem.in.demented.patients..Under-
nutrition. may. be. caused. by. several. factors. including. anorexia. (common. cause:. polypharmaco.
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therapy),. insufficient. oral. intake. (forgetting. to. eat),. depression,. apraxia. of. eating. or,. less. often,.
enhanced.energy. requirement.due. to.hyperactivity. (constant.pacing). [36].. In.advanced.stages.of.
dementia,.dysphagia.may.develop.and.might.be.an.indication.for.EN.in.a.few.cases..Most.studies,.
with.a.small.level.of.evidence,.have.showed.a.worse.outcome.in.enterally.fed.demented.patients.
or.demented.patients.receiving.gastrostomy,.compared.with.either.the.absence.of.intervention.in.
demented.patients.[42].or.the.same.interventions.in.non-demented.patients.[43,53]..Enteral.nutri-
tion.may.be.recommended.at.early.stages.of.the.disease,.or.after.an.acute.weight.loss.in.patients.
with.Alzheimer’s.disease.[7]..However,.for.patients.with.terminal.dementia.(irreversible,.immobile,.
unable.to.communicate,.completely.dependent,.lack.of.physical.resources).EN.is.not.recommended.
(grade.of.recommendation.C).[36].

�.�.�.1  pressure sores

Pressure. ulcers. are. associated. with. an. increased. risk. of. morbidity. and. mortality.. A. systematic.
review.by.Stratton.et.al.. shows. that.enteral.nutritional.support,.particularly.high.protein.supple-
ments,.can.significantly.reduce.the.risk.of.developing.pressure.ulcers.(by.25%)..However,.available.
studies.on.the.effect.of.EN.do.not.show.improved.healing.of.decubitus.ulcers.[18]..The.importance.
of.protein.in.pressure.sore.healing.was.suggested.in.an.8-week.non-randomized.study.in.28.under-
nourished.nursing.home.residents.with.decubitus.ulcers.[54]..The.administration.of.a.formula.with.
61.g.protein.per. liter.(24.energy.percent).was.more.successful. in.decreasing.total.pressure.ulcer.
surface.area.than.a.TF.formula.with.37.g.protein.per.liter.(14.energy.percent).

3.4.7  EtHical issuEs

Ethical.issues.are.crucial.when.deciding.whether.to.start.an.elderly.patient.on.artificial.nutrition..
Public.controversy.about.life-sustaining.technologies.for.elderly.people.now.focuses.on.decisions.
about. withholding. or. withdrawal. of. tube. feeding,. but. debate. about. the. legal. and. ethical. issues.
involved.in.these.decisions.tends.to.obscure.the.relevant.clinical.considerations.[55]..The.patient’s.
informed.consent.needs.to.be.obtained,.with.family.or.a.caregiver.as.possible.surrogates..Sedation.
of.the.patient.for.acceptance.of.the.nutritional.treatment.is.never.justified..Proposing.percutaneous.
endoscopic.gastrostomy.because.the.patient.takes.too.long.to.feed.is.also.unacceptable.
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�.1  IntroduCtIon

The.geriatric.patient.who.requires.surgical.treatment.presents.a.number.of.problems.not.encoun-
tered.in.younger.patients,.the.majority.of.which.are.the.result.of.the.changes.that.occur.with.aging.
or.with.poor.nutrition..Surgical.morbidity,.postoperative.healing,.and.the.patient’s.return.to.function.
may.be.improved.through.the.application.of.knowledge.of.the.physical,.metabolic,.and.endocrine.
changes.associated.with.aging,.as.well.as.of.the.nutritional.deficiencies.common.among.this.cohort.
of.patients.[1].

�.2  effeCts of surgery on the Body

Any.stress,.including.that.from.a.surgical.procedure,.causes.a.dramatic.release.of.ACTH.from.the.
anterior.pituitary.that,.in.turn,.directs.the.release.of.cortisol.from.the.adrenal.cortex..The.circulating.
cortisol.level.remains.elevated.by.a.factor.of.2.to.5.times.normal.for.about.24.hours.after.the.pro-
cedure.[2].and.acts.upon.skeletal.tissue.to.bring.about.breakdown.of.skeletal.muscle.tissue.proteins.
into.amino.acids.for.localized.wound.healing.and.for.glucose.production.by.the.liver.

Concomitantly,.epinephrine.and.norepinephrine.are.released.and.remain.elevated.for.up.to.48.
hours,.stimulating.breakdown.of.liver.glycogen.with.release.of.glucose.for.cellular.energy.needs.
during.the.immediate.postoperative.period.[3]..The.increase.in.epinephrine.suppresses.release.of.
insulin.[4],.glucagon.concentrations.rise.[5],.and.the.liver.is.stimulated.to.begin.gluconeogenesis.to.
return.to.preoperative.levels.and.to.support.the.energy.requirements.of.the.healing.process.

Additional.reactions.to.surgery.include.alterations.in.water.regulation.mediated.by.release.of.
antidiuretic.hormone.and.aldosterone,.which.increases.water.reabsorption.in.the.renal.collecting.
ducts.and.increases.sodium.retention.in.the.renal.tubules,.respectively.[6,7]..It.is.believed.that.the.
release.of.these.hormones.is.stimulated.by.signals.from.blood.pressure-.and.osmolarity-sensitive.
receptors.[3]..This.diminished.ability.to.excrete.water.in.the.early.postoperative.period.results.in.
temporary.weight.gain.and.a.return.to.normal.blood.volume.[8].

After.the.above.events,.the.patient.enters.a.metabolic.transition.period.of.1.or.2.days.in.which.
the.body.begins.to.turn.from.corticosteroid.and.epinephrine-initiated.breakdown.to.rebuilding.and.
healing..During. this. time,.shedding.of. the. retained.water. is.effected,.while.conserving.nitrogen.
and.potassium..The.slow.process.of.healing.and.regaining.weight.can.now.begin,.and.is.marked.by.
protein.synthesis,.wound.healing,.buildup.of.muscle.tissue,.and.increasing.strength.[3].

All.of. these.processes.occur.with.a.fair.degree.of.predictability.in. the.adequately.nourished.
adult.patient..The.process.is.imperiled,.as.is.the.prognosis.for.full.recovery,.if.the.adult.is.elderly.
or.malnourished.

�.�  general nutrItIonal needs of the elderly

4.3.1  PrOtEin

Muscle.accounts.for.45%.of.body.weight.in.young.adults..This.drops.to.27%.in.the.very.old,.who.
clinically.show.a.marked.decrease.in.the.size.and.strength.of.all.skeletal.muscle.[9]..In.the.elderly,.
protein.depletion.of.body.stores.is.seen.primarily.as.a.decrease.of.skeletal.muscle.mass..Muscle.
changes.are.conspicuous.in.the.small.muscles.of.the.hands.and.face.and.in.the.muscles.of.mastica-
tion..Chronic.dietary.protein.inadequacy.may.be.involved.in.depressed.immune.function,.decreas-
ing.muscle. strength,.and.poor.wound.healing. in.older.adults. [10]..Until. recently,. it.was. thought.
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that.adults.over.50.years.of.age.should.ingest.0.8.g.of.protein.per.kilogram.of.weight.daily.[11],.but.
recent.guidelines.have.suggested.from.1.to.1.25.g.of.high-quality.protein.per.kilogram.of.weight.
daily.[12,13].

The.best.sources.of.protein.for.the.elderly.diet.are.meat.and.fish..These.foods.should.be.boiled.
[poached.or.braised],.not.fried;.boiling.prepares.meats.and.fish.for.the.elderly.gastrointestinal.tract.
by.breaking.down. the.complex.proteins. into. the.more.easily.digested.proteoses,.whereas. frying.
denatures.and.coagulates.the.proteins.and.makes.them.difficult.to.digest.[9].

4.3.2  carbOHydratEs

It.is.generally.believed.that.carbohydrate.absorption.is.somewhat.impaired.in.the.elderly,.although.
decreased.renal.function.may.contribute.to.carbohydrate.loss.as.well..The.increase.in.lactose.intol-
erance.that.can.occur.over.time.is.due.to.a.decrease.in.lactase.activity.in.the.gut.lining,.but.may.not.
be.as.severe.as.is.often.believed..Ausman.and.Russell.[14].reported.a.double-blind.study.of.healthy.
elderly.subjects.who.were.divided.into.two.groups:.the.first.received.lactose-containing.products,.
the.second.received.lactose-free.products..Approximately.30%.of.both.groups.reported.bloating.and.
gastrointestinal.discomfort,.leading.to.the.conclusion.that.the.true.prevalence.of.lactose.intolerance.
in.the.elderly.is.difficult.to.define.

Current.dietary.guidelines.from.the.USDA.(United.States.Department.of.Agriculture).[15].sug-
gest.that.carbohydrates.should.compose.from.45%.to.65%.of.daily.calories,.and.the.complex.carbohy-
drates.(starches).are.preferred.over.simple.carbohydrates.(sugars)..More.recently,.carbohydrate.intake.
of.130g/day.has.been.suggested.for.adults.over.70.years.of.age,.with.a.recommendation.that.“added.
sugars”.(soft.drinks,.candy,.desserts,.etc.).make.up.no.more.than.25%.of.total.energy.intake.[16].

4.3.3  Fat

Generally,.the.elderly.are.able.to.digest.and.absorb.fats.in.a.diet.containing.100.g.of.fat.per.day;.at.
higher.levels.[120.g/day],.there.may.be.a.slightly.reduced.ability.to.absorb.them.[17]..A.rare.prob-
lem.with.fat.absorption.can.occur.with.a.bacterial.overgrowth.in.the.small.intestine.that.interferes.
with.normal.bile.salt.structure.and.function,.but.fat.malabsorption.was.not.found.even.in.elderly.
hypochlorhydric.individuals.[18]..The.U.S..FDA.(Food.and.Drug.Administration).guidelines.rec-
ommend.a.diet.with.25.to.35%.of.its.daily.caloric.intake.in.the.form.of.fat..In.addition,.it.advises.
that.saturated.fat.intake.be.reduced.to.less.than.10%.of.daily.calories,.and.that.cholesterol.be.limited.
to.less.than.300.mg.daily.[15,19]..These.recommendations.are.for.all.adults,.with.no.differentiation.
for.the.elderly.

4.3.4  watEr

Water,.the.most.important.nutrient.in.the.diet,.is.essential.to.all.body.functions..Water.loss.must.be.
balanced.every.day.by.an.adequate.intake.from.drinking.water,.beverages,.soups,.and.other.foods,.
especially.vegetables..If.this.balance.is.not.maintained,.and.if.water.loss.exceeds.intake,.chronic.
dehydration.results..Geriatric.patients.are.particularly.susceptible.to.negative.water.balance,.often.
caused.by.excessive.water.loss.through.insufficient.or.damaged.kidneys.

Mucosal.surfaces.become.dry.and.easily.irritated.in.the.dehydrated.patient..Insufficient.fluid.
consumption.in.general.[and.water.consumption.in.particular].can.have.a.deleterious.effect.on.sali-
vary.gland.function.and.on.overall.health.in.the.elderly.

The.average.sedentary.adult.male.must.consume.at.least.2,900.ml.of.fluid.daily,.and.the.average.
sedentary.adult.female.at.least.2,200.ml.per.day,.in.the.form.of.noncaffeine,.nonalcoholic.bever-
ages,.soups,.and.foods..Solid.foods.contribute.approximately.1,000.ml.of.water,.with.an.additional.
250.ml.derived.from.the.water.of.oxidation.[20].
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4.3.5  FibEr

There.is.no.definite.requirement.for.dietary.fiber.in.the.daily.diet.of.adults.or.the.elderly..Different.
kinds.of.dietary.fiber.contribute.to.the.motility.of.the.gastrointestinal.tract..In.studies.of.different.
populations,.a.diet.rich.in.fiber.seems.to.be.correlated.with.decreased.rates.of.cancer.and.cardiac.
disease..An.increase.in.dietary.fiber.is.prescribed.in.the.treatment.of.several.diseases.common.in.
elderly.persons,.namely.constipation,.hemorrhoids,.diverticulosis,.hiatal.hernia,.varicose.veins,.dia-
betes.mellitus,.hyperlipidemia,.and.obesity.[14,21]..The.current.recommendation.is.14.g.of.fiber.for.
every.1000.calories.consumed.per.day.[15].and.the.U.S..FDA.requires.that.dietary.fiber.be.listed.on.
the.nutrition.facts.panel.on.food.labels.[22].

�.�  malnutrItIon In the elderly

Malnutrition. is.a.common.finding. in.elderly.patients,.especially.when. they.are.hospitalized.. In. those.
patients.whose.nutritional.status.is.borderline,.the.stress.of.illness.may.bring.about.deficiencies,.and.failure.
to.correct.malnutrition.delays.recovery.and.prolongs.the.hospital.stay.[23]..The.elderly.are.a.more.diverse.
population.than.any.other.age.group,.with.individuals.having.widely.varying.capabilities.and.levels.of.
functioning.[14];.they.are.at.particular.risk.for.marginal.deficiencies.of.vitamins.and.trace.elements..Diag-
nosis.of.malnutrition.must.rely.on.several.methods,.for.each.elderly.adult.has.his.or.her.own.energy.and.
intake.requirements.that.must.be.based.on.health.status,.life.situation.(whether.living.independently.or.
institutionalized),.activity.level,.amount.of.lean.muscle.mass,.and.overall.frame.size.

Preoperative.serum.albumin.level.is.considered.the.best.predictor.of.postoperative.complica-
tions. (including.mortality).after.general. surgery. [24,25]..The.albumin. level. reflects. the.patient’s.
nutritional.status.over.the.previous.1.to.2.months.due.to.its.21-day.half-life;.prealbumin.levels.are.
reflective.only.of.the.prior.week.period.due.to.the.much.shorter.half-life.of.3.days..Individuals.who.
exist.in.a.state.of.marginal.nutritional.health.may.have.the.balance.tipped.by.illness.or.other.forms.
of.stress..The.early.recognition.of.malnutrition.is.a.challenge.to.healthcare.providers.and.caregivers..
A.recent.study.found.that.nurses.in.a.long-term.care.facility.considered.only.15.2%.of.the.patients.
to. be. malnourished,. while. the. Mini. Nutritional. Assessment. [26]. they. used. identified. 56.7%. as.
malnourished.[27]..Prevention.of.malnutrition.can.forestall.disease.development.or.exacerbation.by.
bolstering.immune.competence.[28].

4.4.1  FactOrs cOntributing tO malnutritiOn in tHE EldErly

Balanced.nutrition.is.a.major.component.of.the.general.well-being.of.individuals.throughout.their.
lives.. A. vicious. cycle. exists. in. that. the. aging. process. compromises. the. body’s. ability. to. obtain.
nutrients.from.food,.and.the.quality.of.an.individual’s.nutrition.influences.how.he.or.she.ages.[29]..
Inadequate.intake.is.only.one.of.many.causes.of.nutritional.deficiency.in.the.elderly.[23].

�.�.1.1  loss of appetite and diminished taste and smell

When.asked.why.they.don’t.eat,.many.elderly.patients.will.say.that.food.doesn’t.taste.good.or.they.
are.just.not.hungry..Diminished.appetite.has.many.causes,.physical,.psychological,.and.social,.that.
can.interact.to.interfere.with.the.ability.or.desire.to.purchase,.prepare,.or.eat.food.[30].

Depressed.taste.and.smell.contribute.to.loss.of.appetite..Forty.percent.of.U.S..adults.with.chronic.
chemosensory.problems.(1.5.million.persons).are.65.years.of.age.or.older.[31]..In.addition.to.aging,.
a.decline.in.taste.and.smell.can.be.caused.by.medications.[32],.radiotherapy.[33],.dental.conditions.
or.prostheses,.and.disease..Those.diseases.that.can.affect.the.senses.of.taste.and.smell.include.ner-
vous.system.disorders.(particularly.Alzheimer’s.and.Parkinson’s.diseases),.chronic.renal.problems,.
endocrine.disorders.(diabetes.mellitus,.hypothyroidism,.Cushing’s.syndrome),.local.ENT.ailments,.
and.viral.infections.[34,35]..Specific.nutritional.deficiencies.(zinc.and.vitamins.B3.and.B12).and.the.
nutritional.problems.relating.to.cancer.can.also.be.involved.
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The.dimming.of.taste.can.result.from.the.degeneration.or.reduction.in.the.total.number.of.taste.
buds..It.is.now.believed.that.every.taste.bud.has.some.degree.of.sensitivity.to.all.of.the.primary.taste.
sensations,.and.that.the.brain.detects.the.type.of.taste.by.the.ratio.of.stimulation.of.the.different.
taste.buds.[36]..Taste.buds.normally.reproduce.themselves.approximately.every.10.days.in.a.healthy.
adult;.renewal.is.slowed.in.the.elderly,.especially.in.postmenopausal.women.suffering.from.estrogen.
deficiency..Shortages.of.protein.or.zinc.also.retard.taste.bud.renewal.[34].

Olfactory.acuity.declines.with.age..The.number.of.olfactory.nuclei.in.the.brain.decline,.and.the.
olfactory.receptors.in.the.roof.of.the.nasal.cavity.regress..Older.patients.generally.have.greater.diffi-
culty.in.differentiating.among.food.odors,.but.are.best.at.discriminating.fruits.from.other.stimuli.[37]..
Most.studies.suggest.that.the.sense.of.smell.is.more.impaired.by.aging.than.the.sense.of.taste.[34].

Appetite. is. also. influenced.by. food.palatability..As. taste. and. smell. are. amalgamated. in. the.
determination.of.palatability. and.acceptance,. the. loss.of.flavor. can.make. foods. tasteless.with. a.
resultant.decline. in.appetite..Thus,.decreased.gustatory.or.olfactory.ability.can.have.an.adverse.
effect.on.diet.and.nutrition.

Psychological.and.social.factors.have.a.significant.impact.on.appetite..Decreased.appetite.is.one.
of.the.DSM-IV.(Diagnostic.and.Statistical.Manual,.Fourth.Edition).diagnostic.criteria.for.depres-
sion..The.prevalence.of.depression.in.the.community-resident.elderly.population.is.estimated.to.be.
almost.20%.[38]..The.symptoms.of.depression.in.the.surgical.patient.must.be.differentiated.from.
physical. illness,.as.nearly.20%.of.older.adults.with.depression.present.with.physical.complaints.
[39]..In.the.elderly,.social.activities.that.involve.food.consumption.may.also.be.limited..Absence.of.
these.social.cues.may.result.in.a.decrease.in.appetite.

�.�.1.2  edentulism and oral health status

Both.partial.and.complete.edentulism,.with.a.reduction.in.the.number.and.occlusion.of.teeth,.can.impact.
negatively.on.the.patient’s.ability.to.masticate.food..Decreased.masticatory.efficiency.can.contribute.to.
indigestion.and.a.reduction.in.food.intake,.with.concomitant.reduction.in.lower.nutrient.intake.[40].

�.�.1.�  gastrointestinal malfunction

The.gastrointestinal.tract.of.the.elderly.undergoes.changes.that.contribute.to.a.reduced.ability.to.
extract.the.full.nutritional.benefits.from.ingested.foods..A.reduction.in.gastric.secretion.of.hydro-
chloric.acid,.intrinsic.factor,.and.pepsin.occurs.in.20%.of.healthy.adults.over.60.years.of.age..The.
rate.of.gastric.emptying.of.liquids.increases.with.age,.raising.the.pH.in.the.ileum.and.negatively.
affecting.the.digestion.of.proteins.and.fats..If.food.is.improperly.digested,.the.constituent.nutrients.
(proteins,.vitamins,.minerals,.etc.).will.not.be.available.to.be.absorbed.and.utilized..In.addition,.a.
diminution.of.hepatic.size.and.blood.flow.results.in.reduced.ability.to.synthesize.albumin.and.sev-
eral.other.plasma.proteins,.and.to.metabolize.certain.medications.[41].

�.�.1.�  loss of lean Body mass

A.loss.of.lean.body.mass.accompanies.the.natural.aging.process,.but.the.dramatically.reduced.level.
of.physical.activity.seen.in.many.of.the.elderly.causes.a.marked.reduction.in.muscle.tissue..The.
weakness.that.accompanies.this.reduction.in.muscle.volume.and.tone.can.contribute.to.difficulties.
in.carrying.out.daily.life.activities,. including.mastication..The.vicious.cycle.of.declining.energy.
(anergy),.activity,.muscle.mass,.and.food.intake.impacts.negatively.on.quality.of.life.and.on.overall.
health.and.longevity.

4.4.2  malnutritiOn in tHE EldErly surgical PatiEnt

As.the.geriatric.population.is.projected.to.increase.dramatically.over.the.course.of.the.next.20.years,.
a.growing.number.of.elderly.patients.will.require.both.elective.and.emergency.surgery..The.risk.of.
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malnutrition.and.subclinical.deficiencies.[42].of.this.age.group.can.have.a.direct.impact.on.postoper-
ative.healing.ability..The.importance.of.nutrition.in.the.treatment.of.the.elderly.hospital.patient.has.
frequently.been.underestimated..The.older.patient.is.more.likely.to.be.admitted.to.a.hospital.with.
some.degree.of.malnutrition.and.the.metabolic.response.to.surgery.is.likely.to.be.more.severe.[43].

The.development.of.in-patient.malnutrition.often.begins.long.before.hospital.admission..It.may.
be.partially.a.result.of.the.lengthy.time.period.from.onset.of.symptoms.to.first.presentation.at.the.
doctor’s.office.through.presentation.at.the.referred.surgeon’s.office,.and.finally.to.the.hospital.for.
the.surgery..Bowling.and.Silk.[44].conducted.a.study.to.assess.this.time.period,.and.concluded.that.
it.could.cause.many.patients.to.become.malnourished.prior.to.admission,.which.could.have.implica-
tions.on.the.incidence.of.complications.and.the.length.of.hospital.stay.

�.�  nutrItIon and Wound healIng

The.role.of.nutrition.in.wound.healing.became.more.clearly.defined.with.the.development.of.intrave-
nous.feeding,.known.as.total.parenteral.nutrition.(TPN),.in.the.1960s..This.major.advance.enabled.
physicians.to.provide.the.patient.with.a.nutritionally.complete.diet,.even.if.the.patient.could.not.eat..
In.addition,.researchers.were.able.to.document.the.adverse.effects.of.nutritional.deficiencies.on.the.
success.of.surgical.procedures,.and.how.correction.of.nutritional.deficits.could.alter.the.surgical/
healing.outcome.for.the.better.[45].

4.5.1  tHE PrOcEss OF wOund HEaling

Several.mechanisms.are.involved.in.wound.healing,.including.inflammation,.epithelialization,.col-
lagen.synthesis,.angiogenesis,.collagen.remodeling,.and.fibronectin-mediated.wound.contraction..
This.complex.process.occurs.optimally.when.there.is.a.sufficient.supply.of.the.raw.materials—pro-
tein,.carbohydrate,. fat,.vitamins,.and.minerals—that.are.needed. to.rebuild. the.damaged. tissues..
The.lack.of.any.of.these.important.building.blocks.will.adversely.affect.healing.

�.�.1.1  protein

Protein.deficiency.is.a.major.factor.in.poor.wound.healing,.primarily.as.a.result.of.depression.of.
fibroblast.proliferation.and,.thus,.of.the.syntheses.of.connective.tissue.ground.substance.(proteogly-
cans),.collagen,.new.blood.vessels,.and.remodeling.of.the.healing.site.[46]..For.surgical.patients,.the.
recommended.daily.intake.for.protein.rises.to.2.to.4.g.protein.per.kilogram.of.body.weight.per.day.
[47]..The.essential.amino.acids.are.those.that.cannot.be.synthesized.via.transamination;.they.must.
be.ingested.in.food..One.of.these,.methionine,.has.been.shown.to.accelerate.the.rate.of.fibroplasia.
by. its. conversion. to. cystine.. The. mechanism. is. unclear,. but. formation. of. protein-strengthening.
disulfide.bonds.in.collagen.protein.synthesis.and.self-assembly.are.critical.to.the.stability.of.this.
complex.molecule,.which.is.essential.in.scar.formation.and.healing.[45]..Another.essential.amino.
acid,.histidine,.influences.the.tensile.strength.of.wounds..Deficiency.of.histidine.in.experimental.
animals.reduced.the.strength.of.wounds;.addition.of.histidine.to.the.diet.restored.wound.strength.
to.normal.levels.[48].

In.protein.deficiency,.there.is.a.protraction.of.the.inflammatory.phase.of.wound.healing.[49].in.
which.proteolytic.enzymes.are.secreted.by.macrophages.and.granulocytes,.with.a.resulting.30.to.
50%.increase.in.proteolysis.of.the.tissues.around.the.wound.site.[50]..Protein.malnutrition.is.charac-
terized.by.dry,.flaking.skin,.and.by.peripheral.edema.[51],.that.can.mask.malnutrition.by.concealing.
the.amount.of.muscle.wasting.that.has.occurred.in.the.patient.[52]..In.addition,.the.tissue.edema.can.
impair.nutrient.diffusion.to.the.wound.[53]..Hair.appears.dull,.lacking.normal.color,.and.demon-
strates.increased.pluckability..Muscle.cramping.and.wasting.also.can.be.seen.[54].
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�.�.1.2  Carbohydrates and fat

The.precise.role.of.carbohydrates.and.fat.in.wound.healing.is.less.well.known.than.that.of.proteins..
Glucose.is.utilized.as.an.energy.source.for.cellular.metabolism,.including.metabolism.by.those.cells.
involved. in.wound.healing..Leukocytes.participate. in.phagocytosis. and. inflammatory. activities,.
influencing.growth.factor.release.that.stimulates.the.proliferation.of.fibroblasts.needed.for.initial.
healing.activities..Fats.are.essential.components.of.cell.membranes.and.are.needed.for.synthesis.of.
new.cells..However,.no.known.impairment.of.wound.healing.has.been.associated.with.a.deficiency.
of.essential.fatty.acids.[55].

�.�.1.�  Iron and trace minerals

Minerals.play.critical.and.interrelated.roles.in.wound.healing,.especially.in.the.processes.involved.
in. the.synthesis.of.collagen..The.enzymes.essential. to. the.synthetic.process. require.cofactors. to.
be.present. to. catalyze. the. steps. in. the. synthesis..These. cofactors. include.magnesium. [55],. iron,.
manganese,.copper,.and.calcium.[47]..Studies.to.date.have.not.implicated.nutritional.deficiencies.of.
manganese.or.copper.in.impairment.of.wound.healing.in.patients.with.good.oral.intake,.primarily.
because.these.elements.are.present.in.enough.different.foods.that.deficiency.usually.does.not.occur..
A.significant.exception.has.been.documented,.however,. in.patients.who.received.long-term.total.
parenteral.nutrition. (TPN).without.additional. supplementation.of. these.minerals. [56]..Copper. is.
important.in.erythropoesis.and.in.collagen.stability.[46].

Severe.iron.deficiency.anemia.may.reduce.the.bactericidal.competence.of.leukocytes;.this.may.
be.offset.by.a.concomitant.reduction.in.rate.of.bacterial.growth.[46]..Iron.is.essential.for.the.res-
toration.of.normal.red.blood.cell.numbers.following.blood.loss.from.surgery..The.serum.level.of.
transferrin,.a.protein.used.to.transport.iron,.will.be.higher.than.normal.in.the.iron-deficient.patient,.
and.its.level.of.saturation.with.iron.will.be.low..Iron.is.also.used.as.a.cofactor.in.the.hydroxylation.of.
proline.in.the.collagen.synthetic.pathway..A.deficiency.of.iron.will.decrease.the.structural.integrity.
of.collagen.and,.hence,.decrease.wound.strength.

 �.�.1.�  zinc

In.contrast.to.the.trace.minerals,.a.deficiency.of.zinc.will.have.markedly.adverse.effects.on.wound.
healing.by.decreasing.the.rate.of.epithelialization,.reducing.the.rate.of.increase.in.wound.strength,.
and.reducing.collagen.strength..Zinc.has.been.found.to.be.a.cofactor.of.enzymes.responsible.for.
cellular.proliferation.and.protein.synthesis.(DNA.polymerase,.RNA.polymerase,.reverse.transcrip-
tase,.and.ribosomes).[57]..A.deficiency.would.interfere.with.the.cellular.proliferation.required.in.
the.wound.healing.process,.including.that.of.inflammatory.cells,.epithelial.cells,.and.fibroblasts..
In.addition,.zinc.acts.to.stabilize.cell.membranes.by.inhibiting.lipid.peroxidases,.and.may.play.a.
role.in.the.storage.of.vitamin.A.in.the.liver.[46]..Zinc.deficiency.also.has.a.negative.effect.on.the.
immune.system.by.decreasing.cellular.and.humoral.immune.function;.the.patient.can.become.more.
susceptible.to.infections.that.may.interfere.with.healing.

Experiments. with. high. levels. of. zinc. supplementation. have. been. tried. in. the. unsuccessful.
attempt.to.accelerate.the.healing.process..It.is.known.that.insufficient.zinc.impairs.wound.healing,.
and.that.a.return.to.normal.blood.levels.will.result.in.a.return.to.the.normal.rate.of.healing.[58,59]..
Excessive.zinc.interferes.with.copper.metabolism.and.with.wound.healing.by.affecting.lysyl.oxi-
dase,.the.enzyme.crucial.to.collagen.cross-linking.[46]..The.recommended.daily.allowance.(RDA).
for.zinc.is.15.mg.for.healthy.adults.

Topical.zinc.oxide.as.a.wound.dressing.has.been.found.to.enhance.the.re-epithelialization.of.
partial-thickness.wounds.[60].and.to.decrease.inflammation.[61].
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�.�.1.� vitamins

Vitamins.are.essential. cofactors. in.many. functions.of. the.body,. including.wound.healing..Vita-
min.C.[ascorbic.acid].is.essential.in.the.synthesis.of.collagen..Vitamin.C.deficiency.will.produce.
a. marked. alteration. in. the. healing. process:. without. it,. the. primary. sequence. of. amino. acids. in.
the.collagen.protein.is.improperly.elaborated,.the.procollagen.protein.cannot.be.secreted.from.the.
fibroblast,.and.self-assembly.of.the.collagen.polymer.cannot.occur,.as.Vitamin.C.is.required.for.the.
hydroxylation.of.proline.residues.

Consequences.of.vitamin.C.deficiency.are.incomplete.wound.healing.and.an.increased.risk.for.
wound.dehiscence.[45]..Scurvy.is.the.clinical.disease.resulting.from.vitamin.C.deficiency,.manifested.
as.decreased.integrity.of.bone,.soft.tissue,.and.small.blood.vessels..Since.vitamin.C.is.water-soluble,.it.
is.excreted.renally.and.must.be.replenished.frequently..The.RDA.for.vitamin.C.is.60.mg.per.day..It.has.
been.suggested.that.adequate.supplementation.of.vitamin.C.be.given.both.pre-.and.postoperatively,.in.
view.of.the.possibility.that.surgical.patients.require.more.ascorbic.acid.than.healthy.persons.[62].

Vitamin.A.can.influence.the.course.of.patients.who.receive.systemic.steroids.by.reversing.the.
impaired.healing.effect.that.steroids.have.on.lysosomal.membranes.[63–65],.and.may.be.a.cofactor.
in.collagen.synthesis.and.cross-linking.[55]..Vitamin.A.plays.a.role.in.cellular.differentiation.of.epi-
thelial.cells;.deficiency.can.lead.to.hyperkeratosis..Like.zinc,.it.has.been.used.as.a.topical.agent.to.
mitigate.delayed.epithelialization.and.closure.of.wounds..Deficiency.of.vitamin.A.also.plays.a.role.
in.the.increase.in.the.incidence.of.infections.[66]..Vitamin.A.appears.to.improve.host.defenses.by.
enhancing.cell-mediated.immune.function.[67–71]..It.increases.the.number.of.antibody-producing.
cells,.thus.fostering.antibody.production,.and.can.increase.the.phagocytic.and.tumoricidal.ability.
of.macrophages.[72–75]..In.a.well-nourished.patient,.vitamin.A.is.stored.in.the.liver.in.adequate.
amounts.(since.it.is.a.fat-soluble.vitamin)..In.a.malnourished.patient,.25,000.IU.of.supplemental.
vitamin.A.should.be. taken.daily.before.and.after.elective.surgery.. If.surgery.will. interfere.with.
normal.eating.for.a.long.period,.or.if.the.patient.develops.gastrointestinal.complications.postopera-
tively,.vitamin.A.supplementation.should.be.given.to.the.well-nourished.patient.as.well.[46].

An.excess.of.vitamin.E.will.delay.wound.healing.and.will.interfere.with.the.beneficial.effects.
of.vitamin.A..Excessive.vitamin.E.is.similar.to.steroids.in.the.inhibition.of.collagen.synthesis.and.
wound.healing.[76,77]..It.has.been.tried.as.a.topical.agent.for.reduction.of.hypertrophic.scar.and.
keloid.formation,.but.has.not.been.found.to.be.particularly.effective.

Vitamin.K.is.utilized.in.the.synthesis.of.prothrombin.and.clotting.factors,.and.plays.a.role.in.
bone.healing,.where. it. is. required. for. the. synthesis.of. calcium-binding.protein. [78]..Vitamin.K.
deficiency.results.in.excessive.bleeding.into.the.wound.area.during.healing,.and.can.predispose.the.
area.to.the.development.of.infection.[46]..Other.vitamins.that.contribute.on.a.minor.scale.by.aiding.
cross-linking.of.collagen.are.riboflavin,.pyridoxine,.and.thiamine.[79].

�.�  ClInICal studIes of nutrItIon and Wound healIng

Biochemical.understanding.of.the.roles.of.nutrients.in.wound.healing.has.been.gained.through.the.
use.of.animal.models..The.measurement.of.wound.healing.usually.requires.direct.sampling.of.the.
wound.site.by.punch.biopsy,.or.manipulation.of.the.wound.borders.by.tugging.at.them.until.they.
begin.to.pull.apart.to.measure.the.tensile.strength.of.the.wound..Since.neither.of.these.procedures.
is.possible.in.the.postoperative.patient,.indirect.measurements.have.been.used..One.study,.however,.
examined.the.rates.of.epithelialization.of.study-induced.anterior.thigh.wounds.in.healthy.young.[18.
to.55.years].and.elderly.[over.65.years].subjects.and.found.that.the.elderly.subjects.had.a.1.9-day.
delay.in.epithelialization.[80].

Current. nutritional. assessment. methods. (measurements. of. stored. fat,. arm. muscle. circumfer-
ence,.serum.albumin,.serum.prealbumin,.transferrin,.total.plasma.protein,.and.immune.status).can.
only.roughly.estimate.the.nutritional.state.of.a.patient.[45,81],.but.should.be.used.conjuctively.in.an.
attempt.to.gauge.the.patient’s.preoperative.condition..The.serum.level.of.albumin.is.often.used.as.an.
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indicator.of.an.individual’s.protein.intake.and.of.the.status.of.the.visceral.protein.pool.[47,49]..In.one.
study,.it.was.found.to.be.somewhat.useful.as.a.prognostic.index.for.length.of.hospital.stay.following.
major.surgery.when.corrected.for.patient.age.[82]..The.normal.concentration.of.serum.albumin.is.4.0.
g/dl..A.level.of.3.5.to.3.9.g/dl.indicates.mild.protein.deficiency,.2.5.to.3.5.g/dl.is.moderately.deficient,.
and.less.than.2.5.g/dl.is.considered.to.be.severely.protein.deficient..However,.the.serum.albumin.
concentration.is.not.a.specific.indicator.of.malnutrition,.as.patients.with.hepatic.disease.and.other.
chronic.diseases.prevalent.in.the.elderly.population.commonly.demonstrate.low.levels..Additionally,.
albumin.has.a.relatively.long.half-life.of.21.days.and,.therefore,.is.not.reflective.of.short-term.nutri-
tional.status..Prealbumin.and.transferrin.have.shorter.half-lives,.but.are.similarly.nonspecific.

A.group.of.66.patients.over.70.years.of.age.who.required.emergency.surgery.were.followed.to.
determine.the.incidence.of.euthyroid.sick.syndrome.(ESS),.nutritional.abnormalities,.and.postop-
erative.outcome..The.patients.were.assessed.preoperatively.for.levels.of.thyroid.hormone,.catechol-
amines,.cortisol,.interleukin-6,.interleukin-1,.and.C-reactive.protein..Mortality.rates.and.length.of.
stay.in.the.hospital.were.related..ESS.was.diagnosed.in.34.patients,.and.was.associated.with.low.
serum.albumin.levels,.low.triceps.skinfold.thickness,.high.cortisol.and.norepinephrine.levels,.high.
death.rate,.and.longer.hospital.stay..A.serum.albumin.level.less.than.3.5g/dl.was.virtually.always.
associated.with.ESS.[83].

Mullen.et.al. [84].found.that.surgical.complications.doubled.in.patients.with.a.serum.albumin.
concentration.of.less.than.3.0.mg/dl,.as.compared.with.levels.above.3.0..Patients.whose.serum.trans-
ferrin.was.less.than.220.g/dl.had.a.complication.rate.five.times.higher.than.that.of.patients.whose.
levels.were.greater.than.220.g/dl..Mullen.et.al..[85].found.that.preoperative.nutritional.supplementa-
tion.in.cancer.patients.reduced.surgical.complications;.Muller.et.al. [86].showed.that.preoperative.
TPN.used.in.malnourished.patients.with.gastrointestinal.cancer.significantly.reduced.major.com-
plications.such.as.wound.dehiscence.

Vaxman.et.al..[87].studied.the.effects.of.high.doses.of.ascorbic.acid.and.pantothenic.acid.on.
the.wound.healing.process.of.human.skin..They.found.that.these.supplements.influenced.the.lev-
els.of.trace.elements.in.human.skin.and.scars.(Mg,.Cu,.and.Mn.levels.increased,.while.Fe.levels.
decreased),.and.acted.to.increase.the.resistance.of.scars.to.tensional.forces.

The.role.of.nutrition.in.the.development.of.postoperative.orthopedic.infections.was.reviewed.
by.Smith.[88],.who.reported.that.nutritional.deficiencies.significantly.increased.the.morbidity.and.
mortality.of.orthopedic.patients.[89–91]..In.addition,.poor.nutritional.status.in.patients.undergoing.
orthopedic.surgery.contributed.to.wound.problems.[45,92–94],.to.difficulties.with.fracture.healing.
[95,96].to.development.of.sepsis.[97],.and.to.multiple.organ.system.failure.[98,99].

Another. study. of. 414. very. old. [≥75. yrs]. hospitalized. patients. showed. that. malnutrition. was.
predictive. for. long.hospital. stay. and.high.mortality. [100]..Nutritional. support. yielded. a. clinical.
benefit.especially.reducing.infectious.complications.in.high-risk.or.malnourished.patients.follow-
ing.gastrointestinal.cancer.surgery.[101]..In.a.study.of.gastrectomy.patients,.those.receiving.early.
postoperative.enteral.nutritional.support.exhibited.improved.surgical.wound.healing.[102].

A.study.of.90.surgical.patients.receiving.intravenous.nutrition.found.that.the.group.who.received.
intravenous.(IV).nutrition.before.and.after.the.procedure.had.better.wound.healing.than.those.who.
received.IV.nutrition.only.after.the.procedure.[103]..The.same.investigators.also.studied.a.group.
of.66.surgical.patients.with.three.degrees.of.malnutrition:.normal.nutritional.status,.mild.protein.
energy. malnutrition,. and. moderate. to. severe. protein. energy. malnutrition.. Patients. with. normal.
nutritional.status.demonstrated.higher.amounts.of.normal.collagen.(measured.by.hydroxyproline.
content).after.7.days,.while.those.with.malnutrition.had.significantly.lowered.collagen.formation..
Of.interest.was.the.finding.that.the.two.protein.energy.malnourished.groups.did.not.differ.signifi-
cantly.from.each.other..This.study.demonstrated.that.even.mild.to.moderate.protein.energy.deficien-
cies.will.adversely.affect.healing.[104].

A.study.involving.transtibial.amputees.for.occlusive.arterial.disease.found.that.those.patients.
who.received.a.nutritional.supplement.had.improved.wound.healing.[105]..Similarly,.a.study.using.
nutrition.as.a.prognostic. indicator. in.47.amputations. found. that. the.malnourished.patients.had.a.
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higher.frequency.of.impaired.wound.healing.and.an.increased.risk.of.postoperative.cardiopulmonary.
and.septic.complications..All.six.deaths.in.the.study.occurred.in.the.malnourished.group.[106].

�.�  the health professIonals folloW-up study

The.Health.Professionals.Follow-Up.Study. (HPFS).was. initiated. in.1986. to.evaluate.a. series.of.
hypotheses.about.men’s.health,.relating.nutritional.factors.to.the.incidence.of.serious.illnesses.such.
as. cancer. and. heart. disease.. Initially,. Walter. Willett. and. his. colleagues. enlisted. 51,529. men. in.
health.professions.to.participate.in.the.study..The.investigators.believed.that.health.professionals.
would.be.motivated.and.committed.to.participating.in.a.long-term.project.and.would.appreciate.the.
necessity.of.answering.the.survey.questions.accurately..The.study.group.included.dentists,.optom-
etrists,.osteopathic.physicians,.pharmacists,.podiatrists,.and.veterinarians.

Members.of.the.study.group.receive.questionnaires.every.2.years.with.questions.about.diseases.
and.health-related.topics.such.as.smoking,.physical.activity,.and.medications..Questionnaires.that.
ask.detailed.dietary.information.are.administered.at.4-year.intervals.

The.study.is.sponsored.by.the.Harvard.School.of.Public.Health.and.funded.by.the.National.
Heart,.Lung,.and.Blood.Institute.and.the.National.Cancer.Institute..Since.its.inception,.over.100.
published.research.articles.have.resulted.from.study.data..Study.participants.receive.a.newsletter.
every.2.years.with.research.highlights..Following.are.significant.findings.related.to.nutrition.and.
disease.from.the.newsletter.[107].

4.7.1  bladdEr cancEr

A. diet. high. in. cruciferous. vegetables,. especially. broccoli. and. cabbage,. may. reduce. the. risk. of.
developing.bladder. cancer..Other.vegetables.and. fruits. are.not. especially.protective.against. this.
particular.cancer.

4.7.2  cOlOrEctal cancEr

A.dietary.pattern.characterized.by.high.intakes.of.red.and.processed.meats,.sweets.and.desserts,.
French.fries,.and.refined.grains,.is.associated.with.an.increased.risk.of.colon.cancer..Men.who.ate.
beef,.pork,.or.lamb.as.a.main.dish.5.or.more.days.per.week.had.3.5.times.the.incidence.of.colorectal.
cancer.as.compared.with.men.eating.these.foods.less.than.once.per.month..A.reduction.of.animal.
fat.intake.and.increase.in.the.consumption.of.vegetables.and.fruit.is.recommended..Increasing.folic.
acid. intake.may.be.beneficial..Current. evidence. suggests.moderate. intakes.of. calcium.(approxi-
mately.in.the.range.of.800.to.1000.mg/day).may.be.most.prudent.

4.7.3  cOrOnary HEart disEasE

Higher.intakes.of.vitamin.C.from.foods.or.supplements.were.not.associated.with.a.reduction.in.risk.
of.heart.disease..Men.who.consumed.more.carotene,.vitamin.E.supplements,.and.drank.alcohol.
moderately,.and.were.lean,.had.a.lower.risk.of.developing.coronary.heart.disease.

Men.who.did.not.gain.weight.after.age.21.were.at.the.lowest.risk.of.subsequent.heart.disease,.
while.men.who.gained.25.to.40.pounds.after.age.21.were.at.a.60%.increase.in.risk..As.men.age.
beyond.65.years,.the.size.of.their.waist.is.a.better.predictor.of.risk.of.coronary.heart.disease.than.
overall.weight.

Men.who.consumed.the.most.saturated.fat.had.a.22%.increased.risk.of.myocardial.infarction,.as.
compared.with.men.who.consumed.the.least..However,.this.risk.was.largely.attributable.to.the.lack.
of.fiber.in.their.diets.and.not.to.the.saturated.fat.

Men.in.the.top.20%.of.potassium.intake.had.a.40%.reduction.in.risk.of.stroke.compared.with.
men.in.the.bottom.20%..A.high.potassium.intake.is.best.achieved.by.increasing.consumption.of.
fruit.and.vegetables.and.their.juices..A.high.intake.of.magnesium.and.cereal.fiber.also.appear.to.be.
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beneficial..Fruits.and.vegetables.that.were.found.to.offer.the.most.protection.against.ischemic.stroke.
were.broccoli,.green.leafy.vegetables,.and.citrus.fruits.and.juices..In.contrast,.legumes.and.potatoes.
were.not.associated.with.a.reduced.risk.for.ischemic.stroke.

A.recommended.heart.healthy.diet.is.high.in.vegetables,.fruits,.nuts,.soy.protein,.cereal.fiber,.
whole.grains.(due.to.bran.content),.chicken,.fish,.and.polyunsaturated.fat,.and.low.in.saturated.and.
trans.fat.

4.7.3  diabEtEs

Men.who.were.20.to.40.pounds.overweight.were.10.times.more.likely.to.develop.diabetes.than.men.
of.ideal.weight..Men.who.can.control.their.drinking.at.a.moderate.level.(1.to.2.drinks.per.day).are.
at.lowest.risk.of.diabetes.

A.dietary.pattern.(Western).characterized.by.higher.intakes.of.red.and.processed.meats,.refined.
grain.products,.potatoes,.French.fries,.and.sweets,.coupled.with.obesity.and.physical.inactivity,.dra-
matically.elevated.the.risk.of.type.2.diabetes..In.particular,.high.consumption.of.processed.meats.
including.hot.dogs,.bacon,.and.sausages,.was.significantly.associated.with.diabetes.risk.

It.was.also.found.that.participants.who.regularly.drank.coffee.had.significantly.lower.risk.of.
type.2.diabetes. than.non-coffee-drinking.study.participants..While. this. is.good.news.for.coffee.
drinkers,.it.is.not.known.why.coffee.is.beneficial.for.diabetes.

4.7.4  HyPErtEnsiOn

Adequate.amounts.of.dietary.fiber,.potassium,.and.magnesium.were.each.significantly.associated.
with.lower.risk.of.hypertension.when.considered.individually.and.after.adjustment.for.age,.relative.
weight,.alcohol,.and.energy.intake.

4.7.5  kidnEy stOnEs and gallstOnEs

A.high.animal.protein.diet.was.associated.with.a.33%.higher.risk.of.kidney.stone.formation,.while.
a.high.potassium.diet.(fruits.and.vegetables).was.related.with.a.50%.lower.risk.

. Diet. is. a. risk. factor. for. gallstone. disease.. Specifically,. high. intake. of. polyunsaturated. and.
monounsaturated.fats.in.the.context.of.an.energy-balanced.diet.was.associated.with.a.reduced.risk.
for.gallstone.disease.in.men..Nuts.are.a.particularly.good.source.of.these.fats..However,.trans.fat.
from.partially.hydrogenated.oil.appeared.to.be.harmful..Highly.refined.carbohydrates.with.a.high.
glycemic.index.increased.risk.relative.to.less.processed,.high-fiber.carbohydrate.sources..A.frequent.
moderate. intake. of. alcohol. decreased. the. risk. for. symptomatic. gallstone. disease,. in. contrast. to.
infrequent.or.episodic.alcohol.intake.

Previously,. obesity. was. the. only. accepted. modifiable. risk. factor. for. gallstone. disease.. The.
HPFS.suggests.that.the.key.is.abdominal.obesity,.as.measured.by.waist-to-hip.ratio.or.simply.waist.
circumference..Men.with.a.waist.circumference.of.40.inches.or.more.had.2.3.times.the.risk.of.gall-
stone.disease.as.compared.with.those.whose.waists.measured.approximately.34.inches.or.less.

4.7.6  ParkinsOn’s disEasE

Higher.coffee.consumption.was.associated.with.a.lower.risk.of.Parkinson’s.disease,.while.Parkinson’s.
disease.was.more.common.among.men.with.higher.consumption.of.dairy.products..Preliminary.find-
ings.suggest.that.vitamin.E.from.food,.but.not.from.vitamin.supplements,.may.reduce.risk.

4.7.7  PrOstatE cancEr

Men. who. were. the. highest. consumers. of. fat. were. at. 80%. higher. risk. for. being. diagnosed. with.
advanced.prostate.cancer..This.elevated.risk.was.entirely.due.to.fat.from.animal.sources,.particularly.
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red.meat,.but.not.vegetable.oils..Findings.from.the.study.also.suggest.that.a.diet.high.in.animal.fat.
may.promote.the.growth.of.existing.prostate.cancers.

The.only.carotenoid.related.to.a.lower.risk.was.lycopene,.an.antioxidant,.which.is.found.almost.
exclusively.in.tomato.products..Men.with.higher.levels.of.blood.lycopene.have.a.reduced.risk.of.
prostate.cancer..Tomato.sauce.is.an.excellent.source.of.lycopene..Both.dietary.and.supplemental.
sources.of.calcium.were.associated.with.higher.risk,.which.suggests.that.calcium,.rather.than.some.
other.component.of.dairy.foods,.contributed.to.the.elevation.in.risk.

Higher.intakes.of.red.meat,.processed.meats,.and.dairy.products.were.associated.with.a.mod-
erately.increased.risk.of.metastatic.prostate.cancer..Men.who.regularly.consume.fatty.fish,.such.as.
salmon,.have.a.lower.risk.of.metastatic.prostate.cancer,.by.a.protective.association.with.omega-3.
fatty.acids.

The.study.strongly.supports.recommendations.for.men.to.reduce.intake.of.red.and.processed.
meats,.and.instead.rely.more.on.fish,.poultry,.and.plant.sources.as.their.main.sources.of.protein..
Greater.tomato.sauce.and.fish.consumption,.especially.fatty.fish.such.as.salmon,.also.reduces.the.
progression. risk. of. prostate. cancer.. Eating. cruciferous. vegetables. (broccoli,. cabbage,. Brussels.
sprouts).frequently,.about.3.to.5.servings.per.week,.may.reduce.prostate.cancer.risk.by.20.to.30%.

�.�  nutrItIon, dIetIng, and surgery

A.multiplicity.of.diets.have.been.introduced.and.many.subsequently.withdrawn.from.the.market.
over.the.past.three.decades..Methods.of.caloric.restriction.have.become.popular.(Weight.Watchers),.
as.well.as.diets.that.focus.on.restriction.of.individual.food.groups.(Atkins.and.Ornish)..A.feature.
common.to.all.diets.is.their.inconsistent.success.in.long-term.weight.loss,.which.may.be.attributable.
not.only.to.the.diets.themselves,.but.also.to.associated.patient.noncompliance.and.attrition.

There.is.limited.scientific.evidence.on.overall.nutrition.and.metabolism.and.the.related.effects.
on.health.maintenance,.disease.prevention,.and.convalescence,. including.recovery.from.surgery,.
for.popular.well-publicized.diets..Three.of.the.most.popular.diets.in.recent.years.will.be.discussed,.
including. the. scientific. studies. investigating. their. effectiveness. and. their. physiologic. basis. and.
effects.on.metabolism.

4.8.1  atkins diEt

The.Atkins.Diet.was.developed.by.Dr..Robert.Atkins.in.the.1960s.and.became.widely.known.in.
the.1970s.with.the.release.of.a.series.of.books.describing.his.theories..In.recent.years,.the.Atkins.
franchise.and.the.Atkins.symbol.have.been.used.on.a.variety.of.products..The.theory.is.based.on.
the.concepts.that.the.main.cause.of.obesity.is.the.consumption.of.refined.carbohydrates,.such.as.
sugar,.flour,.and.corn.syrups,.and.that.the.consumption.of.dietary.fat.does.not.necessarily.contribute.
to.obesity..In.this.diet,.the.restriction.of.carbohydrates.induces.a.state.of.ketosis.in.which.the.body.
begins.to.break.down.fat.stores.in.lieu.of.using.glucose.supply.for.energy.

Atkins.described.four.phases.of.his.diet:.induction,.ongoing.weight.loss,.premaintenance,.and.
lifetime.maintenance.. In. the. induction.phase,.carbohydrate. intake. is. strictly. restricted. to.20.net.
grams.per.day.(“net”.carbohydrates.are.described.as.those.that.contribute.to.glucose.levels,.which.
excludes.fiber.and.sugar.alcohols)..In.the.ongoing.weight.loss.phase,.an.increase.in.carbohydrate.
intake.is.allowed,.but.still.below.a.level.that.allows.continued.weight.loss..Carbohydrate.intake.is.
further.increased.in.the.premaintenance.phase,.which.may.be.above.a.level.that.induces.ketosis..
The.lifetime.maintenance.phase.stresses.long-term.adherence.to.these.principles.of.carbohydrate.
restriction.and.a.return.to.earlier,.more.restrictive.phases.if.weight.gain.occurs.

One.of.the.largest.randomized.trials,.conducted.by.Gardner.et.al. at.Stanford.University,.has.
found.the.diet.to.result.in.a.greater.weight.loss.over.a.period.of.12.months.than.other.popular.diets.
[108]..Low-carbohydrate.ketogenic.diets,.such.as.the.Atkins.diet,.have.been.shown.to.have.a.greater.
improvement.on.subjective.symptoms,.including.mood.changes.and.the.sensation.of.hunger,.than.
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low-fat.diets.[109]..A.recent.study.conducted.by.the.Centers.for.Disease.Control.and.Prevention.
suggests.that.the.diet.is.relatively.well.tolerated,.with.approximately.40%.of.male.users.and.30%.
of.female.users.reporting.long-term.use.of.the.diet.(greater.than.12.months).[110]..A.study.by.Dan-
singer.et.al. at.Tufts-New.England.Medical.Center.showed.a.mean.weight.loss.of.2.1.kg.in.patients.
adhering.to.the.Atkins.diet.over.a.1-year.period,.with.53%.of.patients.remaining.compliant.during.
that.time.[111]..Animal.studies.have.demonstrated.significant.changes.in.metabolism.caused.by.a.
ketogenic.diet,.correlating.changes.in.gene.expression.to.weight.loss,.improved.glucose.tolerance,.
and.increased.energy.expenditure.[112].

Concerns.have.been.raised.over.possible.detrimental.consequences.of.the.diet.on.overall.nutri-
tional.balance.and.health.with.prolonged.use..Some.studies.have.suggested.an.increase.in.mortality.
in.patients.adhering.to. this.diet.[113–115]..Particular.concern.has.been.expressed.over. increases.
in. cardiovascular. risk. and.mortality. that.may.be. attributable. to. the. fat. intake. and.carbohydrate.
restriction.[113,114]..Studies.by.Rankin.and.Turpyn.have.described.a.positive.correlation.between.
increasing.C-reactive.protein.levels.and.a.low-carbohydrate,.high-fat.diet,.which.is.indicative.of.a.
systemic.inflammatory.state.[116]..Effects.on.neurotransmitter.metabolism.have.been.postulated,.as.
a.ketogenic.diet.has.been.shown.to.be.beneficial.in.seizure.prophylaxis.in.epileptic.children.[117]..
Despite.such.metabolic.changes,.there.remains.a.paucity.of.data.to.support.maintenance.of.weight.
loss.for.greater.than.12.months.from.a.low-carbohydrate,.ketogenic.diet.

4.8.2  wEigHt watcHErs diEt

The.Weight.Watchers.diet,.philosophically.different.from.the.Atkins.diet,.is.based.on.caloric.restric-
tion..A.“points”.system.is.used. that. incorporates. the. total.number.of.calories,.grams.of.fat,.and.
grams.of.dietary.fiber..Patients.are.not.restricted.to.any.specific.food.intake,.but.must.consume.a.
quantity.per.week.that.is.less.than.the.total.points.allowed..Exercise.can.be.figured.into.the.formula,.
allowing.for.a.higher.caloric.intake.

Patients.on.the.Weight.Watchers.diet.were.found.to.have.a.mean.weight.loss.of.3.0.kg.at.1.year,.
with. 65%. remaining. compliant. during. that. period.. In. addition,. the. low-density. to. high-density.
lipoprotein. ratio. (LDL/HDL. ratio). was. reduced. approximately. 10%. with. statistical. significance.
[111]..Long-term.weight. loss.has.been.demonstrated. in.patients.continuing. to. follow. the.Weight.
Watchers.diet..One.study.of.over.1000.patients. investigated.weight. loss.maintenance.at.5.years:.
19%.of.patients.were.within.5.lbs..of.goal.weight;.43%.maintained.a.loss.of.5%.or.greater;.and.70%.
remained.below.initial.weight.[118].

4.8.3  OrnisH diEt

The.Ornish.diet.was.developed.by.Dean.Ornish.as.a.cardioprotective.diet,.but.recently.has.become.
popular.in.weight-loss.regimens.as.well..The.diet.is.vegetarian.and.places.strict.restrictions.on.food.
group.intake..Foods.containing.significant.amounts.of.cholesterol.and.saturated.fats.are.prohibited,.
including.all.meat.and.fish;.nonfat.dairy.products.and.egg.whites.are.allowed.to.a.limited.extent..
Complex.carbohydrates,.such.as.fruit.and.grains,.are.favored.over.simple.carbohydrates,.such.as.
sugars.and.alcohol..The.Ornish.diet.is.composed.of.70%.carbohydrates,.20%.proteins,.and.10%.
fats..According.to.Ornish,.the.typical.American.diet.is.40%.carbohydrates,.20%.proteins,.and.40%.
fats.[119].

The.majority.of. studies. into. the.Ornish.diet. relate. to.coronary.heart.disease.prevention.and.
treatment..Using.coronary.angiography,.Ornish.et.al. demonstrated.a.regression.in.coronary.artery.
stenosis. using. his. low-fat. vegetarian. diet. when. combined. with. smoking. cessation,. stress. man-
agement,. and. exercise,. but. without. the. use.of. lipid-lowering. medications.. In. this. study,. 82%. of.
experimental.patients.showed.a.reduction.in.coronary.artery.diameter.stenosis,.while.control.group.
patients.showed.a.progression.at.1.year.[120]..Short-term.improvements.in.exercise.tolerance.and.
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left.ventricular.motion.have.also.been.demonstrated,.as.well.as.a.decrease.in.plasma.cholesterol.
levels.of.20.5%.over.a.period.of.24.days.of.dietary.changes.and.stress.management.training.[14].

The.Dansinger.et.al. study.reported.an.average.weight.loss.of.3.3.kg.at.1.year.for.patients.on.the.
Ornish.diet.[111]..As.with.the.Atkins.and.Weight.Watchers.diets,.a.reduction.in.the.LDL/HDL.ratio.
was.also.seen..Adherence.to.the.Ornish.diet.over.1.year.was.50%.[111].

The.nutritional.adequacy.of.a.low-fat.vegan.diet.has.been.questioned.and.investigated..In.addi-
tion,.recent.data.suggesting.cardioprotective.benefits.of.some.nuts.and.fish.oils.have.also.questioned.
the.Ornish.diet’s. restrictions..Recent. research.has.shown. the.diet. to.be.nutritionally.adequate. if.
nutrient-fortified.plant.foods.are.included.(i.e.,.fortified.soy.protein.beverages),.except.for.a.defi-
ciency.in.vitamin.D.[121]..Hence,.vitamin.D.supplementation.is.recommended.for.patients.follow-
ing.the.Ornish.diet,.especially.for.those.with.limited.sun.exposure.

�.�  dIsCussIon

As.approximately.50%.of.hospital.patients.are.malnourished.[122],.patients.admitted.to.an.acute.
care.hospital.should.undergo.a.nutritional.screening.to.determine.their.nutritional.intakes..Older.
patients.are.more.likely.to.be.admitted.to.the.hospital.suffering.some.degree.of.malnutrition,.and.
the.nutritional.consequences.of.their.metabolic.responses.to.trauma.may.be.more.severe..It.is.the.
insidious.nature.of.malnutrition.in.the.elderly.that.makes.the.recognition.of.early.warning.signs.of.
malnutrition.so.important..Research.is.needed.to.provide.more.practical.age,.sex,.and.culturally.
specific.nutrition.parameters..Early.detection.of.malnutrition.and.appropriate.interventions.could.
produce.a. shift. toward.prevention. [123,124]..Nutritional. assessment. should.be.undertaken.when.
evaluating.patients.before.surgery,.as.well.as.throughout.the.entire.postoperative.period,.to.improve.
outcomes.[125].

Careful.planning.before.surgery.can.avoid.common.cognitive,.affective,.or.functional.compli-
cations.in.elderly.patients..The.elimination.of.medications.that.cause.cognitive.dysfunction.could.
help. avoid. or. lessen. postoperative. confusion.. The. assessment. of. preoperative. nutritional. status.
could.identify.patients.with.significant.malnutrition.who.would.be.at.higher.risk.for.postoperative.
complications.[126],.including.infection,.delay.or.failure.to.heal,.or.excessive.scarring..Essential.
to.a.good.surgical.outcome.is.the.rapid.synthesis.of.new.tissue.in.the.wound.area,.minimization.
of.contamination,.maximization.of.the.patient’s.immune.status,.and.protection.of.the.wound.site..
When.blood.supply,.oxygen,.and.nutrients.are.available,.healing.can.proceed.[127].

A.high-carbohydrate,. low-fat.diet.containing.adequate.sources.of.protein.will.promote.good.
wound.healing.by.providing.sufficient.calories.to.rebuild.and.heal,.while.sparing.the.patient’s.own.
muscle.mass.as.an.energy.source.[128]..The.use.of.preoperative.nutritional.supplementation.has.
been.more.effective.for.treating.protein.malnutrition.than.postoperative.supplementation.[103]..As.
little.as.1.week.of.preoperative.protein.supplementation.can.improve.wound.healing..Recent.protein.
intake.is.more.important.than.protein.or.fat.stores.[129].

Supplements.of.amino.acids.have.been.found.to.be.beneficial..Methionine.and.cysteine.decrease.
the.length.of.the.inflammatory.stage.[46].and.may.protect.against.oxidative.damage.[47]..Arginine.
supplementation.stimulates.development.of.cytotoxic.T-cells.and.proliferation.of.lymphocytes.and.
increases.resistance.to.infection.[130–134].

Nusbaum.[135].found.that.support.services.such.as.nutrition,.nursing,.and.physical.therapy.are.
very.important.components.in.the.postoperative.care.of.geriatric.patients..In.general,.advanced.age.
per.se.is.not.a.contraindication.to.surgery,.but.it.does.require.careful.preoperative.evaluation.and.
vigorous.postoperative.support..An.important.parameter.of.postoperative.recovery.is. the.regain-
ing.of. the.patient’s. preoperative. lean.body.mass.. Jensen. and.Hessov. [136]. investigated.whether.
a.4-month.dietary.intervention.with.dietary.advice.and.home.supplementation.would.impact. the.
speed.of.regaining.muscle.in.the.convalescing.patient..They.found.that.patients.who.received.the.
intervention.had.a.gain.of.lean.body.mass.after.2.months..After.an.additional.2.months,.both.lean.
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body.mass.and.fat.were.gained..The.investigators.concluded.that,.after.discharge.from.the.hospital,.
patients.should.increase.protein.intake.by.taking.protein-rich.liquid.supplements.

A.recent.weight.loss.of.greater.than.10%.of.lean.body.mass.increases.the.chances.for.wound.
complications.[137]..Recent.preoperative.intake.of.nutrients.is.most.important.[103,138];.not.eating.
food.for.a.week.before.surgery.is.worse.than.eating.a.limited.regular.diet.for.a.longer.period.because.
nutritional.depletion.is.correlated.with.wound.complications.[82,92,104,127].

If.the.patient.has.not.eaten.during.the.few.days.before.surgery,.or.if.the.patient.is.not.expected.to.
eat.much.postoperatively,.nutritional.supplementation.should.be.undertaken..Rapid.replenishment.of.
depleted.nutrients.is.surprisingly.effective,.and.a.few.days.of.parenteral.nutrition.can.return.the.patient.
to.relatively.normal.reparative.capacity.[103],.although.enteral.nutrition.is.preferred.if.at.all.possible.

Surgery.should.be.delayed.significantly.only.if.malnutrition.is.severe.[85,103,127,139]..If.the.
level.of.malnutrition.is.not.severe,.2.to.3.days.of.supplementation.should.suffice..In.all.cases,.nutri-
tional.supplementation.begun.preoperatively.should.be.carried.into.the.postoperative.period.[127]..
Diabetes,.if.present,.must.be.kept.under.strict.control,.for.hyperglycemia.will.decrease.vitamin.C.
cellular.uptake.[140]..Increasing.the.level.of.vitamin.C.to.500.to.2000.mg.per.day.can.partially.
overcome.this.problem.

�.10  summary

The.elderly.surgical.patient.should.be.evaluated.for.malnutrition.and.monitored.by.the.patient’s.pri-
mary.physician.and.surgeon..Preoperative.assessment.of.nutritional.status.should.be.the.standard.of.
care.for.the.aged..The.serum.albumin.level.and.the.total.lymphocyte.count.can.be.used.to.identify.
patients.suffering.from.malnutrition..Surgery.on.a.malnourished.patient.should.be.postponed,. if.
possible,.until.the.nutritional.status.has.been.restored.to.normal.levels..A.medical.evaluation.that.
focuses.on.the.elderly.patient’s.cardiopulmonary.and.nutritional.status.should.be.performed.up.to.
8.weeks.before.the.patient.undergoes.surgery..Following.this.evaluation,.appropriate.dietary,.thera-
peutic,.and.prophylactic.measures.to.reduce.surgical.morbidity.and.mortality.can.be.implemented..
The.identification.and.management.of.nutritional.deficiencies.in.the.elderly.can.be.a.useful.adjunct.
to.successful.surgery.
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�.1  IntroduCtIon

Multivitamins.and.minerals.are.the.most.commonly.used.dietary.supplements.in.the.United.States.
[1]..This.is.largely.due.to.the.belief.that.multivitamin.supplements.could.improve.health.and.pre-
vents.certain.diseases,.among.which.are.infections.[2]..Classical.vitamin.deficiency.syndromes.are.
uncommon.in.Western.societies..However,.certain.groups,.such.as.elderly.people,.are.at.higher.risk.
for.suboptimal.vitamin.status.and.vitamin.deficiency.[3]..Many.factors.can.lead.to.micronutrient.
deficiency.in.the.elderly.such.as.poor.dentition,.social.isolation,.depression,.and.dementia..The.pres-
ence.of.other.diseases.such.as.diabetes.and.intestinal.ischemia.cause.malabsorption.[4,5]..Also,.it.
is.well.known.that.in.the.elderly.zinc.has.low.intestinal.absorption.[6].and.older.people.often.take.
many.medications.that.could.affect.vitamin.absorption.or.metabolism.[7].

Infection. is. among. the. most. common. disorder. in. the. elderly.. Acute. respiratory. infections.
account.for.more.than.50%.of.all.types.of.infections.in.this.age.group,.followed.by.genitourinary,.
skin.and.gastrointestinal.infections.[8]..Acute.respiratory.infections.last.longer.and.are.associated.
with.higher.mortality.and.morbidity.[9]..An.age-related.decline.in.immune.response.is.believed.to.
be.an.important.cause.of.the.increased.risk.of.infections.

The.number.of.Americans.aged.over.65.years.was.35.million.in.2000.and.expected.to.reach.69.
million.by.2030,.accounting.for.approximately.one.fifth.of.the.total.U.S..population.[10]..Infection.
in.such.a.large.section.of.the.population.is.of.considerable.importance.to.public.health..It.is.worth.
investigating.potential.modifiable.factors,.such.as.micronutrient.supplements,.that.may.reduce.sus-
ceptibility.to.infection.in.this.population..In.this.chapter.the.effects.of.micronutrient.supplements.on.
infection.risks.in.this.age.group.will.be.discussed.in.the.light.of.recent.data.
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�.2  mICronutrIents

Micronutrients.(trace.elements.and.vitamins).are.required.in.microgram.quantities.for.correct.function.
of.the.human.body..Most.micronutrients.or.their.derivatives.have.central.roles.in.certain.biochemical.
pathways..All.the.required.micronutrients.should.be.available.from.a.balanced.diet,.which.includes.
fruit.and.vegetables,.dairy.products,.and.meat.or.pulses..Trace.elements.can.be.defined.as.those.ele-
ments.that.(individually).make.up.no.more.than.0.01%.of.the.dry.weight.of.the.body..Some.are.nones-
sential.(e.g.,.lead),.but.others.are.required.for.normal.health,.function.and.development.[11].

Vitamins.are.conventionally.divided.into.two.groups.according.to.their.solubility.characteris-
tics..The.B.group.of.vitamins.and.vitamin.C.are.water-soluble,.while.vitamins.A,.D,.E.and.K.are.
insoluble.in.water.but.soluble.in.lipid.or.lipid.solvents.and.are.classified.as.fat-soluble.vitamins..Fat-
soluble.vitamins.are.stored.in.the.liver.and.are.not.easily.excreted,.so.toxic.overload.is.possible.from.
excessive.intake..Toxicity.with.water-soluble.vitamins.is.less.likely..Among.the.fat-soluble.vitamins,.
A.and.E.are.extensively.studied.in.relation.to.infections.and.immune.markers.

Vitamin.A.refers. to. retinol.and. the.carotenoids. that.are.converted. to. retinol. [12]..Preformed.
vitamin.A.can.be.obtained.mostly.from.dietary.animal.sources.(liver,.fish.liver.oils,.eggs,.and.dairy.
products),.whereas.carotenoids.that.can.be.converted.into.retinol.are.obtained.from.vegetables.(dark-
green.leafy.vegetables.and.deep-orange.fruits)..Vitamin.A.plays.an.essential.role.in.a.large.number.
of.physiological.functions.that.encompass.vision,.growth,.reproduction,.hematopoiesis,.and.immu-
nity.[13]..The.association.between.vitamin.A.and.immunity.was.noticed.even.before.its.structure.
was.realized.in.1931.[14].

Vitamin.E.consists.of.a.family.of.eight.related.compounds,.the.tocopherols.and.the.tocotrienols..
The.major.chemical.forms.of.vitamin.E.are.the.tocopherols.α,.β,.,,.and.D..Gamma-tocopherol.is.the.
most.abundant.form.in.foods.and.is.usually.the.form.used.in.supplements.[12].

�.�  mICronutrIents and Immune funCtIon

Many.factors,.including,.among.others,.age,.genetic.predisposition,.smoking,.and.nutrition.status,.
can.affect.immune.functions..An.adequate.intake.of.vitamins.and.trace.elements.is.required.for.the.
efficient.function.of.the.immune.system.[15].and.protection.from.reactive.oxygen.species..A.variety.
of.reactive.oxygen.species.are.formed.continuously.in.tissues.by.endogenous.and.exogenous.mecha-
nisms.[16]..These.free.radicals.are.immunosuppressive..Antioxidant.vitamins.and.trace.elements.
(vitamins.C,.E,.selenium,.copper,.and.zinc).are.free-radical.scavenging.nutrients.that.protect.cells.
from.damage.by.pro-oxidants.[17,18].

Some.evidence.suggests. that.micronutrients,. such.as.zinc,. selenium,.and. β-carotene.play.an.
important.role.in.maintaining.a.balance.between.cell-mediated.and.humoral.immunity.by.regulat-
ing.patterns.of.cytokine.secretion.[19–20]..Studies.have.also.shown.that.low-dose.supplementation.
of.zinc.and.selenium.leads.to.significant.improvement.in.the.humoral.response.following.vaccina-
tion.in.elderly.patients.[21]..Vitamin.A.deficiency.impairs.both.innate.immunity.(mucosal.epithelial.
regeneration).and.adaptive.immune.response.to.infection,.resulting.in.impaired.ability.to.counteract.
extracellular.pathogens.[22]..It.is.also.associated.with.pathological.changes.in.the.respiratory.system.
[23],.gastrointestinal.tract.[24],.genitourinary.[25].and.ocular.tissues.[13]..Vitamin.D.deficiency.is.
correlated.with.a.higher.susceptibility.to.infections.due.to.impaired.localized.innate.immunity.and.
defects.in.antigen-specific.cellular.immune.response.[26].

Most.cells.of.the.immune.system,.with.the.exception.of.B.cells,.express.vitamin.D.receptors..In.
recent.years.there.have.been.efforts.to.understand.possible.noncalcemic.roles.of.vitamin.D,.includ-
ing.its.role.in.the.immune.system..Some.results.suggest.an.important.role.for.vitamin.D.in.autoim-
mune.disorders,.providing.a.fertile.and.interesting.area.of.research.that.may.herald.important.new.
therapies.[27].
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Vitamin.B6.is.essential.for.nucleic.acid.and.protein.synthesis..It.is.an.essential.coenzyme.for.
more.than.60.enzymes,.many.of.which.are.involved.in.the.metabolism.of.aminoacids..Antibodies.and.
cytokines.are.built.up.of.aminoacids.and.require.vitamin.B6.as.a.coenzyme.in.their.metabolism.

Folate.plays.a.crucial.role.in.nucleic.acid.and.protein.synthesis.by.supplying,.in.concert.with.
vitamins.B6.and.B12,.one.carbon.unit.. Inadequate. folate. intake. significantly.alters. the. immune.
response..The.major.function.of.vitamin.C.is.to.control.the.redox.potential.within.cells,.acting.as.an.
antioxidant.and.scavenger.for.free.radicals..Vitamin.E.is.a.powerful.antioxidant..Being.fat.soluble,.
it. is. particularly. important. in. protecting. lipids,. including. cell. membranes,. from. oxidative. dam-
age..Selenium.is.essential.for.optimum.immune.response.and.influences.the.innate.and.acquired.
immune.systems..It.plays.a.key.role.in.the.redox.regulation.and.antioxidant.function.through.glu-
tathione. peroxidase. that. removes. excess. of. potentially. damaging. free. radicals. produced. during.
oxidative.stress.

Zinc.is.required.for.many.enzymes.either.structurally.or.as.a.cofactor..These.include.enzymes.
involved.in.nucleic.acid.synthesis..It.is.essential.for.highly.proliferating.cells.such.as.those.in.the.
immune.system.and.so.influences.both.innate.and.acquired.immune.functions..Copper.is.required.
for. the.activity.of.several.enzymes,. including.superoxide.dismutase..This.enzyme. is. responsible.
for.the.destruction.of.free.radicals..Copper.has.been.shown.to.have.a.role.in.the.development.and.
maintenance.of.the.immune.system..It.is.reasonable.to.conclude.that.micronutrients.can.influence.
the.body’s.defense. through.various.mechanisms. including.proliferation.of. immune.system.cells,.
synthesis.of.proteins.such.as.antibodies.and.scavenging.of.free.radicals.

�.�   effeCt of mICronutrIent supplements 
on the agIng Immune system

Aging,.even.in.the.absence.of.nutritional.deficiencies,.is.associated.with.impaired.immune.response,.
particularly.the.cell-mediated.arm.of.the.system..On.the.other.hand,.effects.of.micronutrient.sup-
plements.on.different. surrogate.markers.of. immune. response. (e.g.,. antibody. titers,. delayed-type.
hypersensitivity.responses.and.cytokine.production).have.been.investigated.in.this.age.group,.using.
a.variety.of.study.designs..Most.of. these.studies.reported.an.enhancement.of.at. least.one.surro-
gate.marker..Vitamins.A,.C,.E,.zinc,.and.selenium.supplementation.were.shown.to.have.beneficial.
effects.on.the.immune.system.[28]..Vitamin.A.supplementation.to.preschool.children.is.known.to.

decrease.the.risks.of.mortality.and.morbidity.from.some.forms.of.infections..These.effects.are.likely.
to.be.the.result.of.the.actions.of.vitamin.A.on.immunity..Some.of.the.immunomodulatory.mecha-
nisms.of.vitamin.A.have.been.described.[29]..Also,.ß-carotene.in.high.doses.has.been.described.as.
stimulating.delayed-type.hypersensitivity.[30]..Vitamin.C.may.enhance.immune.functions.such.as.
phagocytosis,.neutrophil.chemotaxis.and.lymphocyte.proliferation.[31,32]..But.contrasting.findings.
of.vitamin.C.have.also.been.published.[33].

Meydani.et.al. [34],.studied.the.effect.of.vitamin.E.supplementation.on.immune.response.in vivo.
in.88.healthy.elderly.subjects..They.were.randomized.to.a.placebo.group.or.groups.receiving.60,.
200,.or.800.mg/d.of.vitamin.E.for.4.months..Their.results.indicate.that.a.level.of.vitamin.E.greater.
than.what.is.currently.recommended.enhances.certain.clinically.relevant.in vivo.indexes.of.T-cell-
mediated.functions.in.healthy.elderly.persons..No.adverse.effects.were.observed.with.vitamin.E.
supplementation.. Another. 3-month. intervention. trial. among. apparently. healthy. elderly. subjects.
demonstrated.no.effect.of.100.mg.alpha-tocopheryl.acetate.on.the.overall.immune.responsiveness.
of.this.population.[35]..This.finding.was.consistent.with.that.of.Meydani.et.al.

Combined.vitamin.supplementation.has.been.shown.to.enhance.the.immune.response.of.elderly.
individuals..Penn.et.al..randomized.30.elderly.subjects.to.receive.either.placebo.or.dietary.supple-
mentation.with.physiological.doses.of.vitamins.A,.C,.and.E.for.28.days.[36]..Following.vitamin.
supplementation,. cell-mediated. immune. function. improved.. In. contrast,. no. significant. changes.
were.noted.in.the.immune.function.of.the.placebo.group..Another.study.demonstrated.improvement.
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of.immune.function.in.elderly.females.after.consumption.of.1.g.of.vitamin.C.and.200.mg.of.vita-
min.E.daily.for.16.weeks.[31]..Wolvers.et.al. [37].demonstrated,.in.a.recent.study,.enhancement.of.
delayed-type.hypersensitivity.in.elderly.subjects.(average.57.+/–.10.y).who.received.a.mix.of.micro-
nutrient.supplements.(vitamin.E,.C,.ß-carotene,.and.zinc).for.10.weeks,.compared.with.a.placebo.
group..Fortes.et.al. [38].found.an.improvement.in.the.cell-mediated.immune.response.following.zinc.
supplementation.(25mg.zinc.sulphate)..However,.vitamin.A.(800.ug.retinol.palmitate).had.a.nega-
tive.effect.on.immune.indicators.in.the.older.population.in.the.same.study.

Several. studies. reported. some. changes. in. the. immune. system. following. administration. of.
micronutrients..The.observed.effect.of.these.supplements.on.immune.response.does.not.necessarily.
imply.a.beneficial.clinical.outcome.for.the.subjects.receiving.these.supplements..Studying.the.clini-
cal.effects,.such.as.frequency.and.severity.of.infectious.episodes,.has.much.greater.relevance.

�.�   effeCts of mICronutrIent supplements on 
frequenCy and severIty of InfeCtIons

One.of.the.earliest.clinical.trials.to.investigate.such.clinical.effects.was.conducted.in.France.by.Cha-
vance.et.al..in.1989.[39]..This.trial.enrolled.a.total.of.218.subjects.over.60.years.of.age..The.partici-
pants.received.either.multivitamin.supplements.or.placebo.for.4.months..No.significant.difference.
was.found.between.the.two.groups.in.the.incidence.of.infections..In.fact,.the.observed.incidences.
were.higher.in.the.treatment.group.than.in.the.placebo.group.

Girodon.et.al. [40].reported.results.of.a.large.trial.in.which.725.institutionalized.elderly.patients.
from.25.geriatric.centers.in.France.were.separated.into.four.groups.and.randomized.to.receive.vita-
mins.(ß-carotene,.ascorbic.acid,.and.vitamin.E),.minerals.(zinc.and.selenium.sulphide),.both,.or.nei-
ther..The.trial.showed.an.enhanced.antibody.response.to.the.influenza.vaccine.and.a.reduction.in.the.
incidence.of.respiratory.infections.in.the.minerals.group.(P.=.0.06),.but.not.in.the.vitamins.group..
Supplementation.with.either.trace.elements.or.vitamins.significantly.reduced.the.incidence.of.uro-
genital.infections..Survival.analysis.for.the.2.years,.to.exclude.seasonal.variation,.did.not.show.any.
differences.among.the.4.groups.and.any.beneficial.effects.of.mineral.supplementation.may.be.due.to.
the.correction.of.subclinical.deficiencies.in.those.who.received.such.supplementations.

In.another.study.from.the.Netherlands.[41],.a.total.of.652.non-institutionalized.individuals.aged.
60.years.or.more.were.enrolled..Physiological.doses.of.multivitamin.and.minerals,.200.mg.of.vita-
min.E,.both,.or.placebo,.were.given.for.15.months..Neither.daily.multivitamin.and.mineral.supple-
mentation.at.physiological.doses.nor.200.mg.of.vitamin.E.showed.a.favorable.effect.on.incidence.
and.severity.of.acute.respiratory.tract.infections..Instead,.adverse.effects.of.vitamin.E.on.illness.

severity.were.observed.
A.study.by.Meydani.et.al. [42].reported.that.supplementation.with.200.IU.per.day.of.vitamin.

E.for.1.year,.did.not.have.a.statistically.significant.effect.on.the.incidence.of.lower.respiratory.tract.
infections.in.elderly.nursing.home.residents..However,.they.observed.a.protective.effect.of.vitamin.
E.supplementation.on.upper.respiratory.tract.infections,.particularly.the.common.cold..A.U.S..study.
in.primary.care.found.that.multivitamin.and.multimineral.supplements.had.no.significant.clinical.
effects.on.infections.in.people.aged.65.and.over.[43].

Barringer.and.colleagues.assessed.the.effect.of.a.typical.1-a-day.multivitamin.and.mineral.sup-
plement.for.1.year.on.infection.rate.among.individuals.aged.45.years.or.older..They.demonstrated.
a.reduction.in.incidence.of.infection..However,.in.subgroup.analyses,.persons.with.diabetes.had.the.
largest.benefit.in.infection-related.outcomes;.this.accounted.for.most.of.the.overall.observed.effect..
Correction.of.micronutrient.deficiencies.would.be.the.most.likely.explanation.for.their.results.

Merchant.et.al..evaluated.the.associations.between.intakes.of.antioxidants.and.B.vitamins.and.
the.risk.of.community-acquired.pneumonia.in.well-nourished.middle-aged.and.older.men.[44]..This.
was.a.prospective.study.conducted.among.38,378.male.health.professionals,.aged.44.to.79..There.
were.no.associations.between.total.intakes.of.antioxidants.or.B.vitamins.and.the.risk.of.pneumonia..
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They.concluded. that.vitamin.supplements.are.unlikely. to. reduce. the. risk.of.pneumonia. in.well-
nourished,.middle-aged.and.elderly.men.

A.meta-analysis.of.randomized.controlled.trials.found.the.evidence.for.multivitamin.and.min-
eral.supplements.on.the.risk.of.infections.in.older.people.to.be.weak.and.conflicting.[45]..However,.
an.updated.review.for.this.meta-analysis.concluded.there.was.no.benefit.for.the.use.of.multivitamins.
in.preventing.infections.in.the.elderly.[46]..A.trial.conducted.by.Avenell.et.al. [47].largely.confirms.
previous.research..They.found.that.routine.multivitamin.and.multimineral.supplementation.in.older.
people.(910.men.and.women.aged.65.or.over).living.at.home.does.not.affect.self-reported.infection-
related.morbidity..Participants.were. recruited. from.six.general.practices. in.Grampian,.Scotland..
The.limitation.of.this.study.was.the.low.doses.of.multivitamins.and.multiminerals.used..This.trial.
provided.good.evidence.against.the.efficiency.of.multivitamin.supplementation.in.preventing.symp-
toms.of.acute.respiratory.infection.among.healthy.elderly.subjects..While.there.is.evidence.linking.
micronutrient.supplementation.to.changes.in.immune.responses,.their.roles.in.reducing.the.risk.of.
infections.in.well.nourished.elderly.require.careful.consideration.

�.�  proBlems WIth mICronutrIent supplements

There. is.no.standard.definition.for.multivitamins;.any.product.containing. two.or.more.vitamins.
or. trace.elements.can.be.listed.as.a.multivitamin..The.commonly.used.multivitamin.supplement.
contains.at.least.10.vitamins.and.10.minerals.[48]..The.potential.for.adverse.effects.from.excessive.
lipid-soluble.vitamins,.such.as.vitamin.A,.is.well.documented.[49]..Higher.doses.of.zinc.and.vitamin.
A.supplements.impair.cellular.immunity.and.the.health.of.bones.among.older.people.with.vitamin.
D.deficiency.[50,51]..Recent.studies.have.suggested.that.beta.carotene.may.act.as.a.co-carcinogen.
[52,53]..Also,.supplementation.with.high.doses.of.ß-carotene,.five.times.the.nutritional.requirement,.
led.to.an.increased.incidence.of.lung.cancers.[54]..Bjelakovic.et.al..did.a.systematic.review.to.ana-
lyze.the.effects.of.antioxidant.supplements.(beta.carotene,.vitamins.A,.E,.C,.and.selenium).on.all.
causes.of.mortality.in.adults.[55]..They.included.antioxidant.supplements.at.any.dose,.duration,.and.
route.of.administration..Then.they.analyzed.the.antioxidants.administered.singly,.in.combination.
with.other.antioxidants,.or.with.other.vitamins.or.trace.elements..They.found.that.ß-carotene,.vita-
min.A,.and.vitamin.E.given.singly.or.combined.with.another.antioxidant.supplement.significantly.
increased.mortality..In.another.study,.vitamin.E.seemed.to.worsen.the.severity.of.infections.[56]..
After.exclusion.of.high-bias.risk.trials,.however,.vitamin.E.given.singly.or.combined.with.other.
micronutrients.significantly.increased.mortality..This.is.in.agreement.with.a.recent.meta-analysis.
[57]..The.possible.harm.of.micronutrient.supplements.is.another.factor.that.requires.consideration.

�.�  ConClusIon

Aging. is. often. associated.with. a.decline. in. immunocompetence,.particularly. in.T. cell-mediated.
functions..Nutrient.deficiencies.can.contribute. to.further. impairments. in. immune.function. in.the.
elderly.and.thus.render.them.even.more.vulnerable.to.acute.and.chronic.infections.than.they.would.
be.if.they.were.nutrient.sufficient..Although.micronutrients.may.help.normalize.certain.parameters.
in. the. immune.system,. in.elderly.subjects.suffering.from.nutritional.deficiencies.several.clinical.
studies.argued.that.those.changes.have.no.demonstrable.clinical.benefits.in.terms.of.reduction.of.
mortality.and.morbidity.in.adequately.nourished.elderly.people..From.the.above.studies.it.is.clear.
that.the.healthy.elderly.population.received.no.benefit.from.these.supplements.in.terms.of.preven-
tion.of.infections,.although.it.is.possible.that.nutritionally.deprived.individuals.may.have.benefited..
However,.concerns.about.the.potential.side.effects.of.micronutrients.should.make.well-nourished.
persons.cautious.about.taking.such.supplements.
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enzymes.and.preventing.them.from.catalyzing.the.production.of.free.radicals.in.the.cell..Biological.
functions.of.antioxidants.are.reported.in.Table.6.1.

�.2  Cellular damage, oxIdatIon, and antIoxIdants

Oxidation.is.a.chemical.reaction.that.transfers.electrons.from.a.substance.to.an.oxidizing.agent..The.
oxidation.reactions.produce.free.radicals.and.damage.cells..An.imbalance.between.oxidants.and.
antioxidants.in.favor.of.the.oxidants,.potentially.leading.to.damage,.is.termed.oxidative.stress.

Oxidation.of.low-density.lipoprotein.(LDL).is.believed.to.contribute.to.the.development.of.ath-
erosclerosis.[1]..Macrophage.cells.preferentially.take.up.oxidized.LDL,.become.loaded.with.lipids,.
and.convert.into.“foam.cells”.[2]..Foam.cells.accumulate.in.fatty.streaks,.early.signs.of.atheroscle-
rosis..Humans.produce.auto-antibodies.against.oxidized.LDL,.and.the.levels.of.such.auto-antibod-
ies.are.higher.in.patients.with.atherosclerosis.[1].

The.identification.of.LDL.oxidation.as.a.key.event.in.atherosclerosis.suggests.that.it.may.be.
possible.to.reduce.the.risk.of.atherosclerosis.by.antioxidant.supplementation.[2].

�.�  dIetary Intake of antIoxIdants

Antioxidants.are.present.in.foods.as.vitamins,.minerals,.carotenoids,.and.polyphenols,.among.oth-
ers.. Many. antioxidants. are. often. identified. in. food. by. their. distinctive. colors—the. deep. red. of.
cherries. and. tomatoes;. the. orange. of. carrots;. the. yellow. of. corn,. mangos,. and. saffron;. and. the.
blue-purple.of.blueberries,.blackberries,.and.grapes..The.best-known.components.of.food.with.anti-
oxidant.activities.are.vitamins.A,.C,.and.E;.β-carotene;.the.mineral.selenium;.and.more.recently,.
the.compound.lycopene..In.the.Iowa.women’s.health.study,.the.dietary.intakes.of.flavanones,.antho-
cyanidins,.and.certain.foods.rich.in.flavonoids.were.associated.with.reduced.risk.of.death.due.to.
coronary.heart.disease.(CHD),.cardiovascular.disease.(CVD),.and.all.causes.[3].

In.the.NHANES.survey.(1999–2000),.52%.of.adults.reported.taking.a.dietary.supplement;.35%.

took.a.multivitamin/multimineral.and.12.to.13%.were.using.vitamin.E.supplements.[4]..In.the.Rot-
terdam.study.[5],.the.relationship.of.vitamin.E.with.disease.of.the.arteries.was.reported.in.4,367.
Netherland.subjects,.aged.55–94.years.who.had.no.previous.CVD.at.baseline..In.men,.vitamin.E.
intake.was.associated.with.lower.arterial.disease..Vitamin.E.intake.was.inversely.associated.with.
peripheral.arterial.disease.

In.the.SECURE.trial,.a.total.of.732.patients.>/=55.years.of.age.who.had.vascular.disease.or.
diabetes.and.at.least.one.other.risk.factor.and.who.did.not.have.heart.failure.or.a.low.left.ventricular.
ejection. fraction. randomly. received.Ramipril. 2.5. mg/d. or. 10. mg/d. and. vitamin. E. (RRR-alpha-
tocopheryl.acetate).400.IU/d.or.their.matching.placebos.[6]..There.were.no.differences.in.athero-
sclerosis.progression.rates.between.the.treatments.after.4.years.of.follow-up..The.relationship.of.
vitamin.E.intake.and.change.in.tissue.levels.was.associated.with.decreased.risk.of.CVD.in.case-
control.and.prospective.cohort.studies.

Overall,.the.studies.support.the.conclusion.that.the.association.of.vitamin.E.intake.from.food.or.
supplements.may.reduce.cardiac.events..[7–19]..In.two.studies,.no.benefit.from.vitamin.E.supple-
mentation.on.stroke.[12].or.MI.[18].was.observed..Low.levels.of.α-tocopherol.have.been.associated.
with.increased.risk.for.coronary.artery.disease..Higher.serum.concentrations.of.α-tocopherol.(up.
to.13–14.mg/L,.which.is.within.the.normal.range).are.associated.with.moderately.lower.total.and.

cause-specific.mortality.in.older.male.smokers.[20]

�.�  antIoxIdants and CardIovasCular dIsease

In.the.women’s.antioxidant.cardiovascular.study.[21],.vitamin.E.(600.IU),.beta.carotene.(50.mg).and.
vitamin.C.(500.mg).per.day.observed.no.significant.changes.in.CVD.morbidity.and.mortality.or.in.
the.individual.secondary.outcomes.of.myocardial.infarction,.stroke,.and.coronary.revascularization.
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or.CVD.death..Vitamin.E.seems.to.have.a.marginal.effect.in.the.primary.CVD.outcome..In.addi-
tion,.the.participants.who.received.a.combination.of.vitamin.C.and.vitamin.E.seemed.to.have.fewer.
strokes.in.the.overall.9.4-year.period.of.the.study.(Table.6.2).

In.2005,.Tucker.[22].reported.that.men.consuming.the.combination.of.≤5.servings.of.fruits.and.
vegetables.per.day.(FV/d).and.≤12%.energy.from.saturated.fat.(SF).were.31%.less.likely.to.die.of.

taBle �.1
Biological function of antioxidants

antioxidant Biological function

Carotenoids

Beta-carotene Neutralizes.free.radicals.that.may.damage.cells;.bolsters.cellular.antioxidant.defenses

Lutein,.Zeaxanthin May.contribute.to.maintenance.of.healthy.vision

Lycopene May.contribute.to.maintenance.of.prostate.health

fla�onoids

Anthocyanidins Bolster.cellular.antioxidant.defenses;.may.contribute.to.maintenance.of.brain.function

Flavanols—Catechins,.
Epicatechins,.Procyanidins.

May.contribute.to.maintenance.of.heart.health;.improves.endothelial.function.and.may.
reduce.CVD.risk

Flavanones Neutralize.free.radicals.that.may.damage.cells;.bolster.cellular.antioxidant.defenses

Flavonols Neutralize.free.radicals.that.may.damage.cells;.bolster.cellular.antioxidant.defenses

Proanthocyanidins May.contribute.to.maintenance.of.urinary.tract.health.and.heart.health

Isothiocyanates

Sulforaphane May.enhance.detoxification.of.undesirable.compounds.and.bolster.cellular.antioxidant.
defenses

phenols

Caffeic.acid,.Ferulic.acid May.bolster.cellular.antioxidant.defenses;.may.contribute.to.maintenance.of.healthy.
vision.and.heart.health

sulfides/thiols

Diallyl.sulfide,.Allyl.methyl.
trisulfide

May.enhance.detoxification.of.undesirable.compounds;.may.contribute.to.maintenance.
of.heart.health.and.healthy.immune.function

Dithiolthiones Contribute.to.maintenance.of.healthy.immune.function

Resveretol Protects.cells.from.free.radicals

vitamins and minerals

Vitamin.A Protects.cells.from.free.radicals

Vitamin.E Protects.cells.from.free.radicals,.helps.with.immune.function.and.DNA.repair

Vitamin.C Protects.cells.from.free.radicals

Selenium Protects.cells.from.free.radicals.and.enhances.immune.function

other

Carnosine Attenuates.cellular.oxidative.stress

Melatonin Protects.against.cardiac.ischemia/reperfusion

Carnitine Increases.cardiac.output,.improves.heart.muscle.function,.stimulates.energy.supply.to.
the.heart,.increases.endurance,.enhances.cardiac.performance.and.regulates.heart.
arrythmias;.helps.maintain.blood.lipid.profile.and.promote.fatty.acid.utilization.
within.heart.muscle

Lipoic.acid protect.lipids.against.oxidation

Glutathione neutralize.free.radicals.which.may.damage.cells
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any.cause.(P.<.0.05),.and.76%.less.likely.to.die.from.CHD.(P.<.0.001),.relative.to.those.consuming.
<5.FV.and.>12%.SF..Men.consuming.either.low.SF.or.high.FV,.but.not.both,.did.not.have.a.sig-
nificantly. lower. risk.of. total.mortality;.but.did.have.64–67%. lower. risk.of.CHD.mortality. (P.<.

0.05).relative.to.those.doing.neither..The.Dietary.Approaches.to.Stop.Hypertension.(DASH).Trial.
highlighted.the.role.of.higher.FV.intake.in.blood.pressure.control.[23]..Based.in.large.part.on.this.
trial,.the.recently.released.AHA.Dietary.Guidelines.issued,.for.the.first.time,.recommendations.to.
choose.≥5.FV.servings/d.[24]..Data.from.the.1989–1991.USDA.Continuing.Survey.of.Food.Intakes.
by. Individuals. revealed. that.only.12%.of. the.U.S..adult.population.consumed. the. recommended.
two.servings.of.fruit.and.three.of.vegetables.per.day.[25]..Bazzano.[26].reported.that.consuming.

fruit.and.vegetables.≥3.times/d.compared.with.<1.time/d.was.associated.with.a.27%.lower.stroke.
incidence.(relative.risk.[RR]:.0.73),.a.42%.lower.stroke.mortality.(0.58),.a.24%.lower.ischemic.heart.

taBle �.2
summary of the effects of antioxidants on Cardio�ascular disease

antioxidants obser�ational studies Inter�entional studies

Beta-carotene Inverse.association.of.intake.and.CHD.
mortality

Incidence.of.fatal.CHD.was.significantly.higher;.
significant.increase.in.lung.cancer.mortality.and.a.
nonsignificant.increase.in.CHD.mortality

L-Carnitine Heart.muscle.levels.of.L-carnitine.are.
decreased.in.angina.pectoris,.
myocardial.infarction,.and.chronic.
coronary.insufficiency.

IncreaseS.the.heart’s.function.or.reduceS.the.side.effects.
of.drugs.used.to.treat.CHF.

Lutein,.Zeaxanthin Inverse.association.of.intake.and.CHD.
mortality

No.data.available

Lycopene Inverse.association.of.intake.and.CHD.
mortality

No.data.available

Anthocyanidins Inverse.association.of.intake.and.CHD.
mortality

No.data.available

Flavonoids Inverse.association.of.intake.and.CHD.
mortality

Reduce.platelet.activation

Coenzyme.Q10 Inverse.association.of.intake.and.CHD.
mortality

Decreases.LDL.oxidation,.but.no.event.reduction.data;.
may.reduce.symptoms.and.improve.ejection.fractions.in.
patients.with.heart.failure

Vitamin.E Inverse.association.of.plasma.vitamin.
E.level.and.CHD.mortality

Vitamin.E.significantly.reduced.the.incidence.of.overall.
fatal.and.nonfatal.CHD.events.by.47%.and.the.
incidence.of.nonfatal.myocardial.infarction.by.77%;.no.
significant.effect.on.overall.mortality.(relative.risk:.
1.18)..Event.reduction.was.better.with.supplementation.
at.400.IU.per.day,.but.the.study.was.not.powered.to.
assess.dose–response.significance;.increased.vitamin.E.
levels.are.associated.with.decreased.CHD.mortality.and.
inversely.correlated.with.risk.of.angina;.incidence.of.
nonfatal.myocardial.infarction.was.lower

Vitamin.C Inverse.association.between.plasma.
vitamin.C.and.CHD.mortality

Supports.the.antioxidant.and.endothelial.effects.of.
vitamin.C;.improves.arterial.vasoreactivity;.no.
significant.reduction.in.total.or.cerebrovascular.
mortality

Selenium Inversely.associated.with.CHD.
mortality

May.help.limit.the.oxidation.of.LDL
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disease.mortality.(0.76),.a.27%.lower.cardiovascular.disease.mortality.(0.73),.and.a.15%.lower.all-
cause.mortality.(0.85).after.adjustment.for.established.cardiovascular.disease.risk.factors..Dauchet.
[27].reported.that.the.risk.of.stroke.was.decreased.by.11%.(RR:.0.89).for.each.additional.portion.per.
day.of.fruit,.by.5%.(RR:.0.95).for.fruit.and.vegetables,.and.by.3%.(RR:.0.97.).for.vegetables.

This.chapter.summarizes.different.antioxidants.and.their.effects.on.cardiovascular.disease.

6.4.1  bEta-carOtEnE

Epidemiologic. studies.show.an. inverse.association.between.serum/adipose. β-carotene. levels.and.
coronary.heart.disease.risk.[8,15]..However,.interventional.trials.have.not.shown.any.benefit,.and.
perhaps.even.an.adverse.effect,.of.β-carotene.supplementation.[28]..The.American.Heart.Associa-
tion.states.that.the.evidence.does.not.justify.use.of.antioxidants.such.as.beta-carotene.for.reducing.
the.risk.of.cardiovascular.disease.

6.4.2  carnitinE

Acetyl.l-carnitine.enhances.energy.production.by.facilitating.the.transport.of.fatty.acids.into.the.
energy-producing.units.in.the.cells..It.increases.cellular.respiration,.membrane.potential.and.car-
diolipin.levels..Acetyl.l-carnitine.improves.energy.production.within.brain.cells.and.is.considered.a.
neuro-protective.agent.because.of.its.antioxidant.action.and.membrane.stabilizing.effects.[29]..The.
important.functions.of.L-carnitine.are.increasing.cardiac.output,.improving.heart.muscle.function,.
stimulating.energy.supply.to.the.heart,.increasing.endurance,.enhancing.cardiac.performance,.and.
regulating.heart.arrythmias..McMackin.[30].reported.that.L.cartinitine.in.combination.with.alpha.
lipoic.acid.treatment.increased.brachial.artery.diameter.by.2.3%.(P.=..008),.consistent.with.reduced.
arterial.tone..The.combined.alpha-lipoic.acid/acetyl-L-carnitine.treatment.tended.to.decrease.sys-
tolic.blood.pressure.for.the.whole.group.(P.=..07).and.had.a.significant.effect.in.the.subgroup.with.
blood.pressure.above.the.median.(151+/–20.to.142+/–18.mm.Hg;.P.=..03).and.in.the.subgroup.with.
the.metabolic.syndrome.(139+/–21.to.130+/–18.mm.Hg;.P.=..03)..This.study.suggests.that.mitochon-
drial.dysfunction.may.contribute.to.the.regulation.of.blood.pressure.and.vascular.tone..However,.
there.is.no.substantial.evidence.to.suggest.a.recommendation.for.reducing.cardiac.risk.

6.4.3  carnOsinE

The.amino.acid.carnosine.is.a.natural.antioxidant.found.in.high.concentrations.in.the.brain,.muscle.tis-
sue,.and.the.lens.of.the.human.eye..It.is.also.known.to.be.an.antioxidant.capable.of.protecting.cell.mem-
branes.and.other.cell.structures..Carnosine.inhibits.glycosylation.and.cross-linking.of.proteins.induced.
by.reactive.aldehydes,.and.is.effective.in.reducing.advanced.glycation.end-products.(AGE).formation.by.
competing.with.proteins.for.binding.with.the.sugars..The.other.additional.functions.of.carnosine.are.as.
immunomodulator,.neurotransmitter,.metal.ion.chelator,.and.wound.healing.agent..It.was.demonstrated.
that.carnosine.was.effective.in.overcoming.muscle.fatigue,.lowering.blood.pressure,.reducing.stress.and.
hyperactivity.and.inducing.sleep..Carnosine.has.a.protective.effect,.preserving.nerve.cells.from.damage.
and.death,.making.it.a.promising.treatment.for.patients.with.stroke..Carnosine.attenuates.cellular.oxida-
tive.stress.and.can.inhibit. the. intracellular.formation.of.reactive.oxygen.species.and.reactive.nitrogen.
species..Carnosine.protects.cardiomyocytes.from.damage.and.improves.contractility.of.the.heart.[31]..
Intervention.trials.are.required.to.study.its.effects.on.cardiac.events.and.risk.

6.4.4  FlavOnOids

A.large.number.of.epidemiological.studies.suggest.that.dietary.factors,.including.increased.intake.
of.flavonoid-containing. foods.and.beverages,. reduce.cardiovascular.risk,.and. recent. studies.have.
shown. that. such. beverages. have.favorable. effects. on. endothelial. function. [32].. Consumption. of.
epigallocatechin. gallate. (EGCG),. or. green. tea. extract,. improves. endothelial. function. and. may.
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reduce.CVD.risk..Dietary.flavonoids.(mainly.quercetin).were.inversely.associated.with.stroke.inci-
dence.after.adjustment.for.potential.confounders,.including.antioxidant.vitamins..The.relative.risk.
(RR).of.the.highest.vs..the.lowest.quartile.of.flavonoid.intake.(.>.or.=.28.6.mg/d.vs.<18.3.mg/d).was.
0.27.(95%.confidence.interval.[CI],.0.11.to.0.70)..Lekakis.[33].reported.that.red.grape.polyphenol.
extract. (600.mg,.contained.4.32.mg.epicatechin,.2.72.mg.catechin,.2.07.mg.gallic. acid,.0.9.mg.
trans-resveratrol,.0.47.mg.rutin,.0.42.mg.epsilon-viniferin,.0.28.mg,.p-coumaric.acid,.0.14.mg.feru-
lic.acid.and.0.04.mg.quercetin.per.gram).caused.an.increase.in.flow-mediated.dilatation,.peaking.
at.60.min,.which.was.significantly.higher.than.the.baseline.values.(4.52+/–1.34.versus.2.6+/–1.5%;.
P. <. 0.001). and. the. corresponding. values. at. 60. min. after. the. intake. of. placebo. (4.52+/–1.34. vs..
2.64+/–1.8%,.P.<.0.001).

Epidemiological.studies.report.that.quercetin,.an.antioxidant.flavonol.found.in.apples,.berries,.
and.onions,.is.associated.with.reduced.risk.of.coronary.heart.disease.and.stroke.[34,35]..Quercetin.

supplementation.also.reduces.blood.pressure.in.hypertensive.rodents..Quercetin.is.a.flavonol.that.
belongs.to.a.group.of.polyphenolic.compounds.known.as.flavonoids..In.a.randomized,.double-blind,.
placebo-controlled,.crossover.study,.730.mg.quercetin.for.28.d.reduces.systolic,.diastolic,.and.mean.
arterial.pressure.in.subjects.with.stage.1.hypertension..The.quercetin-induced.lowering.of.systolic.
blood.pressure.observed.in.stage.1.hypertensive.subjects.(–7.2.mm.Hg).is.clinically.relevant.because.
reductions.of.this.magnitude.are.associated.with.a.decrease.in.mortality.of.~14%.from.stroke.and.
~9%.from.coronary.heart.disease.[36]..These.studies.suggest.that.flavonoid.compounds.can.be.used.
as.adjunct.therapy.in.reducing.coronary.risk.factors.

6.4.5  glutatHiOnE

Glutathione.is.a.cysteine-containing.peptide..It.has.antioxidant.properties,.since.the.thiol.group.in.
its.cysteine.moiety.is.a.reducing.agent.and.can.be.reversibly.oxidized.and.reduced..The.reduced.
form.of.glutathione.reduces.other.metabolites.and.enzyme.systems.as.well.as.reacting.directly.with.
oxidants..The. level.of.oxidized.glutathione. in.serum.serves.as.an. index.of.myocardial.oxidative.

stress.during.and.after.reperfusion.[37]..Due.to.its.high.concentration.and.its.central.role.in.main-
taining.the.cell’s.redox.state,.glutathione.is.one.of.the.most.important.cellular.antioxidants..The.
concentration.of.glutathione.declines.with.age.and.in.some.age-related.diseases.[38].

6.4.6  liPOic acid

Lipoic.acid,.needed.for.mitochondrial.function,.is.also.an.antioxidant..It.is.made.in.our.cells.and.
participates.as.a.co-factor.in.the.conversion.of.carbohydrates.to.energy..It.can.eliminate.free.radi-
cals.in.the.water.compartment.of.the.cell,.similar.to.vitamin.C,.and.protect.lipids.against.oxidation.
similar. to.vitamin.E..Lipoic.acid. is. the.only.antioxidant. that.can.boost. the. level.of. intracellular.
glutathione,.a.cellular.antioxidant.of.tremendous.importance..Alpha-lipoic.acid.increases.the.abil-
ity.of.blood.vessels.to.release.nitric.oxide.and.to.relax.blood.vessels..This.will.help.to.improve.the.
changes.that.take.place.in.vascular.disease.[30].

6.4.7  lutEin

Increased. dietary.intake. of. lutein. is. protective. against. the. development. of. early. atherosclerosis..
In.the.Los.Angeles.Atherosclerosis.Study,.participants.with.no.history.of.heart.disease.or.stroke.
observed.the.highest.levels.of.lutein.and.averaged.only.a.0.004.mm.increase.in.artery.thickness.over.
18.months.(whereas.those.with.the.lowest.levels.of.lutein.increased.an.average.of.0.021.mm.[39].

6.4.8  lycOPEnE

Lycopene,.an.antioxidant.carotenoid.without.provitamin.A.activity,.has.been.shown.to.be.a.more.
potent. antioxidant. than. other. common. dietary. carotenoids,. alpha-,. or. beta-carotene,. found. in.
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tomatoes..In.a.cross-sectional.analysis,. low.plasma.levels.(lower.than.the.median).of.lycopene.
were. associated.with. an.18%. increase. in. intima-media. thickness. in.men,. compared.with.men.
whose.plasma.levels.of.lycopene.were.higher..Low.serum.level.of.lycopene.(the.lowest.quarter).
had.a.greater.than.threefold.risk.of.an.acute.coronary.event.or.stroke.as.compared.with.others..
Lycopene.intake.may.have.a.protective.role.in.prevention.of.CVD.[40].

6.4.9  mElatOnin

Melatonin.is.a.powerful.antioxidant.that.can.easily.cross.cell.membranes.and.the.blood–brain.bar-
rier..It.does.not.undergo.redox.cycling,.which.is.the.ability.of.a.molecule.to.undergo.repeated.reduc-
tion.and.oxidation..Melatonin,.once.oxidized,.cannot.be.reduced.to.its.former.state.because.it.forms.
several. stable. end-products. upon. reacting.with. free. radicals..Melatonin.protects. against. cardiac.
ischemia/reperfusion. (I/R)-induced. mitochondrial. oxidative. damage. and. is. well. documented. as.
an.antioxidant.agent.that.prevents.or.modulates.the.production.of.reactive.oxygen.species.(ROS).
responsible.for.the.reperfusion.injury.by.upregulating.cytochrome.C.[41].

6.4.10  PrOantHOcyanidins

Grape.seeds.are.typically.available.as.byproducts.from.wine.manufacturing..Extracts.from.either.
grape. seeds. or. pine. bark. yield. compounds. known. as. oligomeric. procyanthocyanidins. (OPCs)..
OPCs,.a.group.of.closely.related.compounds.that.are.strong.antioxidants,.scavenge.both.water-.and.
fat-soluble.oxidants..Light. to.moderate. alcohol. consumption.was. found. to.be. associated.with.an.
approximately.20%.reduction.in.the.risk.for.ischemic.stroke.and.may.even.be.beneficial.in.prevent-
ing.subsequent.strokes..The.risk.of.CHD.decreased.by.~20%.(RR.=.0.80,.95%.confidence.interval.
[CI]:.0.78–0.83).when.0.to.2.drinks.of.alcohol.were.consumed.per.day..The.consumption.of.alcohol.
3.to.4.days.per.week.decreased.the.risk.of.MI.by.32%.(RR.=.0.68,.95%.CI:.0.55–0.84),.regardless.

of.the.type.of.alcoholic.beverage.consumed.[42].

6.4.11  vitamin c

Vitamin.C.is.one.of.the.most.popular.and.commonly.used.water-soluble.antioxidant.vitamins.in.
the.United.States..Its.administration.enhances.the.contractile.response.to.dobutamine.and.improves.
myocardial.efficiency. in.patients.with.heart. failure. [43]..Some.studies.have. reported.no.benefits.
of.a.daily.dose.of.700.mg.or.more,.while.other.research.reports.that.daily.low-dose.vitamin.C.(45.
mg.or.more).may.reduce.the.risk.of.death.from.stroke.[44]..Vitamin.C.does.not.appear.to.lower.
cholesterol.levels.or.reduce.the.risk.of.heart.attacks..Effects.on.cholesterol.plaques.in.heart.arteries.
(atherosclerosis).remain.unclear,.and.some.studies.suggest.possible.beneficial.vasodilation.(artery.
opening).properties.[45]..Prospective.cohort.studies.suggest.that.maximum.reduction.of.CHD.risk.
may.require.vitamin.C.intakes.[46,47].

6.4.12  vitamin E

Vitamin.E.may.inhibit.the.development.and.proliferation.of.LDL.oxidation.but.no.reduction.in.ath-
eroma.size.[48]..In.the.Antioxidant.Supplementation.in.Atherosclerosis.Prevention.(ASAP).study,.
a. combined. supplementation. with. reasonable.doses.of. both.vitamin.E. and. slow-release.vitamin.
C.can.retard.the.progression.of.common.carotid.atherosclerosis.in.men..Vitamin.E.supplementa-
tion.improves.the.imbalance.of.oxidative.stress.and.antioxidant.status.in.plasma.but.not.in.plaque.
[49]..Marchioli.[50].reported.that.vitamin.E.had.a.nonsignificant.20%.(95%.confidence.intervals.
0.92–1.56,.P.=.0.18).increased.risk.of.developing.congestive.heart.failure.(CHF)..Vitamin.E.treat-
ment,.however,.was.associated.with.a.significant.50%.increase.(95%.CI.1.03–2.20,.P.=.0.034).of.
CHF.in.patients.with.left.ventricular.dysfunction.(ejection.fraction.<.50%)..The.Heart.Outcomes.
Prevention.Evaluation.(HOPE).Study.showed.a.neutral. impact.for.vitamin.E.(400.IU/day.with.5.
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years.of.follow-up).on.a.range.of.CVD.outcomes.[51]..Williams.[52].showed.benefits.of.vitamin.E.
for.intermittent.claudication..In.another.small.double-blind.crossover.study.no.relationship.between.
1600.IU/day.of.vitamin.E.and.symptoms.of.angina.were.observed.[53]..Overall,. the.evidence.of.
tocopherol.on.secondary.prevention.is.inconclusive.

The.primary.prevention.studies.[54–58],.suggest.that.there.is.insufficient.evidence.to.support.a.
relationship.between.vitamin.E.and.reduction.of.risk.of.CVD.

A.vitamin.E-supplemented.group.had.lower.mortality.of.ischemic.heart.disease.(602/637).and.
ischemic.stroke.death.rates.(56,67).than.a.non-supplemented.group.[56]..In.the.secondary.analyses,.
[54].a.statistically.significant.beneficial.effect. for.vitamin.E.on. the. incidence.of.angina.pectoris.
and.no.beneficial.effects.were.observed.for.incidence.of.major.coronary.events.[58].or.intermittent.
claudication.[57]..Takamatsu.[55],.observed.that.the.frequency.of.coronary.disorders.was.higher.in.
the.control.group.than.in.the.group.receiving.vitamin.E..Some.of.these.studies.were.not.designed.to.
measure.the.association.between.vitamin.E.and.reduced.risk.of.CVD..Further.studies.are.required.
to.focus.on.the.effect.of.tocopherol.on.CVD.mortality.risk.and.the.progression/regression.of.heart.
disease.only.(with.no.other.chronic.conditions).in.long-term.trials.

6.4.13  rEsvEratOl

Resveratrol.may.reduce.the.risk.of.heart.disease,.cancer,.blood.clots,.and.stroke..Red.grapes.and.
their. juice,. and. red. wine. contain. resveratrol.. Animal. studies. support. the. evidence. that. resvera-
tol. in.combination.with. statin.may.be.more.effective.or.beneficial.during. the. ischemic.scenario.
than. statin. alone. [59]..The.heart.weight/tibial. length. ratio.of.vehicle-treated.myosin-immunized.
rats.was. increased.by.1.8-fold. compared.with.unimmunized. rats,. and. resveratrol. attenuated. the.
heart. weight. increase. [60].. Resveratrol. significantly. decreased. cellular. infiltration,. fibrosis,. and.
expression.of.inflammatory.cytokines.in.the.myocardium..Expressions.of.antioxidant.genes.were.
increased. in.myosin-immunized.hearts,.and.resveratrol.decreased. those.expressions..Resveratrol.
also.attenuated.myocarditis.21.days.after.immunization..SIRT1,.a.potential.effector.of.resveratrol,.
was. increased. in. the.myocardium.of.myosin-immunized. rats.compared.with.unimmunized. rats..
The.SIRT1.protein.was.localized.mainly.in.infiltrating.mononuclear.cells..These.studies.suggest.
that.resveratrol.enhances.immune.function.and.protects.cardiac.injury..Controlled.human.clinical.
trials.are.required.to.study.the.effects.of.resveratrol.on.cardiac.events.and.risk..Resveratrol.may.be.
a.therapeutic.modality.for.myocarditis.

6.4.14  Ellagic acid

Ellagic.acid.is.a.phenolic.compound.that.may.decrease.cholesterol.levels..Ellagic.acid.is.found.in.
red.grapes,.kiwifruit,.blueberries,.raspberries,.strawberries,.blackberries,.and.currants..In.doses.of.
0.5–1.mg/kg,.ellagic.acid.causes.a.marked.antioxidant.effect.in.animals.[61].

6.4.15  sElEnium

Epidemiological. studies.have.provided. some.evidence. for. the. role.of. selenium.deficiency. in. the.
etiology.of.atherosclerotic.disease.[62]..This.mineral.helps.strengthen.the.heart’s.energy-produc-
ing.system.and.protects.the.heart.muscle.from.deterioration..The.heart.needs.a.selenium-contain-
ing. protein. called. selenoproteins. G.. Selenium. deficiency. results. in. inadequate. amounts. of. this.
selenoprotein.in.the.heart,.which.causes.structural.damage..Cardiomyopathy.associated.with.low.
selenium.intake.has.been.described.in.areas.of.exceptionally.low.selenium.intake.and.in.patients.
receiving.total.parenteral.nutrition..An.inverse.association.between.the.incidence.of.ischaemic.heart.
disease.and.selenium.intake.has.been.described.in.population.comparisons..Selenium.deficiency.
causes.myopathy.as.a.result.of. the.depletion.of.selenium-associated.enzymes,.which.protect.cell.
membranes.from.damage.by.free.radicals.[63]..Selenium.supplementation.increased.selenium.from.
82.micrograms/l.to.122.micrograms/l.(p.<.0.001.and.remained.unaltered.in.the.placebo.group.(83.
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micrograms/l)..During.the.6-month.follow-up.period.there.were.four.cardiac.deaths.in.the.placebo.
group.whereas.no.patients. in. the.selenium.group.died.during. the. follow-up.period. [64]..Further.
long-term.studies.are.required.on.selenium.supplementation.effects.on.cardiac.events.

6.4.16  cOEnzymE q10

Coenzyme.Q10,.or.ubiquinone,.is.a.lipid-soluble.vitamin.found.naturally.within.the.mitochondria..
Coenzyme.Q10.is.responsible.for.oxidative.phosporylation.in.the.myocardium.and.acts.as.a.free.
radical.scavenger.in.the.event.of.lipid.peroxidation.

A.unique.form.of.ubiquinone.(UbiQGel).has.FDA.Orphan.Drug.status.for.the.treatment.of.mito-
chondrial.cytopathies..Supplementation.with.CoQ10.significantly.affects.endothelium-bound.ecSOD.
activity..Mohr.[65].reported.that.intake.of.a.single.oral.dose.of.100.or.200.mg.CoQ.increased.the.
total.plasma.coenzyme.content.by.80.or.150%,.respectively,.within.6.h..Long-term.supplementation.
(three.times.100.mg.CoQ/day).resulted.in.fourfold.enrichment.of.CoQH2.in.plasma.and.LDL.with.
the.latter.containing.2.8.CoQH2.molecules.per.LDL.particle.(on.day.11)..Approximately.80%.of.the.
coenzyme.was.present.as.CoQH2.and.the.CoQH2/CoQ.ratio.was.unaffected.by.supplementation,.
indicating.that.the.redox.state.of.coenzyme.Q10.is.tightly.controlled.in.the.blood..This.study.sug-
gests.that.an.oral.supplementation.of.CoQ10.increases.the.resistance.of.LDL.to.radical.oxidation.

�.�  herBal antIoxIdant aCtIvIty

Several.epidemiological.studies.reported.that.fruits.and.vegetables.were.found.to.be.good.sources.of.
antioxidants..All.health.organizations.are.recommending.and.encouraging.people.to.consume.more.
fruits.and.vegetables.[5,6,8,12,18,22,23,26,34].

6.5.1  grEEn tEa

Green.tea,.thea.sinesis,.has.long.been.consumed.in.Asian.cultures..It.has.recently.surfaced.in.West-
ern. society. as. another. herbal. remedy. demonstrating. antioxidant. activity.. Polyphenols. found. in.
green.tea.are.postulated.to.possess.antioxidant.properties..Lipophylic.polyphenols.act.as.scavengers.
of.free.radicals,.they.make.up.a.hydroxyl.group.of.rich.substances.capable.of.breaking.chain.reac-
tions.upon.LDL.particles..Studies.have.shown.that.drinking.around.three.cups.of.tea.each.day.can.
reduce.the.incidence.of.heart.attack.by.11%.and.the.rate.of.death.from.heart.disease.by.11%.[66,67]..
Taubert.[68].reported.that.tea.consumption.involving.a.total.of.343.subjects.with.a.median.duration.
of.4.weeks.reported.no.significant.effects.on.blood.pressure..The.estimated.pooled.changes.were.0.4.
mm.Hg.(95%.CI,.–1.3.to.2.2.mm.Hg;.P.=..63).in.systolic.and.–0.6.mm.Hg.(95%.CI,.–1.5.to.0.4.mm.
Hg;.P.=..38).in.diastolic.blood.pressure..The.majority.of.the.studies.show.beneficial.effects.of.tea.
polyphenols.on.heart.disease.risk.factors..Further.long-term.studies.are.required.to.see.the.associa-
tion.of.tea.with.CHD.events.and.risk.factors.

6.5.2  cOcOa

Cocoa. is.a.natural.source.of.flavanols..A.4-week.study.of.both.cocoa.and.dark.chocolate. found.
significant.improvements.in.high.density.lipoprotein.(HDL)-cholesterol.[69],.while.another.found.
that.total.cholesterol.and.LDL.cholesterol.levels.were.lowered.following.the.consumption.of.100g.
of.dark.chocolate.(DC).for.15.days.[70]..Ambulatory.blood.pressure.(BP).decreased.after.DC.(24-
hour. systolic.BP.–11.9+/-7.7.mm.Hg,.P.<.0.0001;.24-hour.diastolic.BP.–8.5+/–5.0.mm.Hg,.P.<.
0.0001).but.not.WC..DC.but.not.WC.decreased.the.homeostasis.model.assessment.of.insulin.resis-
tance. (HOMA-IR). (P.<.0.0001),.but. it. improved. the.quantitative. insulin-sensitivity. check. index.
(QUICKI),.insulin.sensitivity.index.(ISI),.and.flow.mediated.dilatation.(FMD)..DC.also.decreased.
serum.LDL.cholesterol.(from.3.4+/–0.5.to.3.0+/–0.6.mmol/L;.P<0.05).
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Two. studies. reported. blood. pressure. values. for. individuals. with. normal. blood. pressure. fed.
cocoa.or.chocolate..Wang.et.al..showed.a.dose–response.effect.that.speculated.the.greater.amount.
of.flavanols.ingested,.the.greater.the.effect.on.reducing.oxidized.LDL.formation.[71]..The.increase.
with.cocoa.was. less. than. that.seen.with.aspirin,. indicating. that.cocoa.may.be.associated.with.a.
short-term.reduction.in.platelet.reactivity,.which.in.turn.may.reduce.the.risk.for.formation.of.clots.
[72]..Grassi.et.al..found.similar.results.after.15.days.of.feeding.100g.of.DC.and.that.that.DC.reduced.
blood.pressure.and.WC.had.no.effect.[70]..Two.studies.testing.dark.chocolate.or.cocoa.found.sig-
nificant. improvement. in.overall. function.of. the.endothelium. in.healthy.volunteers. [73]..Another.
study.investigated.this.effect.in.participants.with.high.blood.pressure.and.found.100g.of.DC.fed.for.
15.days.to.produce.significant.improvements.in.endothelial.function.as.well.as.other.health.factors.
related.to.insulin.resistance.and.blood.pressure.[70]..In.summary,.DC.decreased.BP.and.serum.LDL.
cholesterol,.improved.FMD,.and.ameliorated.insulin.sensitivity.in.hypertensives.

Fisher.and.colleagues.were.able. to.determine,.via. the.use.of.nitric.oxide. inhibitors,. that. the.
endothelial.improvements.associated.with.cocoa.flavanols.were.mediated.via.nitric.oxide.[74]..Four.
days. of. flavanol-rich. cocoa. induced. consistent. and. striking. peripheral. vasodilation. (P. =. 0.009)..
On.day.5,.pulse.wave.amplitude.exhibited.a.large.additional.acute.response.to.cocoa.(P.=.0.01)..
L-NAME. completely. reversed. this. vasodilation. (P.=.0.004).. In. addition,. intake. of. flavanol-rich.
cocoa.augmented.the.vasodilator.response.to.ischemia..Flavanol-poor.cocoa.induced.much.smaller.
responses.(P.=.0.005),.and.none.was.induced.in.the.time-control.study..Flavanol-rich.cocoa.also.
amplified.the.systemic.pressor.effects.of.L-NAME.(P.=.0.005)..These.studies.suggest.that.cocoa.
improves.heart.health.by.improving.endothelial.function.and.reducing.the.coronary.risk.factors.

�.�  safety of antIoxIdants

Antioxidants.are.available.in.most.of.the.multivitamins.and.there.are.no.adverse.reports.or.deaths.
through.using.multivitamins..However,.10.to.15.cases.of.vitamin.A.toxic.reactions.are.reported.per.
year.in.the.United.States,.usually.at.doses.greater.than.100,000.IU/d.[75]..No.adverse.effects.have.
been.reported.for.beta-carotene..Ascorbic.acid.toxic.reactions.are.rare.at.dosages.less.than.4.g/d..
Selenium.was.associated.with.a.9%.lower.risk.of.death..Selenium.is.toxic.if.it.is.more.than.6.mg/
day..Other.antioxidants.have.no.reports.of.adverse.events.and.studies.are.not.well.reported.safety.
of.antioxidants.

�.�  dIetary guIdelIne for amerICans

Health.organizations.have.recognized.the.beneficial.roles.fruits.and.vegetables.play.in.the.reduced.
risk.of.disease.and.encourage.consumers.to.eat.more.antioxidant-rich.fruits.and.vegetables..Table.6.3.
recommends.fruits.and.vegetables.to.increase.essential.nutrients.to.protect.against.chronic.diseases..
In.addition,.the.2005.Dietary.Guidelines.for.Americans.stated.[76],.“Increased.intakes.of.fruits,.
vegetables,.whole.grains.and.fat-free.or.low-fat.milk.and.milk.products.are.likely.to.have.important.
health.benefits.for.most.Americans”.[77].

�.�  ConClusIons

Antioxidants.are.essential.to.protect.the.cells,.to.improve.the.immune.function,.and.to.maintain.the.
integrity.of.cardiovascular.system..The.studies.on.antioxidants.are.controversial..The.majority.of.
observational.studies,.in.which.a.scientist.looks.at.a.system.from.the.outside,.report.their.impor-
tance.to.reduce.mortality.and.improve.heart.health..However,.interventional.studies,.or.clinical.tri-
als,.have.not.provided.enough.significant.evidence.to.recommend.supplementation.for.daily.use.

Interventional. studies.have.a. few. limitations..Most. are. carried.out. in. combination.with.one.
or.two.other.nutrients.on.subjects.having.other.risk.factors..In.the.meta-analysis,.the.studies.were.
reviewed.for.primary.and.secondary.prevention.of.heart.disease..However,.the.overall.conclusions.
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were.drawn.by.combining.these.studies..They.were.not.evaluated.for.oxidative.stress.markers.in.
reducing.the.risk.of.heart.disease,.although.antioxidants.are.primarily.helpful.in.reducing.oxidative.
stress.and.in.improving.the.status.of.heart.health.

Important.vitamins.and.minerals.are.depleted.from.the.tissues.during.acute.and.chronic.inflam-
matory.processes..Antioxidant.studies.need.to.be.conducted.in.heart.disease.conditions.such.as.in.
dilated.cardiomyopathy.and.myocardial.infarction,.where.there.are.active.inflammatory.processes.
and.depletion.of.nutrients.in.blood.and.tissues..Well.controlled.long-term.double-blind.studies.are.
required.in.healthy.individuals,.individuals.with.diagnosed.heart.disease.and.also.in.postcardiac-
surgery.patients.in.order.to.differentiate.the.effects.of.antioxidants.
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taBle �.�
recommendations for antioxidants from different health organizations
•.Consume.a.varied.diet.that.contains.five.to.seven.servings.of.fruits.and.vegetables.each.day.

•.Receive.lifestyle.counseling.and.continue.cholesterol.treatment.when.indicated.

•.Supplementation.of.ß-carotene.for.CHD.prevention.is.not.routinely.recommended.

The.American.Heart.Association.(2002) Eat.a.variety.of.fruits.and.vegetables..Choose.five.or.more.
servings.per.day.

The.American.Cancer.Society.(2003) Eat.five.or.more.servings.of.fruits.and.vegetables.each.day

Canadian.Task.Force.on.Preventive.Health.Care.(2003) Reviewing.the.role.of.vitamin.E.supplementation.in.the.
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�.1  IntroduCtIon

The.elderly.population.is.recognized.as.one.of.the.fastest.growing.age.groups.in.the.United.States,.
and. it. has.been.widely.predicted. that.over. the.next. two.decades. this. segment.of. the.population.
will.place.a.progressively.heavier.demand.on.the.health.care.system[1]..A.recent.analysis.of. the.
data. set. from. the.Third.National.Health. and.Nutrition.Examination.Survey. (NHANES. III).has.
shown.that.the.age-adjusted.prevalence.of.obesity.has.increased.from.22.9%.(1994–1998).to.30.5%.
(1999–2002)..Based.on.data.from.the.NHANES.(1999–2002),.9.3%.of.persons.aged.≥20.years.have.
diabetes,.representing.an.estimated.19.3.million.people.in.2002..The.percentage.with.diabetes.was.
highest.in.those.aged.≥65.years.(21.6%)..Remarkably,.approximately.one.third.(30.1%).of.people.
with.diabetes. remain.undiagnosed..An.additional.26.0%.of. adults.had. impaired. fasting.glucose.
(IFG),.a.condition.that.signals.an.increased.risk.for.diabetes.that.is.associated.with.other.cardio-
vascular.risk.factors..Thus,.in.2002,.a.combined.total.of.35.3%.of.the.adult.U.S..population.(73.3.
million.persons).had.diabetes.or.IFG.[2].

Since.the.burden.of.cardiovascular.and.metabolic.diseases.increase.with.aging,.particular.atten-
tion.is.being.focused.on.obese.elderly,.many.of.whom.meet.criteria.for.the.metabolic.syndrome..
The.National.Cholesterol.Education.Program.(NCEP).Adult.Treatment.Panel.III.(ATP.III).defines.
the.metabolic.syndrome.as.the.presence.of.any.three.or.more.of.the.following:.blood.pressure.(BP).
≥130/85.mmHg,.waist.circumference.>102.cm.in.men.and.>88.cm.in.women,.triglycerides.≥150.
mg/dL,.high-density.liproproteins.(HDL).<.40.mg/dL.in.men.and.<50.mg/dL.in.women,.fasting.
glucose.≥110.mg/d.[3]..Since.the.syndrome.is.a.clustering.of.maladaptive.characteristics.that.confers.
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an.increased.risk.of.cardiovascular.disease.(CVD).(Table.7.1),.we.prefer.the.term.cardiometabolic.
syndrome.(CMS)..“Cardiometabolic.risk”.has.also.been.suggested.[4]..These.risk.factors.are.also.
strongly.associated.with.the.development.of.type.2.diabetes..NHANES.III.has.suggested.that.33%.
of.US.adults.who.are.50.years.of.age.or.older.and.have.impaired.glucose.tolerance.also.have.CMS.
[5]..Of.interest,.the.age-specific.prevalence.of.the.CMS.increases.dramatically,.from.just.over.12%.
among.individuals.in.their.30s,.to.20%.among.those.in.their.40s,.35%.among.those.in.their.50s,.and.
45%.in.those.60.years.and.older.[6].

Cardiovascular.disease.is.the.major.cause.of.premature.mortality.in.patients.with.type.2.DM.
accounting.for.55%.of.deaths..Overall,.mortality.related.to.heart.disease.is.estimated.to.be.2.to.4.
times.higher.in.patients.with.diabetes.mellitus.(DM).compared.with.those.without.DM.[5]..In.the.
large.(n.=.347,978).cohort.of.men.who.were.screened.for.the.Multiple.Risk.Factor.Intervention.Trial.
(MR-FIT).and.followed.for.an.average.of.12.years,.DM.was.significantly.associated.with.increased.
risk.of.CVD.death.in.all.age.groups.studied..In.addition,.mortality.associated.with.conventional.
CVD.risk.factors.other.than.DM,.such.as.hypertension,.dyslipidemia,.family.history,.and.cigarette.
smoking,.was.significantly.higher.in.men.with.DM.than.in.non-diabetic.men.[7].

�.2  agIng, oxIdatIve stress, and the CardIometaBolIC syndrome

Aging.is.an.inherently.complex.process.that.is.manifested.within.an.organism.at.genetic,.molecular,.
cellular,.organ,.and.system.levels..Although.the.fundamental.mechanisms.are.still.poorly.under-
stood,.a.growing.body.of.evidence.points.toward.reactive.oxygen.species.(ROS).as.one.of.the.pri-
mary.determinants.of.aging..The.“oxidative.stress.theory”.holds.that.a.progressive.and.irreversible.
accumulation.of.oxidative.damage.caused.by.ROS.impacts.on.critical.aspects.of.the.aging.process.
and.contributes.to.impaired.physiological.function,.increased.incidence.of.disease,.and.a.reduction.

taBle �. 1
Cardiometabolic syndrome risk factors

1. Hypertension

2. Central/Visceral.obesity

3. Hyperinsulinemia/insulin.resistance

4. Impaired.glucose.tolerance

5. Endothelial.dysfunction

6. Microalbuminuria

7. Chronic.kidney.disease

8. Low.HDL.cholesterol.levels

9. High.triglyceride.levels

10. Small,.dense.LDL.cholesterol.levels

11. Increased.apolipoprotein.B.levels

12. Increased.fibrinogen.levels

13. Increased.plasminogen.activator.inhibitort.1.and.decreased.plasminoghen.activator.levels

14. Increased.CRP.level.and.other.inflammatory.markers

15. Absent.nocturnal.dipping.of.blood.pressure.and.heart.rate

16. Salt.sensitivity

17. Left.ventricular.hyperytrophy

18. Premature/excess.coronary.artery.disease,.stroke,.and.peripheral.vascular.disease

HDL.=.high.density.lipoprotein;.LDL.=.low.density.lipoprotein;.CRP.=.C-reactive.protein.
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in.life.span..While.compelling.correlative.data.have.been.generated.to.support.the.oxidative.stress.
theory,.a.direct.cause-and-effect.relationship.between.the.accumulation.of.oxidative.damage.and.
aging.has.not.been.established.[8].

Oxidative.stress.has.clearly.been.shown.to.contribute.to.diabetic.CVD,.having.implications.in.
the.development.of.hypertension,.renal.disease,.and.stroke.[9,10]..Oxidative.stress.occurs.when.the.
production.of.oxidation.products,.particularly.reactive.oxygen.species.(ROS).and.reactive.nitrogen.
species,.exceeds.the.neutralizing.capacity.of.the.antioxidant.systems.(Figure.7.1)..In.DM,.the.pro-
duction.of.ROS.is.increased.in.vascular.tissues.[11]..Potential.sources.for.ROS.production.include.
several. enzymatic. pathways. (Table.7.2). including. nicotinamide. adenine. dinucleotide. phosphate-
oxidase.(NADPH).and.xanthine.oxidase,.glucose.autoxidation,.and.mitochondrial.uncoupling.[9].

Type.2.DM.and.CMS.are.characterized.by.several.hemodynamic.and.metabolic.abnormalities.
including.vascular/endothelial.dysfunction,. increased.sympathetic.nervous.system.(SNS).activity.
and.sodium.retention,.altered.adipocyte.differentiation.and.lipid.storage,.low-grade.chronic.inflam-
mation,. and. an. enhanced. renin. angiotensin. aldosterone. system. (RAAS). [12].. Indeed,. oxidative.
stress.is.instrumental.in.many.of.these.maladaptive.pathways,.in.part.by.antagonizing.normal.insu-
lin.signaling.[13,14]..

7.2.1  vascular/EndOtHElial dysFunctiOn

An.emerging.area.of.research.with.important.clinical.ramifications.in.human.aging.is.the.role.of.
ROS.on.vascular.dysfunction.[8]..Adequate.blood.vessel.function.is.critically.important.to.overall.
homeostasis.due.to. the.vessels’.role. in.supplying.cells.with.oxygen.and.nutrients..Thus,.damage.
to.them.can.have.a.profound.impact.on.organ.function.and.contribute.to.a.myriad.of.diseases.that.

Genetic Factors

Environmental Factors

Diet
Physical Inactivity

Smoking

Central
Adiposity

Aging

Dyslipidemia, Hyperglycemia, Hypertension
(CMS)

Insulin ResistanceRAAS Activation

CVD

Oxidative Stress Inflammation

fIgure �.1  Factors.linking.oxidative.stress,.insulin.resistance.and.cardiovascular.disease..Note.that.aging.
per.se.has.a.limited.and.indirect.effect.on.the.development.of.CVD.and.that.development.of.excessive.intra-
abdominal.fat.is.central.to.the.pathogenesis..CVD.=.cardiovascular.disease;.RAAS.=.renin-angiotensin-aldo-
sterone.system;.CMS.=.Cardiometabolic.Syndrome.
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are.typically.associated.with.aging.(e.g.,.diabetes,.atherosclerosis,.and.hypertension)..Endothelial.
cells.that.line.blood.vessels.are.especially.vulnerable.to.potentially.damaging.circulatory.factors,.
such.as.oxidized.macromolecules.and.proinflammatory.cytokines,.and.endogenous.ROS.genera-
tion..Insulin.resistance.and.chronic.hyperglycemia,.which.are.associated.with.increased.tissue.ROS,.
also.contribute.to.endothelial.dysfunction.leading.to.hypertension,.microalbuminuria.and.diabetic.
nephropathy..Further,.markers.of.endothelial.dysfunction.including.E-Selectin,.Intercellular.Adhe-
sion.Molecule.1.(ICAM-1).and.Vascular.Cellular.Adhesion.Molecule.1.(VCAM-1).are.associated.
with.the.development.of.type.2.DM.[15]..In.type.2.DM,.nitric.oxide.(NO)-dependent.vasodilation.
is.impaired.due.to.an.imbalance.in.production.and.inactivation..Reduction.of.NO.may.also.occur.
in. hypertension. associated. with. DM. by. way. of. increased. plasma. asymmetric. dimethylarginine.
(ADMA).levels,.an.endogenous.competitive.inhibitor.of.NO.synthase.(NOS).[16,17],.or.suppression.
of.superoxide.dismutase.(SOD),.a.free-radical.scavenger.[17]..It.is.important.to.note.that.many.of.
these.abnormalities.become.evident.well.before.the.development.of.clinical.DM..The.relationship.
of.vascular.endothelial.dysfunction,.microalbuminuria,.and.chronic.kidney.disease.(CKD).to.poor.
cardiovascular.outcomes.is.increasingly.recognized.in.epidemiological.and.clinical.trials.[18].

7.2.2  OxidizEd ldl ParticlEs

Another.important.mechanism.by.which.oxidative.stress.contributes.to.CVD.is.through.the.forma-
tion.of.oxidized.low-density.lipoprotein.(LDL).particles,.which.are.especially.atherogenic..Circu-
lating.levels.of.oxidized.LDL.are.increased.in.DM.and.prediabetic.conditions.[19]..Oxidized.LDL.
particles.originate.in.the.arterial.wall.from.cell-associated.lipoxygenases.or.myeloperoxidases.[20]..
Pro-inflammatory.oxidized.LDL.particles.accumulate.within.the.arterial.wall,.where.they.promote.
monocyte.infiltration,.and.vascular.smooth.muscle.cell.(VSMC).migration.and.proliferation..They.
also.contribute.to.endothelial.dysfunction.and.atherothrombosis.by.inducing.endothelial.cell.(EC).
apoptosis,.and.by.impairing.the.anticoagulant.balance..This.is.particularly.true.in.people.with.type.
2.DM.and.CMS.[21].

The. susceptibility. of. LDL. to. oxidation. increases. with. age. [22].. In. one. study,. LDL-derived.
hydroxy.fatty.acids.were.three-.to.fourfold.higher.in.otherwise.healthy.persons.between.the.ages.of.
56.and.66.years.compared.with.younger.individuals.(22–54.years)..Moreover,.hydroxyl.fatty.acid.
levels.were.10-.to.20-fold.higher.in.LDL.particles.from.those.between.68.to.74.years,.and.30–40.
fold.higher.in.those.78–87.years.of.age.[23]..While.age.may.enhance.LDL.susceptibility.to.oxida-
tion,.hyperglycemia.appears.to.have.a.potent.but.reversible.effect.on.LDL.oxidation.[24].

taBle �.2
Biochemical sources of reacti�e oxygen 
species (ros)
• NADPH.oxidase

• Xanthine.oxidase

• Hemeoxygenase

• Cyclooxygenase

• Lipoxygenase

• Cytochrome.P450.monooxygenases

• NOS.uncoupling

• Mitochondrial.oxidative.phosphorylation

NOS.=.nitric.oxide.synthase



Cardiometabolic	Syndrome,	Diabetes	and	Oxidative	Stress	 ��

7.2.3  tHE rEnin-angiOtEnsin aldOstErOnE systEm

Hypertension. in. DM. is. characterized. by. reduced. NO-mediated. vasorelaxation,. reduced. barore-
flex.sensitivity,.and.enhanced.SNS.activity,.abnormalities.that.are.promoted.by.angiotensin.II.and.
aldosterone..Angiotensin.II.causes.vascular.and.end.organ.dysfunction.independent.of.its.vasocon-
strictive.hemodynamic.effects,.in.part.by.promoting.oxidative.stress.and.endothelial.dysfunction.
[25]..Acting.through.its.type.1.receptor.(AT1R),.angiotensin.II.mediates.ROS.production.through.
NADPH.oxidase.activation.in.a.variety.of.tissues.[26]..ROS,.in.turn,.interferes.with.insulin.signal-
ing.pathways,.which.in.EC.and.VSMC.decreases.vascular.NO.[14]..Remarkably,.ROS.have.been.
implicated.in.virtually.every.pathogenic.stage.of.hypertension,.vascular,.and.renal.lesion.formation.
[27].. RAAS. activation. is. an. important. mediator. of. insulin. resistance. in. other. tissues. including.
skeletal.muscle,.which.offers.a.possible.explanation.for.the.relationship.between.DM,.hypertension,.
and.diabetic.nephropathy.[28]..Endothelial.dysfunction.exacerbates.nephropathy,.which.becomes.
manifest.as.microalbuminuria,.proteinuria,.and.CKD,.important.risk.factors.associated.with.CMS..
Recent.work.in.rodents.suggests.that.NADPH.oxidase-mediated.oxidative.stress.contributes.to.dia-
betic.nephropathy.[29],.and.may.be.an.important.contributor.to.age-related.cardiovascular.dysfunc-
tion.[30].	Likewise,	there	is	evidence	that	AT1R	blockade	attenuates	age-related	declines	in	renal	
and	metabolic	function	[31].

�.�  fat dIstrIButIon, InflammatIon, and adIpoCytokInes

A.chronic.low-level.inflammatory.state.often.accompanies.insulin.resistance.such.that.subclinical.
elevations.of.proinflammatory.markers. including. interleukin-6. (IL-6),.C-reactive.protein. (CRP),.
plasminogen.activator.inhibitor-1.(PA.I-1),.and.fibrinogen.are.evident.in.CMS.and.often.linked.to.
the.development.of.type.2.DM.[32]..Chronic.inflammation.is.also.common.to.other.related.entities.
including.obesity,.arterial.hypertension,.and.CMS.that.converge.to.increase.the.risk.of.cardiovascu-
lar.and.cerebrovascular.disease.

Visceral. fat. accumulation. is. accompanied. by. progressive. infiltration. of. macrophages. [33],.
which.secrete.proinflammatory.molecules.such.as.tumor.necrosis.factor-α.(TNF-α),.IL-6,.and.IL-
1β..These.cytokines.augment.and.perpetuate.the.proinflammatory.diathesis.and.decrease.insulin.
sensitivity.[32]..Cytokines.from.adipocytes.(adipocytokines).may.also.contribute.to.insulin.resis-
tance.by.increasing.TNF-α,.IL-6.or.decreasing.adiponectin.as.adipocyte.volume.expands..Inflam-
matory.adipocytokines.give.rise.to.E-Selectin.and.ICAM-1.in.the.endothelium,.which.participate.
in.the.migration.of.inflammatory.cells.to.the.subendothelial.space,.promoting.the.development.of.
unstable.atherosclerotic.plaques..These.adipocytokines.can.also.increase.the.risk.of.thrombosis.by.
decreasing.tissue.plasminogen.activator.(tPA).and.increasing.PAI-1.[14],.and.can.cause.hyperten-
sion. through.direct.pressor.actions.and. interactions.with. the.RAAS.and. the.SNS. [16,33]..Thus,.
visceral. obesity. contributes. to. the. clustering. of. multiple. risk. factors. for. cardiovascular. disease,.
particularly.in.the.presence.of.DM.

Adiponectin.is.an.insulin-sensitizing.adipocytokine.that.is.decreased.with.obesity,.CMS.and.
DM..Adiponectin.administration.has.been.shown.to.improve.insulin.action.in.animals,.while.inad-
equate.levels.of.adiponectin.are.proposed.to.contribute.to.obesity-associated.insulin.resistance.[34]..
Indices.of.oxidative.stress.are.significantly.correlated.with.body.mass.index.(BMI),.and.inversely.
related. to. plasma. adiponectin.. Furthermore,. increased. NADPH. oxidase. in. adipose. tissue. may.
increase.ROS.production.and.dysregulate.production.of.adipocytokines.[35].

The.observed.insulin.resistance.of.aging.may.be.related.more.to.changes.in.body.composition.
than.to.aging.per.se.[36,37]..Indeed,.one.study.indicates.that.the.surgical.removal.of.selective.intra-
abdominal.fat.deposits.prevents.the.age-related.decrease.in.peripheral.and.hepatic.insulin.action.
and.the.onset.of.diabetes.in.a.rat.model.of.obesity.and.diabetes.[38].
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7.3.1  agE-rElatEd cHangEs in tHE PancrEas and tissuE sEnsitivity tO insulin

Glucose.homeostasis,.the.maintenance.of.serum.glucose.concentration.within.a.relatively.narrow.
range,.is.dependent.upon.a.highly.regulated.neural.and.hormonal.system..A.critical.hormonal.com-
ponent.of.this.homeostasis.is.insulin,.which.mediates.the.uptake.of.glucose.in.the.peripheral.tissues..
The.development.of.glucose.intolerance.has.been.well.established.to.be.a.part.of.the.human.aging.
process.[39–42]..This.change.in.glucose.metabolism.has.been.shown.to.be.due.to.diminished.target.
tissue.sensitivity.to.insulin.[39,43,44].and.to.inadequate.pancreatic.β-cell.function.[39,45]..Both.the.
prevalence.and.incidence.rates.of.DM.increase.dramatically.with.age.[2].and.elderly.subjects.share.
the.β-cell.dysfunction.and.reduced.insulin.sensitivity.that.are.characteristic.of.patients.with.type.
2.DM,.resulting.in.disturbed.glucose.metabolism.[46],.although.to.a.lesser.degree..The.decrease.
in.insulin.sensitivity.with.age.is.thought.in.large.part.to.be.related.to.body.fat.redistribution,.with.
increased.intra-abdominal.fat.most.strongly.correlated.with.decreased.insulin.sensitivity.[36,47]..
However,.the.development.of.glucose.intolerance.and.type.2.DM.is.not.inevitable.in.the.aged..Fac-
tors.over.which.the.individual.has.some.control.such.as.intra-abdominal.obesity,.physical.inactiv-
ity,.and.diet.play.a.major.role.in.the.development.of.glucose.intolerance..Nevertheless,.a.small.but.
significant.decline.in.insulin.secretion.and.tissue.insulin.sensitivity.appears.to.be.directly.related.
to.the.aging.process.

�.�  preventIon and non-pharmaCologIC therapy

There.is.evidence.from.randomized.controlled.trials.(RCT).that.nutrition.intervention.as.a.part.of.
a.comprehensive.diabetes.education.program.improves.blood.glucose.and.HbA1c.levels.in.persons.
with. diabetes,. including. individuals. over. age. 65. [48,49].. Although. nutritional. modifications. are.
most.effective.when.the.patient.is.first.diagnosed,.it.is.beneficial.at.any.time.during.the.disease.pro-
cess.and.refresher.therapy.may.be.of.value..Published.data.from.the.Diabetes.Prevention.Program.
showed.greater.benefit.for.the.lifestyle.intervention.than.drug.therapy.(metformin),.and.this.benefit.
was.greatest.in.those.over.60.years.of.age.[50].

Weight.control.is.a.cornerstone.in.the.management.of.older.obese.adults.with.DM.and.CMS..
However,.mechanisms.of.energy.balance.are.dysregulated.in.old.age.and.the.response.to.a.nega-
tive.energy.balance.is.attenuated.[51]..Consequently,.older.adults.experience.greater.loss.of.muscle.
mass.with.intentional.caloric.restriction.than.younger.adults.[52]..Aging.is.already.associated.with.
an.accelerated.decline.in.lean.tissue.in.men.and.women.over.the.age.of.60..This.loss.of.muscle,.
which.is.clinically.known.as.sarcopenia,.is.strongly.related.to.impaired.mobility,.increased.mortal-
ity.and.morbidity,.and.lower.quality.of.life.[53]..Adding.to.the.controversy,.no.clinical.trial.data.are.
available.for.the.effects.of.tight.glycemic.control.in.the.frail.elderly.population,.where.less.strin-
gent.treatment.goals.may.be.appropriate.given.the.possible.issues.of.advanced.disease,.limited.life.
expectancy,.and.multiple.concomitant.conditions..In.younger.subjects,.improved.glycemic.control.
has.been.shown.to.sustain.decreased.rates.of.nephropathy,.retinopathy,.and.neuropathy.[48,49]..In.
the.absence.of.clinical.trial.data.in.long-term.care.residents.with.diabetes,.extrapolation.of.data.in.
younger.persons. is.generally.accepted. in.order. to.reduce. the.burden.of.disease.and. improve. the.
quality.of.remaining.life..Treatment.of.frail.older.persons.with.diabetes.requires.a.careful.balance.
of.American.Diabetes.Association.and.American.Geriatric.Society. (ADA/AGS). treatment.goals.
(Table.7.3).with.an.individualized.approach.to.drug.therapy.to.avoid.potential.adverse.effects.such.
as.hypoglycemia.[54,55].

7.4.1  diEt

Recently,.there.has.been.increased.interest.in.the.use.of.low-carbohydrate.diets.as.potential.therapy.
for. obesity. and. glycemic. control.. The. results. of. five. RCTs. in. mostly. middle-aged. adults. found.
that.subjects.randomized.to.a.low-carbohydrate,.high-protein/high-fat.diet.(approximately.25–40%.
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carbohydrate).achieved.greater.short-term.(6.months),.but.not.long-term.(12.months),.weight.loss.
than.those.randomized.to.a.low-fat.diet.(approximately.25–30%.fat,.55–60%.carbohydrate)..A.con-
sistent.difference.in.weight.loss.at.6.months.was.observed.between.groups.across.studies;.subjects.
randomized. to. the. low-carbohydrate.diet. lost.4–5.kg.more.weight. than. those.randomized. to. the.
low-fat.diet..In.the.low-carbohydrate.group,.the.data.from.these.studies.also.found.greater.improve-
ments.in.serum.triglyceride.and.HDL-cholesterol.concentrations,.but.not.in.serum.LDL-cholesterol.
concentration,.than.in.the.low-fat.group..In.addition,.glycemic.control.was.better.with.low-carbohy-
drate.than.a.low-fat.diet.therapy.in.subjects.who.had.type.2.DM.[56–59]..It.is.important.to.note.that.
these.studies.were.short.term.

However,.a.diet.high. in.fiber.and.potassium.and. low. in.saturated. fat,. refined.carbohydrates,.
and.salt.can.improve.glycemic.control.and.the.lipid.profile,.and.significantly.lower.BP.[60]..In.the.
Dietary.Approaches.to.Stop.Hypertension.(DASH).Study,.a.diet.abundant.in.fruits.and.vegetables,.
as.well.as.low-fat.dairy.products,.with.or.without.sodium.restriction,.substantially.reduced.BP.in.
hypertensive.patients.[61]..Furthermore,.epidemiologic.and.clinical. investigations.have.identified.
three.major.dietary.strategies.that.are.particularly.effective.for.preventing.CVD:

. 1..Substitute.nonhydrogenated.unsaturated.fats.for.saturated.and.trans-fats.

. 2.. Increase.consumption.of.omega-3.fatty.acids.from.fish.or.plant.sources.

. 3..Consume.a.diet.high.in.fruits,.vegetables,.nuts,.and.whole.grains.and.low.in.refined.grain.
products.[62].

Using.data.from.the.NHANES.III.(1988–1994),.consumption.of.fruits.and.vegetables.was.found.
to.be. lower.among.people.with.CMS..Further,.CMS.was.associated.with.suboptimal.circulating.
concentrations.of.vitamin.C,.vitamin.E,.retinyl.esters,.and.carotenoids.[63]..The.antioxidant.proper-
ties.of.these.substances.may.play.an.important.role.in.the.disease-risk.reduction.properties.of.fruits.
and.vegetables.and.other.plant-derived.foods..However,.studies.evaluating.the.benefits.of.individual.
antioxidant.vitamin.supplements.in.preventing.disease.have.to.date.been.disappointing.

Alternatively,.controlled.intervention.trials.with.fish.oil.supplements.enriched.in.eicosapentae-
noic.acid.(EPA).and.docosahexaenoic.acid.(DHA).have.shown.a.potential.to.reduce.mortality.in.

taBle �.�
recommendations for management of diabetes in adults

ada ags

Glycemic.control.A1c <7% <8%

Preprandial.capillary.plasma.glucose.(mg/dl) 80–120. 90–130

Peak.postprandial.capillary.plasma.glucose.
(mg/dl)

<180 <180

Blood.pressure.(mm.Hg)

. All.diabetics <130/80. <140/90

. Overt.proteinuria <125/75.

Lipids.(mg/dl)

. LDL.cholesterol <70–100.

. Triglycerides <150.

. HDL.cholesterol <40.

Eye.examinations Yearly.dilated.exams Every.2.years.if.low.risk

HDL.=.high.density.lipoprotein;.LDL.=.low.density.lipoprotein,.ADA=.American.Diabetes.Association;.
AGS=.American.Geriatric.Society.
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post-myocardial.infarction.patients.with.a.substantial.reduction.in.the.risk.of.sudden.cardiac.death,.
which.is.markedly.increased.in.CMS.and.DM..The.cardioprotective.effects.of.EPA/DHA.appear.
to.be.related.to.anti-arrhythmic,.blood.triglyceride-lowering,.anti-thrombotic,.anti-inflammatory,.
and.endothelial.relaxation.effects,.but.independent.of.changes.in.blood.cholesterol.or.glucose.[64]..
Furthermore,.one.study.suggested.that.the.protective.role.of.fish.oil.in.atherosclerosis-prone.mice.
(apoE.–/–).may.result.from.the.induction.of.antioxidant.enzymes.[65].

7.4.2  PHysical activity

A.sedentary.lifestyle.is.associated.with.increased.CVD,.while.physical.activity.lowers.cardiovas-
cular.risk.in.part.by.lowering.BP.and.improving.insulin.sensitivity..Data.from.longitudinal.cohort.
studies.from.the.Cooper.Institute.have.shown.that.low.cardiorespiratory.fitness.and.physical.inac-
tivity.are.independent.predictors.of.all-cause.mortality.in.men.with.type.2.DM,.and.that.unfit.men.
have.a.higher.risk.of.all-cause.and.CVD.mortality.than.do.fit.men.in.all.body.fatness.categories..
Furthermore,.although.CVD.and.all-cause.mortality.were.increased.in.men.with.CMS,.this.risk.was.
no.longer.significant.when.cardiorespiratory.fitness.was.considered.[66]..Data.on.the.amount.and.
intensity.of.physical.activity.required.for.cardiovascular.health.is.less.clear..The.most.recent.data.
show.that.high.physical.activity,.defined.as.a.combination.of.vigorous.occupational.activity.more.
than.30.minutes.daily.and.leisure-time.physical.activity.more.than.4.hours.a.week.is.associated.with.
a.lower.risk.of.hypertension,.independent.of.baseline.BMI.[67]..One.author.(HY).and.colleagues.
have.shown.that.frequent.habitual.exercise.with.its.inherent.mild.weight.loss.has.a.significant.ben-
eficial.impact.on.body.composition.and.the.risk.factors.associated.with.CMS,.and.cardiovascular.
and.metabolic.disease.in.an.older.obese.population.[68]..The.addition.of.a.diet-based.weight.loss.
program.to.an.exercise.intervention.may.be.advantageous.in.younger.age.groups,.but.may.be.unnec-
essary.in.older.obese.adults.who.exercise.habitually.and.consume.a.diet.of.approximate.2000.kcal..
Given. the. relatively. low.aerobic.fitness.of. these. individuals.with.CMS,. a.walking.program.five.
times.a.week.with.each.session.lasting.at.least.30.minutes.can.bring.about.significant.weight.loss,.
and.an.improvement.in.clinical.outcomes.in.as.little.as.12.weeks.[68].

It.is.important.to.note.that.even.with.optimal.physical.activity.and.diet;.some.patients.will.still.
require. pharmacologic. treatment.. Antiplatelet. therapy.with. aspirin,. RAAS. inhibition. with.ACE.
inhibitors. or. angiotensin. blockers,. and. HMG-CoA. reductase. (statin). lipid-lowering. effects. and.
pleiotropic.benefits.on.inflammation.have.been.shown.to.improve.CVD.survival.for.patients.with.
DM.and.the.CMS.

�.�  summary

Increasing.numbers.of.older. adults. are.being.diagnosed.with.DM.and.CMS.. It. is.of.paramount.
importance.that.primary.care.providers.recognize.that.DM.is.not.solely.a.matter.of.blood.sugar.
control..Physical.activity.with.a.healthy.diet.remains.the.cornerstone.of.treatment..Although.weight.
loss.through.caloric.restriction.is.widely.accepted.as.the.treatment.of.choice.in.younger.populations,.
the.elderly.present.additional.challenges..A.careful.dietary.approach.that.is.low.in.fat.and.refined.
sugars.together.with.regular.daily.activity.as.simple.as.brisk.walking.for.at.least.30.minutes.have.
been.shown.to.be.highly.effective..The.importance.of.other.dietary.considerations,.including.the.
optimal.amounts.of.monounsaturated.and.polyunsaturated.fats,.amount.and.sources.of.protein,.and.
the.effects.of.individual.phytochemicals.and.antioxidants.remains.unsettled..Yet,.the.approach.to.
treatment.of. these.patients.entails.consideration.of. the.underlying.pathophysiologic.mechanisms.
including.oxidative.stress,.which.may.be. impacted.by.pharmacologic. therapy. that. includes.anti-
platelet.therapy,.RAAS.inhibition,.or.statin.use..Motivating.patients.to.initiate.and.maintain.life-
style.changes.remains.a.challenge.but.is.extraordinarily.important.for.older.patients.at.risk.for.dia-
betic.CVD.
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�.1  IntroduCtIon

In.the.past.few.decades,.there.have.been.major.developments.in.understanding.the.role.of.nutrients.
in.health.and.disease..Calcium.and.vitamin.D.are.among.the.most.interesting.of.these.nutrients,.
having.great.relevance.to.public.health,.disease.prevention,.and.clinical.management.in.the.elderly..
Given.the.important.role.of.vitamin.D.in.calcium.economy,.these.two.nutrients.are.often.studied.
and. discussed. together. in. the. literature;. however,. it. has. increasingly. been. recognized. that. vita-
min.D.has.many.functions.other.than.regulating.calcium.absorption.and.metabolism.in.the.human.
body..Similarly,.calcium.intake.levels.have.been.found.to.be.associated.with.many.health.outcomes.
besides.bone.health..Although.calcium.and.vitamin.D.levels.needed.to.prevent.nutrient.deficiencies.
have.long.been.established,.the.necessary.amounts.for.optimal.health.among.older.men.and.women.
are.still.subjects.of.research.and.discussion..This.chapter.will.review.the.basic.metabolic.processes.
of.calcium.and.vitamin.D.in.normal.healthy.populations,.identify.food.and.supplementary.sources.
for.them,.discuss.daily.requirements.and.factors.pertaining.to.their.status.in.older.people,.and.pro-
vide.an.updated.summary.of.the.associations.between.health.and.intake.levels.in.optimal.aging..
We.hope.the.information.included.will.paint.a.comprehensive.picture.for.individual.consumers.and.
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health.professionals.regarding.the.impact.of.calcium.and.vitamin.D.on.the.overall.health.of.elderly.
men.and.women.

�.2  metaBolIsm of CalCIum and vItamIn d

8.2.1  calcium mEtabOlism

Calcium.is.usually.absorbed.in.ionized.form.(Ca+2).or.bound.to.a.soluble.organic.molecule..Absorp-
tion.may.occur.through.either.active.transport.or.passive.diffusion..Active.transport.is.the.primary.
means.of.absorption.at.low.to.moderate.intake.levels,.and.occurs.primarily.in.the.duodenum.and.
upper.jejunum..This.mechanism,.which.is.dependent.on.1,25-dihydroxyvitamin.D,.is.regulated.by.
dietary.intake.and.needs,.and.is,.therefore,.saturable..This.regulation.alters.fractional.absorption.
so.that.it.varies.inversely.with.intake..Though.fractional.absorption.does.increase.with.decreased.
dietary.intake,.this.increase.is.inadequate.to.compensate.for.the.decreased.calcium.intake..Passive.
diffusion.involves.the.movement.of.calcium.between.mucosal.cells.down.an.electrochemical.gradi-
ent..Absorption.by.passive.diffusion.occurs.mostly.in.the.ileum..Passive.diffusion.is.unregulated.
and.unsaturable,.and.is,.therefore,.important.when.calcium.intake.is.high.[1,2].

About.99%.of.calcium.is.stored.in.bone.and.teeth..The.remaining.1%.occurs.intracellularly,.
within.organelles,.and.extracellularly,. in.blood,. lymph,.and.other.body.fluids..Of. the.calcium.in.
blood,.about.50%.occurs.as.free.calcium;.about.40%.is.bound.to.proteins,.most.commonly.albumin;.
and.the.remaining.10%.occurs.in.complexes.with.sulfate,.phosphate,.or.citrate.[1,2].

Calcium.is.excreted.in.urine,.feces,.and.sweat..Urine.is.the.primary.means.of.calcium.excretion,.
accounting.for.between.100.and.240.mg.of.daily.calcium.excretion;.of.this.urinary.calcium,.about.
half.occurs.in.ionized.form.(Ca+2).while.the.remaining.half.occurs.in.calcium.complexes..Fecal.loss.
accounts.for.45.to.100mg.of.calcium.daily,.and.an.average.of.60mg.of.calcium.is.excreted.with.sweat.
through.the.skin.each.day..Excretion,.primarily.urinary.excretion,.is.hormonally.regulated.[1,2].

Intracellular.and.extracellular.calcium.concentrations.are. tightly. regulated,.primarily.by. the.
actions.of.three.hormones:.parathyroid.hormone.(PTH),.calcitonin,.and.calcitriol.(1,25-dihydroxyvi-
tamin.D3)..PTH. increases.extracellular.calcium.concentration.by.stimulating.calcium.resorption.
from.bone.and.increasing.renal.calcium.reabsorption..Calcitonin.lowers.extracellular.calcium.con-
centrations.by.inhibiting.bone.resorption.by.osteoclasts..1,25-dihydroxyvitamin.D3.acts.by.stimu-
lating.gastrointestinal.calcium.absorption.[1,2].

8.2.2  vitamin d mEtabOlism

Vitamin.D.may.be.consumed.in. the.diet.or.produced.endogenously. through.exposure.of.skin. to.
sunlight..About.80%.of.dietary.vitamin.D.is.absorbed.from.micelles.through.passive.diffusion.into.
intestinal.cells..Here,.vitamin.D.integrates.into.chylomicrons.and.enters.the.lymphatic.system.and,.
subsequently,.the.blood..Most.dietary.vitamin.D.is.absorbed.in.the.distal.small.intestine,.though.
absorption.occurs.most.rapidly.in.the.duodenum.[1].

Though. dietary. intake. is. important. for. some. individuals,. especially. those. with. limited. sun.
exposure,.that.sun.exposure.is.the.primary.source.of.vitamin.D.for.people.around.the.world..Endog-
enous.production.of.vitamin.D.occurs.in.the.skin,.where.exposure.to.ultraviolet.B.radiation.(UVB;.
wavelength.between.290.and.315nm).converts.7-dehydrocholesterol.to.previtamin.D3..Previtamin.
D3.then.undergoes.thermal.isomerization.to.vitamin.D3.(cholecalciferol)..This.vitamin.D3,.and.vita-
min.D3.from.the.diet.are.activated.to.1,25-dihydroxyvitamin.D3. in.a. two-step.process:.first,.25-
hydroxylase,.primarily.in.the.liver,.converts.vitamin.D3.to.25-hydroxyvitamin.D3;.then,.in.a.reaction.
tightly.regulated.by.PTH.and.serum.calcium.and.phosphorus,.1α-hydroxylase.in.the.kidney.con-
verts.25-hydroxyvitamin.D3.to.1,25-dihydroxyvitamin.D3.[3].

As.a.lipophilic.molecule,.more.than.99%.of.circulating.vitamin.D.is.bound.to.plasma.proteins.
for.transportation.in.the.blood..Vitamin.D.binding.protein.(DBP).is.the.most.important.of.these.
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proteins;.however,.albumin.and.lipoproteins.may.also.bind.vitamin.D.and.its.metabolites.[3]..Vita-
min.D.may.be.stored.in.adipose.tissue.for.release.during.times.of.inadequate.production.and.intake,.
typically.during.winter.months.when.sun.exposure.is.limited.[4].

Vitamin.D.is.excreted.primarily.in.bile;.some.of.this.excreted.vitamin.D.may.be.reabsorbed.in.
the.small.intestine..Some.vitamin.D.is.metabolized.to.calcitroic.acid,.a.more.water-soluble.molecule.
than.vitamin.D,.and.this.calcitroic.acid.may.be.excreted.in.urine..Urinary.excretion.accounts.for.less.
than.5%.of.total.vitamin.D.excretion.[1].

Endogenous.vitamin.D.production.is.influenced.by.length.and.intensity.of.sun.exposure,.skin.
pigmentation,.and.age..Variation.in.sunlight.intensity.by.season,.time.of.day,.and.latitude.strongly.
affect.vitamin.D.production..For.those.living.more.than.40°.away.from.the.equator,.sun.exposure.is.
inadequate.to.sustain.vitamin.D.synthesis.for.3.to.4.months.during.the.winter;.synthesis.may.halt.for.
up.to.6.months.among.those.living.at.extreme.latitudes.[5]..Skin.melanin.pigmentation.may.absorb.
UVB,.thereby.reducing.vitamin.D.synthesis.in.the.skin..Consequently,.blacks.may.synthesize.vita-
min.D.less.efficiently.than.whites,.given.the.same.level.of.sun.exposure.[6]..In.addition.to.these.fac-
tors,.reduced.levels.of.7-dehydrocholesterol.in.the.skin.cause.vitamin.D.synthesis.to.decrease.with.
age:.by.age.70,.vitamin.D.synthesis.can.be.expected.to.decrease.by.approximately.75%.[4].

Therefore,.it.is.a.great.challenge.to.recommend.a.single.daily.intake.of.vitamin.D.to.all.people.
who.may.have.different.levels.of.sun.exposure.and.skin.synthesis.[7].

�.�  food sourCes of CalCIum and vItamIn d

8.3.1  calcium sOurcEs

Dairy.products.are.the.primary.source.of.dietary.calcium.in.the.United.States,.accounting.for.71.7%.
of. the.calcium.in. the.2004.food.supply..Other.sources. include.vegetables.(7.0%);.grain.products.
(4.9%);.legumes,.nuts,.and.soy.(4.3%);.meat,.poultry,.and.fish.(3.4%);.fruits.(2.6%);.and.eggs.(1.8%).
[8]..The.relative.contribution.of.calcium.from.each.food.group.is.shown.in.Figure.8.1.

Though.dairy.accounts. for.more. than. two-thirds.of.our.calcium.supply,.other.naturally.cal-
cium-rich. foods. are. also. important:. bok. choy,. kale,. broccoli,. rhubarb,. spinach,. sweet. potatoes,.
dried.beans,.and. tofu.are.all. rich. in.calcium..The. low.bioavailability.of. the.calcium.in.some.of.
these.foods,.however,.limits.their.importance.as.sources.of.calcium..While.spinach.and.milk.con-
tain.similar.amounts.of.calcium.(135mg.calcium/100g.spinach,.vs..125mg.calcium/100g.milk),.for.
example,.the.body.will.obtain.nearly.six.times.more.calcium.from.milk.than.from.spinach.(6.90mg.
of.absorbable.calcium/100g.spinach,.vs..40.13mg.of.absorbable.calcium/100g.milk)..It.is.therefore.
critical.to.consider.bioavailability.and.its.affecting.factors.when.evaluating.the.quality.of.calcium.
sources.[9]..Table.8.1.shows.the.calcium.content,.fractional.absorption,.and.absorbable.calcium.in.
different.foods.

Certain.dietary.components,.including.phytates,.oxylates,.and.tannins,.can.significantly.reduce.
calcium.absorption.by.binding.calcium.in.insoluble.complexes..Phytates.are.present.in.raw.beans,.
seeds,. nuts,. grains,. and. soy. isolates;. oxylates. are. present. in. spinach,. sweet. potatoes,. rhubarb,.
walnuts,.and.beans..Consequently,.calcium.in.these.foods.is.generally.less.absorbable..Similarly,.
excessive.consumption.of.other.dietary.components,.including.sodium,.protein,.and.caffeine,.may.
modestly.decrease.calcium.retention..Vitamin.D.deficiency.can.also. impair.calcium.absorption..
There.is.evidence.to.suggest.that.dietary.fiber.and.lipids.may.hinder.calcium.absorption;.however,.
the.effect.appears.to.be.insignificant..[2,5,10].

Conversely,.certain.milk.components.are.believed.to.improve.calcium.absorption..Phosphopep-
tides,.derived.from.caseins,.may.sequester.and.protect.calcium,.thereby.enhancing.absorption.in.the.
distal.intestine..Lactose.may.also.enhance.calcium.absorption,.possibly.by.increasing.the.perme-
ability.of.intestinal.mucosa..This.effect.appears.to.require.doses.as.high.as.50g.of.lactose.per.day,.
suggesting.that.the.amount.of.lactose.found.in.milk.is.insufficient.to.appreciably.improve.calcium.
absorption.[2].
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Dairy. products. are. the. most. widely. recommended. food. sources. of. calcium. [2,9].. Calcium-
set. tofu. and. low. oxylate. vegetables. including. kale,. broccoli,. and. bok. choy. are. especially. good.
alternatives. to.dairy..Reducing. sodium.and.caffeine. intake. and.avoiding.unusually.high.protein.
diets.may.also.help.to.improve.calcium.status;.limiting.these.factors,.however,.is.likely.to.be.a.less.
practical.and.effective.means.of.improving.calcium.status.than.increasing.consumption.of.calcium-
rich.foods..Individuals.choosing.to.avoid.dairy.should.increase.their.consumption.of.low-oxylate.
vegetables.and.soy.products,.especially.calcium-set.tofu,.and.consider.including.fortified.foods.or.
calcium.supplements.[2,9].

8.3.2  vitamin d sOurcEs

As.stated.earlier,.dietary.intake.may.be.important.(both.vitamin.D3.and.vitamin.D2—ergocalcif-
erol).for.people.where.sun.exposure.is.limited..Since.few.foods.are.naturally.rich.in.vitamin.D,.most.
dietary.intake.is.from.fortified.foods.such.as.milk.products.and.fortified.breakfast.cereals..Though.
all.milk.in.the.United.States.and.Canada.is.fortified.with.vitamin.D,.surveys.suggest.that.actual.
vitamin.D.content.is.highly.variable,.with.up.to.70%.of.milk.containing.levels.outside.the.allowable.
range.of.8.to.12μg.per.quart.[5].

Though.vitamin.D2.may.occur.in.plant.products,.vitamin.D.is.found.primarily.in.animal.foods..
Naturally.rich.foods.include.fatty.fish,.fish.liver.oils,.and.eggs.from.vitamin.D-fed.hens;.mushrooms.
contain.vitamin.D2.[4,5]..With.fortification,.however,.vitamin.D.is.now.found.in.a.wider.range.of.
food. products.. In. the. United. States,. nearly. all. fluid,. concentrated,. evaporated,. and. dried. milks.
are. fortified.with.vitamin.D..Additionally,.most. ready-to-eat.breakfast.cereals.and.some.yogurt,.
margarine,.and.fruit. juices,.are.also.fortified.[11]..The.vitamin.D.content.of.several.natural.and.
fortified.vitamin.D.food.sources.is.given.in.Table.8.2.

Eggs (1.8%)

Fruits (2.6%)

Meat, poultry
and fish (3.4%)

Other (4.2%)

Legumes, nuts
and soy (4.3%)

Grain
products
(4.9%)

Vegetables
(7.0%)

Dairy
products
(71.7%)

fIgure �.1  Sources.of.calcium.in.the.U.S..food.supply.in.2004.[8].
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Attempts. to. assess. bioavailability. are. complicated. by. endogenous. production. of. vitamin. D..
Estimates.suggest.that.between.55%.and.99%.of.vitamin.D.from.supplements.given.with.oil.or.fat.is.
absorbed..Absorption.of.vitamin.D.from.food.sources.may.be.as.much.as.60%.lower..Dietary.fiber.
may.reduce.absorption.and.increase.vitamin.D.elimination..Similarly,.vitamin.D.absorption.may.be.
reduced.by.iron.deficiency.[12].

Healthy.individuals.with.regular.exposure.to.sunlight.are.unlikely.to.require.dietary.vitamin.D..
Sensible.sun.exposure.is.the.best.means.of.ensuring.good.vitamin.D.status.for.most.people..Those.
who.produce.inadequate.endogenous.vitamin.D.due.to.limited.sun.exposure,.aging.or.a.vitamin.D.
synthesis.disorder,.should.increase.consumption.of.foods.with.vitamin.D.and.consider.supplementa-
tion.[4,12].

�.�  CalCIum and vItamIn d supplements

8.4.1  calcium suPPlEmEnts

Several.different.forms.of.calcium.are.used.in.calcium.supplements..Calcium.carbonate,.the.most.
common. and. least. expensive. form,. contains. the. greatest. percent. elemental. calcium. of. any. of.
the. commonly. used. calcium. salts. (40%. calcium. by. weight).. Calcium. citrate. is. the. second-most.
commonly.used.form..Estimates.of. the.bioavailability.of. these.and.other. forms.of.supplemental.
calcium.vary.by.study.and.differing.methodologies,.and.disagreement.exists. regarding. the. rela-
tive.advantages.and.disadvantages.of.each.form..Bioavailability.estimates.range.from.about.25%.
to.nearly.40%.and.vary.more.with. study.design. than.with.calcium.form..Nevertheless,. calcium.
citrate.is.generally.regarded.as.being.more.absorbable.for.individuals.with.decreased.stomach.acid..

taBle �.1
Comparison of Calcium Content and absorbable Calcium of se�eral Common Calcium 
sources

food
Calcium Content  

(mg Ca/100g food)a fractional absorptiona

absorbable Calcium  
(mg Ca/100g food)b

Cheddar.cheese 721.4 32.1% 231.6

Chinese.mustard.greens 249.4 40.2% 100.3

Tofu.with.calcium 204.8 31.0% . 63.5

Bok.choy . 92.9 53.8% . 50.0

Milk 125.0 32.1% . 40.1

Yogurt 125.0 32.1% . 40.1

Kale . 71.8 49.3% . 35.4

Broccoli . 49.3 61.3% . 30.2

White.beans 102.7 21.8% . 22.4

Pinto.beans . 52.0 26.7% . 13.9

Rhubarb 145.0 8.5% . 12.4

Spinach 135.3 5.1% . 6.9

Sweet.potatoes . 26.8 22.2% . 6.0

Red.beans . 23.6 24.4% . 5.8

a. Based.on.data.from.[9]
b. Calculated.as.calcium.content.×.fractional.absorption
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Regardless.of.calcium.form,.supplements.are.better.absorbed.when.taken.with.food,.and.when.taken.
in.doses.of.500mg.or.less.[1,2,5].

Three.primary.safety.concerns.exist.for.calcium.supplements:.excessive.calcium.intake,.medi-
cation.interactions,.and.toxic.metals.found.in.certain.supplements..Excessive.calcium.intake.can.
cause.kidney.stones.and.hypercalcemia.and.interfere.with.iron,.zinc,.magnesium,.and.phosphorus.
absorption;.consequently,.all.adults,.plus.children.over.the.age.of.1.year,.should.consume.no.more.
than.2,500mg.of.calcium.per.day.from.all.sources.(food.and.supplements.combined).[5]..Calcium.
supplements.may.interfere.with.certain.medications,.including.digoxin,.fluoroquinolones,.levothy-
roxine,.tetracycline.family.antibiotics,.tiludronate.disodium,.anticonvulsants,.thiazide,.glucocorti-
coids,.mineral.oil,.stimulant.laxatives,.and.certain.antacids.[13]..Calcium.supplements.containing.
calcium.carbonate.derived.from.fossilized.oyster.shell,.dolomite,.or.bone.meal.may.contain.alumi-
num.or.lead,.and.are,.therefore,.not.recommended.[1].

taBle �.2
natural and fortified dietary sources of vitamin d

food approximate vitamin d Contenta

natural sources

Salmon

. Fresh,.wild.(3.5.oz) 600–1000.IU

. Fresh,.farmed.(3.5.oz) 100–250.IUc

. Canned.(3.5.oz) 300–600.IU

Sardines,.canned.(3.5.oz) 300.IU

Mackerel,.canned.(3.5.oz) 250.IU

Tuna,.canned.(3.6.oz) 230.IU

Cod.liver.oil.(1.tsp) 400–1000.IU

Shiitake.mushrooms

. Fresh.(3.5.oz) 100.IUb

. Sun-dried.(3.5.oz) 1600.IUb

Egg.yolk 20.IUc

fortified sources

Fortified.milk.(8.oz) 100.IUc

Fortified.orange.juice.(8.oz) 100.IU

Infant.formulas.(8.oz) 100.IU

Fortified.yogurts.(8.oz) 100.IUc

Fortified.butter.(3.5oz) 50.IUc

Fortified.margarine.(3.5.oz) 430.IUc

Fortified.cheeses.(3.oz) 100.IUc

Fortified.breakfast.cereals.(per.serving) 100.IUc

a. products.contain.vitamin.D3,.unless.otherwise.indicated.
b. product.contains.vitamin.D2.
c. product.may.contain.vitamin.D2.and/or.vitamin.D3.

Source:.. Holick,.M..F..2007..Nutrient content of the U.S. food supply, 1909–2004: 

A summary report.
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8.4.2  vitamin d suPPlEmEnts

The.difficulty.of.obtaining.adequate.vitamin.D.from.dietary.sources.as.well.as.concerns.regarding.
the.health.risks.associated.with.excessive.sun.exposure.indicate.that.supplementation.may.be.an.
important.means.to.obtain.adequate.vitamin.D.[4]..Supplemental.vitamin.D.is.typically.synthesized.
through.the.irradiation.of.ergocalciferol.or.cholecalciferol,.and.can.be.in.the.either.vitamin.D2.or.D3,.
in.crystalline.or.resin.form.[11]..Evidence.suggests.that.absorption.of.vitamin.D.from.supplements.
ranges.from.55.to.99%,.and.may.be.greater.than.absorption.from.food.sources.[12]..While.vitamin.
D.is.potentially.toxic.at.high.levels,.supplementation.appears.to.be.safe.when.total.dietary.intake.
from.all.sources.(food.and.supplements).is.limited.to.less.than.50μg.(2,000.IU).per.day.[5].

�.�   CalCIum and vItamIn d In dIsease preventIon 
and optImal health In the elderly

Early.nutritional.science.largely.focused.on.short-latency.deficiency.diseases.and.would.often.link.
one.nutrient.with.one.specific.disease,.or.so.called.index.disease.[14]..Calcium.and.vitamin.D.are.
both.considered.bone-related.nutrients.and.have.been.studied.extensively.in. that.regard..Though.
the.index.disease.for.vitamin.D.is.rickets.(or.osteomalacia),.among.the.elderly,. the.major.health.
outcome.associated.with.both.calcium.and.vitamin.D.is.osteoporosis..Osteoporosis,.the.most.com-
mon. bone. disease,. is. characterized. by. low. bone. density,. deterioration. of. bone. microstructures,.
compromised. bone. strength,. and. increased. risk. for. bone. fractures.. The. importance. of. calcium.
and.vitamin.D.in.preventing.osteoporosis.has.been.widely.accepted.only.in.the.past.10.years..As.
recently.as.1989,.British Medical Journal.published.a.two-part.review.suggesting.no.relationship.
between.low.calcium.intake.and.the.development.of.osteoporosis.[15,16]..This.slow.understanding.
of.the.role.of.calcium.and.vitamin.D.in.bone.density.and.mass.may.result.because.osteoporosis.is.a.
latent.disease.[14].and.people.having.certain.potential.to.adjust.their.fractional.absorption.to.adapt.
to.a.low-calcium.diet..Cumulative.evidence.supports.an.association.between.low.calcium.intake.[13].
and.vitamin.D.levels.[14,4].and.low.bone.density..Inadequate.calcium.intake.may.prevent.growing.
children.from.reaching.their.genetic.potential.for.peak.bone.mass..Low.calcium.levels.in.adults.may.
not.be.able.to.offset.the.obligatory.losses.of.calcium.during.late.adult.life..Both.factors.contribute.to.
osteoporosis.development..It.has.been.demonstrated.that.supplementing.calcium.and.vitamin.D.in.
older.men.and.women.may.help.them.maintain.their.bone.density.and.reduce.nonvertebral.fracture.
risk.[17,23]..Studies.have.demonstrated.that.increasing.serum.25-hydroxyvitamin.D.concentrations.
from.50nmol/L.to.80.nmol/L.can.increase.calcium.absorption.by.more.than.60%.[10].and.reduce.
bone.fracture.by.30%.[18].

The.most.recent.large.Women’s.Health.Initiative.trial.among.U.S..postmenopausal.women.sug-
gests. that. calcium. and. vitamin. D. supplementation. may. reduce. hip. fracture. risk,. clinical. spinal.
fracture,.and.total.fracture.risk.[19]..The.borderline.statistically.significant.reduction.in.fracture.risk.
may.have.resulted.from.the.sample’s.comprising.healthy.women.with.higher.calcium.and.vitamin.D.
intakes.than.the.general.population..In.addition,.the.follow-up.was.not.long.enough.to.generate.the.
number.of.fractures.that.would.have.achieved.statistical.significance.

Beside. osteoporosis,. calcium. has. also. been. found. to. play. a. role. in. colorectal. cancer,. other.
malignancies,.hypertension,.obesity,.and.autoimmune.diseases.[20]..The.relationship.between.cal-
cium.intake.and.other.health.outcomes,.such.as.obesity,.hypertension.and.cancer,.may.be.related.
to.a.second.mechanism.involving.the.functionality.of.calcium.within.the.gut.lumen..Unabsorbed.
calcium.binds.with.substances.such.as.food.oxalate.and.unabsorbed.fatty.and.bile.acids.[14].

It.has.been.hypothesized.that.vitamin.D.may.have.two.distinct.functions.in.its.effect.on.health..
The.first,.the.classic.endocrine.function.with.calcium.metabolism,.is.regulated.by.parathyroid.hor-
mone.(PTH)..The.major.target.tissues.are.gut.and.bone.in.this.function..The.second.and.more.recently.
recognized.function.of.vitamin.D.is.related.to.autocrine.(or.perhaps.paracrine).function..Many.extra-
renal. human. tissues. and. cells. express. 25-hydroxyvitamin. D-1α-hydroxylase,. which. is. needed. to.
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convert.25-hydroxyvitamin.D.to.the.active.form,.1,25-hydroxyvitamin.D.[20]..Vitamin.D.receptors.
have.been.found.in.a.variety.of.tissues.besides.bone.and.intestine..Hence,.vitamin.D.may.be.made.and.
degraded.locally.at.these.target.cells.or.tissues.for.the.purpose.of.regulating.local.cell.proliferation.
and.differentials.[14]..Poor.vitamin.D.status.is.associated.with.many.adverse.health.outcomes.includ-
ing.osteoporosis;.fractures;.falls;.colon,.breast,.and.prostate.cancers;.pain;.multiple.sclerosis;.type.I.
&.II.diabetes;.poor.glucose.homeostasis;.rheumatoid.arthritis;.hypertension;.infections;.inflammatory.
autoimmune.diseases;.and.cardiovascular.diseases..In.addition,.vitamin.D.deficiency.has.been.linked.
to.higher.risk.of.schizophrenia.and.depression,.lung.function.and.wheezing.illnesses.[4].

Given.the.close.link.between.vitamin.D.and.calcium.metabolism,.it.is.often.impossible.to.sepa-
rate.these.two.nutrients.in.their.relationship.to.diseases.and.health.conditions..For.example,.obser-
vational.studies.have.shown.that.low.vitamin.D.status,.calcium,.or.diary.intake.are.associated.with.
a.higher.relative.risk.for.type.2.diabetes.and.metabolic.syndrome..Evidence.from.intervention.trials.
is.weaker,.but.also.suggests.that.combined.vitamin.D.and.calcium.supplementation.may.help.pre-
vent.type.2.diabetes.in.high-risk.populations..The.evidence.and.potential.mechanisms.for.calcium.
and.vitamin.D.in.the.development.of.metabolic.syndrome.and.type.2.diabetes.are.comprehensively.
reviewed.in.a.European.medical.publication.[21].

�.�  CalCIum and vItamIn d requIrements In the elderly

8.6.1  rEcOmmEndEd daily intakEs

�.�.1.1  recommended Calcium Intakes

The.Institute.of.Medicine.set.the.adequate.intake.(AI).for.calcium.among.men.and.women.ages.51.
years.and.older.at.1,200mg.(30mmol).per.day..This.recommendation.is.derived.from.a.synthesis.
of.the.results.of.a.myriad.of.studies.on.calcium,.and.aims.to.maintain.calcium.balance.and.reduce.
bone.loss.[5].

�.�.1.2  recommended vitamin d Intakes

As.with.calcium,.the.Institute.of.Medicine.established.AIs.for.vitamin.D..The.recommendations.
for.vitamin.D.account.for.the.reduction.in.endogenous.vitamin.D.synthesis.that.accompanies.aging,.
and.the.role.of.adequate.vitamin.D.in.reducing.bone.loss..The.AI.for.vitamin.D.among.men.and.
women.between.the.ages.of.51.and.70.years.is.10.μg.(400.IU).per.day;.for.men.and.women.above.the.
age.of.70.years.the.AI.increases.to.15.μg.(600.IU).per.day.[5]..However,.2005.Dietary.Guidelines.
for.Americans.recommended.an.extra.25.μg.(1000.IU).of.vitamin.D.in.populations.at.high.risk.for.
vitamin.D.deficiency,.such.as.the.elderly,.people.with.darker.skin,.and.people.exposed.to.insuffi-
cient.UV.radiation..This.amount.aims.to.increase.the.circulating.concentration.of.25.(OH).D.to.80.
nmol/L..This.is.a.substantial.increase.in.the.recommendation.from.the.previous.AI..It.is.expected.
that.the.recommended.intake.of.vitamin.D.may.increase.further.for.certain.populations.and.may.
even.exceed.the.current.upper.level.(UL).of.50.μg.(2000.IU).[22].

8.6.2  FactOrs cOntributing tO lOw calcium and vitamin d lEvEls in tHE EldErly

The.elderly.are.prone.to.calcium.deficiency.for.several.reasons..Increased.lactose.intolerance.with.
age.may.lead.to.reduced.consumption.of.calcium-rich.dairy,.in.turn.reducing.calcium.intake..More-
over,.calcium.absorption.via.active.transport.can.decrease.with.age..As.1,25-dihydroxyvitamin.D3.
stimulates.calcium.absorption,.much.of.the.decrease.in.calcium.absorption.that.accompanies.age.
may.result.from.vitamin.D.deficiency..Moreover,.certain.medications,.such.as.glucocorticoids,.can.
inhibit.calcium.absorption.[2,5].

The.ability.to.synthesize.vitamin.D.decreases.with.age.due.to.reduced.levels.of.7-dehydrocho-
lesterol.in.the.skin;.by.age.70,.vitamin.D.synthesis.can.be.expected.to.decrease.by.approximately.
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75%.[4]..Improved.skin.protection.to.prevent.sun.damage,.including.increased.clothing.and.sun-
screen.use,.leads.to.reduced.sun.exposure.among.the.elderly..Moreover,.many.chronic.diseases.can.
cause.vitamin.D.deficiency,. including.malabsorption.syndromes,. chronic.kidney.disease,.hyper-
parathyroidism,. granulomatous. disorders,. and. some. lymphomas.. Certain. medications. can. also.
induce.vitamin.D.deficiency.by.altering.vitamin.D.absorption,.synthesis,.or.metabolism.[4,5].

�.�  summary

Calcium.and.vitamin.D.both.play.critical.roles.in.maintaining.health.status.for.older.adults..The.physi-
ological. functions.of. these.nutrients.exceed.our. traditional.understanding;.hypotheses.and. theories.
regarding.new.mechanisms.of.these.functions.have.been.emerging..Given.the.growing.evidence.for.
relationships.between.different.health.outcomes.and.calcium.and.vitamin.D,.searching.for.adequate.
levels.of.calcium.and.vitamin.D.for.optimal.aging.becomes.a.focus.of.research.and.discussion.

Since.calcium.and.vitamin.D.deficiency.continually.exist.in.older.populations,.different.strate-
gies.should.be.considered.to.improve.their.status..There.are.a.number.of.foods.naturally.rich.in.vita-
min.D.and.calcium;.incorporating.these.foods.into.the.daily.diet.is.important.for.the.elderly.to.meet.
their.nutrient.needs..In.the.United.States,.dairy.products.are.the.major.calcium.sources..In.addition,.
calcium.has.also.been.added.into.other.food.products,.for.example.orange.juice..Similarly,.vitamin.
D-fortified.orange.juice.and.milk.are.also.readily.available..However,.lactose.deficiency.is.prevalent.
in.older.adults.and.prevents.older.people.from.consuming.milk.and.other.dairy.products..Although.
having.lactose-free.milk.or.taking.lactose.supplements.are.possible.solutions,.these.are.not.common.
practices.in.the.elderly.for.convenience.or.economic.reasons..Overall,.for.most.of.the.elderly,.it.is.
difficult.to.reach.the.daily.recommendation.for.vitamin.D.consumption.of.1000.IU.without.supple-
mentation..When.taking.supplements,.vitamin.D3.is.a.preferred.choice,.given.its.better.bioavailabil-
ity.relative.to.vitamin.D2..People.should.not.consume.the.upper.level.of.50.μg.daily.for.vitamin.D.
without.a.physician’s.care.and.supervision..Overexposure.to.sun.or.artificial.UV.radiation.to.meet.
the.vitamin.D.recommendation.for.the.elderly.is.definitely.not.recommended.at.this.time.

Similar. to. vitamin. D,. the. recommended. calcium. intake. of. 1200. mg. is. difficult. to. achieve.
through.dietary.intake.only..A.variety.of.supplements.are.available.on.the.market..Older.people.
should.consult.with.their.physicians.and.health.providers.to.avoid.side.effects.when.taking.calcium.
and.vitamin.D.supplements.. In. the.next. few.years,.new.knowledge.will.evolve.and. improve.our.
understanding.of.the.health.benefits.of.vitamin.D.and.calcium..Keeping.up.with.these.new.develop-
ments.is.important.for.health.professionals.who.work.with.older.people.aiming.for.optimal.aging.
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Significant.changes.in.life.expectancy.have.occurred.through.the.ages.[3]..Some.two.thousand.
years.ago,.life.expectancy.did.not.usually.exceed.22.years..During.the.following.centuries.this.num-
ber.doubled.to.45.years..Then,.the.20th.century.witnessed.the.greatest.increase.in.life.expectancy,.
with.an.increase.from.45.years.to.the.current.75.years.[1].and.above..However,.men.and.women.
do.not.have.the.same.life.expectancies..In.Canada,.life.expectancy.of.males.at.birth.is.77.8.years.
and.for.females.it.is.82.6.years.[4]..The.gap.between.life.expectancies.of.the.two.genders.has.been.
narrowing.over.the.past.two.decades,.from.a.peak.of.7.5.years.in.1978.to.its.current.difference.of.
5.6.years.in.1997..Life.expectancy.in.underdeveloped.countries.is.much.lower,.and.is.the.same.for.
men.and.women..In.the.past.century,.women.have.benefited.dramatically.from.improved.prenatal.
and.obstetrical.care..Women.in.developed.nations.have.thankfully.also.had.enhanced.access.to.food.
and.education..As.a.result.of.these.improvements.for.women,.the.gender.longevity.difference.has.
grown.in.the.United.States..It.is.not.clearly.understood.why.women.outlive.men,.but.estrogen.has.
been.implicated.in.this.phenomenon.[3].

While.we.tend.to.use.the.term.ontogeny..to.describe.development.in.early.life,.and.aging..to.
describe.later.life,.a.better.concept.is.the.development.over.the.lifetime.of.the.animal..Thus,.young..
or.old..are.descriptive.terms.outlining.a.process.over. time..Aging.then.may.be.considered.to.be.
a.continuum. that.begins.at.conception.and.proceeds.until.death..The.definition.of.aging.can.be.
further.refined.as.chronological.age,..according.to.the.passage.of.time..Although.advancing.age.is.
associated.with.increases.in.morbidity.and.mortality.in.general,.this.approach.fails.to.consider.the.
health.of.the.individual..Determining.a.specific.age.at.which.an.individual.becomes.old..is.arbitrary,.
and.the.concept.of.aging.has.changed.over.the.centuries,.with.humans.now.experiencing.increased.
longevity.and.quality.of.life.

When.is.a.person.old”?.Who.are.the.elderly”?.While.population.statistics.report.occurrences.
of.deaths.and.diseases.by.chronological.age,.it.is.far.more.difficult.to.delineate.young.and.old.by.
chronological. age..Anecdotally,.we.are.probably. all. able. to. think.of.people.who.are.young.. for.
their. age;. their. health. and. lifestyle. are. major. factors. in. their. apparent. youthfulness.. Perhaps. in.
considering.the.differences.between.these.two.arbitrary.extremes.(young.versus.old),.it.is.more.use-
ful.to.consider.biological.age..and.the.processes..of.aging.

The.term.old..is.used.to.describe.virtually.all.time-dependent.changes.in.all.life.forms.from.
molecules.to.ecosystems.[5]..Aging.is.a.biological.process.that.limits.the.adaptive.possibilities.of.
an.organism.and.thereby.reduces.lifespan..For.example,.the.adaptive.response.of.the.intestine.to.
dietary. changes. is. altered. in. aging. [6,7].. Masoro. [8]. proposed. that. aging. refers. to. deteriorative.
changes.that.occur.over.time.and.reduce.the.ability.of.the.organism.to.survive..However,.Arking.and.
Dudas.[9].suggest.that.when.we.have.reached.a.more.sophisticated.understanding.of.aging,.we.will.
be.able.to.eliminate.the.word.time..from.our.definition.and.instead.use.the.physiological.processes..
Finch.[10].stressed.the.importance.of.avoiding.the.implications.associated.with.the.word.time..Use.
of.the.word.aging.is.therefore.limited,.and.instead.changes.observed.over.a.lifespan.are.referred.to.
as.age-related..changes.

“Biological.age.reflects.the.presence.or.absence.of.disease..Because.there.is.not.always.a.direct.
relationship.between.age.and.disease,.this.definition.is.considered.to.be.a.better.marker.of.health.
status..The.term.functional.aging..has.also.been.used.to.emphasize.the.limitations.of.defining.health.
based.on.chronological.age..This.concept.of.biological.age.characterizes.people.based.on.what.they.
can.do.in.relation.to.others.in.society,.but.may.also.be.used.to.characterize.the.level.of.functioning.
of.organs.and.systems.in.the.elderly.

The.terms.senescence.is.used.interchangeably.with.aging.by.some.authors,.while.others.prefer.
to.reserve.its.usage.to.describe.changes.that.occur.during.the.functional.decline.of.an.organism’s.life.
[10]..It.is.beyond.the.scope.of.this.chapter.to.consider.the.implications.associated.with.word.usage..
We.will.use.the.terms.aging,.age-related,.and.senescence.interchangeably,.and.will.use.these.terms.
to.describe.physiological.changes.that.occur.over.the.lifespan.

Finally,.the.concept.of.successful.aging..takes.this.idea.one.step.further.and.suggests.that.the.
aging.process.is.variable.and.can.be.characterized.as.a.balance.between.gains.and.loses.[11]..The.
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compression.of.morbidity.and.an.enhanced.quality.of.life.are.cornerstones.of.the.concept.of.suc-
cessful.aging.

Rowe.and.Kahn.[12].suggested.that.the.effects.of.aging.have.been.exaggerated,.and.that.the.
modifying.effects.of.diet,.exercise,.personal.habits,.and.psychosocial.factors.were.underestimated..
For.instance,.Zavaroni.and.coworkers.[13].evaluated.the.correlation.between.age.and.glucose.intol-
erance,.as.well.as.extrinsic.factors.such.as.obesity,.physical.activity,.and.family.history..They.found.
that.the.contribution.of.age.to.glucose.intolerance.was.relatively.modest,.as.compared.with.other.
age-related.environmental.factors..Gerontological.researchers.may.distinguish.between.pathologi-
cal.and.non-pathological.states.in.the.aged,.and.perhaps.researchers.should.also.focus.on.the.nor-
mal..or.non-pathological.aged,.and.on.the.differences.between.usual..and.successful..aging.[12]..
This.distinction.emphasizes.the.link.between.intrinsic.and.extrinsic.factors,.including.the.relation-
ship.between.the.physiological.and.the.psychosocial.aspects.of. the.individual..Because.extrinsic.
factors.play.a.major.role.in.successful.aging,..nutrition.is.an.important.modifiable.factor.in.poten-
tially.enhancing.the.health.of.the.aged.

9.1.2  tHEOriEs OF aging

Nature.or.nurture,.which.one.makes.the.greatest.contribution.to.longevity?.Twin.studies.have.sug-
gested. that. 25%. of. the. variation. in. lifespan. can. be. attributed. to. nature. [14].. Studies. of. human.
progerias.and.the.characterization.of.age.genes.in.Caenorhabditis elegans.suggest.a.possible.larger.
contribution.of.genes..Several.processes.thought.to.contribute.to.the.aging.process.include.genetic.
programs,.oxidative.damage,.genome.instability,.and.cell.death.

A.number.of.theories.have.been.proposed.to.describe.the.process.of.aging..Longevity.genes.
have.been.identified.in.many.species,.suggesting.that.aging.may.be.partially.under.genetic.control..
In.yeast,.overproduction.of.the.enzyme.Sir2.prolongs.the.life.of.yeast.grown.under.normal.nutrient.
conditions.[15]..It.has.been.suggested.that.increases.in.Sir2.(seen.in.response.to.CR.or.resveratrol,.
a.polyphenol.found.in.red.wine).may.increase.gene.silencing.and.thereby.result.in.greater.genomic.
stability.[15]..Research.undertaken.in.Drosophila.identified.single.gene.mutations.that.extend.lifes-
pan..These.include.the.gene.Methuselah,.a.secretion-type.receptor.that.provides.resistance.to.stress.
[16],.and.Indy.(I’m.not.dead.yet),.whose.gene.product.is.homologous.to.Kreb’s.cycle.intermediates.
[17,18]..Using.C. Elegans.as.a.model,.the.gene.daf2,.an.insulin/insulin-like.growth.factor-1.(IGF-1).
receptor.homolog,.has.also.been.shown.to.affect.lifespan.[19]..In.humans,.a.genetic.component.to.
aging.has.also.been.suggested:.Werner’s.syndrome,.a.disorder.characterized.by.an.apparent.acceler-
ated.senescence,.has.been.associated.with.a.single.gene.locus.on.chromosome.8.[20]..On.the.other.
hand,.a.genome-wide.scan.of.elderly.subjects.suggested.that.there.is.a.locus.on.chromosome.4.that.
influences.a.person’s.genetic.susceptibility.to.age.well.and.to.achieve.exceptional.longevity.[21].

Cellular. theories.emphasize. that. the.environment,. as.well.as. intrinsic.properties.of. the.cell,.
often.referred.to.as.a.cellular.clock,..may.limit.survival..Pivitol.research.by.Hayflick.and.Moorhead.
[22].found.that.normal.human.fetal.cell.strains.were.limited.to.40–60.doublings.before.they.entered.
senescence..These.scientists.developed.the.concept.of.the.Hayflick.limit..to.explain.the.determina-
tion.of.longevity..From.this.early.work,.the.concept.of.telomere.shortening.was.then.established.
as.another.mechanism.of.longevity.determination..These.repetitive.deoxyribonucleic.acid.(DNA).
sequences.found.at.the.end.of.chromosomes.are.progressively.depleted.with.age,.and.may.represent.
a.method.by.which.cells.enter.senescence..This.theory.has.been.challenged.due.to.the.lack.of.cor-
relation.between.telomere.length.and.lifespan.in.many.animal.species.[23].

Aging.may.be.the.consequence.of.oxidative.damage..Oxidative.damage.to.DNA,.protein,.car-
bohydrates.and. lipids.contributes. to.degenerative.diseases. in.aging.due. to.a.disruption. in.cellu-
lar.homeostasis..The.activation.of.specific.stress-signaling.pathways.results.in.alterations.in.gene.
expression. mediated. by. a. variety. of. transcription. factors. including. nuclear. factor-κβ. (NF-κβ),.
p53,.and.heat.shock.transcription.factor.1.[24]..While.levels.of.antioxidants.correlate.with.longev-
ity.in.primates.[25,26],.it. is.not.clear.if.antioxidant.supplementation.affects.lifespan..It.has.been.
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suggested,.but.not.proven.conclusively,.that.the.success.of.calorie-restricted.diets.in.extending.the.
lifespan.of.rodents.is.related.to.a.reduction.in.free.radical.formation.[27–29]..The.role.of.insulin/
IGF-1.signaling. in. the. regulation.of. lifespan.has.been.studied..The.gene.daf2,.an. insulin/IGF-1.
receptor.homolog,.has.been.shown. to.affect. the. lifespan.of.C. Elegans. [19]..Similarly,.a. related.
tyrosine.kinase.receptor,.InR,.regulates.lifespan.in.Drosophila.[30]..Holzenberger.et.al..[31].dem-
onstrated.the.importance.of.this.pathway.in.mammals..In.this.study,.heterozygous.knockout.mice.
(Igflr±).were.used,.as.null.mutants.were.not.viable..These.Igflr±.mice.had.IGF-1.receptor.levels.that.
were.half.those.seen.in.wild-type.animals..These.mice.lived.an.average.of.26%.longer.than.did.their.
wild-type.littermates,.without.developing.dwarfism.or.showing.adverse.changes.in.physical.activity,.
fertility,.or.metabolism..This.suggests.that.the.link.between.insulin.signaling.and.longevity.seen.in.
lower.order.organisms.may.also.exist.in.mammals..Furthermore,.the.Igflr±.mice.showed.a.greater.
resistance.to.oxidative.stress,.a.known.determinant.of.aging.[24]..This.lends.support.to.the.theory.
that.oxidative.stress.may.play.an.important.role.in.the.aging.process.

In.addition.to.increased.resistance.to.oxidative.stress,.insulin/IGF-1.signaling.may.affect.aging.
via.effects.on.Forkhead.transcription.factors.of.the.FOXO.class..Overexpression.of.FOXO.extends.
lifespan.[32]..Insulin/IGF-1.receptor.binding,.and.subsequent.activation.of.the.P13K/Akt.pathway,.
results.in.the.phosphorylation.of.Akt,.which.inactivates.FOXO.by.sequestering.it.in.the.cytoplasm.
[33]..This.alters.the.effects.of.FOXO.on.resistance.to.stress,.apoptosis,.and.longevity,.and.provides.
another.potential.link.between.insulin/IGF-1.and.aging.

Other.theories.of.aging.focus.on.neuro-endocrine.changes,.including.reductions.in.the.levels.of.
the.steroid.hormone.dehydroepiandrosterone..Both.animal.and.human.studies.have.demonstrated.
that.oral.replacement.of.dehydroepiandrosterone.may.prevent.or.reduce.age-associated.events.such.
as.cancer.and.cardiovascular.disease,.and.may.stimulate.immune.function.[34–36].

�.2  a soCIetal perspeCtIve

In.Canada,.seniors.constitute. the.fastest.growing.segment.of. the.population..In.fact,. the.propor-
tion.of.seniors.has.risen.from.1.in.20.in.1921.to.1.in.8.in.2001..Within.this.group,.the.number.of.
Canadians.aged.85.or.more.is.anticipated.to.increase.substantially,.up.to.4%.of.the.total.population.
by.the.year.2041..Women.make.up.the.majority.of.seniors,.with.gender.differences.becoming.more.
pronounced.in.the.oldest.age.groups.

The.aging.of.the.population.may.be.thought.of.as.a.modern.day.success.story..For.the.first.time.
in.history,.human.beings.have.been.afforded.the.opportunity.to.live.an.unprecedented.number.of.
years.with.a.reasonable.quality.of.life..This.accomplishment.is.not.without.challenges,.as.society.
struggles.to.adapt.to.a.changing.demographic,.with.a.unique.set.of.physiological,.psychological,.and.
social.needs.of.the.elderly.themselves,.as.well.as.their.caregivers.

Several.nongenetic.factors.may.influence.life.expectancy,.including.improvements.in.sanitation.
and.nutrition,.as.well.as.reductions.in.maternal.mortality.and.the.rates.of.infectious.diseases..These.
changes,.coupled.with.lower.fertility.rates,.result.in.a.changing.demographic.that.presents.society.
with. the.challenges.of.providing.quality.health.care. to.an.aging.population,.and. facilitating. the.
social,.economic,.and.community.involvement.of.seniors.

Although.most.rate.their.health.as.good..or.very.good,..seniors.are.more.likely.to.visit.health.
care.professionals,.to.take.medication,.and.to.be.hospitalized,.when.compared.with.their.younger.
counterparts..Therefore,.increases.in.this.population.and.the.associated.increased.health.care.uti-
lization.may.place.a.burden.on.the.system..Indeed,.health.expenditures.for.seniors.in.2000–2001.
represented.43%.of.the.total.health.care.expenditures..As.they.have.contributed.greatly.to.society,.
it.is.society’s.responsibility.to.provide.ready.access.to.quality.health.care.for.these.special.persons,.
who.must.be.treated.with.respect.and.allowed.to.age.with.dignity.

The.elderly.are.at.high.risk.for.malnutrition,.yet.unfortunately.this. is.often.under.diagnosed.
[37]..Poor.nutritional. status. is.a.key.determinant.of.morbidity.and.mortality. in. the.elderly. [38–
41]..Because.nutrition. is. a.modifiable. risk. factor,. attempts. should.be.made. to.design.preventive.
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nutritional.strategies.aimed.at.improving.the.quality.of.life,.and.consequently.minimizing.the.use.
of.health.care.resources.

Why.are.the.elderly.malnourished?.A.number.of.factors.contribute,.including:.(1).inadequate.
intake,. attributed. to. reduced. appetite. or. difficulty. in. preparing. food;. (2). psychological. factors,.
including. depression;. (3). social. factors,. including. isolation. and. low. income;. and. (4). physiologi-
cal.factors.such.as.reduced.sense.of.smell.and.taste,.drug–nutrient.interactions,.and.reductions.in.
nutrient.absorption.[42]..Hospitalization.is.a.risk.factor.for.inadequate.food.intake.in.seniors.[40],.
possibly.due.to.the.unattractive.and.monotonous.food.choices,.or.to.the.side.effects.of.drug.thera-
pies..Reduced.food.intake.is.generally.accepted.as.the.main.cause.of.undernutrition.in.the.geriatric.
population,.and.as.such,.therapies.should.be.aimed.at.increasing.food.intake..Malnutrition.in.the.
elderly.may.be.indicative.of.prevailing.social.conditions,.and.therapies.should.be.aimed.at.alleviat-
ing.poverty,.isolation,.and.depression.in.this.age.group.

Because.one.of.the.factors.that.may.contribute.to.malnutrition.relates.to.age-associated.altera-
tions.in.the.physiology.of.the.gastrointestinal.tract,.this.topic.will.be.reviewed.in.brief,.and.the.topic.
of.lipid.absorption.will.be.considered.in.detail.

�.�  nutrItIonal needs of the elderly

Nutritional.needs.vary.throughout.the.lifespan.of.humans,.and.several.age-related.changes.influ-
ence.the.nutritional.needs.and.intakes.of.the.elderly..First,.there.is.a.decrease.in.energy.require-
ments..This.is.due.partially.to.a.decline.in.physical.activity,.and.is.also.to.a.reduction.in.muscle.
mass..The.loss.of.muscle.mass,.known.as.sarcopenia,.is.caused.in.part.by.reduced.physical.activ-
ity. and. also. by. biological. changes,. such. as. the. loss. of. motor. neurons. and. decreased. hormonal.
influences. associated. with. aging,. as. well. as. pathological. states. causing. catabolic. stress. such. as.
congestive.heart.failure.[43]..There.is.a.lifelong,.age-related.reduction.in.muscle.mass.and.strength,.
with.a.more.pronounced.reduction.in.males.than.in.females..The.primary.reduction.in.muscle.mass.
is.in.the.type.II.or.fast.twitch..fibers..The.mass.of.type.II.fibers.is.selectively.reduced.by.disuse,.
but.their.mass.can.be.increased.by.strength-building.exercise,.specifically.resistance.training.[44]..
The.fall.in.muscle.mass.reduces.both.the.metabolic.rate.and.the.thermogenic.effect,.and.reduces.
energy.requirements.by.about.100.kilocalories.per.decade.[43]..Sarcopenia.may.also.reduce.insulin.
sensitivity..Decreased.muscle.mass.is.often.associated.with.a.decrease.in.energy.input,.and.with.this.
there.is.often.a.reduction.in.micronutrient.intake..With.inadequate.micronutrient.intake,.there.may.
be.an.increased.risk.of.infection.and.immune.dysfunction.[43].

The.second.factor.influencing.nutritional.needs.in.the.elderly.is.an.increased.protein.require-
ment.. The. equilibrium. between. protein. synthesis. and. degradation. may. be. disrupted. in. aging.
[reviewed.by.45]..Protein-calorie.malnutrition. is.estimated. to.affect.11%.to.22%.of.community-
dwelling.elderly.outpatients.[46]..The.recommended.daily.allowance.of.protein.is.0.8.g/kg.of.body.
weight.[47]..Based.on.a.nitrogen.balance.study,.Campbell.and.colleagues.recommend.that.protein.
intake.should.be. increased. to.0.91+/–.0.043.g/kg/day. in.healthy.older.men.and.women.[48]..An.
increase. in.muscle.was. significantly. enhanced. in. those. elderly.persons.who.were. supplemented.
with.protein.during.strength.training,.as.compared.with.their.non-supplemented.counterparts.[49]..
However,.protein.supplementation.without.exercise.has.been.shown.to.have.little.effect.on.improv-
ing.muscle.mass.[50].

A.third.change.to.nutritional.needs.with.aging.is.an.increase. in.micronutrient.requirements..
Some.physiological.factors.influencing.the.increased.need.for.micronutrients.include.a.reduction.
in. the. intestinal. absorption. of. calcium,. vitamin. B12,. iron,. and. folic. acid;. decreased. metabolic.
utilization.of.vitamin.B6;.diminished.synthesis.of.vitamin.D;.and.a.decline.in.immune.function.
that.may. respond. to.vitamin.E.and.other.antioxidants. [43,50].. In.contrast. to. the. increased.need.
for.micronutrients,.there.is.a.greater.risk.of.micronutrient.toxicity..This.may.be.due.to.decreased.
metabolization.of.the.micronutrients,.particularly.vitamin.A,.and.to.increases.in.adipose.deposits,.
which.store.fat-soluble.vitamins.[43].
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Finally,.there.is.an.overall.decrease.in.nutrient.intake.by.the.elderly..Several.factors.may.contrib-
ute.to.this.reduction,.such.as.decreased.taste.and.olfactory.perception,.difficulty.eating,.anorexia,.as.
well.as.difficulty.in.obtaining.and.preparing.food..Anorexia.presenting.de novo in.the.older.adult,.
called.anorexia tardive, may.be.due.to.social.factors,.alcoholism,.Alzheimer’s.disease.and.drugs.
[51]..Davis.and.coworkers.[52],.in.a.study.of.4964.persons.aged.55.years.and.older,.found.that.those.
who.lived.alone.consumed.fewer.calories.than.those.living.with.others..Medications.may.cause.the.
sensation.of.nausea,.or.they.may.reduce.a.person’s.ability.to.taste.foods..Several.medical.illnesses.
are.associated.with.weight.loss.and.anorexia..Interleukins.and.tumor.necrosis.factor.contribute.to.
the.anorexia.experienced.in.some.cancer.patients,.and.some.common.gastrointestinal.disorders.such.
as.gastroesophogeal.reflux.disease.and.peptic.ulcer.disease.may.also.contribute.to.anorexia.[51].

Difficulty.in.eating,.despite.a.good.appetite,.may.be.caused.by.oral.problems,.functional.impair-
ments,.or.swallowing.disorders..In.the.frail.elderly,.dental.problems.may.be.the.best.predictor.of.
weight.loss.[51,53]..Presbyesophagus.is.a.common.cause.of.dysphagia.and.decreased.food.intake.in.
the.elderly..Dysphagia.may.result.from.neurological.disorders.such.as.stroke.or.Parkinson’s.disease..
It.may.also.represent.structural.lesions.or.central.nervous.system.(CNS).disorders.such.as.hypo/
hyperthyroidism.[54].

Obesity.has.clearly.been.shown.to.negatively.influence.health.by.increasing.the.risk.of.disease.
and.by.reducing.lifespan..In.a.32-year.study.of.1741.university.alumni,.smoking,.higher.body-mass.
index,.and.poor.exercise.patterns.were.associated.with.poorer.health,.as.well.as.with.decreased.
survival.[55]..In.keeping.with.these.findings,.CR.is.the.most.effective.method.to.extend.lifespan,.
and.to.reduce.the.deleterious.effects.of.aging..In.laboratory.rodents.as.well.as.other.mammalian.and.
non-mammalian.species,.CR.has.repeatedly.been.shown.to.extend.the.lifespan.by.as.much.as.40%.
[56,57]..The.mechanism.for.this.extension.is.a.reduction.in.the.metabolic.rate.in.the.CR.animal,.
and.hence.a.reduction.in.oxidative.stress.[58]..Oxidative.stress.is.the.damage.of.DNA.and.proteins.
caused.by.highly. reactive. forms.of.oxygen..The. reactive.oxygen.species.are. the.consequence.of.
aerobic.metabolism.[58,59]..In.early.reports.of.CR.primates,.there.appeared.to.be.a.reduction.in.
Type.II.diabetes.and.in.cardiovascular.disease,.two.diseases.that.are.typically.considered.to.be.age-
related.[56]..In.humans,.CR.may.also.contribute.to.lifespan.extension..On.the.Japanese.island.of.
Okinawa,.inhabitants.consume.40%.fewer.calories.than.those.on.the.mainland..This.may.contribute.
to.the.greater.proportion.of.centenarians.living.on.the.island.versus.the.mainland.[60].

As.well,.there.are.benefits.to.increased.weight.in.the.elderly..Increased.weight.is.associated.with.
higher.bone.mineral.density.and.a.lower.fracture.rate.[61]..Increased.weight.is.also.associated.with.
higher.lean.muscle.mass,.with.greater.isometric.strength.and.enhanced.mobility..As.well,.excess.weight.
may.supply.a.reserve.during.periods.of.catabolic.stress,.such.as.illness..Some.findings.suggest.that.in.
the.elderly,.a.more.accurate.predictor.of.mortality.is.weight.change..rather.than.obesity..In.a.study.of.
community-dwelling.women,.those.with.a.change.in.weight.status.(either.increase,.decrease,.or.fluctua-
tions).were.at.greater.mortality.risk.than.those.women.who.maintained.a.steady.weight.[61].

�.�  agIng and the gastroIntestInal traCt

9.4.1  gEnEral cOnsidEratiOns

The. aging. of. the. population,. coupled. with. the. potential. impact. on. the. health. care. system,. has.
focused. attention. on. the. physiological. processes. associated. with. aging.. Only. with. an. increased.
understand.of.the.aging.process.can.we.work.toward.improving.the.quality.of.life.for.the.elderly.and.
reducing.disease.morbidity.in.this.population.

There.are.age-related.alterations.in.the.gastrointestinal.tract,.but.the.challenge.lies.in.exclud-
ing.concomitant.pathological.factors.as.the.cause.of.these.changes..Certainly.with.aging,.condi-
tions.such.as.diabetes,.pancreatic.or.liver.disease,.cancer,.or.drug-induced.enteropathy.will.have.
potential.adverse.effects.on.the.form.and.function.of.the.intestine..It.is.necessary.to.exclude.these.
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pathological.factors,.to.consider.the.physiological.changes.that.occur.in.the.healthy.elderly,.and.to.
understand.how.these.factors.influence.the.nutritional.status.of.this.older.population.

�.�.1.1  motility

Dysphagia.is.more.common.in.the.elderly.than.in.younger.persons.[62]..Selective.neurodegeneration.
may.occur.in.the.aging.enteric.nervous.system.[reviewed.in.63],.and.may.contribute.to.gastrointestinal.
symptoms.such.as.dysphagia,.gastrointestinal.reflux,.and.constipation..Interestingly,.CR.in.rodents.
can.prevent.the.neuronal.losses.that.occur.with.aging,.suggesting.that.diet.may.influence.gastrointes-
tinal.aging.[64]..Alterations.in.esophageal.motility.may.be.due.to.reductions.in.the.number.of.neurons.
in.the.myenteric.plexus.of.elderly.patients.[65]..While.gastric.motility.may.be.impaired.with.aging.
[66,67],.small.intestinal.motility.is.unaffected.[68–70]..Aging.may.affect.the.signal.transduction.path-
ways.and.cellular.mechanisms.controlling.smooth.muscle.contraction,.which.may.influence.colonic.
motility.and.thereby.contribute.to.the.development.of.constipation.[reviewed.in.71].

�.�.1.2  gastric secretion

The.data. regarding.aging.and.gastric.acid. secretion. is. inconclusive,. as.early. studies.were. likely.
confounded.by.the.presence.of.Helicobacter pylori (H. pylori). in.some.persons..Achlorhydria.or.
hypochlorhydria.may.result.from.atropic.gastritis.as.a.result.of.medications.such.as.proton.pump.
inhibitors.or.as.a.result.of.gastric.H. pylori.infection.[72,.73,.74]..This.reduction.in.gastric.acidity.
may. increase. the. risk.of.small.bowel.bacterial.overgrowth,.potentially. leading. to.malabsorption.
[75]..For.example,.McEvoy.et.al..[76].found.that.71%.of.patients.in.a.general.geriatric.ward.had.
bacterial. overgrowth.of. the. small. intestine,. while. 11%. were. found. to. be. malnourished.. Indeed,.
bacterial.overgrowth.in.older.adults.is.associated.with.reduced.body.weight,.which.is.paralleled.by.
reduced.intake.of.several.micronutrients.[77].

�.�.1.�  pancreatic function

Although.structural.changes.in.the.pancreas.are.seen.with.aging,.no.functional.age-related.alterations.
are.seen,.as.assessed.by.using.the.fluorescein.dilaurate.test.[78]..Some.studies.demonstrate.reduced.
secretagogue-stimulated. lipase,. chymotrypsin,. and. bicarbonate. concentrations. in. pancreatic. juice.
with.aging.[79]..Other.research.suggests.that.there.is.little.evidence.of.reduced.pancreatic.secretions.
with.age,.independent.of.other.factors.including.the.presence.of.disease.and.the.effect.of.drugs.[80].

�.�.1.�  li�er

There.are.age-related.reductions.in.liver.mass.and.blood.flow,.yet.microscopic.changes.are.subtle.
[81–83]..While.structural.and.functional.changes.do.not.correlate.well,.there.is.evidence.that.liver.
function.declines.with.age..For.example,.Cao.et.al. [84].used.microarrays.to.show.that.aging.in.mice.
is.accompanied.by.changes.in.the.expression.of.genes.in.the.liver.involved.in.inflammation,.cellular.
stress,.and.fibrosis,.all.of.which.are.linked.to.age-related.liver.pathologies..Interestingly,.CR.in.mice.
starting.at.weaning.reversed.the.majority.of.the.age-related.hepatic.changes,.once.again.emphasiz-
ing.the.ability.of.the.diet.to.influence.the.aging.process.

�.�.1.�  Carbohydrates

Age-related. alterations. in. the. abundance. of. intestinal. brush. border. membrane. (BBM). enzymes.
may.also.impact.upon.the.digestion.and.subsequent.absorption.of.nutrients..In.rats,.BBM.lactase.
phlorizin.hydrolase.(LPH).and.sucrase-isomaltase.(SI).activities.fall.with.age.[85]..Bacterial.over-
growth,.which.is.common.in.the.elderly,.may.also.negatively.impact.on.disaccharidase.activity.and.
thereby.possibly.reduce.carbohydrate.absorption.[86]..A.study.using.breath.hydrogen.analysis.fol-
lowing.a.100.gm.carbohydrate.meal.showed.evidence.of.malabsorption.with.aging..Elderly.patients.
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(ranging.from.65–89.years,.mean.age,.79.years).were.compared.with.control.subjects.(ranging.from.
20–64.years,.mean.age,.35.years)..Significantly.more.subjects. in. the.elderly.group.(7.out.of.21).
excreted.excess.H2.than.controls.(0.out.of.19).[87]..This.suggests.that.there.may.be.malabsorption.
of.carbohydrates.in.the.elderly.

D-xylose.absorption.assessed.from.the.urinary.excretion.of.this.sugar.after.oral.intake.decreases.
in.aging.humans..However,.D-xylose.excretion.is.dependent.on.renal.function,.and.when.that.is.taken.
into.consideration,.there.is.only.a.modest.reduction.in.xylose.absorption.associated.with.aging.[88].

In vitro.transport.experiments.using.BBM.vesicles.also.demonstrated.a.reduction.of.Na+-depen-
dent.glucose.uptake.in.patients.over.the.age.of.70.[89]..In.contrast,.Wallis.and.coworkers.[90].did.not.
find.changes.in.Na+-dependent.glucose.transport.in.BBM.vesicles.isolated.from.duodenal.biopsies.
from.patients.whose.ages.ranged.from.55.to.91.years.

Experiments.using.rodent.models.of.aging.also.demonstrate.conflicting.results..Several.studies.
show.reductions.in.D-glucose.absorption.in.aged.rats.[91–93]..Depending.upon.the.intestinal.site.
studied,.a.normal.or.increased.absorptive.capacity.was.also.found.in.a.study.using.everted.intestinal.
segments.from.old.versus.young.rats.[94]..Results.from.studies.in.mice.also.do.not.offer.conclusive.
results.on.the.effect.of.aging.on.nutrient.absorption..Ferraris.et.al..[95].showed.in.aged.mice.a.reduc-
tion.in.uptake.and.site.density.of.the.sodium.dependent.glucose.transporter.in.the.BBM,.sodium.
glucose.co-transporter.1.(SGLT1)..This.is.in.contrast.to.the.findings.of.Thompson.et.al..[96],.who.
showed.an.increase.in.intestinal.glucose.uptake.in.aged.mice.

Our.lab.has.recently.investigated.the.effect.of.age.on.intestinal.glucose.uptake.in.Fischer.344.
rats,.using.the. in vitro. intestinal.sheet.method.[97,98]..Glucose.uptake.was.reduced.in.9-month-
old.and.24-month-old.rats.when.compared.with.1-month-old.animals..When.changes.in.mucosal.
surface.area.were.taken.into.account,.only.ileal.glucose.uptake.was.reduced.in.the.older.animals..
These.age-associated.changes.in.glucose.uptake.were.not.explained.by.alterations.in.the.abundance.
of.SGLT1,.GLUT2,.or.sodium-potassium.pump.(Na+K+–ATPase).abundance.

The.uptake.of.fructose.has.been.studied.in.aging.mice..Ferraris.and.Vinnekota.[99].showed.that.
D-fructose.uptake.per.milligram.of.tissue.was.higher.in.the.jejunum.of.young.than.in.old.animals..
Adaptive.increases.in.uptake,.in.response.to.increases.in.carbohydrate.levels,.were.blunted.in.these.
mice,.and.were.restricted.to.the.more.proximal.regions.of.the.small.intestine.

The.variations.in.the.results.from.human,.rat,.and.mouse.studies.may.be.due.to.the.differences.
in.the.methodologies.used..While.some.investigators.studied.uptake.using.BBM.vesicles.[89–93],.
others.used.everted.intestinal.rings.[94,96,99].or.intestinal.sheets.[97,98]..As.well,.the.method.of.
expressing.results.may.contribute.to.the.differences.between.studies..Uptake.is.often.expressed.on.
the.basis.of.intestinal.weight,.and.does.not.take.into.account.any.potential.age-associated.changes.
in.mucosal.weight.or.surface.area..The.strain.and.ages.of.the.animals,.and.the.site.of.the.intestine.
used.also.differ.between.studies,.and.may.explain.the.variability.in.the.results.

�.�.1.�  permeability

Hollander.and.colleagues.demonstrated.that.intestinal.permeability.to.medium-sized.probes.(man-
nitol,.polyethylene.glycol). increased.in.28-month-old.rats.when.compared.with.3-month-old.rats.
[100]..However,.a.study.done.in.humans.shows.that.the.lactulose:mannitol.ratio.was.not.different.
between.young.and.old.subjects,. indicating. that. intestinal.permeability. to. these.sugars.does.not.
change.significantly.with.age.[101].

�.�.1.�  amino acids, vitamins, and minerals

In.in vivo.perfusion.studies.with.rats,.vitamin.A.absorption.increases.in.a.linear.fashion.with.age.
[102]..Reduced.calcium.absorption.is.reported.in.aging,.and.may.result.from.attenuated.vitamin.D.
metabolites.[103]..The.pH.microclimate.of.the.rat.jejunum.is.less.acidic.with.aging,.and.this.change.
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may.play.a.role.in.the.reduced.intestinal.absorption.of.some.nutrients,.such.as.amino.acids,.lipids,.
and.calcium.[104]

When.fed.a.meal.containing.100g.carbohydrate,.one.third.of.subjects.over.65.years.had.excess.
breath.hydrogen,.suggesting.malabsorption.[87]..However,.this.is.a.large.amount.of.carbohydrate.
for.one.meal,.and.this.reduced.absorptive.capacity.may.have.minimal.nutritional.impact.for.persons.
consuming.lesser.amounts.of.carbohydrate..In.addition,.breath.hydrogen.tests.can.be.falsely.posi-
tive.in.the.presence.of.bacterial.overgrowth.of.the.small.intestine..It.should.be.recalled.that.bacte-
rial.overgrowth.may.occur.more.frequently.among.the.elderly,.and.anerobic.bacteria.can.produce.
proteases.that.interfere.with.disaccharidases.in.the.BBM,.thereby.resulting.in.reduced.carbohydrate.
absorption. [86].. Thus,. aging. may. be. associated. with. a. fall. in. carbohydrate. absorption,. but. the.
mechanism.of.this.decline.remains.unknown.

�.�.1.�  lipid absorption in healthy adults

Dietary.lipids,.a.major.source.of.energy,.also.provide.structural.support.for.many.tissues..In.adults.
in.the.West,.lipids.supply.between.30–40%.of.total.dietary.energy..The.dietary.fat.contains.95%.
triglycerides;.the.other.5%.includes.phospholipids,.sterols,.and.small.amounts.of.gangliosides,.fatty.
alcohols,.suphatides,.vitamins,.and.carotenoids.[105]..Dietary.lipids.must.be.hydrolyzed.and.solubi-
lized.before.they.are.absorbed.in.the.intestine..The.hydrolysis.is.performed.by.lipases.from.saliva,.
stomach,.pancreas,. intestine,.and. liver..The.solubilization.of. the. lipids. is.carried.out.by. the.bile.
acids,.which.form.micelles.[106].

Lipid.absorption.is.the.sum.of.the.mechanisms.that.transfer.the.dietary.lipids.from.the.lumen.of.
the.small.intestine.into.the.lymph.and.portal.circulation.[107]..This.complex.process.includes.the.
diffusion.of.lipids.through.the.intestinal.unstirred.water.layer.(UWL),.transport.across.the.BBM,.
binding. to. cytosolic. proteins,. diffusion. across. the. cytosol,.metabolism.of. lipids. and. lipoprotein.
biosynthesis,.and.secretion.of.the.lipids.across.the.basolateral.membrane.(BLM).into.the.blood.or.
lymph.[108].

Most.of.the.lipid.transport.across.the.BBM.is.the.result.of.passive.diffusion,.and.to.a.smaller.
extent,.a.component.mediated.by.lipid.binding.proteins..The.passive.diffusion.of.lipids.across.the.
BBM.has.three.steps:.the.adsorption.in.the.outer.leaflet.of.the.BBM,.the.transmembrane.movement,.
and.the.desorption.from.the.cytosolic.leaflet.of.the.BBM.[109]..The.rate-limiting.step.in.the.diffu-
sion.of.fatty.acids.across.the.enterocytes.is.the.trans-membrane.movement.of.fatty.acids.[110,111]..
The.permeability.of.the.BBM.is.influenced.by.its.fluidity.and.lipid.composition..The.fluidity.of.the.
BBM.depends.on.the.content.of.different.lipids.in.the.membrane.[112]..There.is.an.increased.BBM.
fluidity. during. the. suckling. period. as. compared. with. adults,. because. the. immature. membranes.
contain.a.higher.amount.of.cholesterol.and.phospholipids.per.milligram.protein.than.do.the.mature.
BBM.[113,114].

The.postnatal.maturation.of.the.intestine.is.influenced.by.hormonal.factors.such.as.glucocorti-
costeroids.(GC).and.thyroid.hormones..GC.have.an.important.role.in.membrane.maturation.in.rat.
intestine..The.administration.of.GC.induces.a.precocious.BBM.maturation.due.to.changes.in.the.
membrane.fluidity,.and.also.post-translational.alterations.of.proteins.in.the.BBM.[115–117].

Intestinal.uptake.occurs.predominantly.in.the.upper.third.of.the.villus.[118]..The.lipids.must.
first.cross. the.UWL,.and. than.permeate. the.BBM.. In.order. to.correctly.assess. the.permeability.
characteristics.of.the.BBM,.the.experimental.values.must.be.corrected.for.the.effective.resistance.
of.the.UWL..Failure.to.correct.for.UWL.resistance.leads.to.underestimation.of.the.permeability.
properties.of.the.BBM.[119].

The.passive.diffusion.of.lipids.can.be.explained.by.three.possible.models.[120]:

. 1..The.whole.bile.salt.micelle.is.absorbed.by.the.BBM..There.is.no.experimental.evidence.to.
support.this.model.[121].
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. 2..The.collision.between.micelle.and.BBM.enables.the.lipids.to.be.taken.up.directly.from.
the.micelle.into.the.BBM..There.is.experimental.evidence.for.supporting.this.model,.as.
suggested.by.the.linear.relationship.between.cholesterol.uptake.and.bile.acid.concentration.
[122,.123].

. 3..The.lipids.dissociate.from.the.micelles.into.the.aqueous.phase.of.the.UWL.before.being.
absorbed.by.BBM..The.experiment.that.supports.this.latter.possibility.showed.that.fatty.
acid.uptake.decreases.with.an.increase.in.the.number.of.bile.acid.micelles.when.the.con-
centration. of. fatty. acids. is. held. constant. [124].. Thus,. both. models. 2. and. 3. may. apply,.
depending.upon.the.nature.of.the.ingested.lipids,.the.bile.salts.and.phospholipids.in.the.
micelles,.and.the.BBM.lipid.composition.

The.UWL.provides.an.acidic.microclimate.that.is.maintained.by.the.BBM.Na+/H+.exchanger.
[125,126]..This.acidic.microclimate.enables.the.dissociation.of.fatty.acids.from.the.bile.acid.micelle.
[127,128].and.the.protonation.of.these.fatty.acids,.thereby.increasing.their.permeation.across.the.
BBM.[129,130]..Other.factors.that.could.be.involved.in.the.rate.of.uptake.of.lipids.are:.the.luminal.
lipid. composition,. the. transposition. of. membrane. lipids. between. the. outer. and. the. inner. leaflet.
of.the.BBM.[131],.the.membrane.potential.[132],.and.the.lipid.binding.proteins.in.the.enterocyte.
cytosol.or.BBM..The.cytosolic.lipid.transfer.proteins.released.from.lysed.cells.may.interact.with.
dietary.lipids,.thus.further.influencing.lipid.uptake..It.is.unknown.whether.the.normal.enterocytes.
are.permeable.to.cytosolic.protein.[107].

BBM.proteins.that.have.been.identified.to.have.a.role.in.lipid.binding.include.caveolin-1,.scav-
enger.receptor.Class.B.Type.1.(SR-BI),.fatty.acid.binding.protein.(FABP)pm,.fatty.acid.translocase.
(FAT)/CD36,. fatty.acid. transport.protein. (FATP4),.and.cholesterol. transport.protein..Caveolin-1.
is.a.22.kDa.integral.protein.found.in.an.invagination.of.the.BBM,.which.constitutes.the.caveolae..
Caveolae.have.a.unique.structure,.being.composed.of.cholesterol.and.sphingolipids,.as.compared.
with. plasma. membranes. that. are. composed. largely. by. phospholipids.. This. composition. enables.
caveolae.and.caveolae-related.domains.to.form.a.liquid-order.phase.in.membranes.[133].

The.caveolae.membrane.system.is.involved.in.endocytosis.(which.is.the.transcellular.transport.
between.the.two.surfaces.of.the.cell),.and.in.potocytosis.(a.mechanism.for.small.molecule.uptake.
independent.of.an.endocytic.process)..A.molecule.binds. to.a. receptor. in.a.flat.or.open.caveolae..
The.caveolae.then.invaginates,.and.may.transiently.form.a.sealed.compartment.independent.of.the.
extracellular. space,.but. still. remains.contiguous.with.the.plasma.membrane..The. formation.of.a.
sealed.microenvironment.facilitates.the.uptake.of.the.molecules.across.the.plasma.membrane..The.
invaginated.caveolae.then.flattens.or.opens,.and.the.cycle.is.repeated.[133–135].

Caveolin-1,. the.main.constituent.protein.in.caveolae,. is.necessary.for.the.internalization.and.
trafficking.of.the.caveolae.[134]..Caveolin-1.has.binding.affinity.for.long-chain.fatty.acids.(LCFA).
[136],. and. for. cholesterol. [137].. Caveolin-1. may. act. as. a. storage. place. for. cholesterol,. and. may.
play.a.role.in.the.sterol-sensing.component.of.the.BBM.[137]..Also,.caveolin-1.may.participate.in.
the.intracellular.targeting.of.cholesterol.[138]..Furthermore,.caveolin-1.may.play.a.role.in.signal.
transduction,.as.suggested.by.the.interaction.of.calveolin-1.with.G-protein,.Ras.and.Src.kinases,.or.
epidermal.factor.receptor.[139].

SR-BI.is.a.57.kDa.protein.identified.in.both.BBM.and.BLM,.especially.in.the.jejunum,.and.in.
negligible.amounts.in.ileum.[140]..SR-BI.serves.as.a.docking.receptor,.mediating.the.flux.of.lipid.
molecules..Interestingly,.the.flux.of.lipids.is.bidirectional:.the.lipid.molecules.move.from.the.donor.
particle.to.the.BBM,.and.back.again.[107].

The.localization.of.SR-BI.on.the.BBM.of.the.jejunum.is.consistent.with.the.hypothesis.of.its.pos-
sible.role.in.dietary.cholesterol.absorption,.whereas.SR-BI.present.on.the.BLM.of.the.ileum.suggests.
its.possible.involvement.in.intestinal.lipoprotein.uptake.[140].

FABPpm.is.a.43.kDa.protein.located.in.the.BBM.and.BLM.[141]..FABPpm.binds.monoglycerides,.
LCFA,.and.cholesterol..The.role.of.FABPpm.in.absorption.of.LCFA.was.demonstrated.by.the.inhi-
bition.of.[3H]-oleate.uptake.in.jejunal.explants.or.sheets.of.intestine.using.monospecific.FABPpm.
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antibody.[125,126,142]..The.uptake.of.oleic.acid.by.FABP.also.involves.the.activation.of.Na+/H+.

exchanger.[125,126].
FAT.is.a.88.kDa.glycoprotein.found.in.tissues.with.high.fatty.acid.metabolism.such.as.adipo-

cytes,.cardiomyocytes,.myocytes,.mammary.gland.cells,.and.enterocytes.[143]..FAT,.first.identified.
in.rat.adipocytes.[144],.has.an.85%.homology.with.human.scavenger.receptor.CD36,.which.is.found.
in.platelets,.monocytes,.and.endothelial.cells..In.the.intestine,.FAT/CD36.is.located.in.BBM.in.the.
upper.two.thirds.of.the.villi.at.the.major.sites.of.lipid.absorption.in.the.proximal.small.intestine.
[145]..FAT.binds. to.negatively. charged. fatty. acids;. therefore,. it.might. constitute. a.high-affinity,.
low-capacity.transport.system.for.ionized.LCFA.[146]..The.effect.of.FAT/CD36.on.transport.seems.
to. require. as.partner. the. cytosolic.FABP. [147]..Also,.FAT/CD36.might.be. a. lipid. sensor. in. the.
intestine..Increases.in.both.FAT.messenger.ribonucleic.acid.(mRNA).levels.and.cytosolic.liver-fatty.
acid.binding.protein.(L-FABP).are.reported.after.mice.are.fed.high.lipid.diets.[148]..A.diet.rich.in.
polyunsaturated.fatty.acids.(PUFA).also.increases.the.expression.of.FAT.mRNA.[145].

FATP.is.a.63.kDa.protein.found.in.different. isoforms.(five.in.rats.and.six. in.humans).[149]..
FATP4.is.the.isoform.expressed.in.the.intestine.of.humans.and.FATP1.is.found.in.murines..FATP4.is.
located.in.the.BBM.of.the.villi.in.the.jejunum.and.ileum,.with.lower.levels.in.the.duodenum..FATP4.
is.involved.in.the.transport.of.medium-.and.LCFA.[150]..FATP.from.adipocytes.is.co-expressed.in.
plasma.membrane.with.long.chain.acyl-CoA.synthetase.(ACS);.this.system.increases.the.efficiency.
of.LCFA.uptake.[151]..It.is.not.known.whether.the.intestinal.FATP.has.a.similar.system.

The.cholesterol.transport.protein..is.a.145.kDa.integral.protein.present.in.BBM.of.rabbit.entero-
cytes.[152]..Another.transporter.that.may.also.be.involved.in.the.intestinal.uptake.of.cholesterol.is.
the.multidrug.resistance.protein.(MDR).[153]..The.existence.of.a.transporter.protein.for.cholesterol.
was.suggested.as.early.as.1990.by.Thurnhofer.and.Hauser.[154]..This.conclusion.resulted.from.the.
experiments. in.which. the. rate.of.cholesterol.uptake.was. reduced.by.80%.after.proteolytic. treat-
ments.of.the.BBM.[154]..Interestingly,.the.hydrolysis.of.cholesterol.esters.is.not.a.prerequisite.for.
cholesterol.absorption.by.cholesterol.transporters..The.uptake.of.cholesteryl.oleate.by.the.BBM.is.as.
effective.as.that.of.free.cholesterol..Moreover,.the.kinetics.of.cholesteryl.oleate.uptake.was.similar.
to.the.kinetics.of.an.analog.that.is.resistant.to.cholesterol.esterases..Based.on.these.experiments,.
it.was.concluded.that.the.absorption.of.cholesterol.and.cholesterol.esters.in.the.BBM.work.side.by.
side,.depending.on.conditions.in.the.lumen.of.the.small.intestine.[155].

There.is.also.efflux.of.cholesterol.from.cells.[156]..Cholesterol.absorption.is.reduced.by.plant.
sterols. [157–160]..This.action.of.plant.sterols.was. initially.explained.by.physicochemical.effects.
of.these.compounds,.which.are.in.competition.with.cholesterol.in.their.incorporation.into.bile.salt.
micelles,.and.in.the.uptake.from.these.micelles.[159]..More.recently,.new.transporters.of.cholesterol.
in.BBM.have.been.found,.the.ATP.binding.cassette.(ABC).transporters:.ABCA1.[156],.ABCG5,.
ABCG8.[161],.and.NPC1L1.[162]..The.hypocholestolemic.effect.of.plant.stanols.has.been.explained.
by.the.presence.of.ATP.binding.cassette.(ABCA1).transporters.of.cholesterol.in.BBM.of.intestingal.
mucosa.cells.[156]..ABCA1,.as.well.as.other.ABC.transporters,.belong.to.the.ABCG.transporter.
family,. which. has. been. shown. to. be. involved. in. the. regulation. of. lipid. traffic. in. macrophages,.
hepatocytes,. and. enterocytes. [163].. There. is. some. evidence. that. ABCA1. mediates. the. efflux. of.
cholesterol.back.into.the.intestinal.lumen..Interestingly,.the.ABCA1.expression.is.regulated.by.a.
nuclear.receptor.system.formed.by.mandatory.heterodimers.between.the.liver.X.receptors.(LXR).
and.retinoid.X.receptors.(RXR)..LXR.binds.cholesterol.or.plant.sterols.and.RXR.binds.rexinoids.
[164]..Experiments.with.LXR/RXR.heterodimers.revealed.that.they.regulate.the.expression.of.the.
ABCA1.transporter,.and.thus.LXR/RXRs.regulate.the.level.of.cholesterol.in.enterocytes.[156].

The.hypocholestolemic.effect.of.plant.stanols.has.been.explained.by.the.presence.of.those.ABC.
transporters.on. intestinal.mucosa.cells,.which.appear. to.remove.unwanted.cholesterol.and.phys-
terols.from.the.enterocyte,.mediating.the.efflux.of.cholesterol.back.into.the.intestinal.lumen.[165]..
Discovery.of.those.new.transporters.in.lipids.metabolism.expands.probability.for.developing.new.
pharmaceutical.agents.to.decrease.cholesterol.levels..The.plasma.cholesterol.lowing.effects.of.exeti-
mibe.may.be.due.to.its.inhibition.of.the.BBM.cholesterol.transporter,.NPC1L1.[165,.166].
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In. enterocytes,. the. cytosolic. lipid. binding. proteins. bind. and. transport. lipids. and. bile. acids..
Three.of.them.have.been.identified.in.the.intestine:.intestinal-fatty.acid.binding.protein.(I-FABP);.
L-FABP,.which.is.also.found.in.the.liver;.and.ILBP..I-FABP.and.L-FABP.are.expressed.along.the.
villi.in.both.the.jejunum.and.ileum.[145]..I-FABP.is.a.15.1.kDa.protein,.found.most.abundantly.in.
the.distal.ileum.and.at.the.villous.tip.[148,167]..L-FABP.is.a.14.1.kDa.protein.present.mainly.in.the.
proximal.jejunum.at.the.crypt–villous.junction..L-FABP.is.absent.at.the.villous.tips.[168]..I-FABP.
has.a.greater.affinity.for.saturated.than.for.PUFA.[169]..In.contrast,.L-FABP.exhibits.a.greater.affin-
ity.for.PUFA.than.for.saturated.fatty.acids.(SFA).[169]..I-FABP.binds.protonated.fatty.acids,.while.
L-FABP.binds.unprotonated.fatty.acids.[169]..I-FABP.transports.fatty.acids.and.releases.them.by.a.
collisional.interaction.with.membranes,.which.suggests.a.role.in.the.uptake.or.targeting.fatty.acids..
L-FABP.transfers.fatty.acids.in.an.aqueous.diffusion.mediated.process,.which.suggests.their.having.
a.role.as.a.buffer.for.fatty.acids.in.cytosol.[170–172].

To. study. the. role.played.by. I-FABP. in. lipid. absorption,. several. experiments.have.been.per-
formed. with. I-FABP. knockout. mice.. Body. weight. gain. was. used. as. an. indicator. of. dietary. fat.
assimilation..The.knockout.male.mice.that.were.fed.a.low-fat.diet.or.high-fat.diet.were.consistently.
heavier. than. their.normal.counterparts.. In.contrast,. the.knockout. female.mice.fed.a. low-fat.diet.
were.indistinguishable.from.normal.mice..Only.the.knockout.female.mice.fed.a.high-fat.diet.gained.

less.weight.than.did.the.normal.female.mice..Measurements.for.lipid.content.in.plasma.and.organs.
were.also.performed..Cholesterol,.triacylglycerol.(TG),.glucose,.and.insulin.were.measured.in.the.
plasma..Samples.of.liver.and.epididymal.fat.pads.were.used.to.determine.cholesterol.and.TG.content.
in.tissues,.and.their.values.were.normalized.to.grams.of.organ.weight..Although.I-FABP.has.been.
suggested.to.be.involved.in.the.absorption.of.dietary.fatty.acids,.the.results.of.this.study.suggest.
that.I-FABP.is.not.imperative.for.fatty.acid.uptake..In.fact,.the.higher.concentrations.of.TG.in.the.
plasma.of.male.knockout.mice,.which.is.consistent.with.their.greater.weight.gain,.implies.that.the.
rate.of.dietary.fat.transfer.into.the.plasma.compartment.in.male.mice.is.actually.increased.in.the.
absence.of.I-FABP.[172,173].

The.mRNA.abundance. for.both. I-FABP.and.L-FABP.was. enhanced.by. feeding. rats.with. a.
PUFA-enriched.diet.[145]..The.mRNA.expression.was.also.enhanced.in.starved.rats.[174]..It.is.pos-
sible.that.L-FABP.influences.growth.and.differentiation.of.enterocytes.[108,.171]..L-FABP.binds.not.
only.to.fatty.acids.but.also.to.growth.factors,.prostaglandins,.and.leukotrienes;.L-FABP.participates.
in.the.regulation.of.genes.as.a.partner.of.the.peroxisome.proliferator-activated.receptors.(PPAR).

The.mechanism.and.regulation.of.the.uptake.of.extracellular.LCFA.into.mammalian.cells.is.
not.well.understood..PPAR.play.unique.roles.in.lipid.homeostasis..PPARs.are.part.of.the.nuclear.

hormone.receptor.superfamily,.and.three.subtypes.have.been.described,.namely.α,.β,.γ..They.have.
unique.tissue.distribution.patterns..Furthermore,.the.roles.of.PPAR.in.mediating.changes.in.gene.
expression.appear. to.be.cell-.and. tissue-specific..Also,. the. type.of.agonist. influences. the.magni-
tude.of.their.responses..In.the.intestine.for.example,.activation.of.PPARα.by.feeding.rats.with.a.
diet.containing.Wy.14,643.(a.hypolipidemic.drug).resulted.in.a.large.induction.of.I-FABP.mRNA,.
FAT. mRNA,. FATP. mRNA,. and. peroxisomal.Huntington’s. disease. mRNA. (the. second. enzyme.
of. the.peroxisomal.beta-oxidation.pathway). [175]..PPARα.may.be. involved. in.up-regulating. the.
expression.of.L-FABP.and.I-FABP.genes. in.murine. liver. [176],. in.addition. to. the.known.induc-
tion.of.hepatic.peroxisomal.lipid-metabolizing.enzymes.[175]..The.experiments.with.rats. treated.
with. bezafibrate,. a. PPAR.hypolipidemic. drug,. showed. an. increased. amount. of. L-FABP.protein.
and.mRNA.in.the.liver.of.these.rats.[177],.as.well.as.an.increase.of.the.mRNA.of.FAT..These.find-
ings.suggest.a.complementary.role.of.FAT.and.FABP.[145,.147]..PPARα.activation.increases.the.
cytosolic.transport.and.the.oxidation.of.lipids..PPARα.mediates.fibrate.and.dietary.PUFA.induction.
of.hepatic.peroxisomal.lipid-metabolizing.enzymes,.including.acyl-CoA.oxidase,.a.key.enzyme.in.
the.regulation.of.peroxisomal.lipid.catabolism.[175]..Interestingly,.PUFA.activate.PPAR.as.potently.
as.does. the.hypolipydemic.drug.Wy.14,643.[178].. In.addition,. the.binding.of.PUFA.to.PPAR.is.
increased.as.compared.with.other.fatty.acids.[179].
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ILBP.is.a.14.kDa.protein.expressed.mainly.in.the.cytosol.of.the.enterocytes.in.the.distal.ileum..
In.rats,.the.ILBP.amino.acid.sequence.has.a.25%.homology.with.L-FABP.and.I-FABP,.but.they.are.
immunologically.distinct..The.ileum.is.the.only.site.of.active.bile.acid.absorption.that.is.coincident.
with. the. localization.of. ILBP.mRNA.expression.[180].. ILBP.exhibits.an. increase. in. its.affinity/
capacity.when.stimulated.by.bile.acids..Therefore,.the.ileal.bile.acid.reabsorption.system.can.be.
modulated.by.an.intracellular.increase.of.ILBP.affinity/capacity.which.allows.the.maximal.adapta-
tion.of.transport.activity.to.changing.substrate.loads.[181].

The.cytosolic.acyl-CoA.binding.protein.(ACBP).plays.a.role.in.the.binding.of.LCFA.[148,167,182]..
ACBP.is.a.10.kDa.protein.that.binds.long.chain.acyl.CoA.esters.(LCA)..ACBP.binds.LCA.with.high.
affinity,.and.may.play.a.role.in.LCFA.transport.and.metabolism.[182]..ABCP.regulates.the.levels.
of.LCA.in.the.cell,.and.has.a.role.in.cellular.signaling,.and.ACBP.and.LCA.are.involved.in.signal.
transduction.and.gene.regulation.[148,167,182].

The.microsomal.transport.protein.(MTP).is.a.heterodimer.involved.in.the.transfer.of.triglyc-
eride,. phospholipids,. and. cholesterol. esters. in. apolipoprotein.B. (apo. B). [183].. This. heterodimer.
contains.a.59.kDa.multifunctional.subunit,.identical.to.protein.disulfide.isomerase,.which.is.linked.
to.the.endoplasmic.reticulum.(ER),.and.a.97.kDa.subunit.with.lipid.transfer.activity.[184]..MTP.
also.plays.a.key.role.in.very.light.density.lipoprotein.(VLDL).synthesis..The.absence.of.MTP.in.
mutant.MTP.humans.causes.abetalipoproteinemia.and.the.absence.of.VLDL.in.the.plasma.[185]..
The.major.clinical.consequence.of.this.disorder.is.the.deficiency.of.essential.fatty.acids.and.fat-
soluble.vitamins.[184].

The.rate-limiting.step.in.lipid.absorption.may.be.the.transport.of.TG.from.the.ER.to.the.Golgi..
The. intestine.has. two.systems. that.enable. it. to. traffic. lipids.between.organelles..The.first. is. the.
binding.of.lipids.to.cytosolic.binding.proteins,.and.the.second.is.the.chylomicron.secretion.after.
resynthesis.of.TG.from.absorbed.fatty.acids.and.monoacylglycerol..The.capacity.of.the.intestine.
to.export.chylomicrons.is.limited..The.formation.of.the.ER.vesicle.that.transports.the.developing.
chylomicrons.to.the.Golgi.parallels.the.capacity.of.chylomicron.secretion.of.the.intestine..The.rates.
of.prechylomicron.vesicle.formation.determine.the.rate.of.lipid.absorption.[130,186].

Lipid.uptake.is.a.dual.process.involving.passive.diffusion.and.protein-mediated.transport..It.is.
not.known.yet.which.system.contributes.more.to.lipid.absorption.[107,148,167]..The.small.intestine.
is.subjected.to.large.variations.in.lipid.supply.from.the.diet,.bile,.and.sloughed.intestinal.cells..It.is.
possible.that.passive.diffusion.may.be.a.high-capacity,.low-affinity.system.that.operates.during.high.
lipid.loads,.and.that.the.lipid.binding.proteins.may.constitute.a.low-capacity,.high-affinity.system.
that.works.at.low.lipid.concentrations..Thus,.the.presence.in.the.enterocyte.of.multiple.lipid.binding.
proteins.raises.the.question.of.the.physiological.role.of.these.proteins..Perhaps.they.may.be.involved.
in.specific.uptake.or.selection.of.fatty.acids,.or.may.play.a.role.in.fatty.acid.targeting.as.well.as.in.
cellular.signaling.

�.�.1.�  lipid absorption in aging

In.aging.there.may.be.reduced.gastric.lipase.and.bile.acid.secretion,.decreased.lipid.solubilization,.
and.thus.a.decline.in.lipid.absorption.[187]..In.a.study.of.dietary.fat.intake.and.fecal.fat.output,.the.
digestibility.of.fatty.acids.was.reduced.in.old.as.compared.with.younger.cats.[188].

While.a.number.of.animal. studies.demonstrate. reduced. in vitro. lipid.absorption.with.aging.
[189,190],.others.have.shown.increases.in.lipid.absorption.in.aged.rats.using.an.in vivo.perfusion.
model.[191]..However,.in vitro uptake.studies.done.with.rabbit.jejunal.discs.demonstrated.a.decline.
in.the.uptake.of.fatty.acids.and.cholesterol.with.age.when.uptake.was.expressed.on.the.basis.of.the.
weight.of.the.intestine.[189]..Radiolabeled.fat.breath.tests.have.confirmed.that.lipid.absorption.is.
reduced.in.mature.as.compared.with.suckling.rats.[190].

The.lipid.composition.of.cell.membranes.alters.the.passive.permeability.properties.and.trans-
porter.activity.across.the.membrane.[192]..Enhanced.fluidity.of.the.BBM.increases.the.transport.
of.lipids.and.glucose,.but.decreases.the.activity.of.leucine.aminopeptidase.in.the.BBM.[193,194]..
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A.decrease.in.intestinal.BBM.phospholipid.composition.and.membrane.fluidity.have.been.reported.
in.aging.rats,.and.this.may.contribute.to.the.reduced.lipid.absorption.in.the.aged.[194]..In.contrast,.
aging. is.associated.with.a.decrease. in. the. thickness.and.resistance.of. the. intestinal.UWL.[189],.
which.would.tend.to.increase.the.net.absorption.of.nutrients,.possibly.to.partially.counteract.the.
decreased.permeability.of.the.BBM.to.lipids.with.aging,.but.could.partially.explain.the.increased.
lipid.absorption.in vivo.

To.answer.whether.the.absorption.of.lipids.altered.by.age.or.by.dietary.lipids,.the.jejunal.and.
ileal.uptake.of.fatty.acids.and.cholesterol.was.first.expressed.on.the.basis.of.the.weight.of.the.entire.
wall.of.the.intestine.(nmol.100.mg–1.min–1).(Table.9.1)..In.animals.fed.chow,.the.jejunal.and.ileal.
uptake.of.18:0.fell.between.1.and.9.months,.the.ileal.uptake.of.16:0.fell.between.1.and.9,.and.1.and.
24.months..In.animals.fed.SFA,.there.was.reduced.jejunal.uptake.of.18:0,.18:1.and.18:2.between.1.
and.9.months.and.in.18:0.between.1.and.24.months..In.animals.fed.PUFA,.there.was.reduced.jejunal.
uptake.of.18:0.between.1.and.24.months..In.9-month-old.animals.fed.a.SFA.diet.there.was.increased.
ileal.uptake.of.18:2,.and.decreased.uptake.of.18:3.when.compared.with.9-month.PUFA.fed.animals..
At.24.months.there.was.decreased.ileal.uptake.of.18:0.in.SFA.fed.animals.when.compared.with.
PUFA.fed.animals.

The.rate.of.uptake.was.also.expressed.on.the.basis.of.the.weight.of.the.mucosa.(nmol.100.mg.
mucosal.tissue–1min–1)..In.animals.fed.chow,.there.was.reduced.jejunal.uptake.of.18:0.between.1.
and.9.months.(Figure.9.1),.reduced.ileal.uptake.of.16:0.and.18:0.between.1.and.9.and.between.1.and.
24.months,.and.reduced.ileal.uptake.of.18:2.between.1.and.24.months.(Figure.9.2).

Woudstra.et.al..[195].showed.changes.in.the.rate.of.lipid.uptake.in.the.small.intestine.associated.
with.aging..However,.it.depends.on.the.method.used.to.express.the.results.as.to.whether.there.is.an.
increase,.decrease,.or.no.alteration.in.the.rate.of.uptake..For.example,.when.results.were.expressed.
on.the.basis.of.serosal.surface.area,.there.was.a.decline.in.the.jejunal.rate.of.uptake.of.18:3.between.
9.and.24.months.in.chow.fed.animals..When.using.an.in vivo perfusion.technique.and.expressing.

taBle �.1
effect of age and diet on Intestinal Weight

1 month � months 2� months

Chow SFA PUFA Chow SFA PUFA Chow SFA PUFA

tissue Weight (mg/cm)

Jejunum . 9.0.±.0.7 . 8.8.±.0.9 10.1.±.1.4 12.3.±.1.3 12.5.±.0.5 11.2.±.0.8 10.7.±.1.5 13.6.±.2.1 10.5.±.1.1

Ileum . 6.4.±.0.7 . 6.8.±.0.6# . 9.4.±.0.8* . 7.8.±.0.8 10.4.±.1.9 . 7.6.±.1.1a 11.1.±.1.7a . 8.5.±.0.9b . 5.4.±.1.1*a

mucosal Weight (mg/cm)

Jejunum . 4.0.±.0.5 . 4.6.±.0.7 . 5.5.±.0.9 . 6.3.±.1.2 . 6.3.±.0.6 . 5.9.±.1.0 . 5.6.±.1.1 . 7.2.±.1.5 . 5.6.±.0.8

Ileum . 2.9.±.0.6 . 3.1.±.0.5 . 4.7.±.0.7 . 3.5.±.0.6 . 5.6.±.1.1 . 3.9.±.1.0 . 6.0.±.1.1ab . 4.2.±.0.7 . 2.9.±.0.7

percentage of Intestinal Wall Composed of mucosa

Jejunum 44.5.±.2.9 51.7.±.3.7 55.0.±.6.2 48.8.±.5.2 50.6.±.3.7 51.8.±.6.2 48.7.±.4.0 51.4.±.3.6 51.2.±.3.4

Ileum 38.3.±.4.7 45.6.±.5.0 49.9.±.5.3 43.9.±.3.1 51.4.±.3.6 48.8.±.5.4 50.1.±.6.4 49.3.±.4.0 42.8.±.8.9

Values.are.Mean.±.SEM
a. Significantly.different.from.1-month-old.rats.p≤0.05
b. Significantly.different.from.9-month-old.rats.p≤0.05
*. Significantly.different.from.chow.fed.animals.p≤0.05
#. Significantly.different.from.PUFA.p≤0.05
Source:. Woudstra.T..D.,.L..A..Drozdowski,.G..E..Wild,.M..T..Clandinin,.L..B..Agellon,.and.A..B..R..Thomson..2004..An.

isocaloric. PUFA. diet. enhances. lipid. uptake. and. weight. gain. in. aging. rats.. Lipids. 39(4):343–54.. With.
permission.
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lipid.uptake.on.the.basis.of.the.length.of.the.intestine,.the.uptake.of.cholesterol.and.fatty.acid.was.
shown.to.increase.in.aging.rats.[102,191]..When.the.results.of.Woudstra.et.al..[195].were.expressed.
on.the.basis.of.the.weight.of.the.entire.wall.of.the.intestine,.there.was.an.increase.in.the.rate.of.
jejunal.uptake.of.18:0.and.18:2.in.the.24-.as.compared.with.9-month-old.chow.fed.animals..In.con-
trast,.in.the.ileum.there.was.decreased.uptake.of.16:0.at.9.and.24.months.when.compared.with.1.
month..In.an.in vivo perfusion.study,.Holt.and.Dominguez.[196].found.a.decrease.in.lipid.uptake.in.
21-.as.compared.with.4-month-old.rats.when.uptake.was.expressed.on.the.basis.of.intestinal.weight..
Methodology.differences.and.the.use.of.in vitro.versus.in vivo techniques.may.explain.these.con-
trasting.findings..The.jejunal.and.ileal.uptake.of.18:0.is.lower.in.the.9-month.as.compared.with.the.
1-month.animals.fed.chow.when.results.are.expressed.on.the.basis.of.intestinal.weight..Thomson.
[189].also.showed.a.decline.in.lipid.uptake.in.the.jejunum.of.11-.compared.with.1-month-old.rabbits..
It.is.difficult.to.establish.the.pattern.of.changes.in.lipid.uptake.observed.throughout.the.lifetime.of.
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fIgure �.1  Jejunal.uptake.of.fatty.acids.and.cholesterol.expressed.as.nmol.100.mg.mucosal.tissue.–1min.
–1..Values.are.mean.+/–.SEM..Different.letters.denote.a.significant.age.effect;.(p.<.0.05).significant.diet.effect.
(SFA.v.s..PUFA.fed.animals).(p.<.0.05).(n.=.8)..(Woudstra.T..D.,.L..A..Drozdowski,.G..E..Wild,.M..T..Clan-
dinin,.L..B..Agellon,.and.A..B..R..Thomson..2004..An.isocaloric.PUFA.diet.enhances.lipid.uptake.and.weight.
gain.in.aging.rats..Lipids.39(4):343–54..With.permission.)
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the.animal.based.on.current.literature..Thus,.differences.in.methodologies,.units.of.expression,.and.
ages.of.comparison.clearly.play.a.critical.role.in.the.conclusion.of.any.findings.

It.has.been.suggested.that.the.ileum.compensates.for.the.loss.of.function.of.the.jejunum.in.aging.
[197];.for.example,.an.increased.villous.height.and.aminopeptidase.activity.was.found.in.the.ileum.
of.rats.refed.a.high-protein.diet.following.a.period.of.starvation.[197]..In.our.study,.chow.fed.ani-
mals.had.no.age-associated.change.in.ileal.villous.height.or.in.villous.surface.area.of.the.24-month.
animals.compared.to.the.9-.or.1-month.animals.(Figure.9.2),.but.age.was.associated.with.a.decline.
in.jejunal.and.ileal.mucosal.surface.area.in.animals.fed.a.SFA.or.PUFA.diet.(Figure.9.3)..When.lipid.
uptake.was.expressed.on.the.basis.of.mucosal.surface.area.(Figure.9.4),.the.uptake.of.some.lipids.
actually.increased.between.1.and.9.or.24.months..Thus,.the.reduction.in.the.surface.area.of.these.
older.animals.did.not.result.in.a.concomitant.reduction.in.absorptive.capacity..Therefore,.changes.
in.morphology.or.surface.area.of.the.small.intestine.may.not.accurately.predict.the.ability.of.the.
aged.intestine.to.absorb.nutrients..While.it.has.been.suggested.that.increased.ileal.height.may.result.
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in.increased.functional.capacity.of.the.ileum.in.aging.[197],.we.show.this.may.not.be.the.case;.i.e.,.
increased.intestinal.surface.area.does.not.necessarily.result.in.increased.absorptive.capacity.

�.�.1.10  the effect of the Intestinal unstirred Water layer

The.uptake.of.12:0.is.a.reflection.of.the.effective.resistance.of.the.intestinal.UWL,.with.higher.uptake.
reflecting. lower. resistance. [189].. In.chow. fed.animals,. the. jejunal.uptake.of.12:0.was. increased.
between.9.and.24.months,.suggesting.lower.effective.resistance.of.the.UWL.in.the.24-month.rats..
This.lower.resistance.would.help.to.increase.uptake.of.diffusion-limited.probes.such.as.LCFA.[124]..
However,.at.24.months,.the.jejunal.uptake.of.lipids.was.unchanged.when.expressed.as.nmol.100.mg.
mucosal.tissue–1.min–1..Furthermore,.in.rats.fed.PUFA,.the.jejunal.uptake.of.12:0.increased.between.
1.and.24.months,.reflecting.lower.unstirred.layer.resistance..The.jejunal.uptake.of.18:0.fell.between.
1.and.24.months,.indicating.that.the.age-associated.alterations.in.lipid.uptake.could.not.simply.be.
explained.by.variations.in.the.effective.resistance.of.the.intestinal.UWL.
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�.�.1.11  passi�e lipid uptake

Passive. uptake. of. lipids. across. the. BBM. may. be. affected. by. membrane. fluidity. and. by. the. pH.
microclimate.of.the.UWL.adjacent.to.the.BBM.[127–198]..The.lipid.composition.of.the.BBM.may.
contribute.to.alterations.in.lipid.uptake.[199]..In.aging,.there.is.an.age-associated.decrease.in.BBM.
fluidity.[194],.which.could.contribute.to.the.decreased.lipid.absorption.with.aging..The.low.pH.of.
the.microclimate.adjacent.to.the.BBM.increases.the.bile.acid.critical-micellar.concentration,.result-
ing.in.a.dissociation.of.lipids.from.bile.acid.micelles.[127,128]..In.aging,.there.is.an.increase.in.the.
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pH.of.the.microclimate,.which.would.contribute. to.reduced.absorption.in.aging.[104]..Measure-
ments.of.the.pH.of.the.microclimate.and.the.BBM.composition.were.not.analyzed.in.this.study.

�.�.1.12  Intestinal lipid Binding proteins

There.are.many.lipid.binding.proteins.in.the.enterocyte.cytosol.and.BBM.[148,167]..It.was.specu-
lated.that.some.of. these.may.be. involved.in. lipid.uptake..For.example,.using.an.antibody.to. the.
FABP.in.BBM.reduced.the.lipid.uptake.[125,126,142]..Feeding.animals.a.high-fat.diet.increases.the.
intestinal.lipid.uptake.and.enhances.the.abundance.of.L-FABP.[148,167]..The.exposure.of.Caco-2.
cells.in.culture.to.lipids.increases.both.L-FABP.and.I-FABP.in.their.cytosol.[200]..However,.the.
alterations.in.lipid.uptake.in.diabetes,.aging,.or.in.response.to.intestinal.resection.are.not.correlated.
with.variations.in.enterocyte.abundance.of.I-/L-FABP.[201]..Furthermore,.in.knockout.mice.lack-
ing.I-FABP,.lipid.uptake.is.normal.under.basal.conditions.[172].

The.expression.of.L-FABP.mRNA.in.the.jejunum.and.ileum.was.not.affected.by.the.age.of.the.
animals.fed.chow.or.PUFA..In.those.fed.SFA,.the.expression.of.L-FABP.mRNA.in.the.jejunum.was.
higher.at.24.as.compared.with.1.or.9.months.(Figure.9.5)..ILBP.expression.in.the.ileum.was.unaf-
fected.by.age.in.animals.fed.SFA.or.PUFA,.but.in.those.fed.chow.the.mRNA.expression.of.ILBP.
was.higher.at.24.months.as.compared.with.9.months..In.contrast,.the.abundance.of.ILBP.protein.
was.unaffected.by.age.or.by.diet.and.the.abundance.of.I-FABP.protein.was.also.unaffected.by.age.
or.by.diet.(Figure.9.5).

Thus,.reduced.lipid.absorption.in.aging.cannot.be.explained.by.alterations.in. the.expression.
of. the.mRNA.of. the.selected. lipid.binding.proteins.or. in. the.abundance.of. these.proteins.. In. I-
FABP.knockout.mice,.fatty.acid.uptake.is.maintained,.demonstrating.that. the.I-FABP.protein.is.
not.required.for.intestinal.lipid.uptake.[173]..In.this.study,.in.the.ileum.the.rate.of.uptake.of.several.
fatty.acids.was.reduced.in.the.24-month.group.as.compared.with.the.1-month.group,.yet.no.differ-
ence.was.seen.in.the.abundance.of.the.binding.proteins.(ILBP,.L-FABP,.and.I-FABP).or.expression.
of.their.mRNAs..These.findings,.together.with.the.observations.in.the.knockout.mice,.suggest.that.
lipid.absorption.is.not.dependent.on.the.abundance.of.these.lipid-binding.proteins..It.is.possible.that.
the.distribution.of.transporters.along.the.crypt–villous.axis.is.altered.in.aging,.without.a.change.
in.the.actual.number.of.transporters..It.may.be.that.the.increased.rate.of.proliferation.in.the.small.
intestine.that.is.associated.with.aging.results.in.fewer.mature.cells.toward.the.villous.tip.[202]..It.
is.also.possible. that. the.abundance.of. the. lipid.binding.proteins. is.controlled.post-transcription-
ally.or.post-translationally..Finally,.there.are.several.other.lipid.binding.proteins.in.the.enterocyte,.
and.these.may.play.a.role.in.lipid.uptake..For.example,.the.FATP4.[150],.or.the.FAT.in.the.BBM.
of.enterocytes.[144]..It.has.also.been.suggested.that.the.rate-limiting.step.in.lipid.absorption.is.the.
formation.of.a.prechylomicron.transport.vesicle.in.the.ER.[130,186]..Thus,.we.cannot.dismiss.the.
possibility.that.some.lipid-binding.proteins.not.assessed.in.this.study.play.some.role.in.the.control.
of.lipid.uptake,.and.may.have.contributed.to.the.change.in.lipid.uptake.observed.with.aging.

In.total,.these.data.suggest.that.lipid.absorption.is.lower.in.the.older.than.in.the.younger.indi-
vidual;.but. the.extent.depends.on. the.method.used. to.express. the.data..The.mechanisms.of. this.
impairment.remain.unknown.

Older.studies.suggested.that.the.lower.serum.chylomicron.levels.following.a.fatty.meal.indicate.
a.reduced.absorptive.capacity.among.the.aged.[160]..In.a.study.of.only.the.healthy.aged,.there.was.
no.correlation.between.age.and.72-hour.fecal.fat.excretion.[203]..However,.the.absorption.of.fat.may.
take.longer.in.the.elderly,.and.this.method.of.measuring.serum.chylomicron.levels.may.not.reflect.
total.uptake.of.lipids.[203]..There.is.also.a.reduction.in.postprandial.serum.bile.acid.levels.in.elderly.
humans,.suggesting.that.bile.acids.are.absorbed.less.effectively.[204].

Early.work.using.human.subjects.demonstrated.reductions.in.lipid.absorption.with.age.[160]..
There.also.appears.to.be.reduced.intestinal.absorption.of.bile.acids.with.age.[204],.although.it.is.not.
clear.if.this.negatively.impacts.lipid.absorption.in.the.elderly..When.healthy.elderly.human.subjects.
were.studied,.however,.no.correlation.between.age.and.72-hour.fecal.fat.excretion.was.found.[203]..
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After.considering.the.results.of.all.these.studies,.Holt.[205].suggested.that.no.important.changes.in.
lipid.absorption.with.aging.have.been.described.

�.�  possIBle meChanIsms of altered lIpId aBsorptIon WIth agIng

9.5.1  Faulty adaPtatiOn

Intestinal.adaptation.is.defined.as.the.ability.of.the.intestine.to.change.functionally.or.morphologi-
cally.in.response.to.alterations.in.environmental.stimuli..Generally,.the.adaptive.changes.are.ben-
eficial,.such.as.increased.nutrient.absorption.following.small-intestinal.resection,.chronic.alcohol.
ingestion,.or.sub-lethal.abdominal.radiation.[206]..In.contrast,.the.enhanced.absorptive.adaptation.
observed.in.diabetes.contributes.to.the.hyperglycemia,.hyperlipidemia,.and.the.obesity.associated.
with.this.metabolic.disorder.

The.adaptive. response.of. the.gut. is. impaired. in.aging..Therefore,. in. times.of. stress. such.as.
injury.or.illness,.malnutrition.may.result.more.readily.[207]..For.example,.dietary.restriction.initi-
ated.in.aged.rats.resulted.in.a.dramatic.weight.loss,.with.no.weight.stabilization.after.12.weeks.of.
reintroduction.of.a.normal.diet..In.addition,.the.intestines.of.the.animals.were.atrophied.and.ileal.
hydrolase.activity.was.decreased.[7]..Following.a.period.of.underfeeding,.elderly.men.continued.to.
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underfeed.themselves.for.a.period.of.9–10.days,.while.their.younger.counterparts.increased.their.
energy.intake.[208]..This.suggests.that.following.a.period.of.illness.during.which.nutrient.intake.is.
reduced,.the.elderly.may.continue.to.underfeed.themselves.despite.their.recovery.from.the.illness..
Thus,.the.reduction.in.nutrient.absorptive.capacity.of.the.small.intestine.that.occurs.with.aging,.plus.
the.reduced.adaptive.response,.will.put.the.older.patient.at.high.risk.for.becoming.malnourished.

Depending. on. the. nutrients. available,. the. intestine. adapts. to. variations. in. dietary. load. and.
composition.[209]..For.example,. increased.dietary.carbohydrates.cause.an.increase.in.the.Vmax.
for.intestinal.glucose.uptake.[210]..Nonessential.and.nontoxic.amino.acids.are.upregulated.on.high-
protein.diets,.and.this.response.may.be.impaired.in.aging.[99]..Potentially.toxic.substances.such.
as.some.essential.amino.acids,.iron,.and.calcium.may.be.downregulated.by.a.dietary.increase.in.
these.respective.substrates.[99,211]..Animals.fed.isocaloric.diets.enriched.with.SFA.have.greater.
glucose.uptake.than.those.animals.fed.PUFA.diets.[212]..In.adult.rats,.a.diet.enriched.with.SFA.
results.in.increased.intestinal.sugar.uptake.when.compared.with.an.isocaloric.diet.enriched.with.
PUFA.[213–216]..Similarly,.Vine.et.al..[217].studied.the.effect.of.various.fatty.acids.on.the.passive.
and.active.transport.properties.of.rat.jejunum,.and.found.that.an.SFA.diet.increased.Na+-dependent.
glucose.uptake.when.compared.with.a.diet.enriched.with.n6.PUFA..Of.importance,.Woudstra.et.al..
[195].showed.that.the.intestinal.response.to.dietary.lipids.may.differ.with.age.

In.mature.animals,.SFA.increased.the.rate.of.uptake.of.fatty.acids.and.cholesterol.in.the.ileum.
when.expressed.on.the.basis.of.mucosal.surface.area.(Figures.9.4.and.9.7)..Previous.work.in.mature.
rats.has.also.shown.an.increase.in.the.rate.of.uptake.of.lipids,.cholesterol,.and.carbohydrates.in.ani-
mals.fed.a.SFA-enriched.diet.[212]..The.jejunal.rate.of.cholesterol.uptake.was.also.increased.in.the.
mature.and.old.SFA.fed.animals..In.contrast,.in.the.ileum.of.young.and.old.animals,.SFA.reduced.
the.rate.of.uptake.of.some.lipids.when.calculated.on.the.basis.of.mucosal.surface.area..The.higher.
effective.resistance.of.the.UWL.in.the.ileum.of.the.young.animals.fed.SFA.may.have.contributed.
to.the.reduced.uptake.of.lipids.in.the.1-month.group..However,.in.the.ileum.of.old.animals.fed.SFA,.
the.effective.resistance.of.the.UWL.is.reduced..This.would.increase.the.concentration.of.lipid.at.
the.membrane.aqueous.interface.and.increase.lipid.uptake.[120]..Thus,.the.adaptive.response.to.the.
composition.of.dietary.lipid.is.age-dependent..In.the.ileum.of.9-month-old.animals,.SFA.increases.
the.rate.of.lipid.uptake,.and.yet.in.24-month-old.animals.SFA.decreases.the.rate.of.lipid.uptake.
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Investigators.have.previously.shown.an.altered.adaptive.response.associated.with.aging..In.old.
F344.rats.that.are.refed,.following.a.period.of.starvation.there.is.an.exaggerated.increase.in.enzyme.
activity.when.compared.with.same-aged.controls.and.young. refed.animals. [218])..This.exagger-
ated.response.may.suggest.impairment.in.protein.degradation.in.the.old.animal..In.addition,.villus.
cell.proliferation. rate. is.not. controlled.as. tightly. in.older. rats. as. compared.with.younger. rats. in.
response. to. refeeding. [219].. It. has. also.been. shown. that. aging. reduces. the. adaptive. response.of.
the.small.intestine.to.changes.in.dietary.carbohydrates.and.amino.acids.[99]..By.altering.the.type.
of.dietary.fat,.Woudstra.et.al..[195].have.shown.that.the.old.intestine.is.still.capable.of.adapting.
to.changes.in.dietary.fat..However,.this.response.is.altered.in.the.aging.rats.when.compared.with.
mature.animals.

The.mechanism.responsible.for.this.age-related.alteration.in.adaptation.to.dietary.lipids.is.not.known..
But.clearly,.the.results.of.adaptive.studies.in.young.rats.do.not.necessarily.apply.to.older.animals.
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9.5.2  animal intEstinal mOrPHOlOgy cHaractEristics

In.the.jejunum,.neither.age.nor.diet.had.an.effect.on.the.weight.of.the.intestine,.the.weight.of.the.
intestinal.mucosa,.or.on.the.percentage.of.the.intestinal.wall.composed.of.mucosa.(Table.9.1)..In.
contrast,.in.the.ileum.of.rats.fed.chow,.the.weight.of.the.intestine.and.the.weight.of.the.intestinal.
mucosa.were.approximately.twice.as.high.at.24.as.compared.with.1.month..In.rats.fed.SFA,.the.
ileal.weight.was.lower.at.24.than.9.months,.but.not.as.compared.with.1.month..In.rats.fed.PUFA,.
the.mean.ileal.weight.was.lower.at.24.than.at.1.month..Therefore,.the.weight.of.the.mucosa.had.to.
be.taken.into.account.when.expressing.the.rate.of.uptake.of.the.lipids.

The.main.function.of.the.small.intestine.is.nutrient.absorption..In.humans,.the.small.intestine.
is.approximately.6.meters.in.length.[206].and.1.1.meters.in.mature.Fischer.344.rats.[6]..The.most.
proximal.region.is.the.duodenum,.followed.by.the.jejunum,.and.most.distally.the.ileum..The.interior.
of.the.small.intestine.is.the.lumen,.surrounded.by.the.intestinal.mucosa..Numerous.mucosal.villi.
increase.the.absorptive.surface.area.by.7-.to.14-fold..The.height.of.the.villi.in.humans.ranges.from.
0.5.mm.to.0.8.mm,.and.from.approximately.0.3.mm.to.0.5.mm.in.F344.rats.[6]..The.mucosa.may.be.
divided.into.three.layers,.(1).the.muscularis.mucosa,.which.is.a.thin.layer.of.smooth.muscle.cells.and.
separates.the.mucosa.from.the.submucosa;.(2).the.lamina.propria,.which.is.a.continuous.sheet.of.
connective.tissue.abundant.in.many.immunologically.important.cells.such.as.plasma.cells,.lympho-
cytes,.and.macrophages,.and.as.well.contains.blood.and.lymph.vessels;.and.(3).the.epithelial.layer,.
which.can.be.further.subdivided.into.two.regions,.the.crypt.and.villous.epithelium..The.crypts.of.
Lieberkühn.are.located.at.the.base.of.the.villi,.and.contain.a.number.of.cells.such.as.mucus-secret-
ing.cells,.endocrine.cells,.and.immature.and.undifferentiated.cells..The.immature.cells.leave.the.
crypt.and.migrate.to.the.villous.tip.over.a.period.of.approximately.2–3.days.in.rats.and.4–5.days.in.
humans..During.this.time.they.differentiate.into.fully.functional.cells..The.villous.epithelium.is.a.
single.cell.layer.that.contains.a.large.number.of.absorptive.cells.known.as.the.enterocytes,.which.
are.highly.polarized.cells.that.facilitated.vectorial.transport.of.nutrients..The.apical.membrane.is.
characterized.by.microvilli,.and.is.known.as.the.BBM..It.is.estimated.that.the.BBM.increases.the.
absorptive.surface.area.of.the.enterocyte.by.14-.to.40-fold.

Morphological.changes.are.often.associated.with.intestinal.adaptation..Following.bowel.resec-
tion,.hyperplasia.of.the.remaining.gut.is.associated.with.increased.nutrient,.water,.and.electrolyte.
absorption.[220]..However,.hyperplasia.does.not.necessarily.correlate.with.altered.absorption.[212]..
For.example,.in.the.rat.jejunum,.the.uptake.of.glucose.is.enhanced.by.dietary.fats,.but.is.not.associ-
ated.with.increased.mucosal.surface.area..Following.small-bowel.resection,.the.mass.of.the.rem-
nant.intestine.was.increased.to.50–70%.of.its.pre-resection.level,.but.glucose.uptake.was.restored.to.
only.33%.[221]..These.findings.suggest.that.morphological.changes.do.not.necessarily.accompany.
alterations.in.absorption,.and.vice.versa.

Changes.in.the.morphology.of.the.small.intestine.may.also.contribute.to.age-associated.altera-
tions.in.nutrient.absorption..In.studies.of.F344.rats,.there.was.no.age-related.change.in.the.density.
of.the.villi.in.the.small.intestine,.or.in.the.size.of.the.enterocytes.[6]..However,.with.aging,.there.is.
an.increase.in.the.width.of.the.villi.throughout.the.intestine.and.an.increase.in.duodenal.and.jejunal.
crypt.depth,.as.well.as.increased.ileal.villous.height,.ileal.mass,.and.ileal.DNA.content..The.num-
ber.of.villi.per.unit.area.of.intestine.decreases.in.aged.rats,.suggesting.that.the.overall.surface.area.
of.the.intestine.may.fall.without.an.alteration.in.villous.height.or.width.[222]..The.height,.width,.
depth,.and.number.of.villi.are.incorporated.into.a.measurement.of.surface.area,.and.it.may.not.be.
appropriate.to.predict.changes.in.mucosal.surface.area.based.only.on.alterations.in.the.height.of.the.
villi.[223]..In.fact,.there.would.appear.to.be.an.age-related.decline.in.mucosal.surface.area.in.rabbit.
jejunum.[224]..In.the.jejunum.of.human.subjects,.no.significant.difference.between.young.and.old.
enterocyte.height.and.jejunal.surface-area-to-volume.ratio.was.found.[225].

Holt.et.al..[6].looked.at.age-related.changes.in.the.intestinal.morphology.of.Fischer.344.rats..
Increases. in.villous.width.were.noted. throughout. the. small. intestine,.while. increases. in.villous.
height.were.limited.to.the.ileum..Other.studies.in.rats.have.shown.age-related.losses.in.villous.and.
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enterocyte.heights.[226]..Age-related.declines.in.mucosal.surface.area.have.also.been.reported.in.
rabbit.jejunum.[224]..Human.studies.generally.show.no.changes.in.intestinal.morphology,.as.deter-
mined.from.measurements.of.villous.height,.crypt.depth,.crypt-to-villous.ratios,.and.enterocyte.size.
[225,227,228]..In.contrast,.Warren.et.al..[229].showed.a.decrease.in.villous.height.with.age..Martin.
et.al..[230].described.histological.changes.that.occur.in.aging.mice:.when.old.mice.were.compared.
to.young.mice,.there.were.larger.villi,.a.reduced.number.of.crypts,.and.fewer.villi.and.crypts.per.
mm.along.the.small.intestine..These.changes.were.most.pronounced.in.the.distal,.as.opposed.to.the.
proximal.small.intestine..Research.has.failed.to.find.a.clear.association.between.intestinal.morphol-
ogy.and.nutrient.uptake.with.aging..For.example,.despite.reductions.in.mucosal.surface.area,.aged.
rats.demonstrated.increases.in.the.jejunal.uptake.of.SFA.[224]..So,.while.it.remains.controversial.as.
to.whether.aging.is.associated.with.morphological.changes,.even.if.such.changes.were.to.occur,.the.
impact.on.nutrient.uptake.may.not.be.clinically.relevant.

Ciccocioppo. et. al.. [231]. suggested. that. intestinal. architecture. is. maintained. with. aging. by.
increases.in.proliferation.and.differentiation.rates..This.agrees.with.work.done.by.Corazza.et.al..
[232].that.showed.increased.expression.of.proliferating.cell.nuclear.antigen.in.older.subjects.when.
compared.with.their.younger.counterparts.

Morphological.changes.associated.with.aging.fail.to.fully.explain.altered.absorptive.capacity.
in.laboratory.animals..For.example,.increased.SFA.uptake.was.observed.in.the.jejunum.of.mature.
as.compared.with.young.rabbits,.and.yet.surface.area.decreased.[224]..These.findings.suggest.that.
other. factors.may.be. responsible. for. the.altered. lipid.uptake..For.example,.differentiation.of. the.
enterocytes.as.they.migrate.from.crypt.to.villous.tip.is.delayed.in.aging.animals..There.is.a.greater.
crypt.cell.proliferative.rate,.as.well.as.a.broadened.zone.of.proliferation.within.the.crypts.of.old.
rats.[233]..The.immunohistochemical.expression.of.the.proliferation.cell.nuclear.antigen.is.mark-
edly.increased.in.the.duodenal.villi.and.crypts.of.humans.over.65.years,.as.compared.with.younger.
persons.[232]..This.suggests.that.the.abnormal.proliferation.pattern.may.explain.the.coexistence.of.
normal.morphology,.and.yet.impaired.absorptive.function.in.the.elderly.[232]..In.aged.rats.refed.a.
high.protein.diet.following.48.hours.of.starvation,.there.is.a.35%.increase.in.villous.height.in.the.
ileum.as.well.as.an.increased.ileal.aminopeptidase.activity.[197]..This.suggests.that.the.ileum.may.
compensate.for.any.age-associated.loss.of.surface.area.of.the.jejunum..It.is.speculated.that.the.ileum.
of.aged.rats.may.be.exposed.to.a.greater.luminal.load.due.to.decreased.uptake.in.the.proximal.small.
intestine,.thereby.causing.hyperplasia.of.the.ileum..Supporting.this.suggestion,.ileal–jejunal.trans-
posed.rats.showed.an.increase.in.the.mucosal.mass.of.the.transposed.ileum.in.young,.mature,.and.
old.animals.[234]..Thus,.there.may.be.a.modest.decline.in.the.surface.area.of.the.intestine.in.some.
species,.but.this.by.itself.does.not.explain.functional.alterations.

Woudstra.et.al..[195].hypothesized.that.a.diet.enriched.in.SFA.might.help.to.correct.the.age-
associated. loss. of. function. of. the. small. intestine,. but. the. current. study. suggests. that. a. PUFA.
enriched.diet.may.be.more.effective.at.reversing.this.loss.in.old.F344.rats..This.unexpected.finding.
underscores.the.necessity.of.performing.research.in.aging.animals,.because.treatment.effects.found.
in.young.or.mature.animals.may.be.altered.by.the.aging.process.

�.�  possIBle sIgnals of IntestInal adaptatIon

It. has.previously.been. shown. that. there. is. a. higher. rate.of. enterocyte.proliferation. in. the. aging.
intestine.. In. gastric. mucosa. increased. expression. in. ornithine. decarboxylase. (ODC),. epidermal.
growth.factor.(EGF).receptor,. transforming.growth.factor-α. (TGF-α),.activator-protein.1.(AP-1).
(c-fos/c-jun),.and.NF-κB.may.contribute.to.this.hyperproliferation.[235]..It.has.been.suggested.that.
NF-κB,.AP-1.proteins.(c-fos.and.c-jun).are.activated.in.response.to.intrinsic.factors.such.as.oxida-
tive.stress.and.extrinsic.factors.such.as.dietary.components.[236]..In.addition,.AP-1.proteins.may.
play.an.important.role.in.the.postnatal.development.of.the.intestine.[237],.and.in.models.of.intesti-
nal.adaptation.[238,239]..EGF.has.also.been.shown.to.increase.glucose.uptake.and.surface.area.of.
the.small.intestine.following.small-bowel.resection.[240],.possibly.by.activating.the.AP-1.proteins.
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[241]..ODC.is.the.first.enzyme.of.polyamine.synthesis.that.is.essential.for.nucleic.acid.and.protein.
synthesis.[242]..Control.over.polyamine.synthesis.may.be.less.rigidly.controlled.in.aging.and.ODC.
activity.may. increase. in.aging. rats. [243,244]..The. role.of. these.proteins. in. intestinal.adaptation.
associated.with.aging.and.dietary.lipids.has.not.been.investigated..Additional.proteins.of.cell.cycle.
regulation.such.as.cyclin.dependent-kinase.inhibitor.p16ink4α.and.transcription.factor.p53.may.also.
play.a.role.in.age-associated.and.diet-induced.changes.in.the.small.intestine..This.speculation.has.
not.been.examined.experimentally.[245,246].

It.is.possible.that.genes.that.signal.the.adaptive.response.to.dietary.lipids.are.also.altered.by.the.
aging.process..Some.of.the.possible.genes.are.(1).PPARs,.which.may.contribute.to.dietary.lipid-
induced.adaptation.of.the.small.intestine.[247].and.may.increase.in.aging.[248];.(2).ODC,.which.
is. required. for. protein. and. nucleic. acid. synthesis. [242]. may. be. less. rigidly. controlled. in. aging.
[243,244];.(3).EGF,.as.well.as.AP-1.proteins.(c-jun/c-fos),.which.play.a.role.in.intestinal.adaptation.
and.development.[237,240],.and.which.may.also.be.sensitive.to.oxidative.stress.such.as.that.seen.in.
aging.[236].and;.(4).cell.cycle.regulators.such.as.the.p53.and.p16ink4a,.which.may.also.play.a.role.
in.adaptation.and.may.be.altered.in.aging.[245,246]..Further.studies.are.needed.to.determine.the.
role.of.these.proteins.in.models.of.intestinal.adaptation.and.aging.

aBBrevIatIons

ABCA1 ATP.binding.cassette
ACBP acyl-CoA.binding.protein
ACS acyl-CoA.synthetase
AP-1 activator-protein.1.(c-fos/c-jun)
Apo B apolipoprotein.B
BBM brush.border.membrane
BLM basolateral.membrane
CNS central.nervous.system
CR caloric.restriction
DNA deoxyribonucleic.acid
EGF epidermal.growth.factor
ER endoplasmic.reticulum
FABP fatty.acid.binding.protein
FAT fatty.acid.translocase
FATP fatty.acid.transport.protein
GC glucocorticosteroids
I-FABP intestinal-fatty.acid.binding.protein
IGF-1 insulin-like.growth.factor-1
Igflr± heterozygous.knockout.mice
LCA acyl.CoA.esters
LCFA long-chain.fatty.acid
L-FABP liver-fatty.acid.binding.protein
LPH lactase.phlorizin.hydrolase
LXR liver.X.receptors
MDR multidrug.resistance.protein
mRNA messenger.ribonucleic.acid
MTP microsomal.transport.protein
Na+K+-AT Pasesodium-potassium.pump
NF-κB nuclear.factor-.κB
ODC ornithine.decarboxylase
PPAR peroxisome.proliferator-activated.receptors
PUFA polyunsaturated.fatty.acid
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RXR retinoid.X.receptors
SFA saturated.fatty.acid
SGLT sodium.glucose.co-transporters
SI sucrase-isomaltase
SR-BI scavenger.receptor.Class.B.Type.I
TG triacylglycerol
TGF-α transforming.growth.factor-α
UWL unstirred.water.layer
VLDL very.light.density.lipoproteins
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Caffeine.is.the.world’s.most.ubiquitously.used.drug,.with.87%.of.the.U.S..population.consuming.
food.and.beverages.containing.caffeine..Average.intake.is.193.mg.per.day.[1]..As.age.increases,.so.
does.caffeine.consumption,.with.men.and.women.aged.35.to.64.years.being.the.highest.consumers..
Estimated.daily.caffeine.consumption.increases.with.age.in.Britain,.and.is.associated.with.smoking.
and.greater.alcohol.consumption.[2]..In.an.Australian.community.sample,.age.was.positively.associ-
ated.with.tea.consumption.but.negatively.associated.with.coffee.preference..Women.consumed.more.
cups.per.day.than.men,.but.showed.a.low.preference.for.coffee.[3]..For.adults.in.the.United.States,.
the.main.source.of.caffeine.is.coffee.(71%).with.soft.drinks,.tea,.and.chocolate.products.accounting.
for.the.rest,.whereas.soft.drinks.are.the.main.source.for.children.and.teenagers.[1]..Although.coffee.
is.the.main.source.of.caffeine,.assessment.of.coffee.alone.underestimates.total.caffeine.intake.and,.
thus,.studies.of.caffeine.as.a.risk.factor.for.disease.must.consider.total.caffeine.intake.to.estimate.
risk.with.any.degree.of.accuracy.[4]..Caffeine.absorption.and.subjective.effects.are.not.influenced.
by.drink.type,.although.coffee.blends.differ.substantially.in.their.proportion.of.caffeine.
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Older.people.can.make.a.purposeful.decision.to.reduce.coffee.and.caffeine.intake,.with.4%.of.
those.surveyed.in.one.study.having.stopped.altogether,.mostly.due.to.health.concerns.and.unpleas-
ant.side.effects.such.as.palpitations.[5]..In.addition,.some.users.describe.unsuccessful.attempts.to.
stop.use.[6],.indicating.that.there.can.be.an.element.of.dependence.upon.the.drug..A.study.of.a.U.S..
population,.mean.age.64.years.(range.30–105.years).who.had.cut.down.on.caffeinated.coffee.intake,.
showed.respondents.had.begun.drinking.caffeinated.coffee.around.age.20.and.decaffeinated.coffee.
around.age.50..More.women.than.men.had.decided.to.curtail.caffeinated.coffee..Women.were.more.
likely.than.men.to.do.so.because.of.sleep.problems,.while.more.men.did.so.because.their.spouses.
stopped.drinking.it..Most.people.had.done.so.on.their.own.initiative,.80%.for.health.concerns,.with.
only.10%.doing.so.on.advice.from.a.physician.[7].

10.1  pharmaCokInetICs

Caffeine.is.a.methylxanthine.which,.along.with.other.xanthines,.theobromine,.and.theophylline,.is.
widely.distributed.in.food..Caffeine.is.rapidly.and.almost.totally.absorbed.from.the.gastrointestinal.
tract,.with.a.peak.concentration.at.around.30.to.60.minutes,.depending.on.the.presence.or.absence.
of.food..The.main.route.of.caffeine.clearance.is.by.cytochrome.P4501A2.dependent.3-demethyl-
ation.followed.by.N-acetyl.transferase.type.2.dependent.acetylation..Therapeutic.estrogen.inhibits.
CYP1A2-mediated.caffeine.metabolism.in.postmenopausal.women.by.some.30%.[8],.and.clearance.
is.also.lower.in.people.with.cirrhosis,.with.measurement.of.clearance.through.plasma,.saliva,.or.
even.breath.testing,.providing.a.useful.method.for.measuring.liver.function.in.chronic.liver.disease.
[9]..Caffeine.clearance.has.been.reported.to.be.reduced.by.35%.in.healthy.elderly.subjects.in.com-
parison.with.young.subjects.[10],.and.caffeine.metabolism.can.be.induced.by.cigarette.smoking.by.
over.100%.[9]..Intra-individual.variability.in.CYP1A2.activity.has.been.estimated.as.around.17%.
in.both.young.and.elderly.healthy.subjects.and.inter-individual.variability.around.48%.and.43%.in.
young.and.elderly.respectively,.with.variability.over.time.not.being.influenced.by.age.nor,.in.people.
over.80.years.of.age,.by.malnutrition.as.indicated.by.low.body.mass.index.(BMI),.hypoalbuminae-
mia,.or.weight.loss.of.greater.than.10%.over.the.previous.6.months.[11]..CYP1A2.activity.is.around.
half.as.great.in.healthy.people.in.their.70s.as.in.those.in.their.20s,.and.in.non-smokers.compared.
with.smokers.[12,13].

10.2  age-related pharmaCodynamIC Changes

Long-term.benefits.from.caffeine.ingestion.have.been.suggested,.as.higher.lifetime.and.higher.cur-
rent.exposure.to.caffeine.have.been.associated.with.better.performance.by.older.women.on.some.
measures.of.cognitive.performance,.especially.by.those.aged.80.or.more.years.[14]..Recent.evidence.
from.a.sample.of.adults.in.the.community.aged.at.least.65.years.indicated.that.caffeine.seems.to.
reduce.cognitive.decline.in.women.who.do.not.have.dementia,.especially.in.older.women.[15]..No.
effect.on.the.incidence.of.dementia.was.seen,.but.the.study.suggested.that.drinking.more.than.three.
cups.of.coffee.per.day.may.be.useful.for.prolonging.the.period.of.mild.cognitive.impairment. in.
women.before.a.formal.diagnosis.of.dementia.is.made..In.contrast,.however,.while.cross-sectional.
studies.have. suggested.an.association.between.a.high.habitual. caffeine. intake. and.better.verbal.
memory.performance.and.psychomotor.speed,.the.6-year.longitudinal.follow-up.of.1376.individuals.
aged.between.24.and.81.years.participating.in.the.Maastricht.Aging.Study.did.not.demonstrate.such.
an.association,.suggesting.that.habitual.caffeine.intake.will.not.promote.a.substantial.reduction.in.
age-related.cognitive.decline.at.a.population.level.[16].

Evidence.suggests.that.elderly.people.are.more.sensitive.to.the.objectively.measured.effects.of.
caffeine.upon.performance,.but.report.fewer.subjectively.felt.effects..While.250.mg.caffeine.improved.
search.task.performance.in.young.and.elderly,.the.slower.ability.of.elderly.to.identify.relevant.infor-
mation.and.evaluate.it.were.also.counteracted.[17]..In.a.study.of.the.effect.of.age.on.the.effects.of.
caffeine.on.a.variety.of.psychomotor,.cognitive,.and.subjective.tests.in.moderate.caffeine.drinkers,.
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young.subjects.(20–25.years).generally.performed.better.than.older.subjects.(50–65.years).at.baseline,.
and.caffeine.induced.small.but.significant.improvements.in.both.groups.in.vigilance.and.psychomotor.
performance.as.well.as.in.alertness..Older.subjects.performed.better.earlier.in.the.day,.whereas.young.
subjects’.performance.did.not.decline.to.as.great.an.extent.[18]..In.adults.over.the.age.of.65.years.who.
considered.themselves.to.have.better.memory.during.the.morning,.caffeine.ingestion.prevented.the.
decline.in.tested.memory.performance.from.morning.to.afternoon,.whereas.those.given.decaffeinated.
coffee.showed.a.significant.decline.in.performance.from.morning.to.afternoon,.indicating.that.time-
of-day.effects.may.be.mediated.by.non-specific.changes.in.level.of.arousal.[19].

In.a.dose–response.study.of.the.effects.of.doses.of.caffeine.within.the.range.contained.in.a.typical.
serving.of.tea.or.cola,.0.to.50.mg,.as.well.as.100.mg.following.caffeine.abstinence,.all.doses.affected.
cognitive.performance,.mood.and.thirst,.and.dose–response.relationships.for.these.effects.were.rather.
flat..Effects.on.performance.were.more.marked.in.those.with.a.higher.level.of.habitual.caffeine.intake.
but.they.showed.tolerance.to.the.thirst-increasing.properties,.which.were.noted.only.in.low.caffeine.
consumers. [20].. In. contrast,. however,. 100. mg. caffeine. did. not. affect. short-term. memory. span. or.
speed,. long-term.memory.retrieval.functions.or.focused.attention.of.middle.aged.(45–60.years).or.
older.(60–75.years).people,.suggesting.that.cognitive.effects.noted.can.depend.on.tests.used.or.are.dose.
related.and.occur.at.higher.doses.than.studied.here.[21]..There.is.one.piece.of.evidence.that.caffeine.
increases.psychomotor.performance.measures.of.attention.at.low.plasma.concentrations.(around.4.5.
mg/l).in.healthy.volunteers,.but.the.effect.is.not.increased.higher.at.(around.9.mg/l).plasma.concentra-
tions,.with.caffeine.having.little.subjective.effect.in.this.study.[22].

Although.one.explanation.of.the.beneficial.effects.of.caffeine.on.mood.and.performance.is.that.
caffeine.removes.the.negative.effects.of.caffeine.withdrawal,.this.has.been.challenged.by.evidence.
of.little.effect.of.caffeine.withdrawal.on.performance,.and.improvement.in.performance.by.caffeine.
not. influenced.by. regular.caffeine.consumption.patterns. [23]..Caffeine.withdrawal,.overnight.or.
longer.term,.can.cause.dysphoric.symptoms,.following.which.acute.intake.of.70.or.250.mg.caffeine.
has. various. outcomes,. increasing. jitteriness. and. decreasing. tiredness. and. headache,. with. hand.
steadiness.decreasing.as.dose.increased,.with.70.mg.but.not.250.mg.improving.reaction.time.[24].

10.�  InsomnIa

Research.into.insomnia.has.historically.been.hampered.by.lack.of.a.standard.definition.or.guidelines.
for.assessment.. Insomnia.can.be.defined.as.difficulty.falling.asleep,.difficulty.remaining.asleep,.
early.morning.awakening.or.non-restorative.sleep,.with.secondary.insomnia.as.difficulty.initiating.
or.maintaining.sleep.that.occurs.as.a.consequence.of.another.primary.medical.or.psychiatric.disor-
der.[25],.although.this.can.be.co-morbid.rather.than.causal..Primary.insomnia.and.insomnia.related.
to.mental.disorders.are.the.two.most.common.insomnia.diagnoses,.although.distinguishing.between.
them.can.be.difficult.in.clinical.practice..Insomnia.is.associated.with.increased.activation.of.the.
arousal.systems.in.the.brain,.including.the.ascending.reticular.activating.or.limbic.arousal.systems,.
or.decreased.activity.in.the.sleep.promoting.areas,.including.those.located.in.the.pons..These.are.
very.sensitive.to.exogenous.(e.g.,.noise,.caffeine).and.endogenous.(e.g.,.depression).factors..This.is.
the.result.of.changes.intrinsic.to.ageing.and.external.environmental.influences..Arousal.such.as.by.
walking.prior.to.trying.to.sleep.increases.sleep.latency.compared.with.resting.by.watching.televi-
sion.in.both.those.with.normal.sleep.and.with.insomnia,.supporting.the.contention.that.measured.
sleep.tendency.is.a.combination.of.sleep.drive.and.level.of.central.nervous.system.arousal.[26].

10.3.1  agE rElatEd cHangEs in slEEP PattErns

Sleep.assessment.can.be.done.directly.with.polysomnography.(EEG.and.EMG).as.the.gold.stan-
dard,.or.alternatively.by.direct.observation,.which.is.time.consuming,.is.not.able.to.measure.sleep.
architecture.or.latency,.but.can.be.clinically.helpful..Prospective.diaries.or.retrospective.recall.are.
easier.to.perform.but.less.accurate.
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Sleep.phases.have.distinct.brain.wave.patterns.recognizable.from.electroencephalography(EE
G)..Normally,.sleep.begins.with.non-rapid.eye.movement.(REM).stages,.converting.to.REM.over.a.
90-minute.cycle.and.alternating.during.sleep..Synchronization.of.sleep.patterns.to.day-night.rhythm.
relies.on.melatonin.release.and.is.associated.with.phasic.activities.in.other.biological.systems.of.
metabolism,.temperature,.and.endocrine.activity..Normal.aging.is.associated.with.intrinsic.changes.
such. as. altered.endogenous. rhythms. that.have. implications. for. sleep.pattern. [27],.which. is. also.
affected.by.changes.in.external.environmental. influences..Poor.nights.of.the.deepest.(EEG.slow.
wave).sleep.are.associated.with.increasing.age.[28]..Alertness.and.cognitive.function.deteriorate.
with.sleep.deprivation..A.history.of.chronic.insomnia.does.not.predict.poor.EEG.sleep,.but.is.linked.
with.more.pathological.personality.profiles,.worse.mood.ratings,.less.subjective.sleepiness,.poorer.
memory.performances,.and.longer.midafternoon.sleep.latencies..Those.with.poor.EEG.sleep.do.
have. longer.actual.and.perceived.sleep. latencies.and. lower.ratings.of.sleep.quality,.which. there-
fore.are.increasingly.common.with.age..While.women.are.more.likely.to.report.a.subjective.sleep.
problem,.poor.EEG.sleep.is.actually.associated.with.being.male.[28]..In.a.study.exploring.sleep.
satisfaction.among.130.older.adults.living.in.a.community,.20.(15.4%).were.not.satisfied.with.sleep,.
with.depression.negatively.associated.with.sleep.satisfaction.after.controlling.for.age.and.number.
of.illnesses.[29]..Best.descriptors.of.sleep.satisfaction.were.the.total.amount.of.sleep,.number.of.
awakenings,.depth.of.sleep,.and.overall.quality.of.sleep.

In.a.study.of.sleep.disorders.in.a.general.population.in.Los.Angeles,.42.5%.reported.insomnia,.
11.2%.nightmares,.7.1%.excessive.sleep,.5.3%.sleep.talking.and.2.5%.sleep.walking..These.condi-
tions.were.often. chronic. and.usually. started. early. in. life.. Insomnia.was.more. frequent. in.older.
people,.particularly.older.women,.and.in.people.with.lower.educational.socioeconomic.status.[30].

10.3.2  caFFEinE and insOmnia

Caffeine.antagonizes.adenosine.receptors:.blockade.of.A1.adenosine.receptors.may.prevent.wake-
active.neurones.in.the.basal.forebrain.from.being.silenced.and.A2A.blockade.prevents.the.sleep-
active.neurones.in.the.preoptic.area.from.becoming.active..Caffeine.thus.increases.the.time.it.takes.
to.fall.asleep.and.to.obtain.deep.sleep..Total.sleep.time.is.reduced,.and.there.is.a.relative.increase.
in.the.proportion.of.light.sleep.as.opposed.to.REM.and.deep.sleep.[31]..Studies.using.electroen-
cephalographic.sleep.recordings.and.wrist.actigraphic.measures.have.suggested.that.the.effects.of.
caffeine.appear.in.a.dose-related.manner.[32].

Normal.young.adults.given.caffeine.400.mg.three.times.a.day.for.a.week.as.a.means.of.increasing.
metabolic.rate.and.physiological.activity.developed.many.symptoms.consistent.with.those.reported.
by.patients.with.primary.insomnia.(poor.sleep,.increased.latency,.increasing.fatigue.despite.physi-
ological.activation.and.increased.anxiety)..However,.their.sleep.after.physiological.arousal.by.400.
mg.caffeine.was.as.restorative.as.without.[33]..In.an.experimental.approach.to.evaluate.the.effects.
of.200.mg.caffeine.on.sleep.in.young.(20–30.years).and.middle-aged.(40–60.years).moderate.caf-
feine.consumers.(one.to.three.cups.of.coffee.per.day),.evening.ingestion.of.caffeine.lengthened.sleep.
latency,. reduced.sleep.efficiency.and.decreased.sleep.duration.and.amount.of.stage.2.sleep.with.
generally.similar.effects.in.both.age.groups.and.indicating.that.sleep.remains.sensitive.to.effects.of.
caffeine.despite.moderate.consumption.habits.[34].

In.a.small.study.of.six.people.declaring.themselves.as.“suffering.from.caffeine-induced.wake-
fulness,”.the.caffeine-sensitive.group.had.a.prolonged.elimination.half.life.of.caffeine.when.com-
pared.with.the.control.group.[35],.but.as.no.tests.for.pharmacodynamic.response.to.caffeine.were.
carried.out,.a.contribution.from.a.difference.in.sensitivity.cannot.be.excluded.

Women. with. insomnia. report. greater. night-to-night. variation. in. sleep. variables. of. time. to.
fall. asleep,. awakening. during. sleep,. feeling. rested. after. sleep. and. overall. sleep. quality. than. do.
women. with. good. quality. sleep.. Combinations. of. alcohol,. caffeine,. exercise,. smoking,. and. his-
tory. of. physical. disease. explain. only. 9. to. 19%. of. variance. in. perceived. or. somnographic. sleep.
variables.[36]..Compared.with.the.women.with.good.sleep,.those.with.insomnia.reported.drinking.
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less.caffeine.per.day,.being.more.abstinent.from.alcohol,.having.smaller.variations.in.day-to-day.
alcohol.intake.and.bedtimes.[37]..Although.some.women.with.insomnia.had.limited.or.no.caffeine.
and.alcohol.intake,.many.had.not.optimized.behaviors.contributing.to.insomnia.

An.association.between.caffeine-containing.beverage.consumption.and.persistent.complaints.
of.poor.sleep.has.been.reported.in.elderly.people.in.the.United.Kingdom.[38]..One.study.of.181.
elderly.community-based.subjects.and.53.elderly.patients.receiving.hospital.care.found.a.significant.
negative.correlation.between.age.and.coffee,.but.not.tea.consumption..Sleep.quality.was.negatively.
associated.with.age..For.the.87.community.dwelling.people,.in.whom.late.afternoon.caffeine.con-
centrations.were.measured,.caffeine.concentrations.were.negatively.correlated.with.sleep.quality.
score,. such. that. levels.were. lower. in. those.with.poorer.sleep.quality.. In. the.hospital.population,.
median.caffeine.concentration.was.higher.in.patients.reporting.sleep.problems.than.those.without.
[39]..Self-reported.consumption.of.tea.or.coffee.did.not.correlate.with.plasma.caffeine.concentra-
tions..The.findings.may.be. the. result. of. insomniacs. residing. in. the. community. recognizing. the.
adverse.effects.of.caffeine.upon.sleep.and.restricting.intake,.whereas.institutionalized.individuals,.
who.have.less.control.over.their.environment,.do.not..A.study.of.the.effect.of.caffeine-free.bever-
ages.on.sleep.profiles.of.elderly.patients.receiving.continuing.care.revealed.that,.although.caffeine.
levels.fell.as.a.result.of.a.change.from.caffeine-containing.to.caffeine-free.beverages,.no.change.in.
sleep.pattern.was.noted.overall.in.the.28.patients.studied.[40].

Although.reduced.caffeine.intake.should.ameliorate.any.causal.or.aggravating.effect.on.insom-
nia,. a. survey. of. a. representative. national. sample. of. benzodiazepine. users. in. the. United. States,.
median.age.54.years,.indicated.that.88%.reported.caffeine.consumption.in.the.24.hours.surveyed,.
with.26%.of.benzodiazepine.users.and.23%.of.non-users.consuming.greater.than.250.mg,.suggesting.
that.avoidance.or.limitation.of.caffeine.use.is.neglected.as.a.strategy.for.symptom.amelioration.by.
benzodiazepine.users.at.least.[41].

Caffeine.restriction.can.be.an.effective.strategy.for.relieving.urgency,.frequency,.and.incon-
tinence.of.urine..Self.reports.of.caffeine-related.urinary.symptoms.feature.prominently.in.adults.
with.urgency.and.frequency.[42].and.caffeine.restriction.can.be.effective.in.reducing.incontinence.
severity.in.women.over.60.years.[43],.relieving.a.common.interferer.with.sleep.in.older.women..In.
contrast,.however,.while.a.decrease.in.fluid.intake.improved.symptoms.of.stress.incontinence.or.
detrusor.overactivity.for.older.women,.changing.from.caffeine-containing.to.decaffeinated.drinks.
did.not.[44].

10.�  CaffeIne and CardIovasCular dIsease

A.high.total.homocysteine.concentration. is.associated.with. increased.risk.of.cardiovascular.dis-
ease..Consumption.of.coffee.raises.total.homocysteine.concentrations.in.healthy.volunteers,.partly.
through. intake. of. caffeine,. and. partly. through. coffee. (but. not. caffeine). affecting. homocysteine.
metabolism.[45]..In.the.Framingham.Offspring.Cohort.of.1960.men.and.women.aged.28–82.years,.
fasting.total.homocysteine.concentrations.were.positively.associated.with.caffeine. intake.[46].as.
well.as.being.influenced.by.folate,.B12,.B6,.flavin,.alcohol,.smoking,.and.hypertension..Caffeine.
serum. concentrations. are. positively. related. to. triglycerides. in. those. taking. caffeine-containing.
drugs.and.related.to.high-density.lipoprotein.(HDL).cholesterol.in.female.nonusers..An.association.
has.been.found.between.caffeine.concentrations.and.total.cholesterol.and.low-density.lipoprotein.
(LDL).cholesterol.levels.[47].

In.several.short-term.studies,.coffee.consumption.has.been.associated.with.impairment.of.endo-
thelial.function..However,.in.the.Nurses’.Health.Study.cohort,.neither.caffeinated.nor.decaffeinated.
coffee.had.a.detrimental.effect.upon.endothelial.function.in.healthy.women.or.women.with.type.2.
diabetes,.aged.43.to.70.years..Indeed,.the.results.suggested.that.coffee.consumption.was.inversely.
associated.with.markers.of.inflammation.and.endothelial.dysfunction.[48].

There.is.extensive.evidence.that.caffeine.at.dietary.doses.increases.blood.pressure,.catechol-
amine,.and.plasma.renin.activity.in.normotensive.individuals.[49]..Tolerance.to.the.cardiovascular.
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effects.develops.but.is.not.complete,.and.it.has.been.estimated.that.dietary.caffeine.at.a.population.
level.influences.systolic.blood.pressure.by.2.4.mmHg.and.diastolic.blood.pressure.by.1.2.mg,.the.
effect.being.more.pronounced.in.younger.people.[50]..Evidence.does.suggest.that.coffee.drinking.
just.before.or.after.a.meal.could.be.useful.clinically.by.attenuating.postprandial.hypotension.[51]..
Evidence.suggests.that.habitual.coffee.intake.does.not.influence.blood.pressure.of.people.taking.
antihypertensive.medication.[52].

In.a.study.of.age-related.differences.in.blood.pressure,.heart.rate,.behavior,.mood.state,.and.
norepinephrine.kinetics.after.caffeine.ingestion,.systolic.and.diastolic.blood.pressure.increased.in.
older.healthy.men.(65–80.years).by.9%.and.3%.respectively,.while.remaining.unchanged.in.younger.
(19–26.years).men..Heart.rate.in.both.groups.was.unaltered..Self-reported.feelings.of.tension.and.
anger.decreased.in.older.men,.while.anger.tended.to.increase.in.young.men,.suggesting.that.older.
people.are.more.reactive.to.the.pressor.and.less.sensitive.to.the.subjective.effects.of.the.drug..They.
were.not.mediated.by.changes.in.norepinephrine.kinetics.[53].

There. are. age-related. differences. in. thermic. response. to. caffeine. with. energy. expenditure.
increasing. less. in. response. to. caffeine. ingestion. in.older.women. (50–67.years). than. in.younger.
women.(21–31.years)..Furthermore,.the.thermic.response.to.caffeine.is.positively.associated.with.
the.body.weight.and.waist.circumference.in.younger.women,.whereas.a.positive.association.with.
aerobic.fitness.is.observed.in.older.women.[54]..Caffeine.(6.mg/kg).increased.exercise.endurance,.
as.measured.by.cycling.and.isometric.arm.flexion.in.men.and.women.aged.70.years.and.over.by.
25%.and.54%.respectively,.but.not.muscle.strength,.walking.speed,.reaction,.and.movement.times,.
and.it.reduced.postural.stability.by.25%.[55]..Caffeine.(6mg/kg).significantly.increased.the.con-
centration.of.plasma.epinephrine.(by.42%,.39%,.and.49%),.serum-free.fatty.acids.(by.53%,.44%,.
and.50%),.and.plasma.lactate.(by.46%,.36%,.and.48%),.and.insulin.resistance.(by.21%,.26%,.and.
23%).during.rest,.after.5.minutes.of.cycling,.and.at.exhaustion..At.exhaustion,.the.concentration.of.
plasma.norepinephrine.was.elevated.by.29%..Hence,.caffeine.ingestion.elicits.a.metabolic.response.
in.elderly.participants.at.70.years.old.similar.to.that.seen.in.younger.subjects.[56].

Although.there. is.also.caffeine. in. tea,. its.flavonoid.components.have.been.associated.with.a.
decreased. risk.of. cardiovascular.disease,.perhaps. through. inhibition.of. lipoprotein.oxidation.by.
their.antioxidant.polyphenolic.compounds.and.by.their.vasodilator.effects..Nevertheless,.an.acute.
pressor.effect,.larger.and.more.acute.than.with.caffeine.alone,.has.been.reported.in.response.to.tea.
ingestion.in.men.although.this.did.not.translate.into.significant.alterations.in.ambulatory.blood.pres-
sure.during.regular.tea.consumption.[57].and.the.acute.increase.in.systolic.pressure.found.with.tea.
in.the.fasting.state.is.negated.by.co-consumption.of.food.[58].

10.4.1  caFFEinE and cOrOnary HEart disEasE

Due. to. its.haemodynamic.and.humoral.effects,.which.suggested.a.mechanism.whereby.caffeine.
intake.might.prove.a.risk.factor.for.coronary.heart.disease,.this.link.has.been.assessed.in.several.
studies..On.one.hand,.an.epidemiological.study.of.an.Italian.population.suggested.that,.while.alco-
hol.intake.was.inversely.associated.with.acute.myocardial.infarction,.smoking.and.heavy.(>6.cups.
expresso.or.mocha.per.day),.but.not.moderate,.coffee.drinking.increased.the.risk.[57]..However,.
analysis. of. prospective. cohort. data. from. 8.8-year. follow-up. of. 6594. participants. aged. 32. to. 86.
years.with.no.history.of.cardiovascular.disease.(CVD).at.baseline,.but.426.cardiovascular.deaths.
in.the.First.National.Health.and.Nutrition.Examination.Survey.Epidemiological.Follow-up.Study.
(NHEFS). in. the. United. States,. found. that. participants. aged. >65. years. with. higher. caffeinated.
beverage.intake.actually.exhibited.lower.relative.risk.of.cardiovascular.disease.and.heart.disease.
mortality. than.did.participants.with. lower. caffeinated.beverage. intake.. In. addition,. there.was. a.
dose–response.protective.effect..The.protective.effect.was.found.only.in.participants.who.were.not.
severely.hypertensive,.however..No.significant.protective.effect.was.found.in.participants.aged.<65.
years,.or.for.cerebrovascular.disease.mortality.for.those.aged.>65.years.[58]..A.meta-analysis.of.
13.case-control.and.10.cohort.studies.incorporating.data.from.almost.half.a.million.people.showed.
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that,.while.there.was.a.significant.association.between.high.consumption.of.coffee.(>4.cups.per.day).
and.coronary.heart.disease.(CHD).reported.among.case-control.studies,.no.association.was.found.
between.consumption.of.coffee.and.CHD.in.long-term.(up.to.44.years).follow-up.cohort.studies,.a.
consistent.result.across.region.of.origin,.fatal.and.non-fatal.events,.year.of.publication,.and.number.
of.years.of.follow-up.[59].

10.�  CaffeIne and dIaBetes mellItus

Coffee.consumption.has.been.associated.with.improved.glucose.tolerance.and.a.lower.risk.of.type.2.
diabetes.in.diverse.populations..A.prospective.study.of.910.adults.aged.>50.years.without.diabetes.
mellitus.at.baseline.in.1984–7,.and.followed.to.1992–1996.showed.that,.after.controlling.for.sex,.
age,. physical. activity,. BMI,. smoking,. alcohol. intake,. hypertension,. and. baseline. fasting. plasma.
glucose,.past.and.current.coffee.drinkers.had.a.reduced.risk.of.incident.diabetes.(odds.ratio.0.38.
(95%.CI.0.17–0.87).and.0.36.(0.19–0.68).respectively).compared.with.those.who.never.drank.coffee..
The.317.participants.with.baseline.impaired.glucose.who.were.past.or.current.coffee.drinkers.were.
also.at.reduced.risk.for.incident.diabetes.(0.31.(0.11–0.87).and.0.36.(0.16–0.83),.respectively).[60]..
The.Nurses’.Health.Study.and.Health.Professionals’.Follow.up.Study.of.over.126,000.people.also.
reported.an.inverse.association.between.coffee.intake.and.type.2.diabetes.after.adjustment.for.age,.
BMI,.and.other.risk.factors.[61]..The.negative.relationship.between.diabetes.risk.and.consumption.
of.ground.coffee.and.regular.tea,.observed.for.all.NHEFS.subjects,.on.closer.investigation.applied.
only.to.those.of.60.years.or.less.who.had.previously.lost.weight.[62]..A.retrospective.cohort.study.of.
17,413.people.with.5-year.follow-up.also.established.a.negative.association.between.consumption.of.
green.tea,.coffee,.and.total.caffeine,.and.risk.of.type.2.diabetes.in.a.Japanese.population.[63].

While.physical.activity.and.weight.management.are.confirmed.as.important.strategies.for.the.
prevention.of.type.2.diabetes,.research.to.establish.which.constituents.of.coffee.improve.glucose.tol-
erance.and.to.produce.practical.advice.or.interventions.with.beneficial.health.outcomes.is.required.

10.�  CaffeIne and osteoporosIs

Caffeine.consumption.has.been.proposed.as.a.risk.factor.for.bone.loss.in.postmenopausal.women,.
and.its.association.with.risk.of.osteoporosis,.breast.cancer,.endometrosis,.and.fibrocystic.breast.dis-
ease.is.possibly.mediated.through.an.effect.on.endogenous.sex.steroids..In.postmenopausal.women.
caffeine. intake. is. inversely.associated.with.bioavailable. testosterone,.and.high.caffeine. intake. is.
positively.associated.with.plasma.estrone.and.sex.hormone-binding.globulin.[64]..A.cross-sectional.
North.American.survey.of.136.Caucasian.women,.average.age.68.years,.established.that.caffeine.
(average.200–300.mg.caffeine.intake.per.day.in.this.cohort).had.a.negative.association.with.bone.
mineral.density.at.multiple.skeletal.regions,.which.was.attenuated.with.higher.calcium.intake.of.a.
median.of.750.mg.per.day.[65].

A.2-year. longitudinal. study.of.138.postmenopausal.women.with. little.or.no.exposure. to. the.
confounders. of. tobacco,. alcohol,. or. drugs,.which. are.known. to. affect. bone. status,. indicated.no.
association.between.dietary.caffeine.intake.and.total.body.or.femoral.neck.bone.density.or.bone.
mass,.and.no.association.between.caffeine.consumption.and.longitudinal.changes.in.total.body.or.
femoral.neck.bone.measurements,.with.or.without.adjustment. for.calcium.intake.[66]..However,.
cross-sectional.measurements.of.bone.mineral.density.in.489.elderly.women.(aged.65–77.years),.
and.longitudinal.measurements.made.in.96.of.these.women.who.were.treated.with.a.placebo.for.3.
years,.indicated.that.women.with.high.caffeine.intakes.had.significantly.higher.rates.of.bone.loss.
at.the.spine.than.did.those.with.low.intakes.(–1.90.+/–.0.97%.compared.with.1.19.+/–1.08%;.P.=.
0.038)..When.the.data.were.analyzed.according.to.vitamin.D.receptor.(VDR).genotype.and.caffeine.
intake,.women.with.the.tt.genotype.had.significantly.higher.rates.of.bone.loss.at.the.spine.than.did.
women.with.the.TT.genotype.when.their.caffeine.intake.was.>300.mg/d.(approximately.514.g,.or.
18.oz,.brewed.coffee).[67].
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Although.establishing.the.extent.of.any.relationship.between.caffeine.and.osteoporosis,.which.
is.a.risk.factor.for.low-trauma.fractures,.is.important,.establishment.of.the.extent.of.any.association.
between.caffeine.and.fractures.in.postmenopausal.women.offers.clinically.more.relevant.informa-
tion..In.a.cross-sectional.survey.of.34,703.postmenopausal.Iowan.women.aged.55–69.years.who.
reported.alcoholic.and.caffeinated.beverage.intake.and.then.were.followed.for.6.5.years.for.fracture.
occurrence,.the.adjusted.relative.risk.for.highest.versus.lowest.caffeine.intake.quintiles.was.1.09.
(95%.CI.0.99–1.21).for.combined.fracture.sites..Wrist.fractures.were.associated.positively.(relative.
risk.(RR).for.extreme.quintiles.1.37,.95%.CI.1.11–1.69).and.upper.arm.fractures.were.negatively.
(RR.0.67.95%.CI.0.48–0.94).associated.with.caffeine.intake.[68]..A.cohort.study.of.31,527.Swed-
ish.women.aged.40–76.years.at.baseline.did.establish.a.link.between.caffeine.intake.and.fracture.
risk.[69]..During.a.mean.follow-up.of.10.3.years,.there.were.3279.cases.with.osteoporotic.fractures..
The.highest. (>330.mg/d).compared.with. the. lowest. (<200.mg/d).quintile.of.caffeine. intake.was.
associated.with.a.modestly.increased.risk.of.fracture:.RR.1.2.(95%.CI:.1.07–1.35)..A.high.coffee.
consumption.significantly.increased.the.risk.of.fracture,.whereas.tea.drinking.was.not.associated.
with.risk..The.increased.risk.of.fracture.with.both.a.high.caffeine.intake.and.coffee.consumption.
was.confined.to.women.with.a.low.calcium.intake.(<700.mg/d):.RR.1.33.(95%.CI:.1.07–1.65).with.>.
four.cups.(600.ml/d).of.coffee.compared.with.fewer.than.one.cup.(150.ml/d)..The.same.comparison.
estimated.for.women.with.a.high.propensity.for.fractures.(more.than.two.fracture.types).revealed.
a.RR.of.1.88.(95%.CI:.1.17–3.00)..Thus,.a.daily.intake.of.330.mg.of.caffeine,.equivalent.to.four.
cups.(600.ml).of.coffee,.or.more,.may.be.associated.with.modestly.increased.risk.of.osteoporotic.
fractures,.especially.in.women.with.a.low.intake.of.calcium.

If. they.know.they.have.a. low.bone.mass,.postmenopausal.women.can.be. influenced. to.alter.
health.behavior,.while.those.with.severe.or.moderate.low.bone.mass,.established.by.bone.densitom-
etry,.are.more.likely.to.decrease.caffeine.intake.than.those.with.normal.measurements.[70].

10.�  neurology

10.7.1  HEadacHE

People.with.chronic.daily.headache,.in.comparison.with.episodic.headache.controls,.are.more.likely.
to.have.been.high.caffeine.consumers.before.onset.of.chronic.daily.headache.(OR.1.50,.P0.05)..No.
association.was.found.for.current.caffeine.consumption.and,.when.analyzed.for.age,.the.association.
was.confined.to.women.under.40.years.[71].

10.7.2  ParkinsOn’s disEasE

A.possible.protective.effect.of.moderate.doses.of.caffeine.upon. risk.of.Parkinson’s.disease.was.
suggested.by.the.Health.Professionals’.Follow.up.Study.and.the.Nurses’.Health.Study.where,. in.
some.136,000.people.followed.up.for.at.least.10.years,.the.relative.risk.of.Parkinson’s.disease.was.
lowest.at.moderate.intake.(1–3.cups.coffee/day).in.women.and.lowest.at.higher.intake.in.men.[72]..
A.30-year.follow-up.of.804.Japanese-American.men.aged.45–68.years.showed.that.increasing.cof-
fee.and.caffeine.consumption.was.associated.with.lower.risk.of.Parkinson’s.disease,.independent.
of.smoking.[73],.results.consistent.with.those.of.a.case-control.study.with.prospective.follow-up.of.
residents.of.a.retirement.community.in.southern.California.[74]..The.protective.effect.of.coffee.and.
tea.intake.and.smoking.has.also.been.reported.in.an.ethnic.Chinese.population.[75]..In.contrast,.
in.a.case-control.study.in.Washington.State,.while.smoking,.either.past.or.present,.was.associated.
with.a.reduced.risk.of.Parkinson’s.disease,.no.associations.were.detected.for.caffeine.intake,.coffee.
or.alcohol.consumption,.although.reduced.risks.were.observed.for.consumption.of.two.cups/day.or.
more.of.tea.or.cola.drinks.[76].

The.mechanism.of. the.hypothetical.protective.effect.of.cigarette. smoking.and.caffeine.con-
sumption.on.Parkinson’s.disease.has.not.been.established..The.possibility. that. it. is.explained. in.
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part.by.a.neurological.link.with.low.sensation.seeking,.a.personality.trait.believed.to.characterize.
Parkinson’s.disease,.has.been.suggested.in.one.case-control.study.[77].

10.�  CanCer

Since. incidence. of. cancer. at.most. sites. increases.with. age,.most. data. assessing. the. relationship.
between.coffee.consumption.and.cancer.risk.refers.to.the.adult.and.elderly.population..Several.case-
control.studies.have.been.published.that.have.compared.risk.of.various.cancers.in.coffee.drinkers.
and.nondrinkers.although,.even.when.an.association.has.been.demonstrated,.a.causal.rather.than.a.
nonspecific.link.is.difficult.to.establish..Conclusions.about.the.separate.role.of.coffee.are,.in.addi-
tion,. difficult. to. make,. as. cigarette. smoking. and. alcohol. intake. are. commonly. taken. alongside..
Information.contained. in. the.major. review.of.data.by. the. International.Agency. for.Research.of.
Cancer.(IARC).in.1990.remains.relevant.[78].

10.8.1  cancEr OF tHE stOmacH, OEsOPHagus, PHarynx, and mOutH

A.recent. review.of. the. literature.and.meta-analysis.of.published.cohort.and.case-control. studies.
has.concluded.that.there.is.no.association.between.coffee.consumption.and.gastric.cancer.risk.[79]..
Most.studies.have.failed.to.establish.a.link.between.coffee.consumption.and.oral.cavity,.pharynx,.
and.oesophagus.cancer.[78],.although.a.trend.to.increased.risk.with.increasing.temperature.of.the.
drink.has.been.suggested.[80].

10.8.2  cancEr OF tHE PancrEas

Although.some.case-control.studies.did.suggest.a.positive.association.between.coffee.consumption.
and.pancreatic.cancer.and.engendered.active.research.into.this.area,.later.work.found.no.association.
[81]..A.large.prospective.cohort.study.of.nearly.2.million.person-years.of.follow-up.showed.that.nei-
ther.coffee.nor.alcohol.intake.increased.risk.of.pancreatic.cancer.nor.did.tea,.decaffeinated.coffee,.
or.total.caffeine.intake.[82]..While.there.is.no.strong.association.between.coffee.intake.and.risk.of.
pancreatic.cancer,.the.study.of.Porta.et.al..[83].established.that.mutations.in.the.K-ras.gene.in.exo-
crine.pancreatic.cancer.were.more.common.among.regular.coffee.drinkers.than.among.nonregular.
coffee.drinkers,.and.that.the.coffee.intake.was.higher.among.patients.with.a.mutated.tumor.than.
a.wild-type.tumor..Pancreatic.cancer.cases.without.activating.mutations.in.the.K-ras.gene.drank.
significantly.less.coffee.than.cases.with.a.mutation,.with.a.dose–response.relation.indicating.that.
caffeine,.or.coffee,.may.modulate.K-ras.activation.[83]..Thus,.it.is.possible.that.coffee.may.have.a.
different.impact.on.the.etiology.of.distinct.types.of.clinically.similar.pancreatic.cancer..Although.
there.may.be.a.minor.increased.risk.of.pancreatic.cancer.among.drinkers.of.large.amounts.of.cof-
fee,.this.increase.is.small.and.of.limited.practical.importance.

10.8.3  HEPatOcEllular cancEr

The.publication.of.results.from.four.large.Japanese.cohort.studies.in.which.coffee.was.reported.to.
have.a.preventive.role.has.been.supported.by.a.meta-analysis.of.epidemiologic.studies.that.indicated.
that.an.increase.of.two.cups.of.coffee.per.day.in.consumption.was.associated.with.a.45%.reduced.
risk.of.liver.cancer.(RR.0.57;.95%.CI.0.49–0.67).[84].

10.8.4  cancEr OF tHE cOlOn and rEctum

Evidence. suggests. an. inverse. association. between. coffee. intake. and. colorectal. cancer,. perhaps.
through. reduction. in. bile. acids. and. neutral. sterol. secretion. in. the. colon.. There. are. over. 1000.
constituents. of. coffee,. several. of. which. are. chemoprotective. through. induction. of. glutathione-
S-transferase. and. inhibition. of. N-acetyl. transferase,. reducing. mutagenesis.. There. is. an. inverse.
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association.between.folate.intake.and.risk.of.colorectal,.but.not.rectal,.cancer.that.is.not.modified.
by.caffeine.intake.[85].

Frequent.coffee.consumption.has.been.associated.with.a.reduced.risk.of.colorectal.cancer.in.a.
number.of.case-control.studies..A.meta-analysis.combining.the.results.of.12.such.case-control.studies.
suggested.a.relative.risk.of.0.72.(95%.CI.0.61–0.84).for.high.versus.low.coffee.consumption.[86]..Anal-
ysis.of.cohort.studies.did.not.reveal.such.an.association.(RR.0.97),.but.it.included.a.relatively.small.
number.of.cases..Using.data.from.the.Nurses’.Health.Study.for.women.and.the.Health.Professionals’.
Follow.Up.Study.for.men.of.almost.2.million.person-years.of.follow-up,.1438.cases.of.colorectal.can-
cer.were.observed..Caffeinated.coffee,.tea.with.caffeine,.or.caffeine.intake.were.not.associated.with.
colon.or.rectal.cancer.risk..Regular.consumers.of.two.or.more.cups.of.decaffeinated.coffee.had.a.52%.
(95%.CI.19–71).lower.incidence.of.rectal.cancer.than.nonconsumers,.although.the.mechanism.of.this.
link,.which.could.have.a.number.of.biological.or.social.explanations,.is.not.known.[87].

Lifestyle.and.dietary.patterns.differ.markedly.among.populations.and.influence.the.relationship.
between.caffeine.and.cancer.risk..A.Japanese.study.involving.almost.half.a.million.person-years.
of. follow-up,. in.which.457.cases.of.colorectal.cancer.were. identified,.established.no.association.
between.self-reported.coffee.consumption.at.baseline.and. incidence.of.either.proximal.or.distal.
colon.cancer.[88]..Similarly,.a.prospective.analysis.of.coffee.consumption.and.colorectal.cancer.in.
two.Swedish.population-based.cohort.studies.of.61,433.women.and.45,306.men,.in.whom.there.were.
1279.incidence.cases.of.colorectal.cancer,.found.no.association.between.these.two.factors.[89].

10.8.5  brEast cancEr

Several.cohort.and.case-control.studies,.including.a.large.Swedish.cohort.study.of.59036.women.
and.over.half.a.million.years.of.follow-up.[90],.and.a.large.case-control.study.of.an.Italian.popula-
tion.of.nearly.6000.women.with.breast.cancer.[91],.indicate.that.consumption.of.coffee,.tea,.and.
caffeine.is.not.associated.with.breast.cancer.risk..A.North.American.case-control.study.of.1932.
women.with.breast.cancer.noted.a.40%.risk.reduction.in.consumers.of.more.than.four.cups.of.cof-
fee.per.day.in.premenopausal.women,.with.no.association.between.breast.cancer.risk.overall.and.
intake.of.black.tea.or.decaffeinated.coffee,.but.breast.cancer.risk.among.postmenopausal.women.
was.not.associated.with.coffee.or.tea.consumption.[92]..Further.studies.are.required.to.assess.the.
consistency.of.these.findings..Caffeine.consumption,.as.evidenced.from.an.international.case-con-
trol.analysis,.suggested.that,.among.women.with.the.germline.mutations.in.the.breast.cancer.sus-
ceptibility.genes.BRCA1.and.BRCA2,.coffee.consumption.is.unlikely.to.be.harmful.and.that.there.
was.a.trend.to.reduced.breast.cancer.risk.with.higher.levels.of.consumption.[93].

10.8.6  cancEr OF tHE Ovary Or EndOmEtrium

Caffeine.has.been.proposed.to.have.a.modulating.effect.on.circulating.estrogen.levels,.thereby.influ-
encing.the.development.of.hormone-related.cancers..Coffee.and.caffeine.consumption.have.been.
associated.with.higher.ovarian.cancer.risk.in.several.case-control.studies.[78].

Non-significant. reduced. epithelial. ovarian. cancer. (EOC). risk. has. been. noted. among. coffee.
users.reporting.drinking.more.than.six.cups.daily.compared.with.nonusers.(OR.0.68,.95%.CI.0.42–
1.10).[94]..In.an.Australian.population-based.case-control.study,.increasing.coffee.consumption.was.
associated.with.a.decreased.risk.of.EOC.(p.trend.=.0.0009).with.an.OR.of.0.51.(95%.CI.0.32–0.80).
for.consumption.of.more.than.four.cups.of.coffee.per.day.compared.with.nondrinkers.[95]..The.
association.was.significant.only.for.serous.and.endometrioid/clear.cell.histological.subtypes..Tea.
consumption,.which.contributed.to.caffeine.intake,.was.not.related.to.EOC,.indicating.that.the.asso-
ciation.with.coffee.may.not.be.due.to.caffeine.but.to.other.components.within.it.

As.tea.consumption.was.not.related.to.EOC,.in.spite.of.its.significant.contribution.to.caffeine.
intake.in.this.population,.the.authors.concluded.that.the.association.observed.with.coffee.is.not.due.
to.caffeine,.but.to.other.components.within.coffee..In.contrast,.a.North.American.case-control.study.
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suggested.that.black.tea.or.decaffeinated.coffee.consumption.was.associated.with.a.linear.decline.in.
ovarian.cancer.risk,.with.individuals.consuming.two.or.more.cups.daily.experiencing.a.30%.decline.
in.risk..However,.no.association.was.noted.between.any.level.of.regular.coffee.consumption.and.risk.
of.ovarian.cancer..The.chemoprotective.effects.of.phytochemicals.in.black.tea.and.decaffeinated.
coffee.may.be.important,.although.the.effects.of.phytochemicals.in.regular.coffee.may.be.counter-
acted.by.the.elevated.risk.associated.with.its.higher.caffeine.content.[96].

Results.have.been.inconsistent.and.inconclusive,.as.other.case-control.studies.indicate.that.cof-
fee.intake.is.not.associated.with.ovarian.cancer.risk.[97]..In.an.attempt.to.explain.such.inconsistent.
findings,.a.North.American.case-control.study.sought.to.determine.whether.there.was.any.associa-
tion.between.coffee.intake.and.histological.subtype.of.ovarian.cancer.or.menopausal.status.at.diag-
nosis.and.suggested.that.caffeine.was.associated.with.increase.in.risk.only.among.premenopausal.
women.[98]..CYP1A2.is.a.key.enzyme.in.the.metabolism.of.coffee.and.in.the.activation.of.heterocy-
clic.aromatic.compounds.that.may.be.carcinogenic..The.AA.genotype.is.highly.inducible,.whereas.
the.enzyme.associated.with.the.C.allele.is.less.so..One.study.reported.no.difference.in.risk.of.cancer.
between.the.CYP1A2.genotypes.[99]..An.interaction.between.CYP1A1.polymorphic.variants.and.
ovarian.cancer.risk.has.been.reported.in.a.North.American.case-control.study,.with.elevated.risk.
found.in.those.carrying.the.Ile/Val.variant.and.who.consumed.more.than.median.levels.of.caffeine.
(risk.ratio.2.69,.95%.CI.1.18–6.18)..No.variation.by.histological.type.of.ovarian.cancer.was.observed.
[100]..The.interactions.between.polymorphic.variants.such.as.described.above.could.explain.the.
weak.or.inconsistent.associations.between.caffeine.and.ovarian.cancer.when.genotype.has.not.been.
considered.

No.association.with.coffee.intake.has.been.found.in.a.cohort.[101].and.case-control.study.of.
endometrial.cancer.[102]..A.case-control.study.of.2122.breast,.220.endometrial.and.166.ovarian.
cancer.cases.and.12,425.noncancer.controls.established.a.statistically.significant.inverse.association.
between.risk.of.endometrial.cancer.and.coffee.consumption,.with.no.clear.association.evident.for.
breast.and.ovarian.cancer.risk..However,.there.was.no.statistically.significant.association.between.
caffeine.intake.and.endometrial.cancer.[103].

10.8.7  cancEr OF tHE PrOstatE

Cohort. [104].and.case-control.studies.[105–107].have.established.no.evidence.of.a. link.between.
drinking.coffee.and.prostate.cancer.and,.although.a.decreased.risk.was.observed.with.tea.intake.
(OR.0.70).in.one.study.[107],.these.results.were.not.supported.by.results.of.others.[105,106].

10.8.8  bladdEr cancEr

Considering.the.results.from.the.published.studies.overall,.one.can.conclude.that.coffee.drinking.
is.a.weak.risk.factor.for.bladder.cancer,.although.whether.the.link.is.nonspecific.or.causal,.and.the.
relative.contribution.of.caffeine.and.the.other.chemicals.in.coffee,.has.not.been.established..A.sys-
tematic.review.has.suggested.that.coffee.consumption.versus.nondrinking.increases.risk.of.urinary.
tract.cancer.by.approximately.20%,.with.tea.consumption.having.no.effect.[108]..When.data.from.
six. case-control. studies. including. 2729. cases. and. 5150. controls. were. pooled,. increased. bladder.
cancer.risk.was.observed.for.intake.of.more.than.five.cups.of.coffee.per.day.and.for.tritialomethane.
exposure.through.water.pollution,.and.an.increased.risk.was.noted.with.tap.water.intake,.OR.1.46.
(95%.CI.1.20-1.78).for.>.2.litre.per.day.versus.<.0.5.litre.per.day,.but.not.with.nontap.water.fluids,.
suggesting.that.carcinogenic.chemicals.in.tap.water.may.contribute.to.the.increased.risk.[109].

10.8.9  lung cancEr

There.is.no.consistent.evidence.of.an.effect.of.coffee.intake.upon.lung.cancer.risk,.although.a.Czech.
case-control.study.suggested.an.inverse.association.between.coffee.drinking.and.lung.cancer.risk.
[110]..An.elevated.risk.was.noted.with.increased.caffeinated.coffee.intake,.whereas.decaffeinated.
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coffee.drinking.was.associated.with.decreased.risk..No.influence.of.tea.consumption.upon.risk.was.
shown,.suggesting. that.any.chemoprotective.effects.of.phytochemicals. in.coffee.and. tea.may.be.
overshadowed.by.the.elevated.risk.associated.with.caffeine.in.these.beverages.[111].

10.8.10  tHyrOid cancEr

A.pooled.analysis.of.14.case-control.studies.conducted.in.the.United.States,.Europe,.and.Asia,.con-
sisting.of.2725.thyroid.cancer.cases.and.4776.controls.has.concluded.that.thyroid.cancer.risk.is.not.
associated.with.consumption.of.coffee.or.tea.[112].

10.�  summary

Overall,.coffee.drinking.can.be.considered.a.risk.indicator.of.bladder.cancer.and.possibly.for.pan-
creatic.cancer.and.inversely.associated.with.colorectal.cancer..Data.for.other.cancer.sites.are.lim-
ited.and.generally.inconsistent,.but,.reassuringly,.no.strong.associations.have.been.confirmed.

Caffeine.intake.is.almost.ubiquitous..It.has.beneficial.effects.in.terms.of.alertness.and.concen-
tration,.which. is.welcomed.at. times,.and.attenuates.postprandial.hypotension,.of.clinical.benefit.
to.some..The.alertness.it.produces.does.contribute.to.insomnia.and,.as.the.metabolism.of.caffeine.
becomes.slower.with.aging,.avoidance.several.hours.before.bedtime.may.be.required.by.some.peo-
ple.to.avoid.this..While.it.has.no.association.with.most.common.cancers,.a.modest.positive.associa-
tion.with.pancreatic.cancer.and.bladder.cancer.and.an.inverse.association.with.colon.cancer.risk.is.
plausible,.although.associations.may.be.due.to.residual.confounding.factors..Balancing.the.above.
and.recognizing.the.importance.of.its.social.aspects.to.older.people,.the.population.in.general.can.
be.reassured.that,.overall,.caffeine.intake.can.be.considered.beneficial,.with.specific.advice.to.avoid.
or.reduce.being.tailored.to.those.with.contraindications.
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11.1  IntroduCtIon

Vitamin. K. is. a. fat-soluble. vitamin. named. for. its. role. in. coagulation.. The. “K”. comes. from. the.
Scandinavian.word.“koagulation”.as.the.1939.discovery.of.the.vitamin.is.credited.to.Henrik.Dam,.
a.Danish.scientist..In.contrast.to.the.other.fat-soluble.vitamins,.scientific.knowledge.on.the.physi-
ological. benefits. of. increased.vitamin.K.consumption. is.modest..Technological. advances. in. the.
late.1970s.facilitated.the.routine.measurement.of.vitamin.K.concentrations.in.circulation.and,.over.
the.next.two.decades,.a.battery.of.biochemical.functional.measures.were.developed.and.validated.
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to.assess.vitamin.K.nutritional.status..Collectively,.these.measures.have.provided.the.capacity.to.
identify.subgroups.of.the.population.that.are.at.risk.for.subclinical.vitamin.K.deficiency..Discovery.
of.physiological.roles.for.vitamin.K.beyond.that.of.coagulation.has.had.impact.on.our.understanding.
of.the.role.of.vitamin.K.nutrition.in.the.elderly.

This. chapter. will. focus. on. the. dietary. and. nondietary. determinants. of. vitamin. K. status. in.
the.elderly,. including.potential.drug.and.nutrient. interactions.with.vitamin.K..The.current. state.
of.knowledge.regarding.its.role.in.bone.health,.osteoarthritis,.and.cardiovascular.disease.will.be.
reviewed.

11.2  BIoChemICal roles

Vitamin.K.is.found.in.two.natural.forms:.phylloquinone.and.menaquinones..All.forms.share.the.
common.structure,.2-methyl-1,4-napthoquinone.(Figure.11.1)..Phylloquinone.(vitamin.K1).is.pres-
ent.in.dark.green.vegetables,.such.as.broccoli.and.spinach,.and.certain.plant.oils,.such.as.soybean.
and.canola..During.commercial.hydrogenation.of.phylloquinone-rich.plant.oils,.2 ,́3´-dihydrophyl-
loquinone.is.formed.from.phylloquinone,.and.is.found.in.foods.made.with.partially.hydrogenated.
fat..The.synthetic.water-soluble.form.of.phylloquinone.is.called.phytonadione.

Menaquinones.(vitamin.K2).belong.to.a.group.of.compounds.that.are.present.in.modest.amounts.
in.the.diet.exclusively.from.animal.sources,.but,.to.a.greater.extent,.derived.from.endogenous.bac-
terial. synthesis..The.menaquinones.differ. in. structure. from.phylloquinone. in. their.3-substituted.
lipophilic.side.chain..The.major.menaquinones.contain.4–10.repeating.isoprenoid.units,.indicated.
by.MK-4.to.MK-10.(Figure.11.1)..Menaquinone-4.(MK-4).is.alkylated.from.menadione.(vitamin.
K3),.a.synthetic.form.of.vitamin.K.that.is.present.in.animal.feeds,.or.is.the.product.of.tissue-specific.
conversion.directly.from.dietary.phylloquinone.[1].

The.only.known.biochemical.role.for.vitamin.K.is.as.the.cofactor.for.the.vitamin.K-dependent.
carboxylase.that.catalyzes.the.amino.acid.glutamic.acid.(Glu).to.γ-carboxyglutamic.acid.(Gla).[2]..
This.carboxylation.reaction.is.critical.to.the.calcium-binding.function.of.these.vitamin.K-dependent.
proteins.. The. hepatic. vitamin. K-dependent. proteins. involved. in. coagulation. are. factors. II. (pro-
thrombin),.VII,. IX,.X.and.proteins.C,.S. and.Z,. all. of.which. require. vitamin.K. for. physiologic.
activation.[2].

Additional. vitamin.K-dependent. proteins. are.present. in. extra-hepatic. tissues;. however,. their.
physiologic.functions.are.still.an.area.of.active.research..(Table.11.1).Three.vitamin.K-dependent.
proteins.isolated.in.bone.and.cartilage.are.osteocalcin.(bone.Gla.protein),.matrix.Gla.protein.(MGP).
and.protein.S,.and.these.are.implicated.in.bone,.joint,.and.heart.health.

fIgure 11.1  Dietary.forms.of.vitamin.K:.Phylloquinone.(A).and.Menaquinones.(B).
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11.�  measurement of vItamIn k status

11.3.1  cOagulatiOn timE

Measurement.of.blood.clotting.times.has.classically.been.used.as.a.measure.of.vitamin.K.deficiency,.
but.is.insensitive.and.nonspecific.for.the.assessment.of.vitamin.K.nutritional.status..Prothrombin.
time. (PT),. usually. reported. as. an. International. Normalized. Ratio. (INR),. and. activated. partial.
thromboplastin.time.(aPTT).are.routine.clinical.tests.that.may.reflect.frank.vitamin.K.deficiency..
As.there.are.multiple.etiologies.of.prolonged.INR/PTT,.such.as.hepatic.dysfunction,.hematologic.
disease,.or. several.other. acute.or. chronic. conditions. that. are.unrelated. to.vitamin.K.deficiency,.
these.tests.are.nonspecific..Healthy.adults.are.able.to.maintain.normal.coagulation.times.despite.
sustained.intakes.of.low.amounts.of.dietary.phylloquinone.[3],.whereas.other,.more.sensitive.mea-
sures.of.vitamin.K.status.indicate.subclinical.vitamin.K.deficiency.following.dietary.restriction..
Therefore,.INR.and.PTT.are.more.appropriately.used.as.clinical.tools.to.monitor.stability.of.the.
use.of.oral.anticoagulant.such.as.warfarin..More.sensitive.and.specific.measures.are.available.to.
measure.vitamin.K.nutritional.status.

11.3.2  Plasma Or sErum PHyllOquinOnE

The.primary.circulating.form.of.vitamin.K.is.phylloquinone,.which.generally.reflects.recent.intake.
over.the.previous.24.hours..Large.variability,.in.part.related.to.the.interrelationship.between.circu-
lating.vitamin.K.and.lipid.concentrations,.is.seen.with.circulating.concentrations.of.vitamin.K..The.

taBle 11.1
vitamin k-dependent proteins and their functions

proteins physiologic function

hepatic

Factor.II.(prothrombin) Procoagulant

Factor.VII Procoagulant

Factor.IX Procoagulant

Factor.X Procoagulant

Protein.C Anticoagulant

Protein.S Anticoagulant

Protein.Z Unknown

Bone

Osteocalcin Regulation.of.bone.mineral.maturation

Matrix.Gla.Protein Calcification.inhibitor

Protein.S Regulation.of.osteoclast.activity

Cartilage

Gas6 Regulation.of.osteoclast.activity

Matrix.Gla.Protein Calcification.inhibitor

vascular smooth muscle Cells

Matrix.Gla.Protein Calcification.inhibitior

non–specific

Proline-rich.Gla.proteins.1,2 Unknown

Transmembrane.Gla.proteins Unknown
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inter-.and.intra-individual.variability.in.dietary.intakes.of.vitamin.K.are.also.much.wider.compared.
with.other.fat-soluble.vitamins.[4]..In.a.metabolic.study.involving.older.women.(60–80.years),.3-
hour.and.6-hour.postprandial.increases.in.plasma.phylloquinone.reflected.the.administered.dose.of.
dietary.phylloquinone.given.at.the.previous.meal.[5]..Use.of.stable.isotopes.indicate.that.labeled.
phylloquinone.is.cleared.from.circulation.within.24.hours.of.intake.[6]..These.metabolic.studies.
demonstrated.that.plasma.phylloquinone.concentrations.are.reflective.of.recent.intake.and.decreases.
rapidly.when.a.low.vitamin.K.diet.is.consumed.[5].

11.3.3  undErcarbOxylatEd vitamin k-dEPEndEnt PrOtEins

The.degree.to.which.a.vitamin.K-dependent.protein.is.undercarboxylated.has.been.exploited.for.the.
assessment.of.vitamin.K.nutritional.status..As.the.vitamin.K-dependent.γ-carboxylation.is.a.post-
translational.event,.these.measures.are.used.as.functional.indicators.of.vitamin.K.status,.whereas.
total.concentrations.of.the.proteins.are.influenced.by.other.factors.independent.of.vitamin.K..The.
two.proteins.for.which.there.are.commercially.available.assays.for.undercarboxylated.measures,.
although. not. currently. available. for. clinical. use. in. the. United. States,. include. prothrombin. and.
osteocalcin..Undercarboxylated.prothrombin,.or.PIVKA-II.(proteins.induced.by.vitamin.K.absence.
or.antagonism-factor.II),.is.sensitive.to.vitamin.K.deficiency,.and.has.measurable,.albeit.modest,.
increases.in.response.to.dietary.vitamin.K.restriction.[7]..The.assay.is.not.appropriate.for.detect-
ing.differences.in.carboxylation.of.prothrombin.to.vitamin.K.supplementation.because.the.dietary.
intakes.required.for.maximal.carboxylation.of.prothrombin.are.low.compared.with.those.of.other.
extra-hepatic.proteins.such.as.osteocalcin.

Osteocalcin,.a.predominant.non-collagenous.protein.in.bone,.is.thought.to.be.involved.in.the.
regulation.of.bone.mineral.maturation.[8]..Synthesis.of.the.protein.is.partially.regulated.by.1,25-
dihydroxyvitamin.D,.but.not.by.vitamin.K..However,.the.mineral-binding.capacity.of.osteocalcin.
is.dependent.on.the.vitamin.K-dependent.γ-carboxylation.of.its.three.glutamate.residues,.such.that.
partially.carboxylated.osteocalcin.may.have.reduced.binding.to.the.mineral.in.bone..Because.total.
osteocalcin.(tOC).concentrations.respond.to.multiple.factors,.independent.of.available.vitamin.K,.
the.undercarboxylated.osteocalcin.(ucOC).is.expressed.as.the.ratio.of.serum.osteocalcin.that.is.not.
carboxylated—i.e.,.as.%ucOC.or.ucOC/tOC..The.higher.the.ratio.of.undercarboxylated.osteocalcin.
to.total.osteocalcin,.the.poorer.the.vitamin.K.status.

The.multiple.roles.of.vitamin.K-dependent.proteins.are.still.an.area.of.active.investigation..The.
majority.of.the.extra-hepatic.proteins.do.not.have.commercially.available.assays.for.measurement.
of.total.protein.concentrations,.or,.more.importantly,.for.the.discussion.of.vitamin.K.nutrition,.the.
degree.to.which.the.individual.proteins.are.carboxylated.

11.3.4  urinary mEasurEs

Whereas.blood.measures.of.vitamin.K.status.can.reflect.recent.dietary.intake.and.availability.of.
vitamin.K.in.liver.and.bone,.urinary.measures.have.the.capacity.to.reflect.overall.vitamin.K.metab-
olism..Urinary.metabolites.of.vitamin.K.can.be.now.be.measured.by.high-performance.liquid.chro-
matography.and.reflect.changes.in.dietary.intake.of.vitamin.K.[9]..Advantages.to.measurement.of.
urinary.metabolites.are.that.it.is.noninvasive.and.they.directly.reflect.storage.and.transport.of.serum.
phylloquinone,.in.addition.to.the.contribution.of.other.forms.of.vitamin.K,.such.as.menaquinone-4.
and.endogenously.produced.longer.chain.menaquinones.

There.is.more.collective.experience.with.urinary.Gla.as.a.urinary.measure.of.vitamin.K.status,.
primarily.due.to.its.availability.as.an.assay.for.several.decades..As.Gla.is.not.capable.of.being.recy-
cled,.it.is.excreted.in.the.urine.following.the.turnover.of.the.vitamin.K-dependent.proteins..Because.
this.amino.acid.is.common.to.all.vitamin.K-dependent.proteins,.it.is.therefore.an.overall.measure.
of.vitamin.K-dependent.proteins..Its.use.as.a.single.measure.of.vitamin.K.status.is.not.appropriate.
because.absolute.concentrations.of.urinary.Gla.are.dependent.on.multiple.factors.independent.of.



Vitamin	K	and	Health	in	the	Aged	 1�1

vitamin.K.intake,.including,.but.not.limited.to,.body.composition..In.contrast,.the.relative.change.
of.urinary.Gla.in.response.to.manipulation.of.dietary.vitamin.K.has.been.an.effective.measure.of.
vitamin.K.status.in.metabolic.studies.[7].

11.�  determInants of vItamIn k status

11.4.1  diEtary dEtErminants

11.�.1.1  dietary sources

Green.vegetables.contain.the.highest.content.of.phylloquinone,.and.contribute.up.to.60%.of.total.
phylloquinone.intake.[4,10]..Plant.oils.and.margarine.found.in.spreads.and.salad.dressings.are.also.
an.important.dietary.source.of.phylloquinone.in.the.U.S..diet.[11,12]..Poultry.products.are.the.pri-
mary.dietary.sources.of.MK-4.in.the.U.S..diet.because.poultry.feed.is.a.rich.source.of.menadione,.
which.is.subsequently.converted.to.MK-4.in.certain.tissues.[13,14]..Menaquinone-7.(MK-7).is.pri-
marily.found.in.natto,.a.fermented.soybean.product..Certain.cheeses.contain.some.menaquinones.
[15]..It.has.been.proposed.that.about.50%.of.the.daily.requirement.for.vitamin.K.is.supplied.by.the.
production.of.endogenous.menaquinones.by.gut.flora..However,. there. is. insufficient.evidence. to.
support.this.finding..[16].

11.�.1.2  Current dietary recommendations

There. is. no. current. recommended.dietary. allowance. (RDA). for.vitamin.K..The. adequate. intake.
(AI).of.a.nutrient.is.the.median.level.that.is.assumed.to.be.adequate.based.on.observation.of.groups.
of.apparently.healthy.people..The.AI.in.the.United.States.for.vitamin.K.is.based.on.representative.
dietary.intake.data.from.healthy.individuals.from.the.Third.Nutrition.and.Health.Examination.Survey.
(NHANES.III),.and.is.currently.set.at.120.and.90.μg/day,.for.men.and.women,.respectively.[17]..The.
adequacy.of.these.intakes.for.promotion.of.health.has.not.been.determined.because.there.are.cur-
rently.no.physiological.outcomes.available.that.can.be.reliably.used.to.assess.nutritional.adequacy.

There.is.considerable.variability.with.respect.to.dietary.vitamin.K.intake.in.nutritional.surveys.
performed.across.different.geographic.regions.and.among.different.ages..Dietary.surveys.from.the.
United.Kingdom.and.Ireland.have.indicated.that.the.elderly,.in.particular.elderly.women,.consume.
amounts.of.phylloquinone.below.the.AI.set.in.the.United.States.[18,19]..Nursing.home.residents.
have.been.reported.to.consume.lower.amounts.of.phylloquinone.than.free-living.elderly.[20].. In.
contrast,. free-living.elderly.persons. in.areas.of.China.and.Hong.Kong.have. significantly.higher.
phylloquinone.intakes.than.their.counterparts.in.the.United.Kingdom.[21]..This.has.been.attributed.
to.a.greater. intake.of.green.vegetables. in. these.populations..Phylloquinone. intake. in. the.United.
Kingdom.has.been.decreasing.over.the.last.two.decades,.and.has.been.associated.with.the.decline.
in.leafy.green.vegetable.consumption.[22]..In.the.United.States,.adults.70.years.of.age.do.not,.on.
average,.meet.the.AI.[17]..These.dietary.surveys.are.all.influenced.by.the.type.of.dietary.assessment.
and.variability.in.nutrient.databases.used,.which.may.result.in.measurement.errors.and.thus.wide.
reported.ranges.of.vitamin.K.intakes.within.and.between.subgroups.[23].

11.�.1.�  safety of supplementation

As.new.physiological.roles.for.vitamin.K.are.elucidated.and.there.is.growing.enthusiasm.for.dietary.
supplements. among. the. general. public,. supplemental. vitamin. K. is. now. becoming. more. widely.
available.in.the.forms.of.topical.cream,.capsules,.tablets,.and.softgels..Many.multivitamin.formu-
lations.contain.vitamin.K.in.the.form.of.phytonadione,.ranging.from.40.to.100.μg,.which.is.well.
within.normal.dietary.intakes.in.the.U.S..adult.population..Supplements.containing.vitamin.K.alone.
are.also.available.in.the.forms.of.phytonadione.or.either.MK-4.or.MK-7,.in.daily.doses.of.up.to.
4050.μg.
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Vitamin.K. is. considered. safe. at. the. recommended.AI.dosages.discussed..There. is. no. toler-
able.upper.intake.limit.(UL).set.because.there.are.no.known.cases.of.toxicity.with.vitamin.K..A.
common.misconception. is. that.excessive.vitamin.K.will. result. in.overcoagulation..However,. the.
vitamin.K-dependent.proteins.have.a.limited.number.of.Glu.residues.capable.of.γ-carboxylation.per.
molecule,.beyond.which.there.can.be.no.further.γ-carboxylation.or.excessive.coagulation..However,.
for. individuals.on.oral.anticoagulants,. such.as.warfarin,.dietary.vitamin.K.supplementation.can.
influence.stability.of.INR.and.needs.to.be.monitored.by.health.professionals..There.is.little.collec-
tive.experience.on.the.potential.toxicity.or.adverse.events.in.sustained.vitamin.K.supplementation.
in.individuals.with.normal.coagulation..As.other.forms.of.vitamin.K.are.introduced.into.the.dietary.
supplement.market,.it.will.be.prudent.to.closely.monitor.any.potential.adverse.consequences.

11.4.2  nOn-diEtary dEtErminants OF vitamin k status

11.�.2.1  role of plasma lipids

Vitamin.K.is.a.fat-soluble.vitamin,.so.its.absorption.occurs.in.the.proximal.intestine,.and.is.depen-
dent.on.bile.and.pancreatic.secretions.[24]..In.the.intestine,.vitamin.K.is.incorporated.into.nascent.
chylomicron.particles.that.are.secreted.directly.into.the.lymph.and.ultimately.into.the.peripheral.
circulation..Vitamin.K.remains.associated.with.these.particles.during.delipidation.in.circulation.and.
subsequent.uptake.by.the.liver..Triglyceride-rich.lipoproteins,.primarily.chlyomicron.remnants,.and.
very.low-density.lipoproteins.are.thought.to.be.the.main.transporters.of.phylloquinone.[25–27].

In.older.adults,.interpretation.of.elevated.plasma.phylloquinone.concentrations.is.difficult,.as.
there.are.concomitant. increases. in. triglycerides.with.age.and. there. is.some.indication. that.older.
adults. consume.more.vitamin.K. in. the. form.of.green.vegetables..Various. techniques.have.been.
described.for.improving.quantification.of.plasma.phylloquinone.in.view.of.elevated.lipid.concen-
trations. among. the. elderly.. One. technique. employing. high. performance. liquid. chromatography.
(HPLC).noted.a.significant.correlation.(between.phylloquinone.and.triglyceride.concentrations.in.
fasting.plasma.samples.[28]..This.finding.suggests.that.interpretation.of.plasma.phylloquinone.in.
older.adults,.who.are.more.likely.to.have.elevated.lipid.concentrations,.requires.use.of.a.correction.
factor.for.plasma.triglycerides..However,.if.phylloquinone.concentrations.are.adjusted.for.triglyc-
erides,.the.adjusted.plasma.phylloquinone.concentrations.are.lower.in.the.elderly.compared.with.
younger. adults. [29]..Younger. adults. consistently.have. low.phylloquinone. intakes. so. it.would.be.
expected.that.their.phylloquinone.concentrations.would.be.lower..Therefore,.controversy.currently.
exists.as.to.whether.adjustment.of.plasma.phylloquinone.for.total.plasma.lipids.will.improve.the.
predictive.value.of.fasting.plasma.phylloquinone.on.health.outcomes.[30,31].

11.�.2.2  hormonal Influences

In. the.rat.model,.estrogen.stimulates. the.formation.of.prothrombin.and.reduces. the.requirement.
of.vitamin.K. for. the.maximal. γ-carboxylation.of.prothrombin.by.an.unknown.mechanism. [32]..
Among. castrated. male. and. female. rats. fed. a. vitamin. K-deficient. diet,. prothrombin. dropped. in.
response.to.testosterone,.but.increased.or.was.maintained.in.response.to.estradiol.[32].

Vitamin.K.deficiency.has.been.shown.to.reduce.testosterone.production.in.a.rat.model.[33]..Lev-
els.of.Cyp11a.mRNA,.a.rate-limiting.enzyme.in.testosterone.synthesis,.were.found.to.be.positively.
correlated.with.MK-4.concentrations.in.the.testes..Comparing.the.control.and.vitamin.K-supple-
mented.rats.with.the.vitamin.K-deficient.rats,.there.were.decreased.testosterone.concentrations.in.
plasma.and.testis.in.the.deficient.group,.suggesting.that.vitamin.K.is.involved.in.steroid.production.
in.the.testes.via.regulation.of.Cyp11a.

There.is.a.paucity.of.human.studies.examining.the.influence.of.sex.hormones.on.vitamin.K.sta-
tus..A.small.number.of.studies.exist.in.postmenopausal.women.looking.at.estrogen.effect,.vitamin.
K,.and.bone.metabolism;.however,.there.are.none.at.the.time.of.this.writing.that.have.studied.the.
effect.of.testosterone.on.vitamin.K.metabolism.in.men.
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One. study. compared.biochemical. markers. of. bone. metabolism,. vitamin.K. status,. and.bone.
mineral.density.(BMD).measured.by.dual.energy.X-ray.absorptiometry.(DXA).in.perimenopausal.
older. women,. cycling. younger. women,. and. early. postmenopausal. women. receiving. no. estrogen.
supplementation.[34]..Cycling.older.women.were.found.to.have.similar.estradiol.and.vitamin.K.sta-
tus.as.cycling.younger.women,.but.lower.total.osteocalcin.and.BMD.at.the.total.hip..Comparing.the.
cycling.older.women.to.the.early.postmenopausal.women.receiving.no.estrogen.supplementation,.
BMD.was.similar.at.all.sites,.but.total.osteocalcin.was.elevated.in.the.early.postmenopausal.group..
In. addition,. circulating. phylloquinone. concentrations. were. highest. in. the. early. postmenopausal.
women,.with.%ucOC.being.higher.when.compared.with.all.cycling.women..The.conclusions.drawn.
were.that.premenopausal.women.showed.reduced.BMD.despite.normal.estrogen.profiles,.and.that.
%ucOC.may.be.a.specific.bone.marker.of.early.postmenopause.in.healthy.women.

11.�.2.�  genetic polymorphisms

As.phylloquinone.concentrations.in.circulation.may.be.affected.by.lipid.status,.studies.have.exam-
ined.the.relationship.of.apolipoprotein.E.genotype.to.vitamin.K.status.in.older.adults.[19,35]..A.study.
comparing.vitamin.K.status.in.healthy.older.adults.from.China.and.the.United.Kingdom.analyzed.
fasting.plasma.for.phylloquinone,.triacylglycerols,.total.osteocalcin,.undercarboxylated.osteocalcin,.
and.apoE.genotype,.as.well.as.hip.bone.mineral.content.(BMC).by.DXA..Subjects.were.grouped.
according.to.apoE.genotype.as.E2/3,.E3/3.and.[E3/4.+.E4/4]..The.mean.plasma.phylloquinone.con-
centrations.of.the.three.genotype.groups.was.significantly.higher,.and.the.%ucOC.was.lower.in.the.
Chinese.than.in.the.British.subjects..Higher.phylloquinone.concentrations.were.found.in.subjects.
with.[E3/4.+.E4/4]..than.those.with.either.E2/3.or.E3/3.in.the.United.Kingdom..Ethnic.differences.
in.apoE.genotype.may.also.have.an.influence.on.osteocalcin.γ-carboxylation.status.[35].

11.�  vItamIn k and Bone health

Osteoporosis,.characterized.by.a. loss.of.bone.mass.and.micro-architectural.deterioration.of.bone.
tissue,.leads.to.an.increase.in.the.risk.of.skeletal.fracture..Osteoporosis.and.osteopenia.are.major.
public.health.issues.with.our.aging.population..In.the.U.S.,.10.million.men.and.women.have.osteopo-
rosis,.and.34.million.have.low.bone.mass.placing.them.at.risk.for.the.disease.[36]..One.out.of.every.
two.women,.and.one.in.four.men.over.50.will.have.an.osteoporosis-related.fracture.in.their.lifetime.
[36].

The. micronutrients. most. highly. studied. and. found. to. have. the. greatest. importance. in. bone.
health.to.date.are.calcium.and.vitamin.D..New.research.is.emerging.that.suggest.roles.for.other.
micronutrients,.and.in.particular.vitamin.K,.in.bone.metabolism..As.discussed.earlier,.vitamin.K.
may.be.involved.in.bone.metabolism.through.the.γ-carboxylation.of.proteins,.such.as.osteocalcin.

Epidemiologic.studies.have.described.associations.between.biochemical.markers.of.vitamin.K.
status,.specifically.%ucOC,.and.risk.of.low.bone.mineral.density.and.hip.fracture..A.recent.review.
of.observational.studies.summarized.several.reports.of.associations.between.low.dietary.phyllo-
quinone.intakes.and.hip.fracture.risk,.especially.among.women.[37]..Limitations.of.these.studies.
include.the.potential.confounding.effect.of.overall.poor.diet.and.unhealthy.lifestyle.because.vitamin.
K.is.primary.found.in.foods.associated.with.a.healthy.diet.

A.recent.systematic.review.and.meta-analysis.of.randomized.controlled.trials.concluded.that.
supplementation.with.vitamin.K,.primarily.in.the.form.of.MK-4,.is.associated.with.an.increase.in.
bone.mineral.density.and.reduced.risk.for.fracture.[38]..However,.as.acknowledged.by.the.authors.
of.this.meta-analysis,.the.studies.included.were.primarily.limited.to.a.small.number.of.investigators.
from.Japan,.many.of.the.studies.were.unblinded.to.investigators.and.participants,.there.was.a.wide.
range.in.co-supplementation.with.calcium.or.vitamin.D,.and.supplementation.was.with.45.mg/day.
of.MK-4..This.dose,.which.is.450-fold.higher.than.current.U.S..dietary.requirements.for.vitamin.
K,.is.currently.in.use.as.an.anti-osteoporotic.medication.in.Japan..Some.authors.have.suggested.
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that. MK-4. effectiveness. is. due. to. the. chemical. structure. of. its. side. chain,. which. resembles. the.
geranylgeraniol. structure.of. the. class.of.osteoporotic.medications,. bisphosphonates. [39,40]..The.
magnitude.of.the.reported.protective.effect.of.MK-4.in.the.meta-analysis.was.considerably.greater.
than.those.effects.associated.with.bisphosphonate.use,.which.emphasizes.the.need.for.caution.in.the.
interpretation.of.this.meta-analysis..More.recently,.an.editorial.suggested.that.unpublished.industry.
data.that.was.not.included.in.the.meta-analysis.does.not.support.conclusions.that.there.is.a.protec-
tive.effect.of.MK-4.on.reduction.in.hip.fracture.risk.in.elderly.women.[41].

In.comparison.with.the.number.of.studies.that.report.on.the.effect.of.MK-4.on.BMD.and.frac-
ture.risk,.reports.of.the.effect.of.phylloquinone.on.these.outcomes.are.few..Supplementation.with.a.
high.dose.of.phylloquinone.(1000.μg/day).was.shown.to.reduce.3-year.bone.loss.at.the.femoral.neck,.
but.not.the.lumbar.spine,.in.postmenopausal.women.[42]..A.recent.2-year.randomized.controlled.
trial.that.used.a.supplemental.dose.of.200.μg/day.phylloquinone.(an.amount.deemed.attainable.in.
the.diet).reported.a.modest.increase.in.BMC.and.BMD.at.the.ultra.distal.radius.in.postmenopausal.
women.who.received.phylloquinone.with.vitamin.D3.and.calcium,.compared.with.the.women.tak-
ing.the.same.doses.of.phylloquinone.and.vitamin.D3.alone.or.a.placebo..However,.there.were.no.
differences.in.BMD.or.BMC.at.the.femoral.neck.or.trochanter.among.the.treatment.groups.[43]..At.
the.time.of.this.writing,.more.clinical.trials.evaluating.the.effect.of.vitamin.K.supplementation.on.
bone.loss.are.nearing.completion,.which,.when.published,.will.provide.a.strong.basis.for.making.
recommendations.regarding.the.efficacy.of.vitamin.K.supplementation.on.reducing.bone.loss.in.the.
elderly.

11.�  vItamIn k and osteoarthrItIs

It.has.been.estimated.that.by.the.year.2020,.59.4.million.Americans.(18.2%.of.the.population).will.
have.some.form.of.arthritis.[44]..The.proposed.mechanism.by.which.vitamin.K.may.be.involved.
in.protection.against.osteoarthritis.is.by.regulating.bone.and.cartilage.mineralization.and.growth.
plate. cartilage. calcification. through. the. γ-carboxylation. of. the. vitamin. K-dependent. matrix. Gla.
protein.(MGP)..In vivo.studies.with.MGP.knockout.mice.models.have.demonstrated.inappropriate.
calcification.of.various.cartilages,.including.the.growth.plate,.which.leads.to.short.stature,.osteope-
nia,.and.fractures.[45]..Osteoarthritis.occurs.due.to.abnormal.cartilage.repair.and.development.of.
osteophytes..Low.vitamin.K.leads.to.undercarboxylation.of.MGP,.thus.reducing.protein.function.
and.affecting.chondrocyte.differentiation.and.endochondral.bone.formation.

An. observational. cohort. study. using. the. participants. of. the. Framingham. Offspring. Study.
reported.an.association.between.low.plasma.vitamin.K.concentrations.and.increased.prevalence.of.
osteoarthritis.manifestations.in.the.hand.and.knee.[46]..While.promising,.more.research.is.required.
before.vitamin.K.can.be.recommended.as.a.preventive.agent.in.progression.of.osteoarthritis.

11.�  vItamIn k and CardIovasCular health

Coronary.artery.calcification.occurring.in.atherosclerosis.is.associated.with.increased.risk.for.coro-
nary.heart. disease..MGP. is. a. vitamin.K-dependent. protein. that. inhibits. calcification. in vivo,. as.
discussed.in.Section.11.6,.and.is.expressed.in.smooth.vascular.muscle.cells.involved.with.the.cal-
cification.process.in.coronary.arteries.[47,48]..In.addition.to.abnormalities.in.cartilage.formation,.
mouse.models.with. targeted.deletion.of. the.MGP.gene.develop. rapid.calcification.of. the.elastic.
lamellae.of.the.arterial.media,.which.is.fatal.within.2.months.of.age.[45].

The.association.between.serum.MGP.concentrations.and.prevalence.of.cardiovascular.disease.
was. examined. in. two. cohorts. of. men. and. women. [49].. One. cohort. was. composed. of. men. and.
women.free.of.clinically.apparent.coronary.heart.disease.from.the.Framingham.Offspring.Study,.
a.longitudinal.community-based.study.of.men.and.women.that.identified.risk.factors.for.heart.dis-
ease.. The. second. cohort. included. healthy. elderly.men. and. women. participating. in. a. vitamin. K.
supplementation.trial.prior.to.their.randomization.to.treatment..Serum.MGP.concentrations.were.
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associated.with.risk.factors.for.atherosclerosis.in.both.groups,.but.no.consistent.associations.were.
seen.between.MGP.and.coronary.artery.calcification.after.adjustment.for.coronary.heart.disease.
risk.score..The.commercially.available.assays.for.serum.MGP.only.measure.total.MGP,.which.does.
not.reflect. the.amount.of. the.protein. that. is.γ-carboxylated..This. limits. the. interpretation.on.the.
role.of.vitamin.K.in.vascular.calcification.based.on.serum.MGP.concentrations..Furthermore,. it.
has.been.suggested.that.the.effect.of.MGP.on.regulation.of.calcification.is.localized.to.the.tissue.of.
synthesis,.such.that.circulating.MGP.cannot.rescue.the.calcification.effects.of.null.MGP.production.
in.vascular.smooth.muscle.cells.of.genetically.manipulated.mouse.models,.regardless.of.the.degree.
to.which.the.circulating.MGP.is.carboxylated.[50].

The. association. between. dietary. phylloquinone. intake. and. cardiovascular. disease. has. been.
examined.in.numerous.cohorts,. including.the.Health.Professionals.Follow-up.Study,. the.Nurses’.
Health.Study.and.the.Framingham.Heart.Study.[51–53]..These.studies.have.consistently.concluded.
that. high. phylloquinone. intake. is. not. an. independent. risk. factor. for. cardiovascular. disease,. but.
rather,. that. higher. phylloquinone. intakes. could. be. used. as. a. marker. of. an. overall. heart-healthy.
dietary.and. lifestyle.pattern.because. they. track.green.vegetable.consumption.. In.contrast,.cross-
sectional.studies.examining.the.potential.role.for.vitamin.K.intake.in.the.protection.against.vascular.
calcification.report.an.inverse.association.between.MK-4.intake.and.arterial.calcification.among.
cohorts. in. the. Netherlands.. Because. intakes. of. menaquinones. are. primarily. of. limited. animal.
sources,.such.as.dairy.products,.it.is.not.known.if.this.is.a.protective.effect.specific.to.menaquinone.
intake.or.is.simply.tracking.intake.of.factors.present.in.these.foods.rich.in.menaquinones..In.these.
latter. studies,. phylloquinone. intake. was. not. associated. with. arterial. calcification,. similar. to. the.
findings.of.the.U.S..cohorts.[54,55].

A.single. randomized.controlled. trial.has.been.completed.assessing. the.effect.of. supplemen-
tal.phylloquinone.on.vascular.health.in.postmenopausal.women..Those.who.took.a.daily.mineral.
supplement. containing.1000.μg.phylloquinone. and.8.μg.vitamin.D.had. improved.elasticity. and.
compliance.in.the.common.carotid.artery.over.3.years.of.follow-up,.compared.with.women.tak-
ing. the.supplement.without.phylloquinone. [56]..While. the.authors.attribute. this. improvement. to.
an.increase.in.the.vitamin.K-dependent.carboxylation.of.MGP,.leading.to.a.decrease.in.vascular.
calcium.deposition,.neither.MGP.nor.vascular.calcification.was.measured.directly.[56]..Additional.
studies.are.warranted.to.gain.a.better.understanding.of.the.role.of.vitamin.K,.at.a.dose.obtainable.
in.the.diet,.on.the.progression.of.vascular.calcification.

11.�  drug and nutrIent InteraCtIons WIth vItamIn k

11.8.1  nutriEnt–nutriEnt intEractiOns

An.area.that.warrants.further.study.is.how.vitamin.K.status.is.affected.by.interaction.with.other.
nutrients,.in.particular.the.other.fat-soluble.vitamins..Although.vitamin.K.circulates.in.concentra-
tions.magnitudes.lower.than.the.other.fat-soluble.vitamins,.there.are.common.pathways.of.absorp-
tion.and.transport.that.could.be.a.source.of.interaction..Furthermore,.as.new.biochemical.roles.for.
vitamin.K.are.being.discovered,. interactions. through.common.pathways.at. the.cellular. level.are.
also.plausible..A.study.examining.nutritional. survey.data.of.British.adults. reported. that.10%.of.
the.variation.in.plasma.phylloquinone.concentrations.was.explained.by.intake.of.other.fat-soluble.
vitamin.concentrations.[10].

Vitamin.D.promotes.mineralization.of.bone,.among.other.physiological.roles.currently.emerg-
ing.for.this.vitamin..Vitamin.D.is.also.involved.in.regulation.of.synthesis.of.the.vitamin.K-depen-
dent. bone. proteins,. osteocalcin,. and. matrix. Gla. protein. [57].. Questions. have. arisen. regarding.
whether.there.would.be.benefit.to.treatment.and.prophylaxis.of.osteoporosis.with.a.combination.
of.vitamin.D.and.vitamin.K..As.described.in.Section.11.5,.a.two-year,.double-blind,.randomized,.
placebo.control.trial.of.supplementation.with.phylloquinone.(200.μg/day),.vitamin.D3.(400.IU/day).
plus.calcium.(1000.mg/day).or.a.combination.(phylloquinone,.vitamin.D3,.and.calcium).examined.



1��	 Handbook	of	Nutrition	in	the	Aged,	Fourth	Edition

the.effect.on.bone.health.in.older.women.[43]..Women.who.took.combined.vitamin.K.and.vitamin.
D.plus.calcium.showed.a.significant.and.sustained.increase.in.both.BMD.and.BMC.at.the.site.of.
the.ultradistal.radius..Similar.changes.were.not.seen.in.the.vitamin.K.group.alone.or.in.the.calcium.
plus.vitamin.D.group,.which.suggests.a.possible.synergistic.role.of.the.combination.of.these.two.
fat-soluble.vitamins..The.amount.of.supplemental.phylloquinone.used.in.this.trial.was.equivalent.
to.that.contained.in.~50.g.portion.of.leafy.green.vegetables,.such.as.collards.and.spinach,.and.thus.
could.be.attained.by.dietary.modification.rather.than.from.supplementation.[43].

Vitamin.E.is.one.of.the.most.frequently.purchased.single.nutrient.dietary.supplements.in.the.
U.S.,.particularly.among.older.adults.[58]..Animal.studies.examining.the.relationship.between.vita-
min.E.and.vitamin.K.status.indicate.a.potential.nutrient–nutrient.interaction..In.chicks.fed.a.diet.
high.in.vitamin.E.(4000.mg.all.rac-α-tocopheryl.acetate/kg).but.adequate.in.vitamin.K.(0.14.mg.
phylloquinone/kg),.there.was.a.threefold.increase.in.prothrombin.time.and.an.increase.in.mortality.
rate.(five.out.of.12.animals.died.from.increased.bleeding.tendency).was.observed..The.inhibiting.
effect.of.high.dietary.vitamin.E.on.procoagulant.factors.may.be.prevented.by.increasing.dietary.
phylloquinone.supplementation.[59].

In.adults.with.a.normal.coagulation.status,.supplemental.doses.of.vitamin.E.at. the. tolerable.
upper.limit.of.1,000.IU.RRR-α-tocopherol.resulted.in.an.increase.of.PIVKA-II,.indicative.of.poor.
vitamin.K.status;.however,.other.measures.of.vitamin.K.status.(plasma.phylloquinone.concentration.
and.percentage.ucOC).did.not.change.[60]..The.mechanisms.for.this.vitamin.E-vitamin.K.interac-
tion.are.currently.unknown.

Although.there.has.been.some.in vitro.data.to.suggest.an.adverse.effect.of.vitamin.A.on.vitamin.
K.status,.there.is.currently.no.published.literature.available.to.support.this.nutrient–nutrient.interac-
tion.in.humans.[61].

11.8.2  drug–nutriEnt intEractiOn

Warfarin.is.a.commonly.used.oral.anticoagulant.in.the.elderly.for.prophylaxis.against.clot.formation.
in.states.of.arrhythmia,.or.in.patients.at.risk.for.thromboembolic.stroke..The.mechanism.of.action.
of.warfarin.on.prolongation.of.clotting. times. is. through. its. inhibitory.effect.on. the. recycling.of.
vitamin.K,.resulting.in.the.incomplete.γ-carboxylation.of.the.Glu.residues.in.vitamin.K-dependent.
proteins.due.to.inadequate.substrate.(Figure.11.2)..As.discussed.in.Section.11.3.1,.clotting.times.are.
measured.by.INR.in.the.clinical.setting..In.the.general.population.with.normal.coagulation,.the.INR.
is.between.1.0.to.1.2..In.general,.the.goal.for.anticoagulation.in.the.clinical.setting.of.prophylaxis.
is.for.an.INR.between.2.0.to.3.0.

A.recent.review.examining.the.potential.interaction.of.dietary.vitamin.K.and.coagulation.sta-
bility,.particularly.among.the.elderly.patients,.concluded.that.vitamin.K.intake.of.more.than.250.
µg/day.decreased.warfarin.sensitivity.in.anticoagulated.patients.consuming.regular.diets.[62]..In.
a.randomized.crossover.study,.patients.who.were.allocated.to.an.80%.decrease.of.phylloquinone.
intake. increased. their. INR.by.almost.30%.within.1.week.of. the. intervention..Based.on.dietary.
records,.it.was.estimated.that.for.each.increase.in.100.µg.of.vitamin.K.intake,.the.INR.would.be.
reduced.by.0.2.units.[62]..Because.vitamin.K.content.of.individual.foods.varies.widely.due.to.cli-
mate,.soil.conditions.and.other.growing.conditions,.it.is.probable.that.INR.would.vary.more.widely.
with.daily.fluctuations.in.dietary.intake.than.from.daily.intake.of.dietary.supplements..However,.
initial.intake.and/or.withdrawal.of.vitamin.K.through.the.use.of.dietary.supplements.would.have.
impact.on.INR..This.suggests.that.there.is.a.clinically.relevant.interaction.between.dietary.and/or.
supplemental.vitamin.K.and.warfarin,.and.that.it.has.a.major.role.in.INR.fluctuations.in.chronically.
anticoagulated.patients.
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11.�  summary

Poor.vitamin.K.nutrition.has.been.linked.to.several.chronic.diseases.associated.with.abnormal.cal-
cification,.which.affect.many.elderly..On.the.whole,.elderly.persons.consume.more.vitamin.K.than.
young.adults,.although.there.are.subgroups.of.the.elderly.population.who.do.not.meet.the.current.
recommended.dietary.intakes.for.this.nutrient.

However,.the.comparison.of.vitamin.K.status.among.different.ages.is.hampered.by.our.limited.
understanding.of.the.influence.of.circulating.lipids.on.the.interpretation.of.measures.of.vitamin.K.
status..Because.the.emphasis.on.vitamin.K.nutrition.in.the.elderly.has.focused.on.its.putative.role.on.
bone.health,.there.are.a.disproportional.number.of.studies.conducted.exclusively.in.postmenopausal.
women,.with.little.known.about.vitamin.K.status.in.elderly.men..More.research.is.needed.to.deter-
mine.what.forms.and.amounts.of.vitamin.K.should.be.consumed.to.optimize.health.

Development.of.novel.techniques.to.measure.vitamin.K.status.have.aided.in.improving.the.body.
of.research.in.the.field.of.vitamin.K.nutrition,.but.more.research.is.required.to.identify.non-dietary.
determinants. of. vitamin. K. status. and. their. impact. on. the. elderly.. Areas. of. promising. research.
include.genetic.and.hormonal.influences.on.vitamin.K.metabolism.

SH SH

SH SH

Warfarin

Warfarin

s s

s s

Vitamin K

Vitamin K

Vitamin K

hydroquinone

epoxide

NAD(P)+

NAD(P)H

Protein

γ -Carboxylated
Protein
(GLA)

Vitamin K-epoxide
reductase

Quinone
reductase

Vitamin K-dependent
carboxylase

epoxide

fIgure 11.2  Vitamin.K.cycle.



1��	 Handbook	of	Nutrition	in	the	Aged,	Fourth	Edition

referenCes

. 1.. Davidson,.R.T.,.A.L..Foley,.J.A..Engelke,.and.J.W..Suttie..1998..Conversion.of.dietary.phylloquinone.to.
tissue.menaquinone-4.in.rats.is.not.dependent.on.gut.bacteria..J Nutr,.128(2):.p..220–3.

. 2.. Ferland,.G..1998..The.vitamin.K-dependent.proteins:.An.update..Nutr Rev,.56(8):.p..223–30.

. 3.. Suttie,.J.W..1992..Vitamin.K.and.human.nutrition..J Am Diet Assoc,.92(5):.p..585–90.

. 4.. McKeown,. N.M.,. P.F.. Jacques,. C.M.. Gundberg,. J.W.. Peterson,. K.L.. Tucker,. D.P.. Kiel,. et. al.. 2002..
Dietary.and.nondietary.determinants.of.vitamin.K.biochemical.measures.in.men.and.women..J Nutr,.
132(6):.p..1329–34.

. 5.. Booth,.S.L.,.L..Martini,.J.W..Peterson,.E..Saltzman,.G.E..Dallal,.and.R.J..Wood..2003..Dietary.phyl-
loquinone.depletion.and.repletion.in.older.women..J Nutr,.133(8):.p..2565–9.

. 6.. Erkkila,. A.T.,. A.H.. Lichtenstein,. G.G.. Dolnikowski,. M.A.. Grusak,. S.M.. Jalbert,. K.A.. Aquino,. J.W..
Peterson,.and.S.L..Booth..2004..Plasma.transport.of.vitamin.K.in.men.using.deuterium-labeled.collard.
greens..Metabolism,.53(2):.p..215–21.

. 7.. Booth,.S.L.,.M.E..O’Brien-Morse,.G.E..Dallal,.K.W..Davidson,.and.C.M..Gundberg..1999..Response.of.
vitamin.K.status.to.different.intakes.and.sources.of.phylloquinone-rich.foods:.comparison.of.younger.
and.older.adults..Am J Clin Nutr,.70(3):.p..368–77.

. 8.. Gundberg,.C.M..1998..Biology,.physiology,.and.clinical.chemistry.of.osteocalcin..J Clin Ligand Assay,.
21:.p..128–138.

. 9.. Harrington,.D.J.,.S.L..Booth,.D.J..Card,.and.M.J..Shearer..2007..Excretion.of.the.urinary.5C-.and.7C-
aglycone.metabolites.of.vitamin.K.by.young.adults.responds.to.changes.in.dietary.phylloquinone.and.
dihydrophylloquinone.intakes..J Nutr,.137(7):.p..1763–8.

. 10.. Thane,.C.W.,.A.A..Paul,.C.J..Bates,.C..Bolton-Smith,.A..Prentice,.and.M.J..Shearer..2002..Intake.and.
sources. of. phylloquinone. (vitamin. K1):. Variation. with. socio-demographic. and. lifestyle. factors. in. a.
national.sample.of.British.elderly.people..Br J Nutr,.87(6):.p..605–13.

. 11.. Peterson,.J.W.,.Muzzey,.K.L.,.Haytowitz,.D.,.Exler,.J.,.Lemar,.L.,.and.Booth,.S.L..2002..Phylloquinone.
(vitamin.K–1).and.dihydrophylloquinone.content.of.fats.and.oils..JAOCS,.79:.p..641–646.

. 12.. Piironen,.V.,.Koivu.T.,.Tammisalo,.O.,.and.Mattila,.P..1997..Determination.of.phylloquinone.in.oils,.
margarines. and. butter. by. high-performance. liquid. chromatography. with. electrochemical. detection..
Food Chem,.59:.p..473–480.

. 13.. Elder,.S.J.,.D.B..Haytowitz,.J..Howe,.J.W..Peterson,.and.S.L..Booth..2006..Vitamin.K.contents.of.meat,.
dairy,.and.fast.food.in.the.U.S..Diet..J Agric Food Chem,.54(2):.p..463–7.

. 14.. Ferreira,.D.W.,.Haytowitz,.D.B.,.Tassinari,.M.S.,.Peterson,.J.W.,.and.Booth.S.L..2006..Vitamin.K.con-
tents.of.grains,.cereals,.fast-food.breakfasts,.and.baked.goods..J Food Sci,.71:.p..S66–S70.

. 15.. Schurgers,. L.J.. and. C.. Vermeer.. 2000.. Determination. of. phylloquinone. and. menaquinones. in. food..
Effect.of.food.matrix.on.circulating.vitamin.K.concentrations..Haemostasis,.30(6):.p..298–307.

. 16.. Suttie,. J.W.. 1995.. The. importance. of. menaquinones. in. human. nutrition.. Annu Rev Nutr,. 15:. p..
399–417.

. 17.. Institute. of.Medicine.. 2001..U.S..Panel. on.Micronutrients,.Dietary reference intakes for vitamin A, 
vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, molybdenum, nickel, silicon, 
vanadium, and zinc,.Washington,.D.C.:.National.Academy.Press.

. 18.. Duggan,.P.,.K.D..Cashman,.A..Flynn,.C..Bolton-Smith,.and.M..Kiely..2004..Phylloquinone.(vitamin.
K1).intakes.and.food.sources.in.18–64-year-old.Irish.adults..Br J Nutr,.92(1):.p..151–8.

. 19.. Yan,.L.,.B..Zhou,.S..Nigdikar,.X..Wang,.J..Bennett,.and.A..Prentice..2005..Effect.of.apolipoprotein.
E.genotype.on.vitamin.K.status.in.healthy.older.adults.from.China.and.the.UK..Br J Nutr,.94(6):.p..
956–61.

. 20.. Tse,.S.L.,.T.Y..Chan,.D.M..Wu,.A.Y..Cheung,.and.T.C..Kwok..2002..Deficient.dietary.vitamin.K.intake.
among.elderly.nursing.home.residents.in.Hong.Kong..Asia Pac J Clin Nutr,.11(1):.p..62–5.

. 21.. Yan,.L.,.B..Zhou,.D..Greenberg,.L..Wang,.S..Nigdikar,.C..Prynne,.and.A..Prentice..2004..Vitamin.K.
status.of.older.individuals.in.northern.China.is.superior.to.that.of.older.individuals.in.the.UK..Br J Nutr,.
92(6):.p..939–45.

. 22.. Thane,.C.W.,.L.Y..Wang,.and.W.A..Coward..2006..Plasma.phylloquinone.(vitamin.K1).concentration.
and.its.relationship.to.intake.in.British.adults.aged.19–64.years..Br J Nutr,.96(6):.p..1116–24.

. 23.. Booth,.S.L..and.J.W..Suttie..1998..Dietary.intake.and.adequacy.of.vitamin.K..J Nutr,.128(5):.p..785–8.

. 24.. Shearer,.M.J.,.A..McBurney,.and.P..Barkhan..1974..Studies.on.the.absorption.and.metabolism.of.phyl-
loquinone.(vitamin.K1).in.man..Vitam Horm,.32:.p..513–42.



Vitamin	K	and	Health	in	the	Aged	 1��

. 25.. Kohlmeier,.M.,.A..Salomon,.J..Saupe,.and.M.J..Shearer..1996..Transport.of.vitamin.K.to.bone.in.humans..
J Nutr,.126(4.Suppl):.p..1192S–6S.

. 26.. Lamon–Fava,. S.,. J.A.. Sadowski,. K.W.. Davidson,. M.E.. O’Brien,. J.R.. McNamara,. and. E.J.. Schaefer..
1998..Plasma.lipoproteins.as.carriers.of.phylloquinone.(vitamin.K1).in.humans..Am J Clin Nutr,.67(6):.
p..1226–31.

. 27.. Schurgers,. L.J.. and. C.. Vermeer.. 2002.. Differential. lipoprotein. transport. pathways. of. K-vitamins. in.
healthy.subjects..Biochim Biophys Acta,.1570(1):.p..27–32.

. 28.. Azharuddin,.M.K.,.D.S..O’Reilly,.A..Gray,.and.D..Talwar..2007..HPLC.method.for.plasma.vitamin.K1:.
Effect.of.plasma.triglyceride.and.acute-phase.response.on.circulating.concentrations..Clin Chem,.53(9):.
p..1706–13.

. 29.. Sadowski,.J.A.,.S.J..Hood,.G.E..Dallal,.and.P.J..Garry..1989..Phylloquinone.in.plasma.from.elderly.and.
young.adults:.Factors.influencing.its.concentration..Am J Clin Nutr,.50(1):.p..100–8.

. 30.. Cham,.B.E.,.J.L..Smith,.and.D.M..Colquhoun..1999..Interdependence.of.serum.concentrations.of.vita-
min.K1,.vitamin.E,.lipids,.apolipoprotein.A1,.and.apolipoprotein.B:.Importance.in.assessing.vitamin.
status..Clin Chim Acta,.287(1–2):.p..45–57.

. 31.. Traber,.M.G..and.I..Jialal..2000..Measurement.of.lipid-soluble.vitamins––further.adjustment.needed?.
Lancet,.355(9220):.p..2013–4.

. 32.. Matschiner,.J.T..and.R.G..Bell..1973..Effect.of.sex.and.sex.hormones.on.plasma.prothrombin.and.vita-
min.K.deficiency..Proc Soc Exp Biol Med,.144(1):.p..316–20.

. 33.. Shirakawa,.H.,.Y..Ohsaki,.Y..Minegishi,.N..Takumi,.K..Ohinata,.Y..Furukawa,.et.al..2006..Vitamin.K.
deficiency.reduces.testosterone.production.in.the.testis.through.down-regulation.of.the.Cyp11a.a.choles-
terol.side.chain.cleavage.enzyme.in.rats..Biochim Biophys Acta,.1760(10):.p..1482–8.

. 34.. Lukacs,.J.L.,.S..Booth,.M..Kleerekoper,.R..Ansbacher,.C.L..Rock,.and.N.E..Reame..2006..Differential.
associations.for.menopause.and.age.in.measures.of.vitamin.K,.osteocalcin,.and.bone.density:.A.cross-
sectional.exploratory.study.in.healthy.volunteers..Menopause,.13(5):.p..799–808.

. 35.. Beavan,.S.R.,.A..Prentice,.D.M..Stirling,.B..Dibba,.L..Yan,.D.J..Harrington,.and.M.J..Shearer..2005..
Ethnic.differences.in.osteocalcin.gamma-carboxylation,.plasma.phylloquinone.(vitamin.K1).and.apoli-
poprotein.E.genotype..Eur J Clin Nutr,.59(1):.p..72–81.

. 36.. National.Institutes.of.Health..Osteoporosis..2006.November.2006.[cited.2007.November.13,.2007].

. 37.. Shea,.M.K.,.and.Booth,.S.L..2007..Role.of.vitamin.K.in.the.regulation.of.calcification..Int Congr Ser,.
1297:.p..165–178.

. 38.. Cockayne,.S.,.J..Adamson,.S..Lanham-New,.M.J..Shearer,.S..Gilbody,.and.D.J..Torgerson..2006..Vita-
min.K.and.the.prevention.of.fractures:.Systematic.review.and.meta-analysis.of.randomized.controlled.
trials..Arch Intern Med,.166(12):.p..1256–61.

. 39.. Binkley,.N.,.D..Krueger,.J..Engelke,.T..Crenshaw,.and.J..Suttie..2002..Vitamin.K.supplementation.does.
not.affect.ovariectomy-induced.bone.loss.in.rats..Bone,.30(6):.p..897–900.

. 40.. Hara,.K.,.Y..Akiyama,.T..Nakamura,.S..Murota,.and.I..Morita..1995..The.inhibitory.effect.of.vitamin.
K2.(menatetrenone).on.bone.resorption.may.be.related.to.its.side.chain..Bone,.16(2):.p..179–84.

. 41.. Tamura,.T.,.S.L..Morgan,. and.H..Takimoto..2007..Vitamin.K.and. the.prevention.of. fractures..Arch 
Intern Med,.167(1):.p..94;.author.reply.94–5.

. 42.. Braam,.L.A.,.M.H..Knapen,.P..Geusens,.F..Brouns,.K..Hamulyak,.M.J..Gerichhausen,.and.C..Vermeer..
2003..Vitamin.K1.supplementation. retards.bone. loss. in.postmenopausal.women.between.50.and.60.
years.of.age..Calcif Tissue Int,.73(1):.p..21–6.

. 43.. Bolton-Smith,.C.,.M.E..McMurdo,.C.R..Paterson,.P.A..Mole,.J.M..Harvey,.S.T..Fenton,.et.al..2007..Two-
year.randomized.controlled.trial.of.vitamin.K1.(phylloquinone).and.vitamin.D3.plus.calcium.on.the.
bone.health.of.older.women..J Bone Miner Res,.22(4):.p..509–19.

. 44.. National. Institutes.of.Health..Arthritis prevalence rising as baby boomers grow older osteoarthritis 
second only to chronic heart disease in worksite disability..1998. [cited.November.30,.2007]..http://
www.nih.gov/news/pr/may98/niams-05.htm.

. 45.. Luo,.G.,.P..Ducy,.M.D..McKee,.G.J..Pinero,.E..Loyer,.R.R..Behringer,.and.G..Karsenty..1997..Spontane-
ous.calcification.of.arteries.and.cartilage.in.mice.lacking.matrix.GLA.protein..Nature,.386(6620):.p..
78–81.

. 46.. Neogi,.T.,.Booth,.S..L.,.Zhang,.Y..Q.,.Jacques,.P..F.,.Terkeltaub,.R.,.Aliabadi,.P.,.Felson,.D..T..2006..
Low.vitamin.K.status.is.associated.with.osteoarthritis.in.the.hand.and.knee..Arthritis Rheum,.54(4):.p..
1255–61.



1�0	 Handbook	of	Nutrition	in	the	Aged,	Fourth	Edition

. 47.. Proudfoot,.D.,.Skepper,.J..N.,.Shanahan,.C..M.,.Weissberg,.P..L..1998..Calcification.of.human.vascular.
cells.in.vitro.is.correlated.with.high.levels.of.matrix.Gla.protein.and.low.levels.of.osteopontin.expres-
sion..Arterioscler Thromb Vasc Biol,.18(3):.p..379–88.

. 48.. Shanahan,.C.M.,.Cary,.N..R.,.Metcalfe,.J..C.,.Weissberg,.P..L..1994..High.expression.of.genes.for.calci-
fication-regulating.proteins.in.human.atherosclerotic.plaques..J Clin Invest,.93(6):.p..2393–402.

. 49.. O’Donnell,.C.J.,.M.K..Shea,.P.A..Price,.D.R..Gagnon,.P.W..Wilson,.M.G..Larson..2006..Matrix.Gla.
protein. is. associated. with. risk. factors. for. atherosclerosis. but. not. with. coronary. artery. calcification..
Arterioscler Thromb Vasc Biol,.26(12):.p..2769–74.

. 50.. Murshed,.M.,.T..Schinke,.M.D..McKee,.and.G..Karsenty..2004..Extracellular.matrix.mineralization.is.
regulated.locally;.different.roles.of.two.gla-containing.proteins..J Cell Biol,.165.5):.p..625–30.

. 51.. Erkkila,.A.T.,.S.L..Booth,.F.B..Hu,.P.F..Jacques,.and.A.H..Lichtenstein..2007..Phylloquinone.intake.and.
risk.of.cardiovascular.diseases.in.men..Nutr Metab Cardiovasc Dis,.17(1):.p..58–62.

. 52.. Erkkila,. A.T.,. S.L.. Booth,. F.B.. Hu,. P.F.. Jacques,. J.E.. Manson,. K.M.. Rexrode.. 2005.. Phylloquinone.
intake.as.a.marker.for.coronary.heart.disease.risk.but.not.stroke.in.women..Eur J Clin Nutr,.59(2):.p..
196–204.

. 53.. Braam,. L.,. N.. McKeown,. P.. Jacques,. A.. Lichtenstein,. C.. Vermeer,. P.. Wilson,. and. S.. Booth.. 2004.
Dietary.phylloquinone.intake.as.a.potential.marker.for.a.heart-healthy.dietary.pattern.in.the.Framing-
ham.Offspring.cohort..J Am Diet Assoc,.104(9):.p..1410–4.

. 54.. Geleijnse,.J.M.,.C..Vermeer,.D.E..Grobbee,.L.J..Schurgers,.M.H..Knapen,.I.M..van.der.Meer,.A..Hof-
man,. and. J.C..Witteman..2004..Dietary. intake.of.menaquinone. is. associated.with.a. reduced. risk.of.
coronary.heart.disease:.The.Rotterdam.Study..J Nutr,.134(11):.p..3100–5.

. 55.. Villines,.T.C.,.C..Hatzigeorgiou,. I.M..Feuerstein,.P.G..O’Malley,.and.A.J..Taylor..2005..Vitamin.K1.
intake.and.coronary.calcification..Coron Artery Dis,.16(3):.p..199–203.

. 56.. Braam,.L.A.,.A.P..Hoeks,.F..Brouns,.K..Hamulyak,.M.J..Gerichhausen,.and.C..Vermeer..2004..Benefi-
cial.effects.of.vitamins.D.and.K.on.the.elastic.properties.of.the.vessel.wall.in.postmenopausal.women:.
A.follow-up.study..Thromb Haemost,.91(2):.p..373–80.

. 57.. Shearer,.M.J..1997..The.roles.of.vitamins.D.and.K.in.bone.health.and.osteoporosis.prevention..Proc 
Nutr Soc,.56(3):.p..915–37.

. 58.. Millen,.A.E.,.K.W..Dodd,.and.A.F..Subar..2004..Use.of.vitamin,.mineral,.nonvitamin,.and.nonmineral.
supplements.in.the.United.States:.The.1987,.1992,.and.2000.National.Health.Interview.Survey.results..
J Am Diet Assoc,.104(6):.p..942–50.

. 59.. Frank,.J.,.H..Weiser,.and.H.K..Biesalski..1997..Interaction.of.vitamins.E.and.K:.Effect.of.high.dietary.
vitamin.E.on.phylloquinone.activity.in.chicks..Int J Vitam Nutr Res,.67(4):.p..242–7.

. 60.. Booth,.S.L.,.I..Golly,.J.M..Sacheck,.R..Roubenoff,.G.E..Dallal,.K..Hamada,.and.J.B..Blumberg..2004..
Effect.of.vitamin.E.supplementation.on.vitamin.K.status.in.adults.with.normal.coagulation.status..Am 
J Clin Nutr,.80(1):.p..143–8.

. 61.. Matschiner,.J.T..and.Doisy,.E.A..Jr..1962..Role.of.vitamin.A.in.induction.of.vitamin.K.deficiency.in.the.
rat..Proc Soc Exp Biol Med,.109:.p..139–142.

. 62.. Rohde,.L.E.,.M.C..de.Assis,.and.E.R..Rabelo..2007..Dietary.vitamin.K.intake.and.anticoagulation.in.
elderly.patients..Curr Opin Clin Nutr Metab Care,.10(1):.p..1–5.



1�1

12 The	Role	of	Diet	in	Slowing	
or	Accelerating	Aging

Saeed Hosseini and Reza Ghiasvand

Contents

12.1  IntroduCtIon

Aging,.which.represents.a.great.deal.for.both.society.and.scientists,.is.usually.defined.as.the.pro-
gressive.loss.of.function.accompanied.by.decreasing.fertility.and.increasing.mortality.with.advanc-
ing.age.[1].

The.literature.provides.evidence.that.proper.nutrition.is.a.powerful,.modifiable.lifestyle.factor.
that.may.delay.or.prevent.chronic.diseases.in.later.life.and,.more.importantly,.will.potentially.lead.
to.additional.years.of.health,.productivity,.and.high.functioning.[2]..However,.older.adults.may.be.
at.risk.for.inadequate.nutrition.because.of.physiological.changes.related.to.organ.function.declines,.
which.can.affect.digestion,.metabolism,.and.absorption.of.nutrients.[3]..Additionally,.older.adults’.
nutritional. intake.may.be.compromised.because.of.development.of.poor.eating.habits. related. to.
chewing.or.swallowing.difficulties.as.well.as.diminished.interest.in.food.resulting.from.sensory.loss.
(e.g.,.taste.and.smell).[4]..Physically.active.seniors’.diets.are.relatively.higher.in.dairy.products.and.
fruits.than.are.the.diets.of.sedentary.older.adults.[5]..Proper.nutrition,.with.an.emphasis.on.consum-
ing.fruits.and.vegetables,.has.long-term.health.benefits,.and.contributes.to.physical,.cognitive,.and.
social.functioning,.overall.health,.and.engagement.with.life.[5,6].

Although.there.is.evidence.for.the.benefits.of.adequate.nutrition,.researchers.have.noted.that.
many.older.adults.are.deficient.in.particular.vitamins.and.minerals,.including.vitamins.B6,.B12,.
D,.K,.folic.acid,.and.the.antioxidant.vitamins.A,.C,.E,.and.beta.carotene,.as.well.as.the.minerals.
selenium,.calcium,.and.iron,.which.are.essential.for.overall.health.[2,7–10).Cognitive.function.has.
been.found.to.be.affected.by.nutrition.in.that.malnutrition.can.cause.long-term.cognitive.impair-
ment.[7]..Research.findings.also.indicate.that.elders.with.various.vitamin.deficiencies,.especially.of.
B12,.may.be.at.risk.for.cognitive.disorders.(including.dementia).that.were.previously.considered.to.
be.due.to.“normal.cognitive.aging,”.while.other.nutrients.such.as.antioxidants.and.vitamin.C.may.
be.protective.against.cognitive.decline.[7,8].

Most. leading. causes. of. adult. deaths. in. the. United. States,. including. coronary. heart. disease.
(CHD),.cancer,.and.stroke,.are. influenced.by.diet. [2]..Vitamin.A.has.an.association.with.vision.
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and.a.healthy.immune.system;.beta.carotene.has.been.associated.with.reduced.risk.for.cancer.and.
cataracts;.and.vitamins.C,.beta.carotene,.and.folic.acid.may.prevent.heart.disease.[2,8–10]..In.fact,.
there.is.strong.evidence.that.a.folic.acid.deficiency.can.increase.risk.for.coronary.artery.disease.
(CAD).and.stroke.[8]..Other.dietary.factors.associated.with.health.in.advancing.age,.particularly.
for.women,.may.be.the.consumption.of.a.significantly.lower.percentages.of.calories.from.fat.and.
a.higher.percentage.of.calories.from.complex.carbohydrates.[11]..In.relation.to.dietary.fats,.future.
health.in.both.men.and.women.was.predicted.by.higher.baseline.high-density.lipoprotein.choles-
terol.levels,.as.well.as.lower.low-density.lipoprotein.cholesterol.levels.for.women..Eating.a.healthy.
diet,.which.has.been.found.to.assist.with.weight.reduction.and.decrease.serum.cholesterol,.is.one.
of.the.most.easily.altered.risk.factors.for.chronic.disease.prevention.and.has.been.associated.with.
decreasing.CAD.and.osteoporosis,.although.these.require.early.dietary.intervention.[5]..Additional.
findings.suggested.that.optimal.calcium.intake.is.critically.related.to.reducing.the.risk.of.bone.loss.
and.osteoporosis.in.both.men.and.women.and.decreasing.the.incidence.of.fractures.[2]..A.diet.with.
high.soy.protein.combined.with.regular.weight-bearing.physical.activity.may.protect.against.osteo-
porosis.[5]..Osteoporosis.can.prevent.optimal.physical.activity.and,.in.turn,.participation.in.social.
and.community.recreational.activities,.thus.denying.the.benefits.of.such.participation.

The.studies.cited.previously.noted.the.importance.of.maintaining.consistent.optimal.nutrition..In.
addition,.clinical.and.epidemiological.studies.in.humans.have.found.that.dietary.restriction,.reduc-
tion.in.food.intake,.and.consumption.of.a.low-calorie.diet.(1600–2000.cal.per.day).may.maximize.
life.spans.and.positively.affect.antiaging.and.disease.prevention.[8]..Furthermore,.caloric.restriction.
has.been.found.to.decrease.the.risk.of.the.most.prominent.age-related.diseases.in.humans,.including.
cardiovascular.disease,.diabetes,.and.cancers;.may.delay.age-related.functional.deficits.in.the.brain;.
reduce.the.risk.of.major.neurodegenerative.disorders.including.Alzheimer’s.and.Parkinson’s;.and.
may.promote.successful.brain.aging.in.humans.[8]..Dietary.fiber.intake.is.also.an.important.health.
consideration.since.it.has.been.found.to.be.associated.with.lowering.blood.fat.and.glucose.levels,.
which.may.be.important.in.preventing.heart.disease.and.diabetes.and.in.promoting.colon.health.
[2,11,12].

Degenerative.changes.of.aging.are.believed. to.result,. in.part,. from.the.oxidative.destruction.
of.cells.and. tissues. [13]..A.group.of.common. food. items. referred. to.as.“functional. foods”. (FF).
has.recently.emerged.as.an.active.area.of.research.[14,15]..Functional.foods.are.usually.defined.as.
healthful.foods.or.food.ingredients.that.have.a.potential.health.benefit.beyond.their.nutrient.content.
when.consumed.regularly. in. typical.quantities.as.part.of.a.varied.diet. [14,16]..Their.physiologi-
cally.active.components.generally.include.antioxidants..Recent.data.from.the.Survey.in.Europe.on.
Nutrition.and.the.Elderly.study.show.that.antioxidant.status.is.positively.related.to.the.number.of.
vegetable.servings.consumed.[17]..For.example,.whole.grains,.garlic.(allyl.compound).and.soybeans.
are.considered.to.decrease.the.risk.of.both.heart.disease.and.cancer.[18,19]..Carrots.(carotenoids).
contain.antioxidants.that.act.as.modulators.of.cell.growth.regulation,.regulators.of.gene.expression.
and.immunoregulators.[20,21]..Epidemiological.evidence.has.linked.tomatoes.(lycopene).to.protec-
tion.against.cardiovascular.disease.[22,23].and.cancer.[24]..Tea.(polyphenols).may.prevent.cancer.
and.CHD.[25,26]..Fiber,.both.soluble.and.insoluble,.may.reduce.the.risk.of.heart.disease.and.some.
types.of.cancer.[14]..Finally,.vegetables.and.fruit.are.associated.with.lower.risk.of.cancer.[27,28].

There.are.a.number.of.observations.consistent.with.the.suggestion.that.the.dipeptide.carnosine.
(beta-alanyl-L-histidine). may. exert. important. roles. in. aging.. Carnosine. is. found. in. many. long-
lived,.non-mitotic,.mammalian.tissues,.sometimes.at.relatively.high.concentrations.(up.to.20.mM.
in.human.muscle).[29,30]..Evidence.suggests.that.muscle.levels.of.carnosine.correlate.with.species.
maximum.life-span.[31,32),.while.in.humans.and.rats.at.least,.these.values.appear.to.decline.with.
age. [33]..A.most. striking.observation. is. that.carnosine.can.delay.senescence. in.cultured.human.
fibroblasts.and. temporarily. reverse. the.senescence.phenotype. [34],. thus.generating.a.more. juve-
nile.appearance..Carnosine.can.also.modify.the.senescent.phenotype.of.cultured.rodent.fibroblasts.
[35]..More.recently,.Gallant.et.al..have.shown.that.carnosine.can.influence.age-associated.changes.
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and.average.life-span.in.senescence-accelerated.(SAMP).mice,.while.lesser.beneficial.effects.were.
observed.in.control.(SAMR).mice.[36].

The.mechanism.by.which.carnosine.exerts. its.apparent.antiaging.effects. is.uncertain..Many.
proposals.have.been.made.for.carnosine’s.in vivo.role,.which.includes.physiological.buffer,.metal.
ion.chelator,.antioxidant,.and.free-radical.scavenger.[29,30]..Oxygen.free.radicals.are.considered.to.
play.a.primary.role.in.the.onset.and.progression.of.aging.and.related.phenomena..Hence,.it.might.
be.anticipated.that.carnosine’s.proposed.antioxidant.activities.[37,38,39).could.explain.its.beneficial.
effects.to.cultured.fibroblasts.

Calorie.restriction.(dietary.restriction),.fiber.intake,.ω-3.fatty.acid.supplementation,.and.vita-
min.E.supplementation.have.been.extensively.studied.for.their.beneficial.effects.in.delaying.disease.
processes.in.experimental.models..A.key.characteristic.of.each.of.these.dietary.regimens.is.their.
ability.to.delay.or.reduce.the.severity.of.a.multitude.of.diseases.such.as.autoimmune.disease,.certain.
types.of.cancer,.heart.disease,.and.aging..Aging.and.disease.processes.are.often.hard.to.separate,.
since.thry.tend.to.develop.almost.simultaneously.

Calorie.restriction.of.30–40%.reduction.in.food.intake.is.the.only.known.dietary.regimen.to.increase.
lifespan.in.all.experimental.models.tested,.including.yeast,.nematodes,.flies,.and.rodents.[40].

Aging.in.humans.is.manifest.not.only.by.the.stereotypical.changes.in.phenotype.but.also.by.a.
large.increase.in.the.onset.of.many.diseases.[41],.such.as.hypertension,.CHD,.osteoporotic.fractures,.
chronic.obstructive.pulmonary.disease.(COPD),.malignancy,.dementia,.and.Parkinson’s.disease.

12.2  hypertensIon

There.is.extensive.evidence.from.both.cross-sectional.observations.and.intervention.studies.show-
ing. a. positive. association. between. salt. intake. and. blood. pressure.. Hypertension. is. a. risk. factor.
for. congestive. heart. failure,. stroke. and. myocardial. infarction.. High. salt. intake. per. se. may. also.
directly.cause.heart.failure..The.Intersalt.study.showed.that.the.rise.in.systolic.blood.pressure.with.
age.was.only.observed.in.populations.with.intakes.greater.than.100.mmol/day.of.salt.[42),.while.a.
meta-analysis.of.78.trials.of.salt.reduction.showed.that.blood.pressure.reductions.were.achieved.by.
sufficiently.reducing.salt.intake.[43]..A.reduction.of.83.mmol.of.salt.per.day.in.elderly.people.aged.
60–78.years.was.associated.with.a.reduction.of.7.2.mmHg.in.systolic.and.3.2.mmHg.in.diastolic.
blood.pressure.in.both.normo-.and.hypertensive.subjects.[44]..Many.countries.recommend.values.
of.not.more.than.100.mmol.of.sodium.per.day..Since.stroke.is.a.cause.of.dementia,.reduction.in.the.
prevalence.of.hypertension.will.also.indirectly.reduce.the.burden.of.dementia.as.a.result.of.cere-
brovascular.disease..Apart.from.reducing.salt. intakes,.diets.rich.in.fruits.and.vegetables,.low-fat.
dairy.products.and.reduced.saturated.and.total.fat.have.been.found.to.be.effective.in.lowering.blood.
pressure.[45),.as.has.oral.potassium.supplementation.[46]..A.diet.high.in.potassium.has.been.found.
to.be.inversely.associated.with.the.risk.of.developing.stroke.[47].

12.�  Coronary heart dIsease

The.relationship.between.serum.cholesterol.and.CHD.is.well.established..Widely.accepted.recom-
mendations.for.cardiovascular.health.include.a.cholesterol.intake.of.<300.mg.per.day,.fat.intake.of.
<.30%.of.total.energy,.and.percentage.energy.from.saturated.fats.<10%.[48].

Recently,.the.emphasis.has.been.on.increasing.the.intake.of.vegetable.oils.and.fish,.rather.than.
just.on.lowering.cholesterol.intake.[49]..The.ratio.of.polyunsaturated.to.saturated.fatty.acids.should.
be.raised.to.1.0.or.more.by.increasing.the.intake.of.vegetable.oils,.particularly.olive.oil,.and.fish..A.
modest.intake.of.oily.fish.(or.fish.oil.capsules).resulted.in.a.29%.reduction.in.total.mortality.during.
the.first.2.year.after.a.myocardial.infarction.(without.any.change.in.total.plasma.cholesterol.concen-
tration).[50],.while.no.benefit.was.observed.from.conventional.high-fiber.and.low.saturated.fat.diets..
The.Mediterranean.diet,.high.in.antioxidants,.vitamins,.oleic.acid,.and.ω-3.fatty.acids,.resulted.in.
a.73%.reduction.in.major.cardiac.events.in.patients.recovering.from.a.myocardial.infarction.[51]..
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In.practice,.it.is.likely.that.advice.to.adopt.this.type.of.diet.might.be.more.acceptable.than.the.pro-
motion.of.low-fat.and.low-cholesterol.diets.[52]..Other.dietary.components.have.been.described.to.
have.protective.effects:.plant.sterols.[53],.flavonoids.[54],.folate.(acting.by.reducing.blood.levels.of.
homocystein).[55],.alcohol.[56],.and.nuts.[57].

12.�  osteoporotIC fraCtures

Nutrients. important. in. the. prevention. of. osteoporotic. fractures. act. by. increasing. bone. strength,.
through.increasing.bone.mineral.density.or.increasing.the.strength.of.the.bone.matrix.in.other.ways..
Calcium,.vitamin.D,.protein,.and.salt.intake.all.play.a.role..Dietary.habit.throughout.life.will.affect.
bone.strength,.particularly.during.the.period.for.accretion.of.peak.bone.mass..In.general,.a.high.cal-
cium.intake.is.recommended.in.the.elderly,.because.the.efficiency.of.absorption.is.reduced.with.age..
However,.trials.to.determine.the.effectiveness.of.calcium.supplementation.in.preventing.fractures.
have.shown.conflicting.results,.some.showing.a.reduction.in.risk.[58,.59],.some.an.increase.[60]..
Vitamin.D.and.calcium.have.also.been.shown.to.prevent.bone.loss.[61].and.fractures.[62]..High.pro-
tein.intake.predisposes.the.body.to.bone.loss.by.mobilizing.calcium.from.the.skeleton.as.a.result.of.
endogenous.acid.production,.as.well.as.increasing.urinary.calcium.excretion..The.incidence.of.hip.
fracture.was.related.to.per.capita.protein.consumption.[63]..However,.very.low.protein.intakes.as.
observed.in.some.elderly.vegetarian.communities.is.also.associated.with.low.bone.mineral.density.
[64],.as.well.as.decreased.muscle.mass,.predisposing.to.falls.and.fractures..A.high.sodium.intake,.
by.increasing.urinary.calcium.excretion,.may.also.promote.bone.loss,.although.convincing.evidence.
is.lacking,.and.the.effect.may.be.ameliorated.by.increasing.calcium.intake.[65].

12.�  ChronIC oBstruCtIve pulmonary dIsease

In.patients.with.COPD,.various. factors,. such.as.drugs. inducing.anorexia.or.shortness.of.breath,.
predispose.to.reduced.dietary.intake,.and.at.the.same.time.energy.cost.may.be.increased.by.the.
effort.of.breathing..Such.patients.are.also.prone.to.repeated.episodes.of.infection,.which.may.fur-
ther.compromise.nutritional. status..Elderly.patients.with.COPD,.similar. to. those.with. infection,.
heart.failure,.or.malignancy,.have.poorer.protein,.energy,.and.vitamin.status.than.healthier.elderly.
people. living. in. the. community. and. long-term. care. institutions. [66].. Energy. balance. studies. in.
these.patients.show.that.there.is.a.negative.balance,.which.may.compromise.rehabilitation,.as.well.
as.recovery.from.or.susceptibility.to.infections..Nutritional.supplementation.resulted.in.an.improve-
ment.of.anthropometric.indices,.vitamin.nutritional.status,.and.some.measures.of.well-being.[67].

12.�  malIgnanCy

An.estimated.32%.of.cancers.may.be.avoidable.by.changes.in.diet,.with.20–42%.of.cancer.deaths.
possibly.avoidable.by.dietary.change.[68]..Dietary.habits.or.food.choices.having.an.impact.include.
type.of.food.(plant.vs..animal.source),.food.preparation.(fat.and.salt.content,.smoked.or.pickled.
foods,. etc.),. caloric. intake,. and. amount. of. alcohol. consumed.. It. has. been. observed. that. excess.
energy. intake. relative. to. requirements. manifests. as. overweight. has. negative. consequences. with.
regard.to.several.major.cancers.[69]..Increasing.fruit.and.vegetable.consumption.possibly.reduces.
cancer.risk.[70],.while.moderate.wine.drinking.(two.glasses.per.day).might.reduce.the.risk.of.death.
from.cancer.by.22%.[71]..The.relationship.between.cancer.and.alcohol.appears.to.be.U-shape,.but.
there.is.no.clear.evidence.linking.specific.beverages.to.specific.cancers.[72]..The.latest.report.of.
the.committee.on.Medical.Aspects.of.Food.and.Nutrition.Policy.(COMA).recommends.an.intake.
of.five.or.more.servings.of.fruits.and.vegetables.per.day,.increasing.dietary.fiber.and.maintaining.a.
BMI.of.20–25.kg/m2..The.consumption.of.red.meat.should.be.limited.to.90.g.daily.[73]..Nutritional.
support.should.not.be.neglected.in.patients.with.cancer,.particularly.during.therapy.
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12.�  dementIa

Deficiency.of.vitamin.B12.can.give.rise.to.cognitive.impairment.ranging.from.memory.defects.to.
a.potentially.reversible.dementia,.even.in.the.absence.of.hematological.changes.[74]..Antioxidants,.
such.as.vitamin.E.and.selegiline.[75].have.been.shown.to.play.a.role.in.retarding.the.progression.
of.Alzheimer’s.disease..Estrogen.has.a.beneficial.effect.on.cognitive.function,.by.acting.directly.on.
choline.acetyl.transferase,.by.stimulating.neuronal.regeneration,.by.promoting.the.breakdown.of.
amyloid.precursor.protein,.or.by.its.antioxidant.properties..In.this.regard,.plant.phytoestrogens.may.
have.a.protective.role..The.Asian.diet.contains.higher.quantities.of.soy.products.that.have.a.high.
phyto-estrogen.content..This.may.partly.explain.the.lower.prevalence.of.Alzheimer’s.disease.among.
Asians.compared.with.Caucasians..It.would.be.desirable.to.see.if.the.incidence.of.Alzheimer’s.dis-
ease.is.lower.among.vegetarians.in.various.parts.of.southern.Asia.

12.�  parkInson’s dIsease

Dietary. factors.have.been. implicated. in. the.etiology.of.Parkinson’s.disease..An.epidemiological.
study.of.environmental.and.genetic. factors.carried.out. in.215.Chinese.patients.and.313.controls.
showed.that.drinking.tea.regularly.was.a.protective.factor,.while.smoking,.family.history,.and.dura-
tion.of.pesticide.(farming.exposure).were.risk.factors.[76],.thus.emphasizing.the.role.of.environ-
mental.toxins.in.disease.causation.
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13 Nutrition	and	Cancer	
Prevention:
An Overview

Elaine B. Trujillo and John A. Milner

Contents

1�.1  IntroduCtIon

Cancer.is.no.longer.recognized.as.a.consequence.of.genetic.predisposition.or.an.inevitable.result.of.
aging..In.fact,.a.plethora.of.evidence.points.to.environmental.factors,.including.dietary.habits,.as.
the.primary.contributor.to.about.90%.of.all.cancers..Overall,.dietary.habits.are.thought.to.account.
for.approximately.30%.of.cancers—a.percentage.close.to.that.associated.with.tobacco.usage..The.
actual.percentage.related.to.diet.is.highly.dependent.on.the.composition.of.the.diet,.the.genetics.of.
the.consumer,.and.the.type.of.cancer.[1]..Humans.are.likely.exposed.to.thousands.of.bioactive.food.
components.daily..A.host.of.these.compounds,.including.both.essential,.and.nonessential.nutrients,.
arising.from.plants.(phytochemicals),.along.with.zoochemicals.coming.from.animal.products,.fun-
gochemicals.from.mushrooms,.and.bacterochemicals.arising.from.bacteria.in.the.gastrointestinal.
tract,. may. be. physiologically. relevant. modifiers. of. cancer. risk.. While. literature. inconsistencies.
exist,.the.basic.premise.that.dietary.factors.influence.cancer.risk.is.undeniable.[2].

During.the.past.30.years.epidemiological,.and.preclinical.studies.have.helped.define.the.link-
ages.between.diet,. and.cancer.prevention,. and.have. served.as. the.basis. for. clinical. intervention.
trials..Evidence–based.dietary.guidance.for.reducing.cancer.risk.has.surfaced.from.organizations.
worldwide.. In. 2007,. The. World. Cancer. Research. Fund/American. Institute. for. Cancer. Research.
(WCRF/AICR).global.report.recommended.that. individuals.be.as. lean.as.possible,. limit.energy-
dense.foods,.avoid.sugary.drinks,.consume.“fast.foods”.sparingly,.eat.mostly.foods.of.plant.ori-
gin,. limit. intake.of. red.meat,. avoid.processed.meat,. and. limit. alcoholic. intake. [2]..While. these.
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population-based.recommendations.are.founded.on.the.totality.of.existing.evidence.there.remains.
a.dearth.of.information.about.which.specific.dietary.bioactive.food.constituents.are.responsible.for.
a.change.in.cancer.risk,.the.mechanism(s).by.which.these.food.components.exert.their.biological.
effects,.and.how.dietary.patterns.or.composition.may.affect.the.response,.and.how.interindividual.
genetic.variations.influence.the.carcinogenic.or.anticarcinogenic.effects.of.foods.or.their.compo-
nents.[3].

Nevertheless,.a.host.of.foods,.and.their.components.are.reported.to.modify.numerous.cancer-
related.cellular.processes.including.carcinogen.metabolism,.hormonal.balance,.cell.signaling,.cell.
cycle.control,.differentiation,.apoptosis,.and.angiogenesis.(Figure.13.1).[4]..Identifying.which.of.these.
processes.are.being.modified.singly.or. in.combination,.and.the.dietary.exposure.needed.to.bring.
about.a.desired.outcome.in.humans,.is.fundamental.to.developing.effective.intervention.programs.

The.genetic.revolution,.and.the.associated.“omics”.technologies.are.undeniably.providing.new.
insights. into. the. role. of. nutrition. in. cancer. prevention,. particularly. through. the. development. of.
nutritional.preemption.strategies. that.builds.on.an.individual’s.personal.profile.for.providing.the.
best.prevention,.and.therapeutic.advice..This.approach.is.based.on.a.personalized.understanding.of.
nutrigenomics,.proteomics,.and.metabolomics,.sometimes.referred.to.as.the.“omics”.of.nutrition,.
and.is.fundamental.for.identifying.those.who.will.benefit.or.be.placed.at.risk.because.of.dietary.
modification.[4].

This.review.is.centered.on.a.select.few.foods,.and.beverages.(soy,.spinach,.fish,.garlic,.tea,.wine,.
tomato,.broccoli,.oats,.and.nuts).as.a.proof-of-principle.about.how.dietary.habits.can.influence.can-
cer.risk,.and.tumor.behavior..While.the.information.is.not.meant.to.be.all-inclusive,.the.foods.were.

fIgure 1�.1  Foods.and.their.bioactive.components.can.influence.multiple.processes.associated.with.can-
cer..Understanding.which.ones.account. for.a.change. in.cancer. risk.and. tumor.behavior. is. fundamental. to.
understanding.the.role.of.diet.in.cancer.prevention..(Davis,.C.D..and.Milner,.J.A..2007..Molecular.targets.for.
nutritional.preemption.of.cancer..Curr Cancer Drug Targets.7.	With.permission.
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selected.based.on.their.potential.for.promoting.overall.health,.and.in.particular.cancer.prevention..
Table.13.1.provides.selected.foods,.and.their.respective.bioactive.food.components.

1�.2  soy

Soy,.a.member.of.the.legume.family,.has.been.a.staple.food.for.Asians.for.thousands.of.years..Its.beans.
are.used.to.make.a.variety.of.foods.such.as.tofu,.as.well.as.flours,.and.sauces..Pure.soy.protein,.also.
known.as.soy.isolate,.has.been.used.in.a.variety.of.meat.substitutes,.such.as.burgers,.and.chicken..In.
addition,.soy.protein.isolates,.and.genistein.(1000.mg.tablets).are.available.as.dietary.supplements.

Historically,.the.chances.of.breast.and.prostate.cancer.was.considerably.lower.in.Asians.com-
pared.with.individuals.residing.in.the.United.States;.suggesting.that.lifestyle.factors.might.be.con-
tributing.to.risk.[5,6]..Evidence.for.this.hypothesis.was.supported.by.migration.studies.involving.
Asian.immigrants.to.the.U.S..who.acquired.a.greater.prostate.cancer.incidence.within.two.genera-
tions.of.relocating.[7]..Likewise,.breast.cancer.risk.tended.to.increase,.especially.when.Western-
style.dietary.habits.were.rapidly.adopted.[8]..Since.that.era,.epidemiological.studies.have.generally.
linked.higher.soy. intake.with.a. lower.cancer.risk;.however,.considerable.variability. is.noted..At.
least.part.of.this.variation.likely.relates.to.the.quantity,.and.duration.of.exposure.to.soy,.the.type.
of.soy.preparation.examined,.and.interactions.between.dietary.constituents.or.genes..It.should.be.
noted.that.monitoring.soy.intake.or.exposure.to.its.active.components.is.hampered.by.assessment.
methodologies,.which.unfortunately.is.also.true.for.estimating.the.intake.of.most.foods,.and.their.
constituents..Unquestionably.assessing.the.quantity,.and.type.of.soy-related.product.consumed.is.
fundamental.to.evaluating.its.nutritional.or.pharmacological.effects.[9].

A.meta-analysis.of.18.soy.studies.(12.case-control.studies,.and.6.cohort.studies).provided.evi-
dence.that.a.high.intake.was.modestly.associated.with.reduced.breast.cancer.risk.(odds.ratio.=.0.86,.
95%.CI.0.75–0.99). [10]..When.exposure.was.analyzed. in. terms.of.grams.per.day,.a.statistically.
significant.association.was.observed.only.among.premenopausal.women.[10]..These.findings.are.
similar. to.a.meta-analysis.of. four.studies. (three.cohort,.and.11.case-control. studies). reported. in.

taBle 1�.1
selected foods and their Bioacti�e Components with potential protecti�e effects 
against Cancer

dietary sources  Bioacti�e Component

Berries,.grapes Anthocyanadins

Citrus.fruit,.carrots,.squash,.pumpkin. β–Carotene,.terpenes

Cruciferous.vegetables Isothiocyanates,.Indoles

Fatty.Fish n–3.fatty.acids

Grains Polysaccharides,.Lunacin

Meat Conjugated.linoleic.acid,.selenium

Strawberries,.raspberries,.walnuts. Ellagic.acid

Grapes.skin.,.red.wine Resveratrol

Onions,.garlic,.leeks. Allyl.sulfur.compounds,.Quercetin

Soybeans,.and.other.legumes Isoflavones,.Bowman-Birk.inhibitor

Tea,.berries Catechins

Tomatoes,.and.related.tomato.products,.guava,.watermelon Lycopene

Dark.green.leafy.vegetables Carotenoids,.Folate

Nuts Flavonoids,.Proanthocyanidins
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2004.that.indicated.soy.food.consumption.was.associated.with.a.lower.risk.of.breast.cancer.(odds.
ratio.=.0.78,.95%.CI.0.68–0.91)..In.this.case,.a.significant.association.between.high.soy.intake,.and.
lower.risk.of.breast.cancer.was.also.observed.in.postmenopausal.women.(odds.ratio.=.0.64,.95%.
CI.0.47–0.88).[11]..Although.these.studies.are.suggestive.of.a.protection,.considerable.variability.
across. the.studies. is.evident..At. least.some.of. this.variability. in.response. to. increasing.soy.may.
relate.to.the.genetics.of.the.individual..Polymorphisms.in.enzymes.associated.with.estrogen.regula-
tion.or.metabolism.of.genistein.or.other.soy.active.components.may.influence.the.overall.response.
[12]..Recent.studies.suggest.that.specific.polymorphisms.in.estrogen.receptor.(ER)–m.can.poten-
tially.influence.the.response.to.soy.in.men.[13].

One.of.the.mechanisms.by.which.soy.may.function.is.by.modifying.estrogen.exposure.[14,15]..It.
is.generally.recognized.that.a.greater.lifetime.exposure.to.estrogen.is.associated.with.an.increase.in.
breast.cancer.risk..The.similarities.in.structure.between.the.isoflavones.in.soy,.and.natural.estrogen.
have.fostered.numerous.studies.in.animal.models.to.determine.if.they.promote.or.antagonize.this.
hormone..Generally,.phytoestrogens.in.soy.have.been.shown.in.animal.models.to.have.anti-estrogenic.
properties,.thus.supporting.the.belief.that.soy.dampens.estrogen’s.effects.[14,15]..The.few.human.
intervention.trials.published.to.date.have.been.inconclusive.about.soy’s.being.a.significant.modifier.
of.estrogen.homeostasis;.at.least.as.reflected.by.changes.in.the.menstrual.cycle.[16–20]..Overall,.a.
wide.range.of.soy.interventions.have.been.used,.yet.most.have.not.identified.a.significant.change.
in.menstrual.cycle.duration.[20]..A.double-blind,.randomized.trial.with.30.healthy.premenopausal.
women.evaluated.the.role.of.isoflavones.on.mammographic.breast.density.[19],.and.could.not.detect.
a.significant.change.in.mammographic.density.when.100.mg.of.isoflavones.were.consumed.daily.for.
12.months,.suggesting.that.isoflavones.do.not.exert.an.estrogenic.effect—at.least.at.this.exposure.

However,.some.studies.do.suggest.that.soy.can.exert.estrogenic.effects..For.example,.the.influ-
ence.of.a.60.g.soy.supplement.(45.mg.isoflavones).taken.twice.daily.for.14.days.on.cell.proliferation.
was.examined.in.48.premenopausal.women.who.were.about.to.undergo.breast.biopsy.for.benign.or.
malignant.breast.disease.[17]..Proliferation.rates.of.breast.lobular.epithelium.increased.in.those.who.
received.soy.supplementation,.suggesting.that.soy.supplements.might.increase.the.proliferation.of.
breast.neoplasm.[17]..Findings.from.another.intervention.study.were.also.suggestive.of.detrimental.
effects.on.breast.secretion.in.both.pre-.and.postmenopausal.women.[21]..In.a.12-month.study.in.
women.(n.=.24).who.received.38.g.of.soy.protein.isolate.(38.mg.of.genistein),.there.was.a.two-.to.
sixfold.increase.in.nipple.aspirate.fluid.volume.in.premenopausal.women,.although.there.was.no.
consistent. response. in. postmenopausal. women.. During. the. months. of. soy. consumption,. plasma.
estradiol.levels.were.found.to.increase,.which.was.related.to.epithelial.hyperplasia.in.at.least.29%.
of.the.women.[21]..This.study.suggests.isoflavones.offered.an.estrogenic.boost.when.provided.as.a.
soy.protein.isolate..Unquestionably,.more.research.is.needed.to.determine.whether.soy.brings.about.
a.different.response.in.normal.vs..neoplastic.cells.

Timing.of.soy.consumption.may.also.be.an.important.variable..Preclinical.evidence.in.animal.
models,.and.epidemiological.studies.in.children.suggest.that.exposure.to.soy.or.genistein.early.in.
life.may.reduce.subsequent.breast.cancer.risk.more.than.if.exposure.occurs.during.later.life.[22]..
The. response. to. soy.when. introduced. later. in. life. remains. controversial,. since. few.studies.have.
reported.a.reduction.in.estrogen.or.a.decrease.in.menopausal.symptoms,.as.mentioned.previously.
[14]..Part.of.this.response.during.earlier.life.may.relate.to.increased.sensitivity.to.changes.in.hor-
monal.status.or.to.differentiation.changes.within.terminal.end.buds.in.the.mammary.gland.

The.anticancer.properties.of.soy.are.not.limited.to.women,.since.its.intake.may.also.modify.
prostate.cancer.risk,.possibly.by.influencing.hormonal.status.[20],.although.the.evidence.is.rela-
tively.weak.[2]..In.an.evidence-based.report.involving.four.studies,.a.nonsignificant.decrease.in.tes-
tosterone.levels.was.associated.with.soy.intake,.and.thus.the.response.may.relate.to.other.metabolic.
changes..However,.the.small.total.number.of.subjects,.and.multiple.confounding.factors.make.firm.
conclusions.difficult.[20]..In.a.study.of.over.18,000.Japanese.men.who.were.followed.for.incident.
prostate.cancer,.there.was.a.nonsignificant.decreased.risk.for.those.consuming.the.highest.soy.intake.
when.compared.with.the.lowest.(relative.risk.of.0.79,.95%.CI.0.53–1.18).[23]..One.study.involving.
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over.12,000.men.reported.a.statistically.significant.decreased.risk.with.frequent.consumption.(more.
than.once/day).of.soy.milk.(relative.risk.of.0.3,.95%.CI.0.1–1.0).[24]..Yet.another.study.reported.no.
relationship.between.soy.bean.paste.soup.intake,.and.prostate.cancer.[25]..Finally,.a.study.among.
men.of. Japanese.ancestry. in.Hawaii. reported.a.nonsignificant.beneficial. effect. for. tofu. (relative.
risk.of.0.35,.95%.CI.0.08–1.43).[26]..Overall,.cohort.studies.have.reported.a.range.of.biological.
responses,.and.thus.firm.conclusions.about.benefits.remain.elusive.[23–26]..Four.case-control.stud-
ies.did.point.to.a.nonsignificant.decreased.prostate.cancer.risk.with.increased.intake.[27–32].

Preclinical.studies.provide.evidence.that.genistein.can.slow.the.development.of.stomach.cancers.
by.increasing.apoptosis,.and.lowering.cell.proliferation,.and.blood.vessel.growth.[33]..Such.find-
ings.are.consistent.with.rodent.studies.showing.that.miso.inhibits.N-nitrosamine-induced.stomach.
tumors.[34]..Several.case-control.studies.suggest.a.decreased.stomach.cancer.risk.in.those.consum-
ing.the.highest.intake.of.soy.compared.with.those.consuming.the.lowest.amounts.[35–43],.however,.
only.five.of.the.studies.had.statistical.significance.[35,.37–39,.43]..In.a.cohort.study.in.Korea,.there.
was.a.nonsignificant.decreased.risk.of.stomach.cancer.with.high.intakes.of.soy.foods.(relative.risk.
0.60,.95%.CI.0.40–1.10).[44]..In.Japan,.a.cohort.study.provided.evidence.for.a.significant.inverse.
association.with.death.from.stomach.cancer.in.both.men.(relative.risk.of.0.50,.95%.CI.0.26–0.93),.
and.women.(relative.risk.of.0.49,.95%.CI.0.22–1.13).[45],.and.in.a.dose-dependent.response.

Soy.foods.contain.a.variety.of.compounds.that.may.contribute.to.their.anticancer.effects,.includ-
ing.protease.inhibitors,.saponins,.phenolic.acids,.and.isoflavones.[5]..These.compounds.also.have.
been.shown.to.have.antioxidant.potential,. inhibit.angiogenesis,.and,.depending.on. the.exposure,.
increase.apoptosis,.and.depress.cell.proliferation.[6,47]..Soy-induced.changes.in.estrogen.metabo-
lism,.as.mentioned.above,.may.lead.to.epigenetic.changes.by.influencing.gene.promoter.regions.or.
by.inducing.histone.modifications.that.affect.chromatin.transcription.[46].

Soy.is.known.to.contain.the.Bowman-Birk.inhibitor.(BBI),.a.small.water-soluble.protein..BBI.
is.stable.within.the.pH.range.encountered.in.most.foods,.can.withstand.boiling.water.temperature.
for.10.minutes,.is.resistant.to.the.pH.range,.and.proteolytic.enzymes.of.the.gastrointestinal.tract,.
is.bioavailable,.and.is.not.allergenic..BBI.has.been.reported.to.reduce.the.proteolytic.activities.of.
trypsin,. chymotrypsin,. elastase,. cathepsin.G,. chymase,. serine.protease-dependent.matrix.metal-
loproteinases,.urokinase.protein.activator,.mitogen-activated.protein.kinase,.and.PI3.kinase,.and.
upregulates.connexin.43.(Cx43).expression.[48]..Several.studies.have.demonstrated.the.efficacy.of.
BBI.against.tumor.cells.in vitro,.animal.models,.and.human.phase.IIa.clinical.trials.[48].

1�.�  spInaCh

Spinach,.Spinacia oleracea,.is.a.flowering.plant.in.the.family.of.Amaranthaceae..It.contains.many.
essential,. and. nonessential. nutrients.. It. is. a. rich. source. of. folate,. a. B-vitamin. that. is. essential.
for. health.. Folate. is. involved. in. critical. metabolic. pathways,. including. the. synthesis. of. purines,.
and.pyrimidines,.which.are.important.for.DNA.synthesis,.and.cell.replication..Folate.is.found.in.
dietary.supplements,.and.fortified.foods.as. folic.acid..There. is.evidence. that. folate. is.associated.
with.decreased.risk.of.certain.cancers,.such.as.colorectal,.pancreatic,.and.esophageal;.however,.the.
evidence.is.primarily.derived.from.epidemiological.studies,.and.randomized.intervention.trials.of.
folate.for.cancer.prevention.are.few.in.number.

Evidence.exists.that.foods.containing.folate.offer.protection.against.colorectal.cancer.[2]..While.
there.is.considerable.epidemiological.evidence.to.suggest.a.dose–response.relationship,.there.are.
multiple.unexplained. inconsistencies.coupled.with.potential.confounding. factors.such.as.dietary.
fiber. [2]..A.protective.effect.of. folate. intake. (0.84,.95%.CI.0.76–0.93).per.100.µg/day,.with. low.
heterogeneity.was.found.in.a.meta-analysis.of.four.cohort.studies.[49–52]..Another.meta-analysis.
of.seven.cohort.studies,.and.nine.case-control.studies.found.a.decreased.risk.of.colorectal.cancer.
for.those.consuming.the.highest.dietary.folate.intake.when.compared.with.the.lowest.(0.75,.95%.CI.
0.64–0.89).[53]..In.these.cohort.studies,.the.association.between.folate.consumption,.and.colorectal.
cancer.risk.was.stronger.for.dietary.folate.from.foods.alone.(relative.risk.for.high.vs..low.intake.
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of.0.75,.95%.CI.0.64–0.89).than.for.folate.from.foods,.and.supplements.(relative.risk.0.95,.95%.CI.
0.81–1.11)..The. results.of. these.meta-analyses.point. to.a.small.protective.effect.of. folate.against.
colorectal.cancer,.especially.when.marginal.intakes.are.consumed.

The.use.of.blood.folate.as.a.predictor.of.cancer.risk,.especially.with.colorectal.cancer,.has.been.
mixed..In.a.nested.case-control.study.including.105.cases,.and.523.matched.controls.from.the.New.
York.University.Women’s.Health.Study.cohort,.there.was.a.statistically.significant.inverse.associa-
tion.between.serum.folate,.and.colorectal.cancer.incidence..The.risk.of.colorectal.cancer.in.indi-
viduals.in.the.highest.quartile.of.serum.folate.was.half.that.of.those.in.the.lowest.quartile.(odds.ratio.
of.0.52,.95%.CI.0.27–0.97).[54]..In.another.case-control.study,.nested.within.the.Alpha-Tocopherol.
Beta-Carotene.study.(ATBC).cohort.of.male.smokers,.there.was.no.statistically.significant.associa-
tion.between.serum.values,.and.colorectal.cancer.[55]..Two.case-control.studies.found.red.cell.or.
plasma.folate.were.significantly.lower.in.cases.than.controls.[56–58].

Results.from.a.randomized.double-blind.intervention.trial.in.more.than.1,000.participants.with.
a.history.of.colorectal.adenomas.received.either.1.mg.of.folic.acid.or.placebo.or.aspirin.have.been.
published..Folic.acid.was.associated.with.higher.risks.of.having.three.or.more.adenomas.[59]..As.
adenomas. are. a. risk. factor. for. colon. cancer,. this. study. suggests. a. potentially. harmful. effect. of.
supplemental.folate.intake.

It.has.been.hypothesized.that.diets.having.lower.methyl-group.availability,.such.as.a.low.folate.
diet,.may.have.increased.pancreatic.cancer.risk,.although.the.evidence.is.limited.[2]..In.a.nested.
case-control.study.within.the.ATBC.study.cohort.of.male.Finnish.smokers,.pancreatic.cancer.was.
inversely. related. to. serum.folate.concentrations,.with. the.highest. serum. tertiles.having.approxi-
mately.half.the.risk.of.the.lowest.(OR.of.0.45,.95%.CI.0.24–0.82).[60]..Thus,.the.response.to.folate.
may.vary.depending.on.the.tissue.examined.

In.another.study.within.the.ATBC.study.cohort,.dietary.folate.intake.(not.from.supplements).
was.significantly.inversely.associated.with.the.risk.of.pancreatic.cancer.with.those.in.the.highest.
quintile.(>.373.µg.folate/day).having.approximately.half.the.risk.compared.with.those.in.the.lowest.
quintile.(adjusted.hazards.ratio.of.0.52,.95%.CI.0.31–0.87).[61]..However,.the.results.of.two.large.
U.S..cohorts.(Nurses’.Health.Study,.and.Health.Professionals.Follow-up.Study).found.no.association.
between.folate.intake.(from.food,.and.supplements),.and.the.risk.of.pancreatic.cancer.[62]..There.
was.a.nonsignificant.suggestion.of.an.inverse.relation.of.folate.from.food.(not.from.supplements).
with.pancreatic.cancer.in.both.cohorts.[62]..A.meta-analysis.of.these.three.cohort.studies.revealed.a.
summary.effect.estimate.of.0.94.(95%.CI.0.80–1.11).per.100.µg/day,.with.high.heterogeneity.[61,62].
not.indicative.of.a.strong.association.of.folate.on.pancreatic.cancer.risk.

A.large.cohort.study.in.Swedish.men.and.women.provided.evidence.that.increased.intake.of.
folate.from.food.sources,.but.not.from.supplements,.may.reduce.pancreatic.cancer.[63]..Dietary,.and.
total.folate.intakes.were.inversely.associated.with.risk.of.pancreatic.cancer..The.multivariable.rate.
ratios.of.pancreatic.cancer.for.those.in.the.highest.category.of.folate.intake.(≥350.µg/day).compared.
with.the.lowest.category.of.intake.(<.200.µg/day).were.0.25.(95%.CI,.0.11–0.59),.and.0.33.(95%.
CI,. 0.15–0.72). for. total. folate. (dietary,. and. supplemental. sources)..No. association.was.observed.
with. only. folate. supplements. [63].. This. differential. effect. between. folate. from. foods,. and. from.
supplements.may.be.explained.by.folate’s.serving.as.a.marker.for.fruit,.and.vegetable.intake,.by.a.
different.metabolic.response.to.folic.acid.in.supplements,.or.as.a.result.of.confounders.associated.
with.foods.vs..supplement.usage.

There.is.also.limited.evidence.that.folate.protects.against.esophageal.cancer..Eight.case-control.
studies.[64–71].all.showed.a.decreased.risk.for.the.highest.folate.intake.compared.with.the.lowest,.
although.there.was.statistical.significance.in.only.two.of.the.studies.[69,71].

Preclinical.evidence.suggests.that.an.inadequate.intake.of.folate.increases.the.risk.of.colorectal.
cancer. possibly. by. leading. to. global.DNA.hypomethylation,. which. interferes. with.gene. expres-
sion,.and.impairs.DNA.repair,.or.by.causing.uracil.misincorporation.leading.to.DNA.breaks,.and.
instability.[53,72]..Cellular.changes,.which.are.linked.to.an.increased.risk,.appear.to.occur.during.
inadequacy,.and.oversupplementation..The.ability.of.folate.to.increase.risk.during.inadequacy,.and.



Nutrition	and	Cancer	Prevention	 1��

excess.may.actually.be.reflecting.cellular.events.that.are.being.modified.by.folate.status.in.normal,.
and.neoplastic.cells.respectively.

1�.�  fIsh

Fish,. especially. saltwater.fish,. are. a. source.of.omega-3. fatty. acids,.which.have.been. implicated.
in.the.prevention.of.cardiovascular.disease,.arthritis,.asthma,.and.some.cancers..Fish.can.also.be.
a.significant.source.of.selenium,.and.vitamin.D,.both.of.which.may.have.implications.in.cancer.
prevention..Epidemiological.studies.have.found.total,.and.saturated.fat.intake.correlates.with.breast.
cancer.risk..Preclinical.studies.suggest.that.saturated.fats.promote.colon.carcinogenesis,.and.that.
polyunsaturated.fat.(PUFA).promotes.cancers.at.various.sites,.including.the.mammary.gland.[73]..
The.PUFA.that.has.been.most.often.linked.with.tumor.promotion.in.animals.is.linoleic.acid,.a.mem-
ber.of.the.omega-6.fatty.acids..Linoleic.acid.is.found.primarily.in.vegetable.oils.such.as.sunflower,.
corn,.and.soybean..Omega-3.fatty.acids.have.been.demonstrated.to.suppress.mammary.tumor.for-
mation,. and.proliferation. in. animal.models..Likewise,. epidemiological. studies.provide.evidence.
that.individuals.consuming.diets.high.in.omega-3.fatty.acids.experience.a.lower.prevalence.of.some.
cancers..In.addition,.small.trials.have.assessed.the.effects.of.omega-3.fatty.acids.on.immunocompe-
tence.by.adding.omega-3.fatty.acids.to.diets,.either.through.foods.rich.in.this.fatty.acid.or.through.
supplements.[74].

Results.of.omega-3.fatty.acid.intervention.studies.to.reduce.the.risk.of.cancer.have.been.mixed..
A.systematic.review.of.38.articles.published.from.1966.to.2005.concluded.that.there.is.insufficient.
evidence. to.suggest.a.significant.association.between.omega-3.fatty.acids,.and.cancer. incidence,.
and. that. supplementation. with. omega-3. fatty. acids. is. unlikely. to. prevent. cancer. [74].. However,.
this.conclusion.is.based.on.an.inadequate.appreciation.of.the.interactions.of.omega-3.fatty.acids.
with.the.total.fat.content.of.the.diet,.the.ratio.of.omega-3.to.omega-6.fatty.acids.provided,.and.the.
genetic.makeup.of.the.consumer..Regardless,.among.65.estimates.of.associations.calculated.from.
20.different.cohorts.for.11.different.types.of.cancer,.and.six.different.ways.to.assess.omega-3.fatty.
acids.consumption,.10.associations.were.statistically.significant—cancers.of.the.breast,.lung,.and.
prostate,. and.associations.were. significant. for.both. increased. risk,. and.decreased. risk.. It. should.
be.noted. that. there.was.a.significant.positive.association.between.skin.cancer,.and. the. intake.of.
omega-3.fatty.acids.[74].

Although.numerous.cohort,.and.case-control.studies.[75–96].have.investigated.fish,.and.colorec-
tal.cancer,.only.limited.evidence.suggests.that.it.is.protective.[2]..A.decreased.risk.for.those.con-
suming.the.highest.amounts.of.fish.when.compared.with.the.lowest.was.found.in.nine.cohort.studies.
[75,79–81,83,85,86,89,92,93,95],.and.was.statistically.significant.in.only.two.[79,80]..A.meta-analy-
sis. of. seven. cohort. studies. [2]. gave. a. summary. effect. estimate. of. 0.96. (95%. CI. 0.92–1.00). per.
serving/week,.with.low.heterogeneity.[75,76,78,82,83,93,95]..The.variability.in.these.studies.may.
be.partially.explained.by.differing.definitions.of.fish.in.the.studies.that.included.fresh,.salted,.or.
dried.fish..It.also.is.possible.that.high.fish.intake.is.associated.with.low.meat.intake,.a.potential.
confounder.[2].

Fish.oils.can.inhibit.the.formation.of.lymphoid,.and.hemopoietic.cancers.in.animals..Although.
most.human.trials.(cohort,.and.case-control.studies).have.found.nonsignificant.relationships.with.
reduced.incidence.of.lymphoid,.and.hemopoietic.cancers.[2],.two.case-control.studies.found.a.sta-
tistically.significant.association.for.nonHodgkins.lymphoma.[97,98].

Fish.is.known.to.be.an.important.natural.source.of.iodine.in.the.diets.of.different.populations,.
and.therefore.an.association.between.fish.intake,.and.thyroid.cancer.risk.may.be.mediated.by.iodine.
[2]..In.a.pooled.analysis.of.13.case-control.studies. that. investigated.fish.consumption,. there.was.
a. significantly. reduced. incidence. of. thyroid. cancer. with. increased. fish. consumption. in. areas. of.
endemic.iodine.deficiency,.but.none.in.areas.where.iodine.intake.were.high.[99].

Cantonese-style.salted.fish.is.probably.associated.with.increased.risk.of.nasopharyngeal.can-
cer. [2]..Salted.fish.contains.nitrates,. and.nitrosamines,.which.are.known.mutagens,. and.animal.
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carcinogens.that.induce.gene.mutation..Many.case-control.studies.have.investigated.the.association.
between.Cantonese–style.salted.fish,.and.nasopharyngeal.cancer.risk..A.meta-analysis.of.nine.stud-
ies.suggest.an.effect.estimate.of.1.28.(95%.CI.1.13–1.44).per.serving/week.[2]

Adding.fish.oils.to.animal.diets.is.typically.associated.with.reduced.tumors.[73]..Possible.mech-
anisms.are.thought.to.revolve.around.a.reduction.in.omega-6.PUFA-derived.eicosanoid.biosynthesis.
(eicosanoids.promote.inflammation),.and.direct.inhibition.of.cyclooxygenase-2.(COX-2),.an.enzyme.
involved.in.the.production.of.prostaglandins.[74].

1�.�  garlIC

Garlic.(Allium sativum).is.a.vegetable.that.belongs.to.the.Allium.class.of.bulb-shaped.plants.that.
also.includes.onions,.chives,.and.leeks..It.has.been.valued.for.its.medicinal.properties.for.centuries..
Garlic.has.been.reported.to.possess.a.variety.of.health.benefits,.notably.antimicrobial,.anticarci-
nogenic,.and.protective.against.cardiovascular.disease.[100]..Garlic.has.a.characteristic.flavor,.and.
odor..It.is.unique.because.of.its.high.sulfur.content,.which.is.most.likely.involved.in.its.anticancer.
properties..Garlic.also.contains.other.substances.that.may.be.beneficial.to.health,.including.argi-
nine,.selenium,.potassium,.calcium,.magnesium,.phosphorus,.vitamin.C,.and.folate..Garlic.is.used.
for.flavoring.in.cooking,.and.for.its.health.benefits.as.garlic.supplements,.which.are.available.as.
essential.oil,.garlic.oil.macerate,.garlic.powder,.and.garlic.extract.

Preclinical.studies.provide.some.of.the.strongest.evidence.that.garlic,.and.its.associated.sulfur.
components.can.suppress.tumor.incidence.in.breast,.colon,.skin,.uterine,.esophagus,.and.lung.can-
cers..The.mechanisms.for.this.protection.may.include.blockage.of.nitrosamine.formation,.suppres-
sion.in.the.bioactivation.of.several.carcinogens,.enhanced.DNA.repair,.reduced.cell.proliferation,.or.
induction.of.apoptosis.[101]..It.has.been.postulated.that.several.of.these.cellular.events.are.occurring.
simultaneously,.and.account.for.the.protection.observed.experimentally.by.garlic.supplementation.
[101]..Considerable.preclinical.evidence.with.model.carcinogens,.and.transplantable.tumors.sup-
ports.an.anticancer.effect.of.garlic,.and.some.of.its.allyl.sulfur.that.effectively.inhibits.colon.tumor.
formation,.and.also.can.inhibit.cell.growth.in.the.laboratory.[102–105].

Epidemiological.studies.suggest. that.garlic. intake.may.reduce. the.risk.of.developing.several.
types.of.cancer,.particularly.those.related.to.the.gastrointestinal.tract,.such.as.cancer.of.the.stom-
ach,.esophagus,.and.colon,.as.well.as.breast,.and.prostate.cancer..Many.of.the.studies.on.garlic,.and.
cancer.prevention.use.different.types.of.garlic.preparations,.and.in.varying.amounts,.which.makes.
it.difficult.to.draw.conclusions.about.the.results.

The.evidence.from.epidemiological.studies.is.consistent.with.a.dose–response.relationship.for.
garlic,.and.colorectal.cancer.prevention.[2]..An.analysis.of.data.from.seven.epidemiological.stud-
ies.(three.case-control.studies,.three.cohort.studies,.and.one.case-control.study.on.colorectal.pol-
yps).suggest.a.protective.effect.of.high.intake.of.raw.or.cooked.garlic.on.colorectal.cancer.[106]..
Two.of. the. three.case-control.studies.showed.a.significant. inverse.association.for. the.uppermost.
level. of. raw. or. cooked. garlic. consumption,. and. colorectal. cancer. [107,108],. and. the. third. case-
control.study.found.a.nonsignificant.dose–response.trend.[109]..One.case-control.study.examining.
the.relationship.with.colorectal.polyps,.and.garlic.intake.suggested.a.significant.protective.effect.
[110]..Both.cohort.studies.reported.nonsignificant.decreased.risk.when.comparing.the.highest.with.
the.lowest.garlic.intake.groups,.and.a.significant.inverse.association.for.cancer.of.the.distal.colon.
[77,111]..The.only.study.to.examine.garlic.supplements.did.not.find.an.association.with.colorectal.
cancer.incidence.[112].

Only.a.few.clinical.trials.have.examined.the.anticancer.effects.of.garlic..A.double-blind.ran-
domized.study.in.Japan.examined.the.effect.of.aged.garlic.extract.(2.4.mL.vs..0.16.mL.garlic.extract.
daily).on.individuals.with.colorectal.adenomas..At.the.end.of.12.months,.those.receiving.the.higher.
dose.of.garlic.extract.had.reduced.the.risk.of.new.colorectal.adenomas.compared.with.those.receiv-
ing.the.lower.dose.[113].
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Allium.vegetables.probably.protect.against.stomach.cancer.[2]..A.review.of.three.case-control.
studies,.and.one.cohort.study.found.a.protective.effect.of.raw.or.cooked.garlic,.but.not.for.garlic.
supplement.use,.for.gastric.cancer.[106,114–117]..Seven.case-control.studies.pointed.to.a.significant.
decreased.risk.of.stomach.cancer.when.comparing.highest.with.lowest.garlic.intakes.[35,115,118–
122]..A.meta-analysis.of.five.case-control.studies.indicated.protection.with.a.summary.effect.esti-
mate.of.0.41.(95%.CI.0.23–0.73).per.serving/day.[2,35,41,114,118,119].

In.a.double–blind.randomized.trial,.more.than.5,000.Chinese.men,.and.women.with.a.high.risk.
for. stomach.cancer. received.200.mg.of. synthetic.allitridium.(an.extract.of.garlic).daily,.and.100.
micrograms.of.selenium.every.other.day.or.placebo.[123,124]..The.5-year.follow-up.suggested.that.
the.intervention.was.effective.in.reducing.stomach.cancer.incidence.in.men.(0.36,.95%.CI.0.14–0.92).
but.not.in.women.(1.14,.95%.CI.0.22–5.76).[123]..The.statistically.significant.protective.effect.for.
men.had.dissipated.at.the.10-year.follow-up.[124]..Another.randomized.trial.in.China.involving.indi-
viduals.with.stomach.lesions.found.that.garlic.supplementation.of.800.mg.garlic.extract.plus.4.mg.
steam-distilled.garlic.oil.daily.for.7.years.did.not.reduce.the.incidence.of.stomach.cancer.[125].

The.mechanism(s).by.which.garlic.may.influence.cancer.risk,.and.tumor.behavior.remain.an.
area.of.active.investigation..It.is.known.that.garlic.has.antibiotic.properties.that.may.act.directly.
against.H. pylori,.and.thereby.reduce.stomach.cancer.by.influencing.nitrosamine.formation..Other.
cancer.related.processes.influenced.by.garlic.are.depressed.carcinogen.bioactivation,.decreased.cel-
lular.proliferation,.and.increased.neoplastic.apoptosis.[105].

1�.�  tea

Tea.is.one.of.the.most.ancient,.and.popular.beverages.consumed.worldwide..Derived.from.the.leaf.
of. the.plant.Camillia sinensis,. it. is.consumed.as.black.tea,.green.tea,.oolong.tea,.and.white. tea..
Tea.contains.polyphenolic.compounds—the.amount.varies.depending.on.the.type.of.tea,.and.the.
processing..Most.of.the.research.in.the.area.of.tea,.and.cancer.prevention.has.used.green.tea,.and.
to.a.lesser.extent.black.tea..Green.tea.is.the.result.of.fresh.tea.leaves.being.immediately.steamed,.
and.dried,.and.results.in.higher.amounts.of.the.polyphenol.catechin..The.most.active,.and.abun-
dant.catechin.is.epigallocatechin-3-gallate.(EGCG)..Other.active.polyphenols.in.green.tea.include.
epigallocatechin.(EGC),.epicatechin-3-gallate.(ECG),.and.epicatechin.(EC)..Black.tea.is.produced.
by.extended.oxidation.of.tea.leaves,.and.results.in.more.of.the.complex.polyphenols,.such.as.thearu-
bigins,.and.theaflavins..Oolong.tea.is.partially.oxidized,.and.contains.a.mixture.of.the.simple,.and.
complex.polyphenols..White.tea.is.processed.the.least,.and.has.an.EGCG.content.similar.to.that.
of.green.tea.but.differs.in.the.amounts.of.other.polyphenols,.and.caffeine..Canned,.and.bottled.tea.
drinks.are.popular.worldwide.but.they.do.not.retain.the.polyphenol.content.that.is.contained.in.the.
traditionally.brewed.teas.[126].

Dietary.supplements.containing.green.tea.extracts.are.available,.and.generally.contain.varying.
polyphenol.contents..Polyphenon.E.is.a.standardized.decaffeinated.green.tea.mixture.that.has.been.
used.in.animal,.and.human.studies.as.a.preventive.agent.[127,128]..It.contains.200.mg.EGCG,.37.
mg.EGC,.31.mg.EC,.and.other.green.tea.polyphenols.per.capsule..In.comparison,.a.cup.of.green.
tea.may.contain.100.mg.to.200.mg.of.EGCG,.and.120.to.205.mg.polyphenols.[129]..Preclinical.
studies.have.demonstrated.the.inhibitory.action.of.tea.against.tumorigenesis.in.skin,.lung,.oral.cav-
ity,.esophagus,.stomach,.small.intestine,.colon,.liver,.pancreas,.and.mammary.gland.[130]..Epide-
miological.studies.have.linked.tea.intake.to.a.reduced.risk.of.cancer,.including.cancer.of.the.colon,.
stomach,.breast,.ovary,.and.prostate..However,.results.of.these.trials.have.been.inconsistent;.some.
studies. have. shown. reduced. cancer. incidence,. and. recurrence. associated. with. tea. consumption,.
others.have.failed.to.show.an.effect.[131]..A.case-control.study.nested.within.the.Shanghai.Cohort.
Study.of.the.18,244.men.compared.with.772.cohort.controls.used.a.urinary.tea.polyphenol.marker.
to.determine.the.association.between.urinary.polyphenol.concentration,.and.stomach,.and.esopha-
geal.cancer. risk.[132]..Urinary.EGC.positivity.showed.a.statistically.significant. inverse.associa-
tion.with.stomach.cancer.(OR.0.52,.95%.CI.0.28–0.97)..Although.this.biomarker.study.suggests.a.
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preventive.effect.of.tea.on.stomach.cancer,.several.others.studies.yield.conflicting.results..A.wealth.
of.evidence.does.not.support.that.green.tea.possibly.protects.against.stomach.cancer.[2],.and.nine.
epidemiological.trials.of.green.tea.consumption.on.gastrointestinal.cancers.in.Japan,.and.China.had.
conflicting.results.[133–141].

Epidemiological.studies.have.investigated.the.role.of.tea.on.breast.cancer.risk..In.a.prospective.
study.of.1,160.Japanese.women.with.invasive.breast.cancer,.there.was.a.significantly.decreased.risk.
with.a.consumption.of.three.or.more.cups.of.green.tea.daily.(HR.0.69,.95%.CI.0.47–1.0)..The.reduc-
tion.was.particularly.noteworthy.in.women.with.stage.I.breast.cancer.(HR.0.43,.95%.CI.0.22–0.84).
[142]..A.case-control.study.of.Asian.American.women.in.the.United.States.also.reported.a.signifi-
cant.decreased.risk.with.increasing.amounts.of.green.tea.intake.in.association.with.none,.0–85.7.
mL.(approximately.3.ounces),.and.>.85.7.mL.of.green.tea.per.day..Interestingly,.there.was.no.asso-
ciation.between.black.tea.consumption,.and.breast.cancer.risk.[143]..It.should.be.noted,.however,.
that.in.a.pooled.analysis.of.two.prospective.studies.involving.35,004.women.that.drinking.up.to.five.
or.more.cups.of.green.tea.daily.was.not.associated.with.a.lower.breast.cancer.risk,.and,.likewise,.
no.association.was.found.for.black.tea.[144]..Epidemiological.studies.of.other.cancers,.including.
cancers.of.the.pancreas,.kidney,.bladder,.lung,.prostate,.and.ovary.also.have.been.inconsistent.

Few.clinical.trials.have.investigated.the.role.of.tea.in.cancer.prevention,.and.again.the.results.
are.inconclusive..The.role.of.tea.on.serum.pepsinogen.levels.has.been.examined.as.this.is.considered.
a.marker.for.stomach.atrophy,.and.stomach.cancer..In.a.study.of.163.individuals.who.consumed.100.
mg.capsules.of.tea.polyphenols.for.1.year,.there.was.no.significant.decrease.in.serum.pepsinogen.
levels.[145].

The.role.of.green.tea.supplements.(5.mg.of.decaffeinated.green.tea.extract).was.investigated.
in.200.Chinese.with.esophageal.precancerous.lesions..After.12.months,.there.was.no.difference.in.
those.receiving.the.green.tea.extract,.and.the.controls.in.terms.of.precancerous.lesions.[146].

There.is.some.evidence.for.a.protective.effect.of.tea.on.oral.cancer.as.evidenced.in.a.double–
blind. intervention. study. of. 59. oral. mucosa. leukoplakia. patients. who. received. 3. g. of. mixed. tea.
orally,.and.topically.or.a.placebo.(orally,.and.topically)..After.6.months,.the.size.of.the.oral.lesions.
was.significantly.decreased.in.38%.of.those.in.the.tea.group.compared.with.10%.in.the.placebo.
group..In.addition,.pathological.examination.revealed.significantly.decreased.cell.proliferation.in.
the.tea.group,.indicating.a.protective.effect.of.tea.on.oral.cancer.[147].

Several.studies.have.examined.tea.consumption,.and.the.risk.of.prostate.cancer..In.a.double-
blind.study.of.60.men.with.high-grade.intra-epithelial.neoplasia.who.received.200.mg.of.green.tea.
catechin.or.a.placebo.three.times.daily.for.1.year,.significantly.fewer.prostate.cancers.were.detected.
in.the.tea.group.(3%.compared.with.the.placebo.group.(30%).[148].

The.association.of.tea.consumption,.and.cancer.risk.has.been.investigated.using.a.marker.for.
DNA.oxidative.damage,.8-hydroxydeoxyguanosine.(8-OHdG)..Although.direct.evidence.that.links.
8-OHdG. with. cancer. risk. is. lacking,. urinary.8-OhdG. has.been. found. to. be. higher. in. individu-
als.with. lung.cancer.. In.addition,.human.cancer.cells. from.the.breast,. lung,. liver,.kidney,.brain,.
stomach,.and.ovary.have.higher.contents.for.8-OHdG.than.tissues.without.tumors.[149]..Two.ran-
domized.controlled.studies.found.associations.of.tea.consumption,.and.decreased.8-OHdG.levels.
[149,150]..In.a.study.of.133.heavy.smokers.who.were.randomized.to.receive.either.four.cups/day.
of.decaffeinated.green.tea,.decaffeinated.black.tea,.or.water.for.4.months,.there.were.significantly.
decreased.urinary.8-OHdG.levels.in.the.green.tea.group,.and.no.change.in.the.black.tea.group.[149]..
In.a.double–blind.study.of.124.individuals.at.risk.for.hepatic.cancer.who.received.either.placebo,.
500.mg.green.tea.polyphenol.supplement,.or.1,000.mg.green.tea.polyphenol.supplement,.those.in.
the.green.tea.supplement.groups.showed.a.significant.decrease.in.urinary.8-OHdG.levels.compared.
with.the.placebo.group.[150]..These.studies.suggest.that.green.tea.polyphenols.reduce.DNA.dam-
age,.and.potentially.may.reduce.the.risk.for.cancer.

Many.mechanisms.have.been.proposed.for.the.inhibition.of.carcinogenesis.by.tea,. including.
the.modulation.of. signal. transduction.pathways. that. leads. to. the. inhibition.of. cell. proliferation,.
and.transformation,.induction.of.apoptosis.of.preneoplastic,.and.neoplastic.cells,.and.the.inhibition.
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of.tumor.invasion,.and.angiogenesis.[130]..Not.only.have.a.host.of.studies.provided.evidence.that.
EGCG. can. block. carcinogenesis. in. a. variety. of. tissues,. it. can. inhibit. mitogen-activated. protein.
kinases.(MAPK),.activation.of.activator.protein.1.(AP-1),.and.nuclear.factor-B.(NF-kappaB),.topoi-
somerase.I,.matrix.metalloproteinases,.and.potentially.several.other.specific.targets.(151)..

Not.all.the.anticancer.effects.linked.to.tea.can.be.associated.with.polyphenols..L-theanine.is.
another.compound.found.in.tea.with.potential.anticancer.properties.(152)..Clinical.studies.provide.
evidence. that. the. oral. consumption. of. this. tea. component. enhances. γδ. T-cell. proliferation,. and.
interferon–γ.secretion.suggesting.a.role.in.immunocompetence..The.significance.of.these.studies.
awaits.additional.examination.of.the.influence.of.exposures,.and.duration.on.these,.and.other.food.
components..(152)

1�.�  WIne

Wine.is.an.alcoholic.beverage.made.from.the.fermentation.of.grape.juice..Its.history.dates.back.to.
6000.to.5000.B.C..A.popular.beverage,.it.is.used.to.accompany,.and.enhance.various.cuisines,.and.
has.been.used.for.many.years.in.religious.ceremonies.in.many.cultures,.and.regions..Moderate.con-
sumption.of.no.more.than.two.drinks.per.day.is.associated.with.lower.overall.mortality,.primarily.
due.to.lower.cardiovascular.deaths..However,.heavy.drinking.has.deleterious.effects,.both.physi-
cally,.and.socially,.and.it.has.been.estimated.that.3%.of.all.cancer.deaths.in.the.United.States.can.
be.attributed.to.alcohol.consumption.[1]..Large.quantities.of.alcohol.are.associated.with.increased.
risk.of.cancer.of.the.gastrointestinal.tract.[153–155]..Alcoholic.drinks.have.been.implicated.as.a.
factor. for.premenopausal,. and.postmenopausal. breast. cancer..Rather. convincing. evidence. exists.
that.cancers.of.the.mouth,.pharynx,.larynx,.and.esophagus.are.linked.to.alcoholic.drinks..The.same.
case.is.likely.for.liver.cancer.[2]..Potential.beneficial.effects.of.moderate.alcohol.consumption.are.
suggested.by.a.J-shaped.association.between.low.consumption.of.wine.with.cancer,.although.such.
data.are.difficult.to.interpret.[156].

Unlike. other. alcoholic. beverages,. wine,. particularly. red. wine,. contains. substantial. amounts.
of.polyphenolic.substances.such.as.flavonoids.(flavones,.flavanones,.anthocyanins,.catechins),.and.
nonflavonoid.phenols..Proposed.preventive/therapeutic.properties.of.polyphenols.include.increased.
levels.of.HDL.cholesterol,. decreased.platelet. aggregation,. and.endothelial. adhesion,. antioxidant.
activity,.free.radical.scavenging,.inhibition.of.cell.proliferation,.and.angiogenesis.[156]..One.partic-
ular.nonflavonoid.polyphenolic.compound,.resveratrol,.has.received.more.attention.for.its.potential.
preventive.properties.[153]..Resveratrol.is.synthesized.in.the.skin.of.grapes,.and,.as.the.skins.are.
removed.much.earlier.for.the.preparation.of.white.wine,.red.wine.contains.much.higher.amounts.of.
resveratrol.[156]..A.few.studies.have.evaluated.the.effects.of.specific.alcoholic.beverages,.includ-
ing.beer,.wine,.and.spirits,.on.cancer.mortality..In.a.large.prospective.study.of.middle-aged.men.in.
France,.mortality.from.cancer.was.observed.for.those.consuming.two.to.five.drinks.per.day.(RR.
of.0.81),.and.approximately.82%.of.alcohol.intake.was.attributed.to.wine.consumption.[157]..Stud-
ies.from.a.pooled.cohort.from.Denmark.showed.different.effects.of.moderate.drinking,.and.wine.
intake..There.was.no.change.in.cancer.risk.for.light.drinkers.(eight.to.21.drinks.per.week).[158].
overall,.but.some.differences.in.types.of.alcohol.consumed..Light.consumption.of.beer.and.spirits.
slightly.increased.the.risk.of.cancer,.and.similar.consumption.of.wine.decreased.mortality.from.all.
causes,.and.from.cancer..Wine.drinkers.had.a.lower.risk.of.death.from.cancer.at.all.levels.of.alco-
hol.intake.than.nonwine.drinkers..However,.the.relative.risk.for.wine.drinkers.became.higher.than.
one.for.cancer.when.the.daily.consumption.was.more.than.three.drinks.per.day.[158]..In.this.same.
cohort,.the.risk.of.lung.cancer.in.men.was.significantly.decreased.by.consumption.of.more.than.
13.drinks.of.wine.per.week.(RR.of.0.44,.95%.CI.0.22–0.86).while.consumption.of.corresponding.
amounts.of.beer,.and.spirits.increased.the.risk.[159]..Similarly,.in.the.same.cohort,.consumption.
of.seven.or.more.drinks.of.beer.or.spirits.per.week.significantly. increased. the. risk.of.cancer.of.
the.upper.digestive.tract,.while.the.same.consumption.of.wine.gave.a.relative.risk.of.0.4.(0.2–0.8).
[160]..When.the.proportion.of.wine.in.total.alcohol.intake.was.over.30%,.consumption.of.seven.to.
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21.drinks.per.week.was.associated.with.a.relative.risk.of.0.5.(0.2–1.4).while.subjects.who.drank.the.
same.amount.of.alcohol.but.no.wine.had.a.relative.risk.of.three.[160].

There.is.substantial.evidence.that.alcohol.intake.is.an.important.factor.in.determining.esopha-
geal.cancer.risk.[2]..Ten.case-control.studies.[161–169],.one.cross-sectional.study.[170],.and.five.
ecological. studies. provide. a. wealth. of. evidence. linking. drinking. habits. with. esophageal. cancer.
[171–175]..All.but.one.of.the.case-control.studies.identified.wine.intake.with.an.increased.risk.of.
esophageal.cancer.[162],.which.was.statistically.significant.in.seven.[163–165,167,169].

Alcohol.is.a.cause.of.cirrhosis,.which.predisposes.to.liver.cancer,.but.the.factors.that.determine.
why.some.people.are.susceptible.to.cirrhosis.are.not.known..According.to.the.WCRF/AICR.report,.
alcoholic.drinks.are.a.probable.cause.of.liver.cancer.[2]..One.cohort.study.identified.a.nonsignificant.
increased.risk.with.increased.wine.intake.[176],.two.studies.showed.that.there.was.no.significant.
effect.on.liver.cancer.risk.[177,178],.and.a.case-control.study.indicated.a.nonsignificant.increased.
risk.[179].

The.evidence.that.alcoholic.drinks.are.a.cause.of.mouth,.pharynx,.and.larynx.cancers.is.rather.
compelling.[2]..Several.case-control.studies.that.specifically.evaluated.cancers.of.the.mouth,.phar-
ynx,.and. larynx.showed. increased. risk.with. increased.wine. intake. [180–195],.which.was.statis-
tically. significant. in. some. [181–184,186,187,189,196,197].. Five. studies. provided. evidence. for. a.
depression.in.risk.[196–200],.which.was.statistically.different.in.one.[199,200]..A.meta–analysis.of.
11.case-control.studies.provided.a.summary.effect.estimate.of.1.02.(95%.CI,.1.01–1.03),.with.rather.
high.heterogeneity.[2,181,182,184,186–189,191,192,195,198]..Evidence.that.alcohol.consumption.is.
associated.with.increased.breast.cancer.risk.in.both.premenopausal,.and.postmenopausal.women.
is.convincing,.and.is.based.on.ample.data.from.cohort,.and.case-control.studies.[2]..There.is.less.
evidence.for.a.role.of.wine.consumption.on.breast.cancer.risk.

A.prospective.study. in.Canada.reported. the.risk.of.death.from.breast.cancer. increased.with.
intakes.of.total.alcohol.of.10–20.g.per.day,.and.greater.than.20.g.per.day,.and.this.increase.was.
contributed.largely.by.the.intake.of.wine,.a.15%.increase.in.risk.at.intakes.higher.than.10.g.per.day.
of.alcohol.from.wine.[201]..Other.studies.failed.to.show.that.wine.was.associated.with.an.increase.
in.breast.cancer.risk..In.the.Framingham.Study,.the.risk.of.breast.cancer.was.not.significantly.asso-
ciated.to.consumption.of.wine,.beer,.or.spirits.[202]..The.pooling.Project.of.Prospective.Cohort.
Studies.in.the.United.States.reported.approximately.a.10%.increase.of.breast.cancer.risk.by.each.
daily.increase.of.10.g.of.alcohol.(approximately.0.75.to.one.drink.per.day);.the.effect.of.wine.was.
not.significant.(RR.of.1.05,.CI.0.98–1.12),.and.was.similar.to.the.effect.of.beer,.and.spirits.[203].

Resveratrol.has.been.proposed.to.affect.initiation.or.promotion,.and.progression.of.the.cancer.
process. [204,205],. and. it. has. been. postulated. to. affect. inhibition. of. cytochrome. P450. enzymes.
[206],.antioxidant.properties.[207],.anti-inflammatory.activities.[206],.and.effects.on.cell.cycle,.cell.
proliferation,.and.apoptosis.[208]..Thus,.it.is.possible.that.the.overall.response.is.pleitrophic..The.
effective.concentrations.of.resveratrol.needed.to.bring.about.these.changes.in vivo.remains.unclear.

1�.�  tomato

Tomato,.Lycopersicon esculentum,.is.a.member.of.the.Solanaceae.family,.and,.although.it.is.gener-
ally.consumed.as.a.vegetable,.the.tomato.is.a.fruit..Tomatoes.are.consumed.worldwide.in.the.form.
of.processed.foods.such.as.juices,.purees,.paste,.sauces,.and.soups..Several.beneficial.nutrients.are.
contained.in.tomatoes,.and.have.received.attention.for.their.potential.preventive.effects..Tomatoes.
contain.carbohydrates,.fiber,.minerals,.proteins,.vitamins,.and.a.variety.of.antioxidants,.including.
ascorbic.acid,.β-carotene,.chlorogenic.acid,.rutin,.tocopherol,.copper,.iron,.and.chromium..Rightly.
or.wrongly,.the.beneficial.effects.of.tomatoes.have.largely.been.attributed.to.the.carotenoids.they.
contain..Lycopene,.the.most.abundant.carotenoid.in.tomatoes,.is.what.makes.the.tomato.red..Green.
tomatoes.do.not.contain.lycopene—they.contain.high.amounts.of.chlorophyll..Other.carotenoids.in.
tomatoes.include.phytoene,.phytofluene,.α-carotene,.β-carotene,.and.γ-carotene.[209].
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The.bioavailability.of.lycopene.is.influenced.by.food.processing,.cooking,.and.other.components.
in.the.meal,.including.lipids,.and.fiber..Lycopene.is.absorbed.more.efficiently.from.heat-processed.
foods.than.from.unprocessed.sources,.and.from.lipid-rich.diets..The.Mediterranean.style.of.consum-
ing.tomatoes.cooked.in.olive.oil.facilitates.release.of.lycopene.from.tomatoes,.and.favors.its.maximal.
absorption..The.cis.isomer.has.been.shown.to.be.more.bioavailable.than.the.trans.isomer.[209].

Several.clinical.studies.have.reported.an.inverse.association.between.tomato.or.lycopene.intake,.
and.the.risk.of.some.types.of.cancer..A.systematic.review.of.72.epidemiological.studies.reported.a.
consistent.inverse.relationship.between.intakes.of.tomatoes,.and.plasma.lycopene.levels,.and.pros-
tate,.lung,.and.stomach.cancer.[210]..There.is.a.substantial.amount.of.consistent.evidence.that.foods.
containing.lycopene.probably.protect.against.prostate.cancer.[2]..In.a.cohort.of.the.Health.Profes-
sionals.Follow-up.study,.lycopene.intake.was.significantly.related.to.lower.risk.of.prostate.cancer..
The.combined.intake.of.tomatoes,.tomato.sauce,.tomato.juice,.and.pizza,.which.accounted.for.82%.
of.lycopene.intake,.was.inversely.associated.with.the.risk.of.prostate.cancer.(relative.risk.of.0.65,.
95%.CI.0.44–0.95).for.consumption.frequency.greater.than.10.vs..fewer.than.1.5.servings.per.week.
[211]..Additional.data. from. this. same.cohort.confirmed. that. frequent. tomato.or. lycopene. intake.
was.associated.with.a.reduced.risk.of.prostate.cancer..The.relative.risk.for.high.vs..low.quintiles.
of. intake.were.0.84. (95%.CI.0.73–0.96),. and. the. intake.of. tomato. sauce,. the.primary. source.of.
bioavailable.lycopene,.was.associated.with.an.even.greater.reduction.in.prostate.cancer.risk.with.
a.relative.risk.for.≥.2.servings/week.vs..<.1.serving/month.of.0.77.(95%.CI.0.66–0.90).[212]..In.a.
cohort.study.involving.approximately.14,000.Seventh-day.Adventist.men,.increasing.consumption.
of.tomatoes.conferred.significant.protection.against.prostate.cancer.[213]..However,.other.cohort.
studies.have. found.no.significant.association. [214].or.a.nonsignificant. increased. risk.of.prostate.
cancer.with.tomato.intake.[215]..A.meta-analysis.on.four.cohort.studies.found.a.summary.effect.
estimate.of.0.69.(95%.CI.0.43–1.08).per.serving/day,.with.moderate.heterogeneity.[2],.suggesting.a.
protective.effect.of.tomatoes.on.prostate.cancer.risk.

The.evidence.that.tomato.intake.is.associated.with.stomach.cancer.is.less.compelling..In.two.
large. cohort. studies,. the.Netherlands.Cohort,. and. the. Japan.Collaborative.Cohort,. there.was.no.
significant.association.of.tomato.intake,.and.stomach.cancer.risk.[216,217]..Most.case-control.stud-
ies. that. have. examined. the. relationship. of. tomato. intake,. and. stomach. cancer. risk. have. shown.
decreased.risk.with.increased.intake.[41,115,116,119,120,218–223].

Cellular,.and.molecular.studies.have.shown.lycopene.to.be.one.of.the.most.potent.antioxidants..
It.has.been.suggested.to.prevent.oxidations.of.critical.biomolecules.including.DNA,.proteins,.and.
lipids. [209,224].. Lycopene. exhibits. radical. quenching. activity. twice. that. of. β-carotene,. and. 10.
times.that.of.β-tocopherol.[227]..Lycopene.has.been.demonstrated.to.induce.phase.II.detoxification.
enzymes.that.are.regulated.by.the.antioxidant.response.element,.and.the.transcription.nuclear.factor.
E2-related.factor.2.[209,226]..Lycopene.is.hypothesized.to.suppress.carcinogen-induced.phosphor-
ylation.of.regulatory.proteins.such.as.p53,.and.retinoblastoma,.and.stop.cell.division.at.the.G0–G1.
cell.cycle.phase.[209].

1�.�  BroCColI

Broccoli,.Brassica oleracea,.a.plant.of.the.cabbage.family.(Brassicaceae),.is.considered.a.crucifer-
ous.vegetable,.along.with.cauliflower,.cabbage,.and.Brussels.sprouts..These.contain.multiple.nutri-
ents,.and.phytochemicals.including.folate,.fiber,.carotenoids,.and.chlorophyll,.with.potential.cancer.
preventive.properties..Cruciferous.vegetables.are.rich.sources.of.glucosinolates,.sulfur-containing.
compounds.that.are.responsible.for.the.pungent.aroma,.and.bitter.taste.of.the.vegetables..The.hydro-
lysis.of.glucosinolates.by.plant.enzymes.results.in.the.formation.of.biologically.active.compounds,.
including.indoles,.and.isothiocyanates..Broccoli,.and.broccoli.sprouts.are.a.good.source.of.glucora-
phanin,.the.glucosinolate.precursor.of.sulforaphane,.and.glucobrassicin,.the.precursor.of.indole-3-
carbinol.[227]..Sulforaphane.has.been.shown.to.be.an.effective.preventive.agent.in.cell.culture,.and.
in.carcinogen-induced,.and.genetic.animal.models.[228–229].
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Intriguing.evidence.linking.broccoli.intake.with.reduced.cancer.risk.has.surfaced.in.studies.in.
China..Broccoli.consumption.was.linked.to.a.reduced.liver.cancer.risk.in.a.randomized,.placebo-
controlled. trial. in. Qidong,. People’s. Republic. of. China.. The. individuals. living. in. Qidong. are. at.
high.risk.for.the.development.of.hepatocellular.carcinoma,.in.part.because.of.the.consumption.of.
aflatoxin-contaminated.foods.and.exposure.to.high.levels.of.phenanthrene,.a.sentinel.of.hydrocar-
bon.air.toxics..Two.hundred.residents.were.given.hot.drinking.water.infused.with.3-day-old.broc-
coli.sprouts.(containing.either.400.or.<.3.µmol.glucoraphanin.nightly.for.2.weeks)..There.was.an.
inverse.association.for.the.excretion.of.dithiocarbamates,.and.urinary.aflatoxin–DNA.adducts,.and.
trans,.anti-phenanthrene.tetraol,.a.metabolite.of.the.combustion.product.phenanthrene.in.the.inter-
vention.arm..An.inverse.correlation.between.sulforaphane.treatment,.and.excretion.of.carcinogens.
was.detected,.suggesting.induction.of.one.or.more.phase.II.enzymes.[228].

Sulforaphane.metabolites.arising.from.broccoli.have.also.been.observed.in.human.breast.tissue.
epithelial.cells.following.an.oral.dose.of.a.broccoli.sprout.preparation.(200.mµmol.of.sulforaphane),.
suggesting.that.bioactive.compounds.within.this.food.can.reach.multiple.target.sites.[229]..A.clini-
cal. trial. involving.20.men.determined.that. the.consumption.of.250.g/day.(9.oz/day).of.broccoli,.
and.250.g/day.of.Brussels.sprouts.significantly.increased.the.urinary.excretion.of.a.potential.car-
cinogen.found.in.well–done.meat,.namely.the.heterocyclic.amine,.2-amino-1-methyl-6-phenylimid-
azo[4,5-b]pyridine.(PhIP).[230]..Thus,.these.data.provide.evidence.that.a.high.cruciferous.vegetable.
intake.may.decrease.colorectal.cancer.risk.by.enhancing.the.conjugation,.and.elimination.of.some.
carcinogens.

Cohort. studies. in. the.United.States,.Europe,.Shanghai,.and.Singapore.provide.evidence. that.
enhanced.cruciferous.vegetable.intake.is.associated.with.a.reduction.in.cancer.risk.at.several.sites,.
including.the.lung,.breast,.colon,.rectum,.and.prostate.[231]..A.population-based.case-control.study.
of.prostate.cancer.evaluated.the.induction.of.phase.II.enzymes,.including.glutathione.S-transferases.
(GSTs)..In.this.study.of.428.men.with.incident.prostate.cancer,.and.537.community.controls,.intakes.
of.cruciferous.vegetables,.and.of.broccoli,.the.greatest.source.of.sulforaphane,.were.associated.with.
decreased.prostate.cancer. risk.at.all. levels.above. the. lowest.consumers. (adjusted.fourth.quartile.
odds.ratio.of.0.58,.95%.CI.0.38,.0.89,.and.0.72,.95%.CI.0.49,.1.06),.respectively..In.relation.to.geno-
types,.there.was.a.nonsignificant.increase.in.risk.with.the.GSTT1.null.genotype.(OR.of.1.51,.95%.
CI.0.98,.2.31).but.no.effects.of.GSTM1.genotype..However,.men.with.GSTM1-present.genotype,.
and.high.broccoli.intake.had.the.greatest.reduction.in.risk.(odds.ratio.0.49,.95%.CI.0.27,.0.89).[232]..
These.findings.suggest.that.two.or.more.servings.per.month.of.cruciferous.vegetables.may.reduce.
risk.of.prostate.cancer,.especially.among.men.with.GSTM1-present.alleles.

In vitro,.and.in vivo.studies.have.shown.that.sulforaphane.affects.many.steps.of.cancer.develop-
ment,.including.modulating.the.early.stages.of.the.carcinogenetic.process.(initiation).or.affecting.
events,.such.as.apoptosis,.cell.proliferation,.and.angiogenesis.[233]..Pathways.that.block.metabolic.
activation.of. carcinogens. can. effectively.hamper. initiating. events. in. the. carcinogenetic. process..
Evidence.suggests.that.sulforaphane.attenuates.the.effects.of.carcinogens.via.inhibition.of.phase.I.
enzymes,.and.induction.of.phase.II.enzymes.[233–235]..Sulforaphane.protects.DNA.from.chemical.
insult,. and. is. a. potent. inhibitor. of. genotoxicity. induced. by. compounds. acting. through. different.
mechanisms.[233,236]..Several.studies.demonstrated.the.ability.of.sulforaphane.to.modulate.events.
involved.in.the.clonal.expansion.of.transformed.cells,.and.in.the.formation.of.a.premalignant.lesion,.
such.as.cell-cycle.progression,.apoptosis,.and.autophagy.[233,237,238]..Sulforaphane.has.been.iden-
tified.as.a.novel.histone.deacetylase.(HDAC).inhibitor,.which.has.been.shown.to.induce.apoptosis.
via.de-repression.of.genes.such.as.p21,.and.bax.[233,239]..Finally,.sulforaphane.can.interfere.with.
essential.steps.that.characterize.the.progression.phase.of.the.carcinogenetic.process,.such.as.the.pro-
gression.of.benign.to.malignant.tumors,.angiogenesis,.and.metastasis.formation.[233,.240–242].

A.small.human.study.found.a.single.dose.of.68.g.broccoli.sprouts.markedly.inhibited.histone.
deacetylase.activity.in.peripheral.blood.mononuclear.cells.within.a.few.hours.following.consump-
tion..These.findings.provided.evidence.of.one.genetic.mechanism.through.which.sulforaphane.may.
bring.about.multiple.cellular.changes.simultaneously.[239].
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1�.10  oats

The.common.oat.plant,.Avena sativa,. is.a. species.of.cereal.grain.grown.for. its. seed..Oats.have.
numerous.uses.in.food,.most.commonly.they.are.rolled.or.crushed.into.oatmeal.or.ground.into.fine.
oat.flour..Oats.are.widely.known.for.their.cholesterol-lowering.properties,.and.potential.to.reduce.
the.risk.of.heart.diseases..In.1988,.the.Food,.and.Drug.Administration.allowed.a.health.claim.on.
food.labels.containing.soluble.fiber.from.whole.oats.(oat.bran,.oat.flour,.and.rolled.oats)—three.
grams.of.soluble.fiber.daily.from.these.foods,.in.conjunction.with.a.diet.low.in.saturated.fat,.choles-
terol,.and.fat,.may.reduce.the.risk.of.heart.disease.

Dietary.fiber,.composed.of.plant.cell.walls,.and.components.obtained.from.those.walls,.also.
includes.nonstarch.polysaccharides.from.sources.other.than.plant.cells.walls.[243]..Dietary.fiber.
is.frequently.classified.as.soluble,.and.insoluble..Generally,.soluble.dietary.fibers.are.quickly,.and.
extensively.degraded,.and.fermented.in.the.colon;.examples.include.psyllium,.and.pectin..Insoluble.
fibers.are.degraded.much.more.slowly,.and.with.a.much.slower.production.of.short.chain.fatty.acids,.
and.include.fruits,.vegetables,.and.wheat.[243].

Oats.contain.a.soluble.fiber.known.as.β-glucan,.which.is.widely.found.in.grains,.barley,.yeast,.
bacteria,. algae,. and.mushrooms.. β-glucan.has.been.evaluated.with. regard. to. its.various.effects,.
including.its.anticarcinogenic.effects..In vitro,.complement.activation.causes.soluble.yeast.β-glucan.
to. prime. neutrophils. or. natural. killer. cells. for. cytotoxicity. against. specific. tumors. [244].. Thus,.
β-glucan-mediated. tumor. immunotherapy. utilizes. a. novel. mechanism. by. which. innate. immune.
effector. cells. are.primed. to.kill. tumor.cells. [244]..There.have.been.numerous. randomized.con-
trolled.studies.on.the.use.of.β-glucan.in.cancer.treatment,.primarily.from.Japan,.and.using.the.yeast.
form.of.β-glucan.[245]..Although.yeast.glucan.administered.to.cancer.patients.has.been.shown.to.
enhance.the.effect.of.chemotherapy.or.radiation.therapy,.and.had.a.positive.effect.on.survival,.and.
quality.of.life,.most.of.the.studies.were.carried.out.in.one.area.of.the.world,.and.largely.by.one.
research.team,.thus.raising.questions.about.the.applicability.to.other.circumstances.[245].

A.plethora.of.data.suggests.that.foods.containing.dietary.fiber.protect.against.colorectal.can-
cer..This.hypothesis.evolved.from.the.observation.that.rural.Africans.whose.diets.contained.large.
amounts.of.unprocessed.food.plants,.especially.cereals,.had.a.low.incidence.of.colorectal.cancer.
[246]..Since.then,.there.have.been.numerous.epidemiological.studies..A.review.of.the.literature.by.
the.American.Gastroenterological.Association.concluded.that.correlation.studies.showed.a.strong.
inverse.relationship.between.dietary.fiber. intake,.and.risk.of.colorectal.cancer.[247]..The.recent.
WCRF/AICR.report.suggests.that.dietary.fiber.probably.protects.against.colorectal.cancer,.although.
the.evidence.for.cereals,.and.grains.was.too.limited.to.make.a.conclusion.[2].

Several.studies.have.examined.specific.types.of.dietary.fiber.as.modifiers.of.cancer.risk..In.a.
meta–analysis,.nine.out.of.10.case-control.studies.reported.an.inverse.association.between.whole.
grain.consumption,.and. risk.of.colorectal. cancer.or.adenoma.with.an.odds. ratio. for. the.highest.
compared.with.the.lowest.consumption.of.0.79.[248]..Two.cohort.studies.reported.no.association.
between.overall.whole.grain.consumption,.and.risk.of.colorectal.cancer.[81,249]..In.the.Swedish.
Mammography.Cohort.of.over.61,000.women,.high.consumption.of.whole.grains.was.associated.
with.a.lower.risk.of.colon.cancer.with.a.rate.ratio.of.0.67.(95%.CI,.0.47–0.96).for.the.higher.whole.
grain.consumers.(≥.4.5.servings/day).compared.with.the.lower.consumers.(<.1.5.servings/day).[250]..
Additionally,. in.the.National.Institutes.of.Health–AARP.Diet.and.Health.Study.of.over.225,000.
men,. and. women,. dietary. fiber. intake. was. not. associated. with. colorectal. cancer. but. fiber. from.
grains.was.significantly.associated.with.a.lower.risk.of.colorectal.cancer.(relative.risk.of.0.86,.95%.
CI.0.76–0.98).[251].

There.have.been.several.proposed.mechanisms.for.how.dietary.fiber.protects.against.colorectal.
cancer..It.has.been.suggested.that.the.consumption.of.increased.amounts.of.dietary.fiber.leads.to.
an. increase. in. fecal. weight,. and. a. decrease. in. transit. time,. and. thereby.decreases. the.probabil-
ity.of.carcinogen. interaction.with. the.colonic.mucosa. [243]..This.mechanism.also.could. lead. to.
enhanced.removal.of.secondary.bile.acids,.thought.to.be.tumor.promoters,.and.increased.excretion.
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of.estrogens,. thereby.protecting.against.breast.cancer. [243,252]..Another.possible.mechanism. is.
thought.to.be.related.to.the.production.of.short.chain.fatty.acids.(SCFA).in.the.colon..The.produc-
tion.of.SCFA.can. change. the. colonic.microflora,. leading. to. functional. changes. that. include. the.
production.of.microbial.enzymes,.which.are.considered.important.in.carcinogen.activation..SCFAs.
provide.the.primary.energy.source.for.the.growth.of.the.normal.mucosa..The.SCFA.butyrate.has.
been.studied.for.its.ability.to.induce.differentiation,.and.apoptosis.of.colonic.tumor.cells.in.tissue.
culture.[253],.and.affect.the.expression.of.several.key.genes.in.carcinogenesis.[254]..Other.hypoth-
eses.include.dietary.fiber.modulating.glycemia,.and.insulemia,.and.the.production.of.antioxidant.
properties.from.bacterial.growth.in.the.colon.[243].

1�.11  nuts

Nuts.are.the.oily.kernels.found.within.a.shell,.and.used.in.food..They.are.used.in.cooking,.eaten.raw,.
roasted,.or.pressed.for.oil.used.in.cookery,.and.cosmetics,.and.are.considered.an.important.com-
ponent.of.a.healthy.diet..Nuts.are.nutrient-dense,.and.provide.protein,.fat,.dietary.fiber,.and.many.
bioactive.food.components.such.as.folic.acid,.niacin,.vitamin.E,.vitamin.B6,.copper,.magnesium,.
potassium,.zinc,.carotenoids,.flavonoids,.proanthocyanidins,.and.phytoestrogens.[255].

Nuts.are. touted.to.promote.heart.health,.primarily.due.to. their.fatty.acid.composition..They.
are.high.in.unsaturated.fats,.especially.monounsaturated.fatty.acids,.and.some.nuts..Walnuts,. in.
particular,.contain.high.amounts.of.the.omega-3.fatty.acid.alpha-linolenic.acid..Although.there.is.
evidence.to.suggest.that.omega-3.fatty.acids.from.eicosapetnanoic.acid,.and.docosahexanoic.acid.
(primarily.from.fish).may.be.protective.of.some.types.of.cancer,. the.role.of.alpha-linolenic.acid.
in. cancer. prevention. is. less. clear.. A. meta-analysis. of. nine. cohort,. and. case-control. studies. that.
reported.on.the.association.between.alpha-linolenic.acid,.and.the.incidence.of.prevalence.of.pros-
tate.cancer.showed.an.increased.risk.of.prostate.cancer.in.men.with.a.high.intake.or.elevated.blood.
level.of.alpha-linolenic.acid.(relative.risk.of.1.7).[256].

Cohort,.and.case-control.studies.suggest.a. reduction. in.colon.cancer. risk.with. increased.nut.
intake..In.a.prospective.observational.cohort.study,.the.Adventist.Health.Study,.the.protection.(rela-
tive.risk).from.nuts.on.colon.cancer.risk.for.intakes.of.one.to.four.times.per.week.compared.with.
less.than.once.per.week.were.67.(95%.CI.0.45–0.98),.but.not.for.higher.intakes.[257]..However,.
three.human.case-control.studies.have.provided.mixed.results..There.was.either.no.protective.effect.
of. combined.higher. intake.of.nuts. and. legumes. [258,259],.or. a. significant. linear.dose–response.
protective.effect.with.higher.combined.intake.of.pulses,.nuts,.and.seeds.in.women,.but.not.in.men.
[260]..Unfortunately,. these.studies.did.not.separate. the.effects.of.nuts,.and.seeds.from.legumes,.
which.could.potentially.be.related.to.the.observed.variation.in.results.

An.animal. study.assessed. the.effect.of.almonds.on.colon.cancer,. specifically.by.examining.
aberrant.crypt.foci. (ACF),.possible.precursors.of.colon.cancer..Rats.fed.an. isocaloric,.macronu-
trient-matched.high-fat,.low-fiber.diet.formulated.using.whole.almonds,.almond.meal,.or.almond.
oil.had.a.large,.and.statistically.significant.dietary.treatment-related.decline.in.ACF.[261]..These.
results.suggest.that.almond.consumption.may.be.an.effective.preventive.agent,.but.further.studies.
in.multiple.models.are.needed.

Other.bioactive.food.components. in.nuts.are.preventive.properties,. including.selenium,.and.
vitamin.E..Few.epidemiologic.studies.have.investigated.the.association.of.cancer.risk.with.diets.
providing.large.amounts.of.vitamin.E..The.WCRF/AICR.report.concluded.that. there. is. limited.
evidence.suggesting.that.foods.containing.vitamin.E.protect.against.esophageal,.and.prostate.can-
cer.[2]..International.evidence.suggests.an.inverse.association.between.selenium.status,.and.cancer.
mortality. [262]..There. is. limited.evidence. that. foods.containing. selenium.protect. against. lung,.
colorectal,. or. stomach.cancer;.however,. evidence. from.cohort,. and.case-control. studies. is. con-
sistent.for.a.dose–response.relationship.that.foods.containing.selenium.probably.protect.against.
prostate.cancer.[2]..The.ongoing.Selenium,.and.Vitamin.E.Cancer.Prevention.Trial,.which.is.inves-
tigating.the.role.of.vitamin.E,.and.selenium.in.prostate.cancer.prevention,.may.provide.insights.
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into.the.abilities,.and.possible.mechanisms.by.which.vitamin.E,.and.selenium.might.function.as.
preventive.agents.

1�.12  future dIreCtIons

Evidence. continues. to. mount. that. foods. eaten. can. profoundly. influence. cancer. risk,. and. tumor.
behavior..However,.the.response.is.likely.dependent.on.the.interactions.of.thousands.of.bioactive.
components. that.occur. in. the. foods.consumed,.and. the.genetics.of. the.consumer..These.effects,.
which.may.be.inhibitory.or.stimulatory,.depending.on.the.specific.bioactive.food.component,.are.
surely.mediated.through.multiple,.and.diverse.biological.mechanisms..The.identification,.and.eluci-
dation.of.the.specific.molecular.sites.for.food.components.is.critical.for.identifying.those.individu-
als.who.will.benefit.maximally.or.be.placed.at. risk. from.dietary.change..Until. this. information.
is.available.it.remains.prudent.to.eat.a.variety.of.foods,.and.to.maintain.a.healthy.weight.through.
controlling.caloric.intake,.and.exercise.

It.is.becoming.increasing.apparent.that.not.all.individuals.respond.identically.to.foods.or.their.
isolated.components..Additional.research.aimed.at.determining.the.physiological.consequences.of.
nutrigenomics—which. includes.nutrigenetic. (genetic.profiles. that.modulate. the. response. to. food.
components),.nutritional. transcriptomics. (influence.of. food.components.on.gene.expression.pro-
files),.and.nutritional.epigenomics.(influence.of.food.components.on.DNA.methylation,.and.other.
epigenetic.events,.and.vice.versa)—should.help.with.preemptive.strategies.for.reducing.cancer.risk.
or.suppressing. the.aggressiveness.of.neoplasms.[263]..New.reports.are.constantly.surfacing. that.
population.studies.are.underestimating. the.significance.of.diet. in.overall.cancer.prevention,.and.
therapy,.and.that.subpopulations.may.be.particularly.sensitive.to.subtle.changes.in.eating.behaviors..
Advances.in.the.understanding.of.the.diet,.and.cancer.prevention.interrelationship.will.require.a.
greater.understanding.of.(1).exposures.needed.to.bring.about.a.desired.response,.(2).which.change.
in.a.biological.process.can.be.used.to.predict.a.change.in.cancer.risk,.and.(3).what.gene–nutrient,.
and.nutrient–nutrient.interactions.are.critical.for.determining.a.positive.or.negative.response..As.the.
science.of.nutrition.unfolds,.a.clearer.understanding.will.surely.emerge.about.how.foods,.and.their.
components.can.be.effectively.used. to. reduce.cancer.burdens,.and.how.agronomic.or.biological.
technologies.can.be.used.to.modify.the.food.supply..While.the.challenges.to.unraveling.the.relation-
ships.between.diet,.and.cancer.prevention.are.enormous,.so.are.the.societal,.and.health.benefits.
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14 Potential	Role	of	Resveratrol	
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and	Diseases	Associated	
with	Obesity	and	Aging
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14.1.2  ObEsity and tHE mEtabOlic syndrOmE

Along.with.insulin.resistance,.obesity.is.also.positively.associated.with.atherosclerosis.and.hypertension.
[5]..This.cluster.of.obesity-related.diseases.is.referred.to.as.the.metabolic.syndrome..The.clinical.criterion.
for.diagnosis.of.the.metabolic.syndrome.defined.by.the.World.Health.Organization.(WHO).is.a.diagno-
sis.of.diabetes.together.with.two.or.more.of.the.following:.(1).hypertriglyceridemia.or.low.high-density.
lipoprotein.cholesterol.(HDL),.(2).microalbuminuria,.(3).hypertension,.or.(4).obesity.[6]..The.metabolic.
syndrome.is.not.only.a.major.predictor.of.early.mortality,.but.also.of.morbidity..For.example,.kidney.dis-
ease.and.renal.failure,.both.debilitating.and.life-shortening,.are.positively.correlated.with.the.incidence.
of.metabolic.syndrome.[7]..Stroke,.gall.bladder.disease,.osteoarthritis,.sleep.apnea,.and.certain.types.of.
cancer.(e.g.,.endometrial,.breast,.colon).are.linked.to.obesity.as.well.[4].

14.1.3  mEtabOlic syndrOmE, lOw gradE inFlammatiOn, and wHitE adiPOsE tissuE

Interestingly,.the.metabolic.syndrome.has.recently.been.associated.with.low.grade.inflammation.
[8]..One.emerging.feature.of.obesity.is.the.linkage.between.obesity.and.chronic.inflammation.char-
acterized.by.increased.cytokine.and.chemokine.production.and.acute-phase.inflammatory.signaling.
in.white.adipose.tissue.(WAT).[9]..WAT.is.no.longer.considered.an.inert.depot.of.stored.energy,.but.
an.active.endocrine.organ.secreting.a.diverse.array.of.proinflammatory.“adipokines”.such.as.leptin,.
interleukin.(IL)-1β,.IL-6,.IL-8,.tumor.necrosis.factor.(TNF)-α,.monocyte.chemoattractant.protein-
1.(MCP-1),.and.macrophage.migration.inhibitory.factor.(MIF).[10],.all.of.which.have.been.linked.
to.insulin.resistance.[11,.12]..Acute.phase.proteins.such.as.plasminogen-activator.inhibitor.1.(PAI-1).
and.C-reative.protein.(CRP),.which.promote.hypertension.and.atherogenesis,.respectively,.are.also.
secreted.from.WAT.[13]..However,.the.exact.role.of.cells.composing.adipose.tissue.in.mediating.
inflammation.and.causing.insulin.resistance.is.still.unclear.

It.has.been.suggested. that,. in.adult.WAT,.nonadipocytes.(i.e.,.stromal.vascular.cells.or.cells.
from.the.supporting.matrix).are. the.major.producers.of.IL-6.and.TNF-α. rather. than.adipocytes.
[14,15]..Similarly,.preadipocytes.have.been.reported.to.act.as.macrophage-like.cells.and.secrete.an.
array.of.cytokines.[16]..Intriguingly,.Charrière.et.al..[17].reported.plasticity.of.preadipocytes.show-
ing.evidence. that.3T3-L1.cells.have.the.ability. to.acquire.phagocytic.phenotypes.and.properties.
in.the.presence.of.macrophages..Consistent.with.this.notion,.our.group.demonstrated.that.human.
preadipocytes.are.more.potent.mediators.of.inflammation.than.human.adipocytes.[18].

Conversely,.it.has.been.proposed.that.macrophages.residing.in.adipose.tissue.are.responsible.for.
most.of.the.secreted.cytokines.[19]..Weisberg.et.al..[20].reported.that.adipose.tissue.recruits.circulating.
monocytes/macrophages.from.bone..Thus,.WAT.consists.of.a.variety.of.cells.with.the.capacity.to.pro-
mote.low-grade.chronic.inflammation.via.the.release.of.adipokines,.acute.phase.proteins,.fatty.acids,.
prostaglandins,.and.other.compounds..This.capacity.of.WAT.to.secrete.inflammatory.agents.increases.
in.proportion.to.its.mass,.thereby.contributing.to.the.pathologies.of.the.metabolic.syndrome.

14.1.4  lOcatiOn, lOcatiOn, lOcatiOn—tHE inFlammatOry rOlE OF cEntral wat

Upper-body.or.visceral.obesity.appears.to.be.a.better.predictor.of.systemic.insulin.resistance.and.meta-
bolic.syndrome.than.subcutaneous.or.lower-body.obesity..It.has.been.proposed.that.this.central.location.
of.WAT.provides.inflammatory.mediators.directly.to.nearby.organs.such.as.liver,.pancreas,.heart,.and.
kidneys,.thereby.promoting.insulin.resistance,.hyperlipidemia,.hypertension,.or.kidney.failure.[21].

An.alternative.hypothesis.is.that.visceral.or.central.WAT.secretes.unique.adipokines.that.pro-
mote.disease,.or.it.fails.to.secrete.adipokines.that.prevent.disease..For.example,.the.inflammatory.
cytokines.IL-6.and.IL-8.have.been.reported.to.be.more.abundant.in.visceral.WAT.compared.with.
subcutaneous.WAT.[21]..Interestingly,.retinol.binding.protein.4.(RBP4),.six-transmembrane.protein.
of.prostate.2.(STAMP2),.visfatin,.inhibitor.of.apoptosis.2.(cIAP2),.and.resistin.have.been.proposed.
to.be.preferentially.secreted.from.visceral.WAT.compared.with.subcutaneous.WAT,.and.are.posi-
tively.linked.to.insulin.resistance.[9].
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As.an.example,.serum.levels.of.RBP4.have.been.recently.shown.to.be.positively.correlated.with.
body.fat.levels.[22]..RBP4.mRNA.levels.were.higher.in.visceral.WAT.than.in.subcutaneous.WAT.
of. the. study.participants..RBP4. levels.were. twofold.higher. in.participants.with. type. II.diabetes.
than.in.those.without.diabetes..Elevated.RBP4.levels.were.negatively.correlated.with.the.levels.of.
the.insulin-responsive.glucose.transporter.4.(GLUT4),.a.protein.that.mediates. insulin-stimulated.
glucose.disposal..Thus,.elevated.levels.of.RBP4,.which.are.associated.with.increased.visceral.WAT,.
contribute.to.insulin.resistance,.in.part,.by.reducing.the.levels.of.GLUT4.

It.has.been.proposed.that.obese.individuals,.particularly.those.with.increased.visceral.WAT,.
lack.certain.adipokines. that.prevent.disease..One.such.adipokine. is.adiponectin,.an. insulin-sen-
sitizing.protein.secreted.exclusively.from.WAT.[23]..Adiponectin.improves.insulin.sensitivity.by.
decreasing.hepatic.glucose.output.and.enhancing.glucose.and.fatty.acid.oxidation,.in.part,.by.acti-
vating.AMP.kinase.[24]..Indeed,.the.levels.of.adiponectin.have.been.shown.to.be.lower.in.obese.
subjects.compared.to.lean.subjects.[25]..Intriguingly,.overexpression.of.adiponectin.in.obese.mice.
prevents.them.from.developing.of.insulin.resistance,.demonstrating.the.important.role.of.adiponec-
tin.in.maintaining.insulin.sensitivity.[26]..Thus,.a.lack.of.sufficient.adiponectin.may.lead.to.insulin.
resistance.and.hyperlipidemia.

14.1.5  tHEraPiEs FOr PrEvEnting inFlammatiOn FrOm wat

Consuming.a.prudent.diet.that.provides.calories.that.are.proportional.to.energy.expenditure.theo-
retically.impedes.the.development.of.overweight.and.obesity..However,.successful.weight.loss.and.
maintenance.are.difficult.even.when.resources.abound.on.how.to.eat.healthfully.and.remain.active..
Weight.control.using.pharmacological.approaches.has.not.proven.to.be.an.effective.solution.to.the.
obesity.epidemic.or.its.comorbidities.

On.the.other.hand,.exciting.data.are.emerging.suggesting.that.consuming.foods,.beverages,.or.
supplements.rich.in.phenolic.phytochemicals.may.attenuate.inflammatory-related.diseases,.includ-
ing.those.associated.with.metabolic.syndrome.[27]..Although.these.compounds.may.not.initially.
promote.weight.or. fat. loss,. they.appear. to.effectively.reduce.certain.morbidities.associated.with.
obesity..One.of. the.proposed.mechanisms.by.which. they.prevent. the.development.of. these.mor-
bidities.is.suppressing.chronic.low-grade.inflammation..In.the.next.section.of.this.chapter.we.will.
discuss.(1).the.major.classes.of.phenol.phytochemicals.and.their.structure-function.relationships,.(2).
relative.bioavailability,.(3).proposed.health.benefits,.and.(4).proposed.mechanisms.by.which.they.
reduce.inflammation..We.have.chosen.to.focus.primarily.on.resveratrol.(a.stilbene.found.in.grapes,.
berries,.and.peanuts),.based.on.exciting.data.suggesting.its.potential.role.as.an.anti-inflammatory.
dietary.ingredient.

1�.2  polyphenols

14.2.1  cHEmistry

Polyphenols.are.a.group.of.chemical.compounds.found.in.plants,.generally.produced.as.part.of.the.
plant’s.chemical.defense.against.UV.radiation,.predators,.or.pests.[28]..They.are.classified.accord-
ing.to.their.carbon.skeletons.into.the.following.groups:

Phenolic.acids
Flavonoids
Tannins
Stilbenes
Coumarins
Lignans

•
•
•
•
•
•
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Phenolic.acids.and.flavonoids.are.plentiful.in.the.foods.we.eat;.stilbenes.and.lignans.are.less.com-
mon.[29].

Polyphenols.are.abundant.in.fruits,.chocolate,.coffee,.tea,.wine,.and.beer;.vegetables,.legumes,.
and.grains.are.also.good.sources.of.certain.polyphenols.[30]..Quantifying.the.types.and.amounts.of.
polyphenols.in.the.diet.is.difficult.for.a.number.of.reasons,.but.total.intake.of.polyphenols.has.been.
estimated.at.roughly.1.g.per.day.[30]..The.polyphenol.content.of.a.plant.is.variable,.influenced.by.
factors.such.as.the.plant.cultivar,.growing.conditions,.and.stage.of.maturation.[28,29]..These.com-
pounds.are.more.concentrated.in.the.peels.of.fruits.and.vegetables.and.in.the.outer.layer.of.grains,.
so.processing.of.foods.for.consumption.can.result.in.substantial.decrease.in.polyphenol.content.[30]..
Additionally,.these.compounds.are.highly.reactive.and.good.substrates.for.enzymes.such.as.poly-
phenoloxidases,.peroxidases,.glycosidases,.and.esterases.[29]..Enzymatic.reactions.occurring.dur-
ing.storage.and.processing.of.food.can.produce.compounds.that.may.have.properties.different.from.
their.precursors..For.example,.oxidation.of.polyphenols.can.reduce.the.quality.of.some.foods,.but.
it.is.essential.in.the.processing.of.chocolate,.tea,.and.coffee.[29]..In.another.example,.only.half.the.
polyphenols.found.in.a.2-year-old.red.wine.were.grape.polyphenols..The.other.half.were.unknown.
polyphenol.species.produced.during.fermentation.and.aging.[29].

All.plant.phenols.are.derived.from.shikimic.acid.and.share.least.one.aromatic.ring.structure.
with.one.or.more.hydroxyl.groups.[31]..Polyphenols.range.from.simple.molecules.to.highly.polym-
erized.compounds. that. exhibit. a.wide. range.of.properties. that.depend.on. their. structures..They.
contribute.to.the.colors.and.flavors.of.foods,.are.scavengers.of.reactive.oxygen.species,.and.have.the.
ability.to.complex.with.proteins..Their.chemical.properties.are.a.largely.a.function.of.the.number.
and.accessibility.of.phenol.groups..[29].

14.2.2  bEnEFicial EFFEcts

Most.of.the.evidence.for.the.beneficial.effects.of.polyphenols.comes.from.studies.in.animal.models.
and.human.cell.lines..Polyphenols.trap.and.scavenge.free.radicals,.directly.interact.with.receptors.
and.enzymes,.and.modulate.signal.transduction.pathways.[31]..As.the.most.abundant.antioxidants.in.
diet,.they.may.protect.the.body.against.cancers,.cardiovascular.diseases.(CVD),.and.inflammatory.
diseases.by.preventing.oxidative.stress.[30,32]..The.polyphenol.curcumin,.for.example,.has.been.the.
subject.of.many.studies.demonstrating.its.anti-inflammatory,.antibacterial,.antiviral,.antifungal,.anti-
tumor,.antispasmodic,.and.hepatoprotective.effects.[27]..Additionally,.some.polyphenols.appear.to.
have.estrogenic-like.properties,.and.may.be.able.to.prevent.breast.cancer.and.osteoporosis.[33,34].

Epidemiologic.studies.have.been.inconsistent,.but.there.appears.to.be.a.correlation.between.a.
diet.rich.in.polyphenols.and.reduced.risk.of.CVD,.asthma,.and.osteoporosis,.as.well.as.lung,.endo-
metrial,.ovarian,.thyroid,.breast,.and.colorectal.cancers.[30,32]..However,.results.from.in vitro or.
animal.experiments.were.obtained.using.much.higher.doses.of.unmetabolized.polyphenols. than.
what.is.possible.through.diet.[31]..Polyphenols.are.metabolized.by.the.phase.II.conjugation.path-
ways.producing.methylated,.glucuronidated,.and.sulfated.compounds.[30]..Studies.in.humans.dem-
onstrate.variation.in.the.extent.of.metabolism.according.to.the.specific.polyphenol.and.by.subject.
[30]. More. studies. are. required. to. help. clarify. whether. proposed. health. benefits. are. due. to. the.
polyphenols.or.other.dietary.factors.

14.2.3  POlyPHEnOl suPPlEmEntatiOn

Polyphenol.supplements.are.becoming.popular.and.some.supplement.manufacturers.recommend.
intakes.of.100.times.higher.than.what.is.achievable.through.diet.[35]..Supplementation.could.pro-
vide.doses.similar.to.those.that.produced.such.dramatic.results.in.in vitro and.animal.experiments,.
but.may.result.in.undesirable.outcomes..Polyphenols.can.interfere.with.thyroid.hormone.biosyn-
thesis.and.iron.absorption,.and.can.be.carcinogenic.or.genotoxic.at.high.doses.[35,36]..High.doses.
of.phytoestrogen.isoflavones.are.associated.with.antiluteinizing.hormone.effects.in.premenopausal.
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women.and.there.are.concerns.about.sexual.maturation.of.infants.fed.soy.formula.[35]..Polyphe-
nols.may.affect.an.administered.drug’s.efficacy.or.increase.its.toxicity.through.competition.for.the.
same.metabolic.pathway.[37]..Furthermore,.because.polyphenols.are.highly.unstable,.the.method.of.
extraction.may.alter.the.polyphenols,.raising.concerns.about.the.safety.supplements.[35].

1�.�  resveratrol

Epidemiologic.studies.have.demonstrated.an.inverse.correlation.between.red.wine.consumption.and.
coronary.heart.disease.in.France..Known.as.the.French.paradox,.this.apparent.protective.effect.of.
red.wine.was.seen.despite.a.diet.high.in.saturated.fat.[38]..Although.alcohol.itself.appears.to.have.
cardioprotective.effects,.resveratrol.appeared.to.add.to.those.effects.[39].

14.3.1  cHEmistry

Resveratrol.(3,5,4’-trihydroxystilbene).is.a.stilbene.phytoalexin.that.exists.as.cis-resveratrol.or.trans-
resveratrol.[40]..Trans-resveratrol.is.the.more.stable,.abundant,.and.bioactive.isomer.[41]..In.addition.
to.red.wine,.grapes,.berries,.soy,.peanuts,.and.peanut.butter.are.important.sources.of.resveratrol.in.
the.Western.diet;.it.is.also.present.in.relatively.high.concentrations.in.the.plant.Polygonum cuspida-
tum,.an.herbal.remedy.used.in.Japanese.and.Chinese.medicine.[42]..Resveratrol.glucoside.or.piceid.
is.the.primary.form.of.resveratrol.found.in.grapes,.but.because.free.resveratrol.is.more.abundant.in.
wines,.the.sugar.group.appears.to.be.cleaved.during.fermentation.and.aging.[43,44]..Because.resve-
ratrol.is.synthesized.in.the.skin.rather.than.the.flesh.of.the.grape,.red.wines.fermented.with.the.skin.
have.higher.resveratrol.concentrations.than.white.wines.[42]..The.average.resveratrol.content.in.red.
wine.is.1.9.±.1.7.mg/L,.ranging.from.undetectable.to.14.mg/L.[44].

14.3.2  bEnEFicial EFFEcts

Cardiovascular. disease,. cancers,. diabetes,. and. neurodegenerative. diseases. are. associated. with.
aging;.oxidative.stress.and.inflammation.appear.to.be.common.contributing.factors..Obesity,.char-
acterized.by.inflammation,.appears.to.accelerate.aging.and.increase.the.risk.of.age-related.diseases.
[42,45,46]..In vivo.evidence.for.resveratrol.as.a.potential.therapy.for.obesity.and.age-related.diseases.
is.accumulating. Resveratrol’s.cancer.chemopreventive.and.chemotherapeutic.properties.have.been.
demonstrated.in.multiple.rodent.models.[43]..Isolated.rodent.hearts.showed.improved.recovery.in.
function.and.were.protected.from.ischemia/reperfusion.injury.when.resveratrol.was.administered.
before.the.ischemic.injury.[8]..Mice.fed.a.high-calorie.diet.supplemented.with.resveratrol.showed.
improved.insulin.sensitivity.compared.with.mice.fed.the.high-calorie.diet.without.resveratrol.[47],.
and.resveratrol.appears.to.protect.rodents.from.brain.damage.after.cerebral.ischemia.[8]..Additional.
anti-aging.effects.observed.are.enhanced.aerobic.capacity,.improved.motor.function,.resistance.to.
obesity.in.mice.[48],. increased.survival. in.obese.mice.[49],.and.increased.lifespan.in.Saccharo-
myces cerevisae, Caenorhabditis elegans, Drosophila melanogaster, and the.fish.species.Notho-
branchius furzeri.[49].

14.3.3  mEcHanisms

Mechanisms.by.which.resveratrol.might.potentially.exert.antiaging,.anticancer,.cardioprotective,.
and. neuroprotective. effects. are. numerous.. Resveratrol’s. antioxidant. properties. may. account. for.
many.of.its.beneficial.effects..Reactive.oxygen.species.cause.oxidative.injury.to.cellular.proteins,.
nucleic.acids,.and.lipids;.oxidative.stress.occurs.when.the.body.cannot.repair.or.remove.the.dam-
age.from.reactive.oxygen.species.at.the.rate.at.which.the.damage.is.induced..Like.other.polyphe-
nols,.resveratrol.is.a.free.radical.scavenger;.drinking.red.wine.has.been.shown.to.increase.serum.
antioxidant. capacity. in.humans. [40]..Resveratrol. appears. to. inhibit. the.oxidation.of. low-density.
lipoproteins,.a.key.event.in.atherosclerosis,.by.chelating.copper.[50]..Resveratrol.also.inhibits.lipid.
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peroxidation.in.cellular.membranes.[33]..Induction.of.glutathione.and.antioxidant.enzymes.in.rat.
aortic.smooth.muscle.cells.and.induction.of.neuroprotective.heme.oxidase.1.in.primary.neuronal.
cultures.and.aortic.smooth.muscle.cells.demonstrated.that.the.modulation.of.antioxidant.pathways.
is.another.mechanism.by.which.resveratrol.may.protect.against.oxidative.stress.[43].

Resveratrol.appears.to.offer.additional.protection.against.age-related.pathologies.by.downregu-
lating.uncontrolled.inflammatory.response..Both.direct. interaction.with.enzymes.and.inhibition.of.
signal.transduction.pathways.have.been.demonstrated.in vitro..Resveratrol.suppresses.prostaglandin.
and. thrombroxane.production.by. inhibiting. activity. and. transcription.of. cyclooxygenase-2. [27,51]..
Proinflammatory.metabolites.of.arachidonic.acid.are.also.reduced.by.resveratrol’s.inhibition.of.the.
lipooxygenase.pathway.[52]..Nitric.oxide.and.cytokines.involved.in.inflammatory.processes.are.also.
suppressed.by.resveratrol.[27,53]..Downregulation.of.these.proinflammatory.targets.appear.to.be.medi-
ated.through.the.inhibition.of.transcription.factors.nuclear.factor.γ.B.and.activator.protein-1.[53,54].

Calorie.restriction.has.been.shown.to.slow.aging.and.delay.the.onset.of.age-related.diseases.in.
organisms.from.yeast.to.rodents.and.perhaps.primates.[55]..Sirtuins.appear.to.mediate.this.anti-
aging.response.by.deacetylating.histones.and.transcription.factors.regulating.stress,.metabolism,.
and.survival.pathways.[46]..The.ability.of.resveratrol.to.improve.survival,.aerobic.capacity,.motor.
function,.and.insulin.sensitivity.may.be.mediated,.in.part,.by.induction.of.the.sirtuin.SIRT1.[49,56]..
The.effect.of.resveratrol.on.health.and.longevity.through.SIRT1.is.proposed.to.be.due.to.induction.
of.adaptive.stress.responses.[48].

14.3.4  PHarmacOkinEtics

In vitro experiments.identifying.these.molecular.targets.have.typically.required.high.concentrations.
of. resveratrol..The.relevance.of. these.studies. in vivo.depends.upon.absorption,.metabolism,.and.
distribution.of.resveratrol.in.the.body..Pharmacokinetic.studies.show.that.resveratrol.is.absorbed.
by.intestinal.epithelial.cells.through.rapid.passive.diffusion,.and.absorbance.in.human.subjects.is.
estimated.to.be.at.least.70%.after.supplementation.of.25.mg.[57]..However,.resveratrol.is.extensively.
metabolized.to.sulfate.and.glucuronide.conjugates.in.both.the.duodenum.and.the.liver.[58,59,60]..
About. 99%. of. the. resveratrol. transferred. across. the. intestine. was. determined. to. be. resveratrol.
glucuronide.[61]..Resveratrol.glucoside.requires.the.sodium-dependent.glucose.co-transporter.for.
uptake,. and. is. deglycosylated. to. resveratrol. before. glucuronide. conjugation. [62].. Metabolism. of.
resveratrol.in.the.intestine.appears.to.be.inhibited.at.high.resveratrol.concentrations.achievable.by.
supplementation.[63]..Only.trace.amounts.of.circulating.free.resveratrol.were.detected.in.healthy.
human.subjects.after.drinking.wine,.although.resveratrol.glucuronide.was.found.in.higher.concen-
trations.in.some.subjects.[60]. After.administration.of.25.mg.resveratrol.per.70.kg.body.weight,.
peak.unconjugated.resveratrol.concentrations.were.only.10-40.nmol/L.[59]..However,.after.single.
dose.supplementation.of.0.5.to.5.g.resveratrol.in.human.subjects,.concentrations.of.free.resveratrol.
peaked.at.0.3.μM–2.4.μM,.reaching.the.concentrations.found.to.have.beneficial.effect.in.in vitro 
systems.[64]..Serum.concentrations.of.resveratrol.glucuronide.and.resveratrol.sulfate.were.3.to.8.
times.the.concentration.of.free.resveratrol.in.those.subjects.

Large. variations. in. circulating. resveratrol. and. its. metabolites. were. found. in. subjects. after.
administration,.but.absorption.and.bioavailability.do.not.appear.to.be.influenced.by.amount.or.type.
of.food.consumed.with.wine.or.by.the.matrix.in.which.supplementation.is.given.[59,60]..Resveratrol.
in.its.various.forms.reaches.peak.concentration.in.the.serum.after.about.30–60.minutes.[57,59,60]..
Most.of.the.resveratrol.is.excreted.as.a.glucuronide.in.the.urine.[65].

The.extensive.glucuronidation.and.sulfation.of.resveratrol.are.presumed.to.lead.to.rapid.clear-
ance. and. low.bioavailability.of. resveratrol,. preventing. its. accumulation. in. target. tissues..Never-
theless,. free. resveratrol. was. detected. in. the. liver,. heart,. lungs,. and. brain. of. rats. 18. hours. after.
administration,.despite.the.very.low.concentrations.of.unconjugated.resveratrol.in.circulation.[66]..
The.low.concentrations.of.free.serum.resveratrol.in vivo may.be.due,.in.part,.to.low.aqueous.solubil-
ity..Resveratrol.has.been.shown.to.bind.to.albumin,.which.may.be.an.important.carrier.in.the.serum.
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[67,68]..Alternatively,.the.accumulation.of.free.resveratrol.in.tissues.could.be.the.result.of.γ-gluc-
uronidase.activity..The.enzyme.is.widely.expressed.and.may.release.free.resveratrol.in.target.tissues.
by.cleaving.the.glucuronide.conjugate.[69]..It.is.also.important.to.note.that.wine.contains.abundant.
polyphenols.in.addition.to.resveratrol..Flavonoids.such.as.quercetin.have.been.shown.to.inhibit.sul-
fation.and.glucuronidation.of.resveratrol,.which.may.increase.its.bioavailability.in vivo.[66,70].

1�.�  summary and ConClusIon

The.rapid.rise.in.obesity.in.the.United.States.is.accompanied.by.an.increased.risk.for.developing.
age-related.diseases..Excess.WAT,.in.particular.intra-abdominal.visceral.WAT,.promotes.low-grade.
chronic.inflammation.through.the.release.of.adipokines,.acute.phase.proteins,.fatty.acids,.prosta-
glandins,.and.other.compounds..Inflammation.appears.to.be.an.important.contributing.factor.for.
insulin.resistance,.hypertension,.cardiovascular.disease,.kidney.failure,.and.certain.types.of.cancer,.
metabolic.disorders,.and.neurodegenerative.diseases.

Accumulating.data.has.demonstrated.that.resveratrol.may.prevent.or.slow.the.progression.of.
these.diseases,.as.well.as.increase.lifespan.and.resistance.to.stress..However,.results.obtained.with.
high.doses.of.resveratrol.used.for.in vitro.experiments.may.not.be.physiologically.relevant..Rapid.
and. extensive. metabolism. of. resveratrol. results. in. circulating. concentrations. of. free. resveratrol.
much.lower.than.concentrations.typically.required.to.achieve.in vitro effects..More.experiments.are.
required.to.determine.whether.resveratrol.can.accumulate.in.tissues.and.whether.metabolites.can.
activate.targets.

A.significant.increase.in.the.consumption.of.resveratrol,.as.for.many.other.polyphenols,.may.
not.be.without.risk..Like.other.polyphenols,.resveratrol.undergoes.the.same.biotransformation.pro-
cesses.that.also.mediate.the.bioavailability.of.pharmaceutical.agents..And.like.other.polyphenols,.
resveratrol. is. unstable,. raising. concerns. about. the. safety. of. supplements.. There. is. currently. not.
enough.evidence.to.recommend.supplementation,.but.resveratrol.is.already.being.tested.in.human.
subjects.to.assess.oral.bioavailability,.pharmacokinetics,.and.toxicity
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and.vegetables..These.chemical.components,.the.molecular.mechanisms.exerted.by.them,.and.the.
reduced.risk.of.age-related.disorders.are.matters.of.intense.research.

Plant.polyphenols.are.the.most.abundant.antioxidants.in.the.human.diet..Because.of.their.chem-
ical.structure,.they.are.able.to.scavenge.free.radicals.and.inactivate.other.pro-oxidants..Flavonoids,.
a.chemically.defined.family.of.polyphenols,.have.a.basic.structure.(Figure.15.1A),.and.several.sub-
classes.of.flavonoids.are.characterized.by.a.substitution.pattern.in.the.B-.and.C-rings..The.main.
subclasses.include.flavan-3-ols,.flavanones,.flavones,.isoflavones,.flavonols,.and.anthocyanidins.[5]..
Their.chemical.structure.(several.hydroxyl.groups.directly.associated.with.a.cyclic.benzene.ring).
favors.antioxidant.actions,.i.e.,.scavenging.radicals.and.chelating.redox-active.metals.(Figure.15.1B)..
These.characteristics.are.due.to.the.hydrogen.of.the.phenoxyl.groups,.which.is.prone.to.be.donated.
to.a.radical..After.the.reaction,.they.retain.key.features.of.their.structure,.which.is.chemically.sta-
bilized.by.resonance.[6]..They.may.also.offer.indirect.protection.by.activating.endogenous.defense.
systems.and.by.modulating.cellular.signaling.processes.[7]..The.alternative.molecular.mechanisms,.
not.directly.related.to.their.free.radical.scavenging.or.metal.chelating.properties,.are.the.subject.of.
extensive.study.aimed.to.provide.scientific.support.for.relating.the.consumption.of.plant.polyphe-
nols.to.human.health.

Although.significant.progress.has.been.made,.some.critical.areas.still.need.to.be.elucidated.in.
order.to.define.mechanisms.linking.plant.polyphenol.consumption.and.health..This.chapter.reviews.
aspects.of.the.biological.actions.of.polyphenols.in.the.prevention.and.treatment.of.the.most.common.
age-related.diseases.

1�.2  ChronIC dIseases relevant to the elderly

15.2.1  cardiOvascular disEasE

Epidemiological. evidence. suggests. that. high. consumption. of. polyphenol-rich. foods. (fruits,. veg-
etables,.cocoa,.etc.).or.beverages.(wine,.tea,.grape.juice,.etc.).is.inversely.correlated.with.the.risk.
of.cardiovascular.disease.(CVD).and.all.causes.of.mortality.in.the.general.U.S..population.[4,6–9]..
Several.studies.have.reported.the.antioxidant.properties.of.dietary.polyphenols.and.their.ability.to.
inhibit.the.oxidation.of.low-density.lipoprotein.(LDL),.which.results.in.a.marked.decrease.in.the.
susceptibility.of. the.lipoprotein.to.aggregation,.a.hallmark.in.early.atherosclerosis.[9]..However,.
it.has.also.been.shown.that.beneficial.effects.of.polyphenols.can.be.brought.about.by.other.mech-
anisms.. For. example,. flavonoids. can. inhibit. platelet. aggregation. and. adhesion,. inhibit. enzymes.
involved.in.lipid.metabolism,.and.induce.endothelium-dependent.vasodilation.[10].

Vascular.endothelium.cells.form.a.layer.that.separates.blood.from.the.vessel.wall..These.con-
trol.many.important.functions.including.maintenance.of.blood.circulation.and.fluidity,.as.well.as.
regulation.of.vascular.tone,.coagulation,.and.inflammatory.responses.[11,12]..The.control.of.endo-
thelium.function.is.mediated.by.the.phosphorylation.of.endothelial.nitric.oxide.synthase.(eNOS),.
which.produces.nitric.oxide.(NO).and.thus.leads.to.vasodilation..Proinflammatory.or.pro-oxidant.
stimuli.may.directly.stimulate.or.sensitize.vascular.cells.to.generate.reactive.oxygen.species.(ROS).
where.the.formation.may.exceed.the.capacity.of.the.antioxidant.defense.system..ROS.may.oxidize.
LDL.cholesterol.and.initiate.a.series.of.events.that.begin.with.cell.activation,.endothelial.dysfunc-
tion,.local.inflammation,.and.a.procoagulant.vascular.surface.[11–13]..The.endothelial.dysfunction.
is.associated.to.loss.of.nitric.oxide.(NO).bioactivity.in.the.vessel.wall.that.may.result.in.a.cascade.of.
events.activating.angiogenic.growth.factors,.such.as.vascular.endothelial.growth.factor.(VEGF).

1�.2.1.1  role of polyphenols in Cvd

Several. studies.have.established. the.concept.of. the.“French.paradox,”. in.which.epidemiological.
studies.have.demonstrated.relatively.low.incidence.of.coronary.heart.disease.in.the.French.popula-
tion,.despite.high.saturated.fat.consumption,.a.well-known.risk.for.coronary.disease.[14,15]..The.
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fIgure 1�.1.  (A).Chemical.structure.of.flavonoids:.Rings.(A,.C,.and.B).and.substitution.numbers..(B.1).
Chemical.structure.of.polyphenols.and.features.that.confer.multiple.functional.activities.to.them..(B.2).Mech-
anism.of.antioxidant.action.of.3 ,́.4´-diOH.polyphenols.[125].
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elevated.consumption.of.wine.may.be.involved.in.the.French.paradox.[16].since.its.content.of.poly-
phenols.is.high.compared.with.other.foods..The.effective.protection.of.polyphenols.against.CVD.
has.been.attributed.to.(a).their.antioxidant.and.radical.scavenger.properties,.(b).their.capacity.to.
enhance.endothelium.function,.and.(c).their.anti-angiogenic.activity.(Figure.15.2).

1�.2.1.2  antioxidant properties of polyphenols

The.antioxidant.properties.of.polyphenols.may.protect.blood.vessels.against. the.oxidative.stress.
associated.with.many.cardiovascular.risk.factors..It.has.been.reported.that.procyanidins.(oligomers.
of.flavan-3-ol.and.flavan.3,4-diol).can.protect.endothelial.cells.from.membrane.lipid.oxidation.and.
cytotoxicity.by. scavenging.peroxynitrite. free. radicals. [17]..Furthermore,. the.antioxidant.proper-
ties.of.polyphenols.might.protect.vascular.endothelial.function.against.deleterious.consequences.of.
oxidation.of.LDLs..Cholesterol.derivatives.in.oxidized.LDL.can.reduce.maximal.arterial.relaxation.
through.a.specific.effect.on.vascular.endothelial.cells.[18].

1�.2.1.�  Impro�ement of endothelium function

The. relaxing. factors. contributing. to. the. improvement. of. endothelium. function. are. the. increase.
of.endothelial.production.of.NO,.prostacyclin.(PGI2),.endothelium-derived.hyperpolarizing.factor.
(EDHF),.and.the.decrease.of.the.contracting.factor.endothelin-1..The.endothelial.production.of.NO.
has.a.number.of.important.functions.in.the.vessel.wall,.such.as.inhibition.of.platelet.aggregation.
and.adhesion,.molecule.expression,.prevention.of.smooth.muscle.proliferation,.and.modulation.of.
vascular.growth..Synthesis.of.NO.exerted.by.red.wine.polyphenols.(RWP).has.been.linked.to.phos-
phorylation.of.endothelium.nitric.oxide.synthetase.(eNOS).

PGI2. is. a. prostanoid. required. for. cardiovascular. homeostasis. that. prevents. platelet. aggrega-
tion,. induces. vasodilation,. and. downregulates. expression. of. endothelial. cell. adhesion. molecules.
[19]..Some.plant.polyphenols,.especially.from.the.3-flavanol.subclass,.such.as.procyanidins.found.in.
grapes.and.cocoa,.have.shown.to.favorably.alter.eicosanoid.synthesis.and.inhibit.platelet.activation.
and.inflammatory.processes.that.contribute.to.CVD.[17]..The.EDHF.causes.hyperpolarization.and.

Smooth muscle cells

Plant Polyphenols

Ca2+

Endothelial cells

ROS

EDHF PGI2 ET-1NO
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PI3K/AKT

K+
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Vasodilatation

fIgure 1�.2  Effects. of. polyphenols. in. CVD. through. the. improvement. of. endothelium. function.. Plant.
polyphenols.induce.NO.synthesis.mediated.by.an.increase.in.(a).Ca2+.and.(b).phosphorylation.of.eNOS.by.
the.PI3-kinase/Akt.pathway;.in.addition,.plant.polyphenols.cause.endothelium-derived.hyperpolarizing.fac-
tor.(EDHF)-mediated.relaxations.by.opening.K+.channels.through.controlling.the.formation.of.superoxide.
anions.leading.to.the.activation.of.the.PI3-kinase/Akt.pathway..Polyphenols.also.increase.endothelial.prosta-
cyclin.by.influx.of.Ca2+.and.inhibit.the.synthesis.and.the.effects.of.endothelin-1..All.these.mechanisms.might.
help.to.explain.the.vasodilatory,.vasoprotective,.and.antihypertensive.effects.of.polyphenols.in vivo.[24].
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relaxation.by.opening.K+.channels.[20]..Plant.polyphenols.that.include.RWPs,.resveratrol.[21],.and.
other.traditional.Chinese.medicinal.herbs.containing.polyphenols.[22].have.been.shown.to.induce.
endothelium-dependent.vasorelaxations.as.well.as.hyperpolarization.of.smooth.muscle.cells.through.
both.NO.and.EDHF..The.signaling.pathways.leading.to.polyphenol-induced.NO.and.EDHF.forma-
tion.share.the.activation.of.the.PI3K/AKT.pathway.as.a.common.step.(Figure.15.2)..The.inhibition.
of. endothelin-1. synthesis,. which. is. pro-inflammatory. and. promotes. fibrosis,. arterial. remodeling,.
and.vascular. injury,.may.be.mediated.by.plant.polyphenols,. indeed. reducing. the.development.of.
atherosclerosis..Resveratrol,.a.phytoalexin.found.in.wine.and.grapes,.has.been.reported.to.inhibit.
endothelin-1.gene.expression,.partially.by.interfering.with.the.ERK1/2.pathway.through.attenuation.
of.reactive.oxygen.species.formation.[23].

1�.2.1.�  anti-angiogenic acti�ity of polyphenols

Angiogenesis.in.CVD.is.characterized.by.migration.and.proliferation.of.endothelial.cells.and.the.
maturation.of.new.blood.vessels.in.response.to.local.pro-angiogenic.factors.and.activation.of.matrix.
metalloproteinases.that.degrade.the.extracellular.matrix.[24]..The.anti-angiogenic.activity.of.poly-
phenols.in.blood.vessels.has.been.associated.with.inhibition.of.matrix.metalloproteinases.(MMP).
activation,.inhibition.of.vascular.endothelial.growth.factor.(VEGF).expression,.and.prevention.of.
migration.and.proliferation.of.vascular.cells..The.inhibition.of.matrix.metalloproteinases.(MMP).
activation.has.been.reported.for.epicagallocatechin.3-gallate.(EGCG),.the.major.catechin.in.tea.and.
wine.[25,26]..The.inhibition.of.vascular.endothelial.growth.factor.(VEGF).expression,.a.major.pro-
angiogenic.factor.that.stimulates.endothelial.cell.migration.and.proliferation.and.also.the.formation.
of.new.blood.vessels.in vitro and in vivo.[27],.has.been.prevented.by.RWP.and.the.anthocyanins.
delphinidin.and.cyanidin.through.the.p38.MAPK.pathway.[28]..Finally,.RWP.[29].and.tea.poly-
phenols,.especially.epigallocatechin-3-gallate.(EGCG).and.epicatechin-3-gallate.(ECG).[30],.have.
shown.activity.in.prevention.of.migration.and.proliferation.of.vascular.cells..Overall,.polyphenols.
participate. in.vascular.protection.and.exert.antiangiogenic.effects. that.are.also. involved. in. their.
anticancer.activity.

15.2.2  cancEr

Cancer. is.a.multistep.process. that. takes.place.over.a.period.of. time.due. to. the.accumulation.of.
mutations.in.a.single.cell,.resulting.in.gradual.phenotypic.changes.from.a.normal.to.a.preneoplastic.
cell.that.progresses.to.neoplastic..The.different.stages.in.carcinogenesis.are:.Initiation.(days),.pro-
motion.(5–10.years),.and.progression.(1–5.years).[31,32]..Initiation.is.irreversible.and.includes.an.
initial.chemical.or.physical.carcinogenic.stimulus.directly.targeting.DNA..Promotion.is.usually.a.
relatively.slow.and.reversible.process.leading.to.an.accumulation.of.premalignant.cells.abnormally.
dividing..Progression.is.generally. irreversible.and.leads. to. the.final.stage.of.carcinogenesis.with.
tumor.growth.and.acquisition.of.invasiveness.and.metastatic.potential.[33]..The.six.essential.altera-
tions.in.cell.physiology.that.lead.to.malignant.growth.are.[33]:

. 1..Self-sufficiency.in.growth.signals

. 2.. Insensitivity.to.growth-inhibitory.(antigrowth).signals

. 3..Evasion.of.programmed.cell.death.(apoptosis)

. 4..Unlimited.replicative.potential

. 5..Sustained.angiogenesis

. 6..Tissue.invasion.and.metastasis

The.passage.from.pre-malignant.to.malignant.cell.involves.activation.of.proto-oncogenes.or.inac-
tivation.of.tumor.suppressor.genes,.resulting.in.the.generation.of.consequently.mutant.cells.with.
selective.advantages..One.of.the.well-known.factors.of.these.systems.is.the.p53.tumor.suppressor.



2��	 Handbook	of	Nutrition	in	the	Aged,	Fourth	Edition

protein,.which,.in.response.to.DNA.damage,.elicits.either.cell.cycle.arrest.to.allow.DNA.repair.to.
take.place.or.apoptosis.if.the.damage.is.excessive.[34].

1�.2.2.1  role of polyphenols in Cancer

Dietary.increase.of.antioxidant.defense.capacity.has.been.considered.a.reasonable.way.to.prevent.
ROS-mediated.carcinogenicity.[35]..Epidemiological.and.human.studies.indicate.that.a.low.risk.of.
cancer.is.related.to.antioxidant-rich.diets.[2,36]..Plant.polyphenols.have.shown.potential.as.natural.
anticarcinogenic.compounds.that,.according.to.their.mechanisms.of.action,.may.have.potential.as.
cancer-blocking.or.cancer-suppressing.agents.(Figure.15.3).

Cancer-blocking.agents.act.during.the.initiation.stage.of.protecting.cellular.targets.by.scaveng-
ing.ROS.and.other.oxidative.species,.enhancing.carcinogen.detoxification,.modifying.the.carcinogen.
uptake.and.metabolism,.and.enhancing.DNA.repair..Cancer-suppressing.agents.inhibit.the.promo-
tion.and.progression.stages.after.the.formation.of.preneoplastic.cells.by.interfering.with.cell.cycle.
regulation. (cyclin.dependent.proteins),. regulation.of. signal. transduction.pathways. (MAP.kinase,.
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fIgure 1�.�  Plant.polyphenols.act.at.different.stages.in.the.carcinogenesis.process..During.initiation,.they.
act.as.cancer-blocking.agents.by.scavenging.free.radicals,,.regulating.detoxifying.enzymes,.and.enhancing.
DNA.repair..During.promotion.and.progression,.they.play.a.role.as.cancer-suppressing.agents.by.regulating.
the.cell.growth.cycle,.signal. transduction.pathways,. transcriptional.regulation.(expression.of.pro-apoptotic.
genes,.i.e.,.p53.or.downregulation.of.oncogenic.genes,.i.e.,.RAS),.inflamation.(i.e.,.by.blocking.the.activation.
or.transcriptional.activity.of.NF-kB).and.induction.of.apoptosis..Additionally,.during.progression,.they.down-
regulate.the.expression.and.activation.of.angiogenic.growth.factors.and.decrease.matrix.metalloproteinases.
(MMPs).and.cell.adhesion.molecules,.which.play.an. important. role. in. the.angiogenesis.process.for. tumor.
progression.and.metastasis.[42].
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TGF-β.serine-threonine.kinase.signaling.and.β-catenin.pathways).[37],.transcription.(NF-kB.acti-
vation),.and.apoptosis.(activation.of.pro-apoptotic.genes.and.pro-apoptotic.proteins).[38,37].

Plant.polyphenols.may.target.one.or.more.of.the.molecular.pathways.in.cancer.cells.with.only.
low.toxicity.in.normal.cells..Curcumin,.resveratrol,.and.caffeic.acid.phenylester.have.been.shown.
to.regulate.the.expression.of.genes.involved.in.inflammatory.processes.through.blocking.the.activa-
tion.or.transcriptional.activity.of.NF-kB,.and.modulation.of.signal-transduction.pathways.such.as.
tyrosine.kinase.inhibitors.[37,39]..The.anti-inflamatory.activity.is.mediated.through.inhibition.of.
expression.of.COX-2.and.inducible.nitric.oxide.synthase.(iNOS).by.blocking.improper.NF-kB.acti-
vation.[40,41]..Therefore,.the.anti-inflammatory.activity.of.antioxidants.may.be.mediated.by.several.
mechanisms,.some.of.which.may.be.unrelated.to.its.intrinsic.antioxidant.activity.

Finally,.during.progression,.tumor.angiogenesis.is.critically.important.for.the.growth.of.solid.
tumors.and.is.mediated.by.the.initiation.of.blood.vessel.formation..The.angiogenesis.process.has.
been.shown.to.be.an.important.target.to.suppress.tumor.growth.and.metastasis,.since.it.is.mediated.
by.endothelial.cells. in.which.it. is.easy.to.achieve.active.concentrations.of.antiangiogenic.agents.
[42]..Dietary.polyphenols.have.shown.anti-angiogenic.activity.by.acting.via.different.mechanisms:.
(1).regulation.of.angiogenic.growth.factors.(VEGF,.bFGF.and.IGF-1),.(2).decrease.of.inflamma-
tory.angiogenic.molecules.(IL-8,.COX-2.and.iNOS),.and.(3).decreasing.matrix.metalloproteinases.
(MMPs). and. cell. adhesion. molecules.. These. factors. play. an. important. role. in. the. angiogenesis.
process.for.tumor.progression.and.metastasis.[42].

The.combined.effects.of.different.phytochemicals,.as.they.are.found.naturally.in.foods,.may.
be.greater.in.cancer.chemoprevention.than.the.effects.of.single.compounds,.a.phenomenon.known.
as.“combination.chemoprevention.”.This.effect.explains.why.low.doses.of.chemopreventive.agents.
differing.in.their.mode.of.action.may.act.together.at.high.efficiency.due.to.synergistic.mechanisms.
[32]..Effective.chemopreventive.agents.can.extend.the.latency.period.for.onset.of.cancer,.with.an.
immense.impact.on.raising.the.quality.of.life.for.millions.of.people.[39].

15.2.3  dEgEnErativE cOgnitivE brain FunctiOn

Brain.cells,.mainly.neurons,.are.highly.vulnerable.to.the.detrimental.effects.of.ROS..This.vulner-
ability.is.due.to.many.factors:.High.metabolic.activity,.rich.composition.of.polyunsaturated.fatty.
acids,.high.intracellular.concentration.of.transition.metals.that.may.catalyze.the.formation.of.reac-
tive.hydroxyl.radicals,.low.levels.of.antioxidants,.and.low.capability.to.regenerate.[43].

Glial.cells.(microglia.and.astrocytes).provide.support.and.protection.for.neurons;.they.surround.
and.hold.them.in.place,.supply.nutrients.and.oxygen,.insulate.one.neuron.from.another,.and.destroy.
pathogens.and.remove.dead.neurons..However,.during.neuroinflammatory.processes,.they.produce.
free.radicals.that.are.the.key.pathogenic.elements.in.neurodegenerative.diseases.such.Alzheimer’s.
disease.(AD).and.Parkinson’s.disease.(PD).[43]..Free.radicals.have.the.capacity.to.attack.proteins,.
polysaccharides,. lipids.bilayers,. and.DNA,.causing.oxidative.cellular.damage. in.neurons..These.
events.lead.to.neuronal.injury,.the.pathogenic.feature.of.AD.and.PD.

Even.though.microglia.cells.have.the.function.of.protecting.the.nervous.system,.they.also.par-
ticipate.in.inflammatory.process.when.they.are.activated.by.neurotoxic.factors..When.pro-oxidants.
exceed. the. endogenous. antioxidant. defenses,. the. oxidative. stress. causes. protein. misfolding. and.
aggregation,.which.exert.the.microglial.activation.[43]..Genetic.mutations.also.associated.to.AD.
and.PD.cause.the.irregular.processing.of.misfolded.proteins,.which.results.in.deposition.of.protein.
aggregates.in.the.cytosol,.extracellular.spaces,.or.nucleus,.leading.to.central.nervous.system.(CNS).
amyloidosis.[44]..The.primary.protein.deposits.found.in.tissues.of.patients.with.AD.are.amyloid-β 
(Aβ).and,.in.patients.with.PD,.α-synuclein.is.found.[43]..Microglial.activation.results.from.interac-
tions.with.aggregated.proteins;.this.process.augments.the.inflammatory.process.through.the.pro-
duction.of.neurotoxic.factors.such.as.quinolinic.acid,.superoxide.anions,.matrix.metalloproteinases,.
NO,.arachidonic.acid.and.its.metabolites,.proinflamatory.cytokines.and.excitotoxins.that.can.kill.or.
injure.neurons.[43]..All.these.factors.maintain.the.neuroinflammatory.cascade.
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1�.2.�.1  role of polyphenols in neurodegenati�e disorders

Given. that. neurodegenative. disorders. are. strongly. associated. with. inflammation. and. oxidative.
stress,.the.rationale.for.studying.the.effects.of.dietary.antioxidants.is.based.on.the.hypothesis.that.
neurodegenative.disorders.may.be.slowed.and.possibly.even.reversed.by.appropriately.increasing.
levels.of.antioxidants.or.decreasing.overproduction.of.free.radicals.in.the.body..The.effectiveness.of.
polyphenols.for.protection.against.neurodegenerative.disorders.is.based.on.their.ability.to.modulate.
different.molecular.mechanisms.in.brain.cells.(Figure.15.4)..The.rate-limiting.step.for.the.effective.
protection.of.polyphenols.will.depend.on.their.ability.to.cross.the.blood–brain.barrier.according.to.
their.properties,.such.as.charged.state,.lipophilicity,.and.interactions.with.efflux.transporters,.with.
possible.relative.specificity.of.polyphenols.for.different.brain.areas.[45].

Several.reports.indicate.the.efficacy.of.polyphenols.on.neuronal.function.and.behavior.by.using.
in vitro.and in vivo.models.[46–49]..It.has.been.shown.that.polyphenols.found.in.blueberries.can.
reverse.age-related.declines.in.neuronal.signal.transduction.as.well.as.cognitive.performance.via.
combined.mechanisms.that.include.neurogenesis,.insulin-like.growth.factor.1.(IGF-1).and.its.recep-
tor.(IGF-1R),.and.MAPK.signal.transduction.cascades.[50]..The.hippocampus.is.one.of.the.brain.
regions.with.the.capacity.to.generate.neurons.(neurogenesis),.but.this.ability.is.diminished.during.
aging.and.accompanied.by.cognitive.decline..There.is.an.agreement.between.in vitro.and.in vivo.
studies.showing. that.EGCG.attenuates.Aβ-induced. toxicity. in.hippocampal.neurons. [51]..Grape.
seed.extract.(GSE),.enriched.in.proanthocyanidins,.oligomers.of.the.catechins,.has.shown.neuro-
protective.activity.in vivo.as.well..The.effective.protection.was.related.to.synthesis.of.proteins.that.
are.involved.in.energy.generation,.protein.folding.(heat.shock.protein),.cytoskeletal.proteins,.and.
glial.fibrillary.acidic.protein;.all.these.proteins.were.affected.in.a.direction.opposite.to.that.detected.
for.the.same.protein.in.AD.[52]..Pomegranate.juice.has.influenced.both.behavior.and.neuropathol-
ogy.in.an.animal.model.of.AD..The.beneficial.effects.were.associated.to.a.decrease.in.accumulation.
of.soluble.Aβ.and.amyloid.deposition.in.the.hippocampus.[53].

Inflamation
(ROS, NOS)

Microglial cells 
Activation

Apoptotic death 
in neurons

Protein 
misfolding and 
production of  
amyloid- (A )

and -
synuclein 

Neurotoxic
factors

Inflamatory signals
Neuronal 
damage

(Protein adducts, Lipid 
peroxidation, DNA

 adducts)

Neuronal  
energy 

homeostasis

Oxidative stress 

Toxicity

fIgure1�. �  Plant.polyphenols.target.markers.of.inflammation.and.oxidative.stress.that.cause.neurode-
generative. disorders.. Polyphenols. can. additionally. deactivate. activated. microglia,. protect. neurons. against.
Amyloi-β(Aβ),. α-synuclein-induced.toxicity,.and.inflammatory.signals,. thus.protecting.neuronal.cell. from.
death.[43].
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Additionally,.reservatrol.from.red.wine,.the.green.tea.catechins,.and.the.turmeric.extract.cur-
cumin.have.received.special.attention.for.potential.disease.prevention.or.treatment.of.AD..Resvera-
trol.has.shown.to.exert.neuronal.protection.in.AD.by.targeting.multiple.molecular.pathways.[54]:

Repression.of.p53.activity.promoted.by.Aβ.in.neurons
Protection.of.neurons.against.Aβ-induced.toxicity
Modulation.of.the.ubiquitin.proteasome.system.to.promote.Aβ.degradation
Preventing.reactive.oxygen.species-induced.Aβ.production
Blocking.inflammatory.cascades.and.preventing.apoptosis.of.neurons

Additionally,.resveratrol.has.been.shown.to.stimulate.neuronal.energy.homeostasis,.similar.to.
that.achieved.in.caloric.restriction.and.associated.with.increased.life.span.and.delay.in.the.onset.of.
diseases.associated.with.aging..This.is.based.on.the.hypothesis.that.diets.high.in.carbohydrates.may.
alter.metabolism.of.cellular.membrane.proteins.and.trigger.excessive.cell.signaling.cascades,.leading.
to.neuronal.damage.[55]..Curcumin.has.the.potential.to.suppress.the.AD.pathogenic.cascade.at.mul-
tiple.sites:.inhibition.of.expression.of.inflammatory.cytokines,.COX-2,.and.NOS.mediated.by.regu-
lation.of.gene.transcription.[56],.and.inhibition.of.the.activity.and.expression.of.β-secretase.enzyme.
that.makes.the.initial.step.in.amyloid.production.[57]..Tea.catechins.may.protect.against.neuronal.
diseases.through.their.radical.scavenging.and.iron.chelating.activity.or.regulation.of.antioxidant.
protective.enzymes..Even.more,.EGCG.(the.most.abundant.catechin.derivative.in.tea).appears.to.
protect.neuronal.cells.from.death.by.inhibition.of.mitochondria.mediated.apoptosis.[58].

15.2.4  OtHEr agE-rElatEd ailmEnts

1�.2.�.1  macular degeneration and arthritis

Age-related.macular.degeneration.(AMD).is.the.leading.cause.of.blindness.for.the.western.world.
[59]..The.retina.is.particularly.susceptible.to.oxidative.stress.caused.by.reactive.oxygen.species.due.
to.its.high.consumption.of.oxygen,.its.high.proportion.of.polyunsaturated.fatty.acids,.and.its.expo-
sure.to.visible.light.[60]..In vitro.studies.have.shown.that.the.retinal.injury.caused.by.oxidative.stress.
photochemical.may.be.prevented.by.antioxidants..Among.plant.phytochemicals.(carotenoids,.poly-
phenols,.alkaloids,.nitrogen-containing.and.organosulfur.compounds).[61],.the.carotenoids.(lutein.
and.zeaxanthin).are.the.only.xanthophylls.detected.in.the.human.lens.[62]..They.may.act.to.protect.
the.eye.from.ultraviolet.phototoxicity.via.quenching.reactive.oxygen.species,.and. interact.syner-
gistically.with.other.antioxidants.such.as.α-tocopherol.[63],.which.is.an.effective.scavenger.of.free.
radicals.and.present.in.high.quantities.in.human.retina.[64]..Though.the.pathophysiology.of.cataract.
and.AMD.is.complex.and.contains.both.environmental.and.genetic.components,.research.studies.
suggest. that.dietary.factors.including.antioxidant.vitamins.and.xanthophylls.may.contribute. to.a.
reduction.in.the.risk.of.these.degenerative.eye.diseases.[65]..Observational.studies.have.shown.that.
high.intake.of.lutein.and.zeaxanthin,.particularly.from.certain.xanthophyll-rich.foods.like.spinach,.
broccoli,.and.eggs,.significantly.reduce.the.risk.for.cataract.(up.to.20%).and.for.AMD.(up.to.40%).
[66]..This.is.supported.by.studies.showing.that.lutein.and.zeaxanthin.are.significantly.lower.in.the.
macula.and.whole.retina.of.eyes.with.early.AMD.than.in.healthy.eyes.[67].

1�.2.�.2  arthritis

Arthritis.is.a.chronic.disease.that.results.from.an.inflammation.of.the.joints..It.results.from.dys-
regulation.of.pro-inflammatory.cytokines.(e.g..tumor.necrosis.factor.and.interleukin-1b).and.pro-
inflammatory.enzymes.that.mediate.the.production.of.prostaglandins.(e.g.,.cyclooxygenase-2).and.
leukotrienes.(e.g.. lipooxygenase),. together.with.the.expression.of.adhesion.molecules.and.matrix.
metalloproteinases,.and.hyperproliferation.of.synovial.fibroblasts..These.cell.signals.are.regulated.
by.the.activation.of.the.transcription.factor.NF-kB..Therefore,.agents.that.suppress.the.activation.

•
•
•
•
•
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of.NF-kB.and.expression.of.pro-inflammatory.cytokines.and.pro-inflammatory.enzymes.may.have.
potential. for. the. treatment.of.arthritis. [68]..The. fact. that.numerous.plant.polyphenols.may.have.
potential. for. arthritis. treatment. is. supported. by. several. preclinical. and. clinical. studies. showing.
their.suppression.effect.of.cell.signaling.networks,.which.mediates.the.inflammatory.response.dur-
ing.arthritis..Among.these.natural.plant.compounds,.most.research.has.been.made.on.curcumin.
(from.turmeric),.resveratrol.(red.grapes,.cranberries,.and.peanuts),.tea.polyphenols,.genistein.(soy),.
quercetin.(onions),.silymarin.(artichoke),.guggulsterone.(guggul),.boswellic.acid.(salai.guggul),.and.
withanolides. (ashwagandha).. The. common. characteristic. among. these. natural. plant. compounds.
is.their.ability.to.inhibit.NF-kB.activation.and.downregulate.the.expression.of.inflammatory.gene.
products,.which.are.major.players.in.the.development.of.arthritis.[68].

1�.�  antIoxIdant meChanIsms of phytoChemICals

Several.degenerative.diseases,.including.cancers,.CVD,.and.neurodegenerative.diseases,.are.gener-
ally.associated.with.aging..Oxidative.damage.to.cell.components,.DNA,.proteins,.and.lipids.accu-
mulates.with.age.and.contributes.to.cell.degeneration.and.to.the.pathogenesis.of.these.diseases.[69]..
Natural.defense.mechanisms.against.oxidative.damage.include.antioxidant.enzymes,.such.as.glu-
tathione.peroxidase,.catalase,.and.superoxide.disumutase,.which.metabolize.superoxide,.hydrogen.
peroxide,.and.lipid.peroxides,.thus.preventing.the.formation.of.toxic.hydroxyl.and.peroxyl.radicals.
[70]..An.imbalance.between.the.generation.of.reactive.oxygen.species.and.the.antioxidant.defense.
mechanisms.results.in.a.condition.known.as.“oxidative.stress,”.which.is.considered.to.be.an.impor-
tant.contributing.factor.to.the.development.of.degenerative.diseases,.particularly.those.mediated.by.
chronic.inflammation.[71].

High.intake.of.fruits.and.vegetables.has.been.associated.with.a.lowered.incidence.of.several.
degenerative.diseases,.including.cancer.[24]..Protective.effects.from.fruit.and.vegetable.consump-
tion.have.been. attributed. to. the.presence. in. these. foods.of. naturally.occurring.phytochemicals,.
which.have.the.ability.to.act.as.antioxidants.and.inhibit.oxidative.stress.in vivo.[72]..Mechanisms.
by.which.phytochemicals.contribute.to.natural.antioxidant.defense.systems.include.the.inhibition.
of. reactive.oxygen. species. formation.and. interruption.of. radical. chain. reactions..Phytochemical.
antioxidants.prevent.the.formation.of.reactive.oxygen.species.by.inhibiting.enzymes.or.chelating.
trace.elements.involved.in.free.radical.production.[70]..Such.antioxidants.interrupt.radical.chain.
reactions.by.scavenging.reactive.oxygen.species.and.free.radicals,.which.are.considered.to.be.the.
predominant.antioxidant.mechanism.[73].

Free.radical.scavenging.by.antioxidants.is.conceptually.a.redox.transition.involving.the.dona-
tion.of.a.single.electron.or.hydrogen.atom.to.a.free.radical,.which.transfers.the.radical.character.to.
the.antioxidant.and.leads.to.a.more.stable.compound.[74]..Thus,.a.phytochemical.antioxidant.must.
delay.or.prevent.autoxidation.or.free.radical-mediated.oxidation,.and.also.result. in.a.stable.radi-
cal.[75]..Chemical.properties.of.phytochemicals,.in.terms.of.the.availability.of.the.phytochemical.
hydrogens.as.hydrogen-donating.radical.scavengers,.may.predict.their.antioxidant.activity.[76]..In.
addition.to.their.antioxidant.properties,.many.phytochemicals.have.been.shown.to.be.biologically.
active. and. protect. against. disease-related. biological. pathways,. such. as. cell. signaling,. cell. cycle.
regulation,.oxidative.stress,.and.inflammation.[77].

1�.�  foods hIgh In phytoChemICals

15.4.1  grEEn tEa

Tea,.derived. from. the. leaves.of.Camellia. sinensis,. is. a. rich. source.of. catechins,. the.water-solu-
ble.polyphenolic.constituents. that.account. for.30–42%.of. its.dry.weight..The.main.catechins. in.
green. tea. are. epicatechin. (EC),. ECG,. epigallocatechin. (EGC). and. EGCG.. EGCG. is. the. major.
catechin,.accounting.for.up.to.50%.of.the.total.polyphenols,.and.is.also.considered.the.most.active.
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polyphenolic.ingredient.in.tea.[78]..This.catechin.has.several.biological.and.pharmacological.prop-
erties.including.free.radical.scavenging.activity,.antioxidant.actions,.iron-chelating.capabilities.and.
attenuation.of.lipid.peroxidation.due.to.various.forms.of.radicals.[79].

Tea.has.been.a.matter.of.intense.research.and.the.subject.of.the.“Asian.paradox,”.a.paradox.that.
has.been.postulated.as.result.of.epidemiological.data.that.indicate.that.even.though.consumption.of.
tobacco.is.high,.Asia,.and.Japan.in.particular,.have.among.the.lowest.incidences.of.arteriosclerosis.
and. lung.cancer.per.capita.[80]..On.the.basis.of.numerous. in vitro, in vivo,.and.epidemiological.
studies,.green.tea.is.now.accepted.as.a.cancer.preventive.as.well.as.a.potential.agent.in.reduction.of.
CVD..A.cohort.study.of.a.Japanese.population.with.13-year.follow-up.data.found.an.evident.delay.
of.cancer.onset.and.death.[81,82].and.protection.against.cardiovascular.disease.[3],.and.this.was.
associated.with.increased.consumption.of.green.tea..Green.tea.has.been.shown.to.protect.against.all.
stages.of.carcinogenesis.in.several.animal.tumor.bioassay.systems.[83]..The.multiple.mechanisms.
involved.in.the.anticancer.activity.of.tea.polyphenols.include,.but.are.not.limited.to,.induction.of.
apoptosis,.cell.cycle.arrest,.induction.of.p53,.and.modulation.of.cell.signaling.pathways..In.sum-
mary,.studies.of.green.tea.show.a.promising.effect.on.delaying.the.aging.process,.protecting.against.
most.diseases.that.older.people.would.suffer,.thus.avoiding.premature.death.

14.4.2  winE

Wine.is.a.complex.beverage.made.from.the.juice.of.Vitis vinifera..The.color,.alcohol.content,.and.
phytochemical.composition.of.wine.vary.widely.and.depend.upon.the.variety.of.grapes.used,.the.
environment.in.which.the.grapes.were.grown,.and.the.vintification.techniques.employed.[84].

Epidemiological. studies. consistently.find. that. traditional. dietary.patterns. that. feature. regular.
moderate.wine.consumption.are.associated.with.reduced.total.and.cardiovascular.mortality.[85–87]..
Much.research.has.focused.on.determining.the.separate.health.effects.of.alcohol.and.polyphenolic.
components.of.wine.as.well.as.whether.consumption.within.a.particular.dietary.or.lifestyle.context.is.
needed.to.gain.benefit..A.number.of.reviews.detail.possible.mechanisms.by.which.these.compounds.
could.confer.cardioprotective.benefit.[16].as.well.as.more.general.anti-inflammatory,.insulin.sensitiz-
ing,.and.vasomotor.actions.[16,88].

Red.wine.contains.more.polyphenols.than.white.wine.does,.and.white.wine.does.not.contain.
anthocyanins..The.complex.mixture.present.in.wines.includes.flavonoids.primarily.as.anthocyanins.
and.flavan-3-ols,.and.non-flavonoids.such.as.stilbenes.(e.g.,.resveratrol).and.gallic.acid..Flavan-3-ols.
predominate.in.wine,.with.oligomeric.and.polymeric.procyanidins.(condensed.tannins). typically.
making.up.25–50%.of.total.phenolic.constituents.[84,89]..Recent.studies.in.traditionally.wine-con-
suming.regions.of.France.and.Italy.identified.oligomeric.procyanidins.(<5.monomers).as.the.most.
important.red.wine.component.to.be.associated.with.longevity.[90]..The.Italian.Longitudinal.Study.
on.Aging.(ILSA).found.that.vascular.risk.factors. influenced.incident.mild.cognitive. impairment.
and.the.rate.of.progression.to.dementia.[91,92]..The.link.between.vascular.and.long-term.cognitive.
health.suggests.that.dietary.components.that.reduce.vascular.risk.may.also.reduce.risk.of.cognitive.
decline.or.Alzheimer’s.disease.development..Indeed,.Orgogozo.et.al.,.1997.[93].found.that.moder-
ate.wine.drinking.was.associated.with.reduced.risk.of.incident.dementia.(odds.ratio.=.0.19).and.
Alzheimer’s. (OR. =. 0.28),. following. adjustment. for. confounders.. These. authors. concluded. there.
was.no.reason.to.advise.regular.wine.consumers.over.the.age.of.65.to.stop.drinking..To.add.to.this,.
a.very.recent.outcome.from.the.ILSA.study.found.that.consumption.of.up.to.one.drink.per.day.of.
wine.or.alcohol.by.patients.with.mild.cognitive.impairment.may.decrease.the.rate.of.progression.to.
dementia.[94].

Ramassamy.(2006).[95],.recently.reviewed.possible.intracellular.targets.of.a.number.of.poly-
phenolic.compounds.found.in.wine,.albeit.the.review.did.not.focus.on.wine.per.se,.with.the.potential.
for.intervention.in.a.number.of.neurodegenerative.diseases.including.Alzheimer’s.and.Parkinson’s.
disease..In.this.regard,.of.interest.is.the.recent.observation.by.de.la.Torre.et.al..(2006).[96].that.red.
wine.also.contains.hydroxytyrosol,.a.dopamine.metabolite.and.a.key.biologically.active.phenol.in.
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olive.oil..This.group.further.reported.that.ethanol-containing.wine,.as.opposed.to.nonalcoholic.grape.
juice,.increased.urinary.hydroxytyrosol.excretion.well.above.the.amount.that.could.be.explained.
by.the.test.wine’s.hydroxytyrosol.content..This.type.of.metabolic.effect.could.be.specific.to.wine,.
which.combines.alcohol.and.polyphenolic.compounds,.although.diets.rich.in.fruits.and.vegetables.
and.a.nonwine.source.of.ethanol.would.also.need.to.be.evaluated.

Initiation.of.wine.drinking.by.the.elderly.should.not.be.taken.lightly.due.to.the.higher.rates.
of.hypertension.and.prescription.medication.intake.among.those.over.65.years.of.age.[97,98]..A.
recent.well-designed.crossover.study.showed.that.red.wine.elevated.blood.pressure.in.a.predicable.
ethanol-dependent.manner.[99]..In.addition,.other.studies.have.found.that.individuals.from.tradi-
tionally.nonwine-drinking.ethnic.groups.may.not.gain.as.much.benefit.as.individuals.derived.from.
traditional.wine-drinking.ethnic.groups.[100]..Drug.interactions.are.ascribable.to.both.the.ethanol.
and.polyphenolic.components.of.wine.

15.4.3  sOy

Soybeans.and. their.products.are.consumed. in.many.Asian.countries,.and.many.epidemiological.
reports.describe.the.health.benefits.of.soy.consumption.related.to.the.prevention.of.cancer,.CVD,.
decrease.of.climacteric.symptoms,.and.prevention.of.osteoporosis.[101–103]..Soybeans.are.a.rich.
source.of.phytoestrogen.isoflavones,.such.as.daidzein.and.genistein;.they.exhibit.similar.chemical.
structure.to.the.mammalian.steroid.hormone.17β-oestradiol.and.so.have.been.linked.to.the.low.inci-
dence.of.hormone-related.cancers.[104,105]..Although.epidemiological.studies.have.related.the.low.
breast.cancer.incidence.in.Asian.nations.and.the.high.consumption.of.foods.rich.in.phytoestrogens,.
some.human.intervention.trials.failed.to.show.the.precise.effect.of.dietary.phytoestrogens.on.the.
proliferation.of.mammary.tissue.[106]..One.factor.causing.these.discrepancies.may.be.the.time.of.
intake..Higher.protection.may.be.achieved.by.exposure.to.a.dietary.factor.that.decreases.the.breast.
cancer.risk.early.in.life.

This.hypothesis.has.been.supported.by.epidemiological.and.rodent.studies.showing.that.breast.
cancer. chemoprevention,. exerted. by. dietary. phytoestrogens,. is. dependent. on. ingestion. before.
puberty,. when. the. mammary. gland. is. relatively. immature.. On. the. other. hand,. it. has. also. been.
shown. that. low.doses.of.phytoestrogens.may.promote.cancer.cell.growth.of.estrogen-dependent.
breast.cancer.cells,.consequentially.increasing.the.risk.of.development.of.preexisting.breast.tumors.
[106]..According.to.these.results,.consumption.of.phytoestrogens.may.be.a.double-edged.sword,.
because.many.phytoestrogen.supplements.are.marketed.for.use.of.postmenopausal.women.as.natu-
ral.and.safe.alternatives.to.hormone.replacement.

An. alternative. protection. exerted. by. phytoestrogens. may. be. through. inhibition. of. enzymes.
involved.in.estrogen.synthesis.such.sulfotransferases.and.aromatases.[107,108]..Finally,.soy.phy-
toestrogens.may.be.acting.in.synergy.with.other.soy.phytochemicals.that.may.enhance.their.health.
benefits.. In. summary,. soy.has.many.health.benefits;. however,.older.people. should. consume. soy.
products.with.caution,.especially.if.soy.has.not.been.a.regular.part.of.their.diet.

15.4.4  brassica

Brassica. vegetables,. including. cabbage,. kale,. broccoli,. cauliflower,. Brussels. sprouts,. kohlrabi,.
rapeseed,.rutabaga,.and.turnip.contain.the.sulfur-containing.phytochemicals.glucosinolates.(previ-
ously.known.as. thioglucosides)..Epidemiological.data.suggest. that.high.consumption.of.brassica.
vegetables. is. associated.with. a.decreased. risk.of. cancer;. this.has.been.coupled. to. the. relatively.
high.content.of.glucosinolates.and.related.compounds.[109]..This.association.appears.to.be.most.
consistent.for.lung,.stomach,.colon,.and.rectal.cancer,.and.least.consistent.for.prostatic,.endome-
trial,.and.ovarian.cancer.[110,111]..The.degradation.products.of.glucosinolates.by.myrosinase,.an.
enzyme.that.is.released.from.damaged.plant.cells,.seems.necessary.for.the.anticarcinogenic.effects.
of.glucosinolates;.the.released.isothiocyanates.or.indoles.may.be.the.active.forms..The.mechanisms.
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for.this.protection.have.been.found.to.be.related.to.the.ability.to.modify.xenobiotic.metabolizing.
enzymes.and.induce.cell.cycle.arrest.and.apoptosis.[112]..The.influence.of.these.compounds.on.the.
activity.of.phase.1.and.phase.2.metabolizing.enzymes.may.protect.against.chemical.carcinogens.
through.modulation.of.metabolism.of.carcinogenic/mutagenic.compounds,.thereby.preventing.the.
formation.of.electrophilic.intermediates.that.may.damage.DNA.

Cytochrome.P450.enzymes.are.responsible.for.phase.1.metabolism,.which.involves.oxidation,.
reduction,.and.hydrolysis.reactions..By.this.means,.xenobiotics.can.be.chemically.more.reactive.and.
act.as.promutagens/procarcinogens..Glutathione.S-transferases.(GST).and.UDP-glucuronyl.trans-
ferases.are.responsible.for.phase.2.metabolism,.which. is.a.detoxifying.mechanism;. it.comprises.
conjugation.reactions.making.phase.1.metabolites.more.polar.and.readily.excretable.[113]..Altera-
tions.on.the.activity.of.these.enzymes.have.implications.on.the.level.of.toxicity.of.chemicals.[114],.
and.indoles.and.isothiocyanates.have.been.shown.to.induce.GST.and.inhibit.of.cytochrome-P450.
enzyme.[115].

Most.evidence.regarding.the.anticarcinogenic.effects.of.glucosinolate.hydrolysis.products.and.
brassica.vegetables.has.come.from.studies.in.animals..However,.because.of.interspecies.differences.
and.because.the.dose.of.both.the.anticarcinogenic.and.the.carcinogenic.compound.used.in.animal.
studies.often.exceeds. their.estimated. levels. in.a.normal.human.diet,. it. is.difficult. to.extrapolate.
results.from.animal.studies.to.humans..Therefore,.more.studies.are.required.to.confirm.the.effective.
protection.of.these.compounds.in.humans.

15.4.5  POmEgranatE

Pomegranate.(Punica granatum, Punicaceae),.native.to.Persia,.is.an.edible.fruit.cultivated.in.Medi-
terranean.countries.and.some.parts.of.the.United.States..Pomegranate.has.been.extensively.used.
as.a.folk.medicine.by.many.cultures.[116]..This.fruit.is.a.rich.source.of.two.types.of.polyphenolic.
compounds:.(1).anthocyanins.(such.as.delphinidin,.cyanidin,.and.pelargonidin),.which.give.the.fruit.
and.juice.its.red.color;.and.(2).hydrolyzable.tannins.(such.as.punicalagin.and.ellagic.acid.deriva-
tives).[117]..Commercial.pomegranate.juices.show.an.antioxidant.activity.three.times.higher.than.
red.wine.and.a.green.tea.infusion;.the.hydrolyzable.tannins,.particularly.punicalagin,.are.one.of.the.
most.active.ingredients.responsible.for.~87%.of.the.juice’s.antioxidative.potential.[117].

Pomegranate. juice. has. been. reported. to. exert. potent. antioxidant. capacity. against. lipid. per-
oxidation,.to.inhibit.serum.angiotensin.converting.enzyme.(ACE).activity.(potent.vasoconstrictor.
glycoprotein),.and.to.reduce.systolic.blood.pressure.[118]..The.possible.mechanisms.by.which.the.
ACE.inhibitors.may.affect.atherosclerosis.are.associated. to. lowering.of.blood.pressure,.antipro-
liferation.of.vascular.cells,.inhibition.of.platelet.aggregation,.and.inhibition.of.lipid.peroxidation.
effects.[119,120]..Alternatively,.it.has.been.shown.how.different.pomegranate.fractions.inhibit.can-
cer.cell.proliferation.and.invasion.and.promote.apoptosis.of.breast.[121].and.prostate.cancer.cells.
[122]..The.active.components.of.pomegranate.fruit.extract,.anthocyanin.and.hydrolyzable.tannin-
rich.fractions,.may.possess.chemopreventive.activity.in.a.wide.range.of.tumor.models.through.the.
modulation.of.MAPK.and.NF-kB.pathways.[123]..In.conclusion,.there.is.evidence.to.support.the.
wide.range.of.protection.that.pomegranate.juice.consumption.can.offer.against.cardiovascular.dis-
eases.and.cancer.

1�.�  summary

The.effective.protection.of.plant.polyphenols.against.age-related.diseases.has.been.supported.by.epi-
demiological.evidence.and.corroborated.by.several.in vitro.and.in vivo.studies..The.biological.activ-
ity.of.plant.polyphenols.on.cardiovascular.protection.has.been.related.to.the.antioxidant.and.radical.
scavenger.properties,.thus.keeping.cells.from.oxidative.stress.as.well.as.the.capacity.to.enhance.the.
endothelium.function.and.anti-angiogenic.activity.by.inhibition.of.cell.proliferation.and.modulation.
of.different.molecular.pathways.in.the.vascular.system..The.activity.of.polyphenols.in.cancer.has.
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also.been.related. to.dietary. increase.of. the.endogenous.antioxidant.defense.as.a.reasonable.way.
to.prevent.ROS-mediated.carcinogenicity,. thus.acting.as.cancer-blocking.agents..They.may.also.
offer.protection.as.cancer-suppressing.agents.by.modulating.cellular.signaling.processes.that.are.
involved. in. cell. physiology.alterations. that. lead. to.malignant.growth:. self-sufficiency. in.growth.
signals,.insensitivity.to.growth-inhibitory.(antigrowth).signals,.evasion.of.programmed.cell.death.
(apoptosis),.unlimited.replicative.potential,.sustained.angiogenesis,.tissue.invasion,.and.metastasis..
Likewise,.the.protection.of.polyphenols.in.brain.function.may.be.achieved.through.the.modulation.
of.neuronal.pathogenic.cascade.at.multiple.sites:.protection.of.neurons.against.neurotoxic.factors.
(Aβ.and.α-synuclein,.ROS,.activated.microglial.cells),.modulation.of.the.neuronal.energy.homeo-
stasis,. the. inhibition.of.expression.of. inflammatory.proteins.by. regulation.of.gene. transcription,.
and.modulation.of.the.ubiquitin.proteasome.system.to.promote.Aβ.degradation.[54]..Therefore,.the.
biological.protection.of.polyphenols.is.related.to.their.ability.to.cross.brain.membranes.and.target.
the.pathogenic.cascade.of.events.that.lead.to.the.development.of.neurodegenerative.diseases.

Overall,. there. is.evidence. that.oxidative.stress.plays.a.significant. role. in. the.development.of.
many.diseases.during.the.aging.process..Therefore,. it. is. likely.that.strategies.intended.to.keep.a.
balance.between.ROS.production.and.antioxidant.defenses.will.be.significant.in.keeping.a.low.rate.
at. which. cellular. damage. accumulates,. thus. effectively. supporting. optimal. aging. and. retarding.
the.onset.of.age-related.diseases..Indeed,.as.demonstrated.in.several.studies,.the.consumption.of.
combinations.of.different.plant.phytochemicals,.as.they.naturally.occur.in.foods,.may.be.a.more.
effective.strategy.in.retarding.or.preventing.diseases.associated.with.aging..However,.these.plant.
phytochemicals.should.be.ingested.with.caution,.because.intake.of.dietary.supplements.in.which.
the. levels. are. higher. than. those. obtained. from. a. typical. vegetable-rich. diet. may. cause. adverse.
effects.that.overcome.the.beneficial.ones.[124].

In.summary,.through.awareness.of.the.beneficial.properties.of.plant.foods,.the.practice.of.eating.
better.could.result.in.longer.and.better.quality.of.life.for.the.increasing.aging.population.
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Insulin.is.a.hormone.whose.major.function.is.to.reduce.blood.glucose..Insulin.resistance.is.a.state.
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cular.diseases.(CVD)..Often.associated.with.metabolic.syndrome,.insulin.resistance.was.discovered.
70.years.ago.by.Himsworth.[1]..The.clinical.evidence.of.insulin.resistance.was.that.diabetic.patients.
lost.response.to.regular.dose.of.insulin..A.higher.dose.of.insulin.was.required.to.control.the.blood.
glucose.in.these.patients.
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16.1.1  PHysiOlOgy OF insulin

1�.1.1.1  Control of Blood glucose

Blood.glucose.is.determined.by.a.balance.of.glucose.absorption.in.the.intestine.and.glucose.disposal.
in.peripheral.tissues.in.a.fed.condition..After.a.meal,.the.blood.glucose.is.increased.by.absorbed.glu-
cose.from.the.food..In.the.fasting.condition,.the.blood.glucose.comes.mainly.from.the.liver.through.
gluconeogenesis,.and.is.controlled.by.a.balance.between.glucose.production.in.the.liver.and.glucose.
disposal.in.the.peripheral.tissues.

As.a.source.of.energy,.blood.glucose.is.consumed.by.every.tissue.in.the.body,.such.as.skeletal.
muscle,.brain,.heart,.and.liver..However,.the.consumption.can.be.promoted.by.insulin.in.certain.tis-
sue.or.organs..These.tissue/organs.include.skeletal.muscle,.heart,.and.adipose.tissue..The.response.
of.these.organs.leads.to.a.reduction.in.blood.glucose..The.reason.for.this.tissue-specific.effect.of.
insulin.is.determined.by.the.expression.of.glucose.transporter.4.(GLUT4),.which.is.expressed.only.
in.skeletal.myotubes,.cardiomyocytes,.and.adipocytes..In.response.to.insulin,.GLUT4.in.the.cell.
surface.will.be.increased,.leading.to.enhancement.in.glucose.uptake..By.increasing.glucose.disposal.
in.these.peripheral.tissues,.insulin.reduces.blood.glucose..With.insulin.resistance,.the.response.of.
these.peripheral.tissues.to.insulin.is.attenuated,.and.they.are.not.able.to.take.glucose.as.efficiently.as.
they.should..Therefore,.blood.glucose.may.increase.in.the.presence.of.normal.levels.of.insulin.

In.the.fasting.condition,.a.major.source.of.blood.glucose.is.the.liver,.which.produces.glucose.
from.amino.acids.or.lactic.acids..In.response.to.insulin,.the.liver.will.reduce.glucose.production..
With. insulin. resistance,. insulin. will. not. be. able. to. efficiently. reduce. glucose. production. by. the.
liver..This.will.lead.to.hyperglycemia.in.the.fasting.condition..In.the.fed.condition,.the.liver.insulin.
resistance.may.contribute.to.postprandial.hyperglycemia.in.type.2.diabetes..This.is.because,.even.
with.a.high.level.of.insulin.after.a.meal,.the.liver.is.still.not.able.to.shut.down.its.glucose.production..
Therefore,. insulin.reduces.blood.glucose.through.two.major.activities:.(a).stimulation.of.glucose.
disposal.in.muscle.and.fat.and.(b).inhibition.of.hepatic.glucose.production.

1�.1.1.2  Impro�ement of microcirculation

In.addition.to.these.effects,.insulin.also.improves.microcirculation.through.induction.of.nitric.oxide.
(NO).production.in.endothelial.cells..This.activity.induces.vascular.dilation,.which.promotes.glu-
cose.uptake.by.muscle.as.more.muscle.cells.are.exposed.to.the.blood.glucose.when.vascular.dilation.
occurs..Insulin.also.stimulates.growth.of.the.small.blood.vessels..These.activities.of.insulin.may.
constitute.the.mechanism.of.beneficial.effects.of.insulin.in.the.treatment.of.patients.in.the.intensive.
care.unit.(ICU).

16.1.2  PHysiOlOgical insulin rEsistancE

In.the.physiological.condition,.insulin.resistance.is.a.part.of.the.stress.response,.which.protects.the.
body.from.hypoglycemic.shock..In.the.fasting.condition,.insulin.resistance.in.the.skeletal.muscle.is.
able.to.reduce.glucose.consumption.by.muscle,.and.save.the.limited.glucose.for.the.brain,.which.can.
only.use.glucose.for.energy..The.insulin.resistance.in.muscle.may.be.a.result.of.a.high.level.of.free.
fatty.acids.in.the.blood..Free.fatty.acids.(FFA).are.a.major.source.of.energy.in.the.fasting.condition..
Blood.FFA.usually.reaches.to.the.highest.level.in.the.fasting.condition,.where.it.is.used.as.an.alter-
native.fuel.in.skeletal.muscle.and.heart.in.the.absence.of.sufficient.glucose..At.the.same.time,.FFA.
also.reduces.insulin.sensitivity.in.the.muscle.and.heart.to.reduce.glucose.utilization,.a.mechanism.
that.is.important.for.the.protection.of.the.body.from.hypoglycemic.shock..In.the.fasting.condition,.
if.muscle.continues.to.consume.a.large.amount.of.glucose,.the.brain.will.not.be.able.to.overcome.
muscle.consumption,.as.skeletal.muscle.accounts.for.40%.of.body.weight,.and.the.brain.accounts.
for.only.about.5–10%.of.body.weight..When.the.brain.cannot.get.sufficient.energy,.the.body.will.
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suffer.a.shock..Therefore,.FFA-induced.insulin.resistance.in.the.muscle.provides.protection.of.the.
body.from.hypoglycemic.shock.

During.mental.stress,. insulin.resistance.may.contribute. to. the. increased.blood.glucose.when.
glucocorticoid.secretion.is.increased..Blood.glucose.is.higher.under.many.mental.stress.conditions,.
such.as.fighting,.defense,.or.anger..Glucocorticoid.is.able.to.induce.insulin.resistance.and.elevate.
blood.glucose..Under.mental.stress,.secretion.of.the.hormone.glucocorticoid.is.increased.in.the.body..
Glucocorticoid.has.many.activities.in.the.regulation.of.glucose.metabolism..In.the.liver,.it.increases.
glucose.production..This.activity.is.against.insulin.function.and.is.responsible.for.liver.insulin.resis-
tance..Glucocorticoid.also.induces.insulin.resistance.in.muscle..This.activity.of.glucocorticoid.leads.
to.reduced.glucose.uptake.by.muscle..Additionally,.the.glucocorticoid.may.cause.muscle.to.release.
large.amounts.of.amino.acids.through.hydrolysis.of.the.muscle.proteins..Insulin.stimulates.protein.
synthesis.and.inhibits.protein.degradation..This.activity.of.insulin.is.reduced.by.glucocorticoid.

16.1.3  cEllular mEcHanism OF insulin sEnsitivity

Systemic.insulin.resistance.is.determined.by.insulin.sensitivity.in.the.insulin.target.tissues,.such.as.
muscle.(skeletal.muscle.and.cardiomyocytes),.liver,.and.fat..Muscle.insulin.resistance.accounts.for.
a.major.part.of.systemic.insulin.resistance.

The. skeletal. muscle. has. been. considered. to. be. the. major. site. of. insulin-stimulated. glucose.
disposal.in vivo..In.response.to.insulin,.muscle.takes.at.least.10.times.more.glucose.than.white.adi-
pose.tissue.(WAT).does.on.the.basis.of.per.milligram.of.tissue.in.the.resting.condition.[2]..Because.
muscle.mass.is.considerably.greater.than.WAT.mass.in.lean.subjects,.this.observation.has.indicated.
the.prominent.role.of.muscle.in.glucose.disposal..Although.a.muscle-specific.knockout.of.insulin.
receptor.failed.to.result.in.systemic.insulin.resistance.or.disorder.in.glucose.metabolism,.the.role.
of.skeletal.muscle.in.determination.of.systemic.insulin.sensitivity.is.well.accepted..In.the.muscle.
insulin.receptor.knockout.mice,.muscle.insulin.resistance.led.to.an.increase.in.fat.mass.and.disorder.
of.lipid.metabolism,.such.as.an.increase.in.serum.triglycerides.and.FFA,.but.no.disorder.in.glucose.
metabolism.or.type.2.diabetes..The.blood.glucose,.insulin,.and.glucose.tolerance.were.normal.in.
the. muscle-specific. insulin. receptor. knockout. mice. in. the. conscious. and. unrestricted. condition.
[3]..This.is.because.the.glucose.uptake.in.skeletal.muscle.can.be.induced.by.muscle.contraction..
Skeletal.muscle.contraction.may.replace.insulin.signal.in.the.induction.of.glucose.uptake..Muscle.
contraction.may.induce.glucose.uptake.by.muscle.cells.through.calcium.mobilization.and.hypoxia..
The.contraction-induced.glucose.uptake.in.muscle.contributes.to.the.beneficial.effect.of.physical.
exercise.in.the.regulation.of.blood.glucose.

The.liver.has.two.major.functions.in.the.regulation.of.systemic.insulin.sensitivity..The.first.is.
synthesis.of.glucose.and.the.second.is.clearance.of.blood.insulin..Production.of.glucose.is.a.major.
function.of.the.liver.in.the.maintenance.of.homeostasis.of.blood.glucose.in.the.fasting.condition..
Removal.of.insulin.from.blood.by.the.liver.is.important.in.the.control.of.insulin.levels..Most.(75%).
insulin.in.the.blood.is.degraded.in.the.liver..When.this.function.of.the.liver.is.reduced,.insulin.levels.
will.be.increased.in.the.blood.and.lead.to.insulin.resistance..This.is.demonstrated.in.the.liver-spe-
cific.knockout.mice.for.insulin.receptor.

Adipose.tissue.regulates.insulin.sensitivity.through.at.least.two.functions..The.first.is.regulation.
of.blood.FFAs..Adipocyte.is.able.to.remove.FFAs.from.blood.and.convert.them.into.fat.triglycer-
ides.(TG)..If.this.function.is.reduced.in.adipose.tissue,.blood.FFAs.will.have.no.place.to.go.and.
will.induce.insulin.resistance..This.often.happens.in.the.presence.of.obesity..The.second.function.
of.adipose.tissue.in.the.control.of. insulin.sensitivity.is. the.endocrine.function..Adipose.tissue.is.
able.to.produce.many.cytokines.including.adiponectin,.leptin,.IL-6.(interleukin.6),.TNF-α.(Tumor.
Necrosis.Factor.α).and.RBP4.(Rentinol.Binding.Protein.4)..These.cytokines.can.be.divided.into.two.
groups.on.the.basis.of.their.functions..The.first.group,.such.as.adiponectin,.is.able.to.enhance.insu-
lin.sensitivity..In.obesity,.reduction.of.adiponectin.is.often.associated.with.insulin.resistance..The.
second.group,.such.as.TNF-a,.can.reduce.insulin.sensitivity..In.obesity.or.chronic.inflammation,.
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the.TNF-α.level.is.often.elevated.and.involved.in.development.of.insulin.resistance..TNF-α.is.able.
to.inhibit.insulin.signaling.activity.by.targeting.insulin.receptor.substrate.1.(IRS-1).and.peroxisome.
proliferator-activated.receptor.g.(PPARg).

16.1.4  PatHOlOgical insulin rEsistancE and its cHaractEristics

In.the.physiological.condition,.insulin.resistance.is.transient.under.stress..When.the.stress.disap-
pears,.insulin.sensitivity.will.be.restored.automatically..Therefore,.a.change.in.insulin.sensitivity.is.
a.physiological.phenomenon.in.the.body..It.constitutes.a.part.of.physiological.response.of.the.body.
to.stress..However,.when.insulin.resistance.persists.in.the.body,.it.will.lead.to.development.of.type.
2.diabetes.

Insulin.resistance.has.the.following.characteristics:

Hyperinsulinemia
Postprandial.hyperglycemia
Decreased.glucose.infusion.rate
Increased.hepatic.glucose.production
Impaired.glucose.tolerance
Hyperglycemia
Increased.HbA1c
Hyperlipidemia
Impaired.insulin.tolerance
Loss.of.first.phase.secretion.of.insulin
Hypoadiponectinemia
Increased.inflammatory.markers
Hypertension

16.1.5  risk FactOrs FOr insulin rEsistancE

Several.factors.are.known.to.induce.insulin.resistance..These.include:

Obesity
Aging
Genetic.background
Inflammation
FFA
Oxidative.stress
Hyperinsulinemia
Endoplasmic.reticulum.(ER).stress
Mitochondrial.dysfunction
Fatty.liver
Adipose.tissue.hypoxia
Hyperlipidemia;
Lipodystrophy.[10]
Pregnancy

1�.1.�.1  obesity

Obesity.is.a.status.where.body.mass.index.(BMI).(weight.in.kg/height.in.m2).is.above.27..Obesity.
can.be.divided. into.peripheral.obesity.and.central. (or.abdominal).obesity.. In.peripheral.obesity,.
waist.circumference.and.a.waist-to-hip.ratio.are.close.to.the.normal.range,. the.fat. is.evenly.dis-
tributed. in. the.body,.and. the.subjects.have. less. risk.of. insulin. resistance.. In.central.obesity,. the.
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subjects.exhibit.extra.accumulation.of.fat.in.the.abdomen.area.and.have.a.large.ratio.of.waist.cir-
cumference.and.waist-to-hip.(>.0.95)..The.best.indicator.of.central.obesity.is.an.increase.in.waist.
circumference.. It. is.mainly.due. to.an. increase. in. fat.deposit. in. the.abdominal.cavity,.not. in. the.
abdominal.subcutaneous.fat..The.increase.is.often.observed.in.the.omentum,.the.mesenteric,.and.
retroperitoneal.regions.in.the.abdominal.cavity..The.fat.tissues.in.these.regions.are.usually.called.
visceral.fat,.which.is.positively.and.independently.associated.with.insulin.resistance.[11]..Therefore,.
central.obese.subjects.suffer.a.high.risk.of.insulin.resistance..Accumulation.of.the.visceral.fat.is.
often.a.result.of.imbalance.of.sex.hormones,.overintake.of.sucrose,.and.lack.of.physical.exercise..
Lack.of.androgen.in.aging.subjects.and.in.men.contributes.to.the.development.of.central.obesity..
An.increase.in.cortisol.or.glucocorticoid.also.increases.visceral.fat.for.central.obesity..Therefore,.
central.obesity.is.a.risk.factor.of.insulin.resistance.

1�.1.�.2  aging

Insulin.resistance.occurs.frequently.in.the.aging.population..This.is.related.to.an.increased.preva-
lence.of.central.obesity..Imbalance.of.sex.hormone.and.lack.of.physical.exercise.contribute.to.this.
central.obesity.in.aging.people..Removal.of.visceral.fat.is.able.to.prevent.insulin.resistance.in.aging.
[12]..Other.factors.include.free.radicals,.which.lead.to.oxidative.stress.in.aging,.and.mitochondrial.
dysfunction.[13–15]..Oxidative.stress.and.mitochondrial.dysfunction.are.known.to.increase.the.risk.
of.insulin.resistance.[13,14,16].

1�.1.�.�  genetic Background

Although.insulin.resistance.is.determined.by.multiple.factors,.genetic.background.is.key..This.is.
supported.by.several.lines.of.evidence..The.first.is.that.insulin-resistant.patients.and.high-risk.popu-
lations.are.often.associated.with.a.family.history.of.type.2.diabetes..The.second.is.a.high.risk.of.
insulin. resistance. in. certain. ethnic. groups,. as. indicated. by. epidemiology. studies.. In. the. United.
States,.black.Americans.and.Pima.Indians.have.a.higher.risk.of.insulin.resistance.than.Caucasians..
East.Indians.and.Chinese.are.also.at.high.risk.of.insulin.resistance..Within.each.ethnic.group,.the.
genetic.background.is.similar.among.different.individuals..This.genetic.nature.determines.their.sus-
ceptibility.to.certain.diseases..Central.obesity,.mitochondrial.dysfunction,.hypoadiponectinemia,.
and.increase.in.inflammatory.mediators.are.possible.links.to.the.gene.background.[17–19].

16.1.6  trEatmEnt OF insulin rEsistancE

In.most.cases,.insulin.resistance.is.a.result.of.lipid.accumulation.that.is.most.commonly.observed.
in.obese.patients.and.aging.subjects..It.may.be.a.consequence.of.chronic.inflammation.or.infection..
The.treatment.strategy.is.to.remove.the.cause..In.the.treatment.of.insulin.resistance.in.obese.sub-
jects,.the.first.choice.is.to.reduce.obesity.or.body.weight..This.can.be.accomplished.by.increasing.
physical.exercise.and.adopting.caloric.restriction..The.second.choice.is.medicine..This.is.recom-
mended.after.failure.of.exercise.and.caloric.restriction.in.the.control.of.blood.glucose..Medications.
include.insulin,.metformin,.thiazolidinedione.(TZD),.α-glucosidase.inhibitors,.glucagon-like.pep-
tide.derivatives,.and.lipid.reducing.medicine..The.third.choice.is.surgery,.such.as.bariatric.surgery.

1�.2  ChInese herBs In the management of InsulIn sensItIvIty

16.2.1  traditiOnal cHinEsE mEdicinE

Traditional.Chinese.Medicine.(TCM).is.a.medical.system.developed.on.the.basis.of.Taoist.philoso-
phy..The.theory.of.TCM.was.first.documented.in.Huangdi Neijing.(Yellow Thearch’s Inner Classic),.
an.ancient.Chinese.book.that.was.composed.2000.years.ago.in.China.[14]..The.book.provides.the.
foundation.for.diagnostic.methods.and. therapeutic.strategies,. including.acupuncture.. It.proposes.
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that.the.human.body.contains.Yin,.Yang,.and.Five.Elements.(agents)..The.Five.Elements.are.metal,.
wood,.water,.fire,.and.earth..A.perfect.balance.among.these.elements.is.required.for.the.mainte-
nance.of.health.in.the.body..A.disease.is.a.consequence.of.imbalance.of.Yin.and.Yang.or.the.Five.
Elements.from.cold,.heat,.emotions,.or.other.influences..Qi.(air).and.blood.serve.as.mediators.in.
communication.between.Yin.and.Yang,.and.among.the.Five.Elements..The.primary.aim.in.the.treat-
ment.of.illness.is.to.restore.the.balance,.and.replenish.Qi or.blood..Herbal.medicines,.acupuncture,.
and.massage.are.often.used.to.restore.the.balance.in.the.clinical.practice.in.TCM.[15].

Obesity.and.type.2.diabetes.are.two.major.diseases.in.the.metabolic.syndrome..According.to.
Huangdi Neijing,.obesity.is.a.result.of.overeating,.and.diabetes.is.referred.as.Xiaoke.disease,.which.
is.a.consequence.of.obesity..The.complications.of.Xiaoke.disease.include.stroke,.carbuncle,.and.
foot.gangrene.[16,17]..In.Chinese,.Xiao.means.losing.body.weight.and.Ke.means.thirsty,.which.are.
similar.to.the.symptoms.of.diabetes,.which.exhibits.loss.of.body.weight.in.the.presence.of.increased.
drinking,.eating,.and.urination..In.the.TCM.theory,.Xiaoke.is.considered.to.be.a.result.of.Yin.defi-
ciency.with.dryness-heat. The.treatment.of.diabetes.should.be.focused.on.replenishing.Yin.(fluid).
and.evacuating.fire.(heat).from.the.body.[18].

TCM.prefers.herbology,.a.Chinese.art.of.combining.different.medical.herbs.into.one.therapy.
through.prescription.[19]..According.to.TCM,.a.disease.may.have.a.set.of.identical.symptoms.among.
different.patients,.but.the.background.(Qi,.blood,.Yin,.Yang,.and.Five.Elements).for.development.of.
the.same.disease. is.quite.different. in.different.patients..Each.patient. should. receive.personalized.
herbology.because.of.the.difference.in.his.or.her.background..In.the.personalized.treatment,.multiple.
herbs.are.often.prescribed.to.form.a.special.formula.and.a.single.herb.is.not.often.used.individually.

The.bioactivities.of.many.Chinese.herbs.have.been.identified.with.modern.technologies.in.chem-
istry.and.pharmacology..With.pharmacological.concepts.in.medicine,.many.scientists.try.to.isolate.
and.purify.bioactive.components.in.herbs.with.the.hope.of.enriching.the.therapeutic.activities..This.
strategy.is.used.widely.to.study.Chinese.herbs.in.China.and.many.other.countries..Hundreds.of.
traditional.Chinese.herbs.and.active.components.have.been.tested.for.treatment.of.diabetes,.dyslip-
idemia,.and.obesity..In.this.chapter,.22.of.the.herbs.were.selected.from.the.literature.to.represent.
the.current.understanding.of.Chinese.herbs.in.the.treatment.of.metabolic.syndrome.(Table.16.1)..
Among.these,.the.most.commonly.recognized.herbs.are.ginseng,.coptis,.bitter.melon,.and.tea.

In.TCM,.the.major.function.of.Asian.ginseng.is.to.replenish.Qi,.and.American.ginseng.is.used.
to.restore.Yin..Coptis.and.bitter.melon.are.both.bitter.herbs.that.may.serve.to.evacuate.fire.from.the.
human.body..In.the.theory.of.TCM,.these.herbs.are.beneficial.to.patients.with.obesity.and.diabetes.

16.2.2  trEatmEnt OF insulin rEsistancE witH cHinEsE HErbs

1�.2.2.1  ginseng

Ginseng.is.one.of.the.most.popular.Chinese.herbal.medicines..In.TCM,.ginseng.is.referred.as.the.
root.of.Panax ginseng.C..A..Mey.only..However,.the.root.of.Panax quinquefolium.L..(American.
ginseng).is.also.called.ginseng.sometimes..Since.the.major.effects.of.ginseng.include.adaptogen,.
aphrodisiac,.and.nourishing.stimulant,.which.are.required.for.treatment.of.aging,.ginseng.has.been.
historically.used.in.the.treatment.of.most.ageing-associated.diseases.[20]..Ginseng.has.been.widely.
studied.for. treatment.of.diabetes,.dyslipidemia,.and.obesity.. Interestingly,. in.addition. to.ginseng.
root,.ginseng.berry.and.leaf.were.also.shown.to.reduce.blood.glucose.in.diabetic.models.[21,22].

Ginseng.contains.many.bioactive.compounds..The.representative.compounds.are.ginseng-spe-
cific.saponins.(ginsenosides),.which.have.clear.bioactivities.in.the.reduction.of.blood.glucose.and.
blood.pressure..Ginseng.inhibits.body.weight.gain,.decreases.blood.glucose,.TG,.and.FFA.levels,.and.
improves.insulin.sensitivity.[23]..Efficacy.and.safety.of.ginseng.on.glucose.metabolism.have.been.
confirmed.in.patients.with.type.2.diabetes.in.double-blinded.placebo-controlled.studies.[24,25].

In.addition. to.glucose.metabolism,.ginseng. is.also. shown. to. regulate. lipid.metabolism. [26]..
American.ginseng.and.Chinese.red.ginseng.reduce.cholesterol.and.TG.levels.in.liver.and.serum.of.
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taBle 1�.1
effects of traditional Chinese herbs on metabolism

name Botanical name action  reference 

Aloe.vera.leaves Aloevera L. var. chinensis Haw. 
Berger

FBG,.TC,.TG,.FFA,.hepatic.
transaminases.↓.Insulin.↑

68–70

Cortex.Cinnamomi.
(cassia.bark)

Cinnamomum zeylanicum FBG,.insulin,.TC,.TG.↓.HDL.↑ 71–75

Crataegus.(hawthorn) Crataegus cuneats Sieb. et Zucc. TC,.TG,.LDL,.VLDL,.lipid.deposits.in.
liver.and.aorta,.FBG.↓.

76,77

Fructus.Corni.
(dogwood)

Cornus officinalis Sieb. et Zucc. Lipid.accumulation.in.liver,.TG,.body.
weight,.FBG.↓Insulin,.C-peptide.↑.

78,79

Fructus.Ligustri.Lucidi.
(glossy.privet.fruit).

Ligustrum lucidum Ait. FBG.↓ 81

Fructus.Lycii.
(wolfberry)

Lycium barbarum L. Anti-oxidative,.FBG,.TC,.TG.↓.HDL,.
SOD.activity.↑.

82–84

Ganoderma.Lucidum.
(medicinal.mushroom)

Ganoderma lucidum (Leyss. ex Fr.) 
Karst.

TC,.TG,.LDL,.LPO,.FBG.↓Insulin,.
HDL ↑

85–90

Rhizoma.Zingiberis.
(dried.ginger)

Zingiber officinale Roscoe FBG,.TC,.TG,.blood.pressure,.body.
weight,.LDL.oxidation,.
atherosclerosis,.LPO,.lipoproteins.↓.
Insulin,.HDL.↑

91–98.

Radix.Glycyrrhizae.
(licorice)

Glycyrriza uralensis Fisch.G.Glabra 
L.

FBG,.visceral.adipose.tissues,.body.
weight.↓

99–101

Radix.Notoginseng.
(Chinese.ginseng)

Panax notoginseng (Burk.) F.H. 
Chen

TC,.TG,.LDL,.FBG.↓ 102–105

Radix.Platycodi.
(platycodon.root)

Platycodon grandiflorum TG,.LDL,.TG,.liver.surface.fat.pads,.
calorie.intake,.body.weight.↓

106–108

Pumpkin Cucurbita moschata (Duch. ex 
Lam.) Duch. ex Poiret

Fatty.liver,.TC,.TG,.FBG.↓.Glucose.
tolerance,.insulin.↑

109,110

Radix.Astragali.seu.
Hedysari.(astragalus.
root)

Astragalus membranaceus (Fisch.) 
Bunge var. mongholicus (Bunge) 
Hsiao and Astragalus 
membranaceus (Fisch.) Bunge

FBG.↓ Insulin.sensitivity,.glucose-
insulin.tolerance,.ACTH,.insulin.↑.

111–113

Radix.et.Rhizom.Rhei.
(rhubarb)

Rheum palmatum L. FBG,.LPO.↓.Oral.glucose.tolerance.↑. 105,114,.
115

Radix.Puerariae.
(kudzuvine.root)

Pueraria lobata (Willd.) Ohwi. FBG,.glycation.products,.insulin,.
abdominal.fat,.TC,.TG,.body.mass.↓.

116–122

Radix.Rehmanniae.
(rehmannia.root)

Rehmannia glutinosa Libosch. FBG.↓ 123

Radix.Salviae.
Miltiorrhizae.(danshen.
root)

Salvia miltiorrhiza Bge. TG.↓. 105,124,125

Rhizoma.Polygonati.
(Solomonseal.root)

Polygonatum sibiricum Red. FBG.↓ 126–129

Rhizoma.Polygonati.
Odorati.(coastal.
glehnia.root)

Polygonatum odoratum (Mill.) 
Druce

FBG,.TG,.glycosylated.hemoglobin.↓. 130,131
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animal..The.decrease.of.cholesterol.and.low-density.lipoprotein-cholesterol.(LDL-C).was.related.
to. the. suppression.of. β-hydroxy-β-methylglutaryl-CoA.(HMG-CoA). reductase.and.cholesterol.7.
α-hydroxylase.activities.[26]..In.rats.and.patients.fed.on.high-cholesterol.diets.for.hyperlipidemia,.
red.ginseng.powder. reduced.plasma. total. cholesterol,.TG,.FFAs,. and.platelet. adhesiveness,. and.
increased. HDL-C. significantly. [27].. In. a. clinical. trial,. administration. of. ginseng. extract. led. to.
reduction.of.total.cholesterol,.TG.and.LDL-C,.and.induction.of.HDL.[28].

Ginsenosides.are.considered. to.be. the.active.components. in. the. regulation.of. lipid.and.glu-
cose.metabolism..Some.studies.suggest.that.ginseng.is.able.to.increase.insulin.secretion.[29–31]..
Impaired.insulin.response.to.glucose.in.the.mice.was.restored.after.ginseng.administration,.and.
insulin.release,.especially.glucose-induced.insulin.release.from.isolated.rat.pancreases,.was.stimu-
lated.by.the.ginseng.extracts.[29].

In.summary,.ginseng.has.antihyperglycemia.and.antiobesity.effects.(Figure.16.1)..The.mecha-
nism.of.action.is.related.to.insulin.sensitization,.insulin.secretion,.β-cell.protection,.thermogenesis,.
and.antioxidation..It’s.a.promising.herbal.remedy.in.the.treatment.of.metabolic.syndrome..How-
ever,.the.cellular.and.molecular.mechanisms.of.the.metabolic.activities.of.ginseng.remain.largely.
unknown..More.research.is.required.to.establish.the.signaling.pathway.for.ginseng.

1�.2.2.2  Berberine

Berberine,.a.botanical.alkaloid.in.the.root.and.bark.of.several.plants,.is.the.major.active.compo-
nent.of.rhizoma.coptidis,.a.popular.traditional.Chinese.medication.in.the.treatment.of.diabetes.and.
infections..In.about.A.D..500,.the.anti-diabetes.activity.of.Rhizoma.Coptidis.was.recorded.for.the.
first.time.in.Note of Elite Physicians.by.Hongjing.Tao..Berberine.is.the.bioactive.compound.in.Rhi-
zoma.Coptidis.for.anti-diabetes.and.anti-infection..Berberine.has.a.well-established.antimicrobial.
activity.in.the.control.of.infection.by.bacteria,.viruses,.fungi,.protozoans,.and.helminthes.[8,14]..In.
China,.berberine.is.an.over-the-counter.drug.for.the.treatment.of.gastrointestinal.infections.such.
as.bacterial.diarrhea..In.1988,.the.hypoglycemic.effect.of.berberine.was.found.when.it.was.used.to.
treat.diarrhea.in.diabetic.patients.in.China.[13]..Since.then,.berberine.has.been.used.as.an.antihy-
perglycemic.agent.by.many.physicians.in.China..There.are.substantial.numbers.of.clinical.reports.
about.the.hypoglycemic.action.of.berberine.in.Chinese.literature.

Berberine.was.reported.to.have.a.comparable.activity.to.sulphonureas.or.metformin.in.reducing.
blood.glucose.in.diabetic.patients.in.the.Chinese.literature..Our.study.confirmed.that.administra-
tion.of.berberine.(0.5.g.t.i.d.).at.the.beginning.of.each.major.meal.was.able.to.reduce.fasting.blood.
glucose.(FBG).as.well.as.post.prandial.blood.glucose.(PBG),.increase.insulin.sensitivity.in.adult.

taBle 1�.1 (ContInued)
effects of traditional Chinese herbs on metabolism

name Botanical name action  reference 

Salix.matsudana.leaves Salix matsudana Koidz. Body.weight,.parametrial.adipose.tissue.
weights,.TC.↓

132,133

Semen.Cassiae.(flatstem.
milkvetch.seed)

Cassia obtusifolia L. TC,.TG,.LDL,.apoB,.body.weight,.
insulin.↓

134,135

Tea Camellia sinensis FBG,.body.weight,.TC,.TG,.FFA,.LDL,.
systolic.blood.pressure,.LPO.↓.
Vitamin,.glucose.tolerance,.
adiponectin,.LDL.particle.size,.
insulin,.HDL.↑

136–142

FBG–fasting.blood.glucose;.FFA–free.fatty.acids;.HDL–high-density.lipoprotein;.LDL–low-density.lipoprotein;.LPO–lipid.
peroxidation;.SOD–superoxidase.dismutase;.TC–total.cholesterol;.TG–triglycerides;.VLDL–very.low-density.lipoprotein.
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patients.with.newly.diagnosed.type.2.diabetes.or.poorly.controlled.diabetes.[32]..Besides.the.hypo-
glycemic.action,.a.beneficial.effect.of.berberine.on. lipid.metabolism.was.also.observed. [32,33]..
However,.up.to.now,.there.is.no.multicenter,.well.controlled,.long-term.clinical.trial.to.evaluate.the.
efficacy.of.berberine.in.the.treatment.of.diabetes.

Effects.of.berberine.on.lipid.metabolism.were.evaluated.in.animals.and.human.subjects..Two.
clinical.trials.demonstrated.that.berberine.was.able.to.decrease.TG,.serum.cholesterol,.and.LDL-C.
in.subjects.with.dyslipidemia.[33,34]..In.animals,.TG.deposition.in.liver.and.muscle.was.reduced.
significantly,.and.liver.steatosis.was.prevented.by.berberine.administration.[35,36]..In.in vitro.study,.
berberine.was.shown.to.suppress.adipocyte.differentiation.and.reduce.lipid.accumulation.in.3T3-L1.
adipocytes..In.the.cells.treated.by.berberine,.expression.of.lipogenic.genes.was.inhibited.signifi-
cantly.[37–41].

In.summary,.berberine,.a. single.compound. identified. from.a.Chinese.herb,.has.a.promising.
activity.in.the.control.of.blood.glucose.and.lipid.in.patients.(Figure.16.2)..The.metabolic.activity.
has.been.confirmed.in.various.animal.models,.and.the.action.mechanism.may.include.induction.of.
glycolysis,.α-glucosidase.inhibition,.and.elevation.of.hepatic.LDL.receptor.level.

1�.2.2.�  Bitter melon

Bitter.melon.(bitter.gourd,.karolla,.or.cerasee).is.a.popular.vegetable.as.well.as.an.herb.in.China..
The.species.name.of.bitter.melon.is.Momordica charantia. Bitter.melon.has.been.used.as.an.herb.
for.at.least.600.years.in.South.China.[42].

Bitter.melon.is.known.for.its.“plant.insulin,”.a.polypeptide.with.166.residues,.which.exerts.a.potent.
hypoglycemic.effect.after.subcutaneous.injection.[43]..Oral.administration.of.“plant.insulin”.is.not.
effective.in.the.regulation.of.glucose.metabolism.as.the.peptide.is.inactivated.in.the.gut..Requirement.
for.injection.limited.its.clinical.application..In.addition.to.the.“plant.insulin,”.bitter.melon.may.also.
contain.unknown.bioactive.components,.as.a.substantial.number.of.reports.indicate.that.bitter.melon.
is.able.to.exert.a.hypoglycemic.effect.in.a.variety.of.animal.models.through.oral.administration.

Inflammation
Islet function 

Insulin sensitivity 
Blood glucose

Thermogenesis

Energy expenditure

Antioxidant

Mood

psychophysical
performance

Physical activity

Food intake
Body weight Blood lipids

Asian and American
ginseng, ginsenosides

fIgure 1�.1  Ginseng. is. able. to. improve. glucose. metabolism. through. multiple. pathways:. (1). Glucose.
disposal. is. increased.partially.due. to.activation.of. insulin.signaling.pathway.and.GLUT4. translocation.by.
ginseng;.(2).food.intake.is.suppressed.through.inhibition.of.NPY.expression.in.hypothalamus;.(3).Physical.
activity. is. increased. through. improvement. of. mood. and. psychophysical. performance;. 4). Fat. composition.
and.body.weight.are.reduced.partially.related.to.upregulation.of.thermogenesis.and.energy.expenditure;.(5).
Antioxidant.and.anti-inflammation.properties.may.be.involved.in.the.mechanisms.of.insulin.sensitization..(6).
islet.function.is.protected.through.antioxidant.activity.and.inhibition.of.β.cell.apoptosis.
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In.diabetic.mice.or.rats,.oral.administration.of.bitter.melon.extracts.decreased.blood.glucose.
and. increased. insulin. sensitivity. [44–46].. Furthermore,. administration. of. bitter. melon. extracts.
decreased.serum.cholesterol,.triglycerides,.LDL-C,.urea,.creatinine,.alanine.transaminase.(ALT),.
and.aspartate.transaminase.(AST),.and.increased.serum.HDL-C,.suggesting.that.bitter.melon.may.
correct.hyperlipidemia.and.protect.hepatic-renal.functions.[47–49]..Ten.weeks’.administration.of.
bitter.melon.fruit.extract.nearly.restored.the.increased.TG,.total.cholesterol.(TC),.and.lipid.peroxide.
together.with.decreased.HDL-C.[50]..Once.the.bitter.melon.extract.was.withdrawn,.the.hyperglyce-
mia.and.dyslipidemia.appeared.again.[51].

The.hypoglycemic.effect.of.bitter.melon.extract.was.also.tested.in.more.than.100.patients.with.
type.2.diabetes..Administration.of.the.fruit.juice.or.homogenized.suspension.of.bitter.melon.led.to.
significant.reduction.of.both.FBG.and.PBG.[52,53]..Nearly.75%.of.the.patients.had.good.response.
to.bitter.melon..Bitter.melon.administrated.together.with.a.50%.dose.of.metformin.or.glibenclamide.
led.to.a.greater.reduction.in.blood.glucose.than.that.by.full.doses.of. the.drugs,.which.indicated.
that.bitter.melon.had.a.synergistic.effect.with.other.oral.hypoglycemic.agents.[54]..However,.these.
results.are.not. supported.by.a. recent. randomized,.double-blind,.placebo-controlled.clinical. trial.
with.40.patients.[55]..In.that.study,.HbA1c.was.decreased.by.0.22%.in.favor.of.bitter.melon,.a.dif-
ference.that.is.not.significant..No.significant.effects.were.observed.in.FBG,.total.cholesterol.and.
body.weight.under.treatment.with.bitter.melon..Thus,.the.clinical.application.of.bitter.melon.needs.
more.evidence.from.clinical.trials.

In.summary,.bitter.melon.has.some.activities.in.the.regulation.of.glucose.and.lipid.metabolism.
(Figure.16.3),.which.were.tested.in.animals.and.patients..Antioxidant.and.protection.of.β-cells.are.
considered.the.major.mechanisms.of.bitter.melon.in.the.treatment.of.diabetes..Additionally,.bitter.
melon.may.also.act.through.inhibition.of.glucose.absorption.and.enhancement.of.glucose.disposal..
However,.the.clinical.outcomes.of.bitter.melon.on.diabetes.are.controversial..The.therapeutic.effi-
cacy.of.bitter.melon.needs.to.be.evaluated.in.clinical.trials.with.larger.sample.size.

1�.2.2.�  tea

Tea.is.one.of.the.most.popular.beverages.in.the.world..The.earliest.legend.about.tea.originates.from.
Shennong,. the.mythical.emperor.of.China.who.invented.agriculture.and.Chinese.medicine..Tea,.
including. green,. black,. and.oolong. tea,. is. prepared. from. the. leaves.of.Camelia sinensis,.which.
is. native. to. the. area. that. includes. the. northern. part. of. Burma. and. southwest.China;. it. now.has.
been.cultivated. in.half. the.world..The.major.bioactive.component.of. tea. is.catechins,.which.are.

TC, LDL-C 

BerberineGlucose
absorption

Colon Adipocytes
Adipogenesis

Insulin sensitivity
Blood glucose

fIgure 1�.2  Mechanism.of.berberine.in.regulation.of.metabolism:.(1).Enhances.glucose.uptake.through.
induction.of.glycolysis,.which.is.due.to.inhibition.of.aerobic.respiratory;.(2).adipogenesis.suppressed.through.
inhibition.of.peroxisome.proliferator-activated.receptor.(PPAR).γ.and.CCAAT-enhancer-binding.protein.(C/
EBP).α.function;.(3).intestinal.glucose.absorption.decreased.by.inhibition.of.α-glucosidase;.(4).low-density.
lipoprotein.receptor.(LDLR).expression.upregulated.through.increasing.LDLR.mRNA,.which.is.related.to.
inactivation.of. extracellular. signal-regulated.kinase. (ERK).and.activation.of. c-Jun.NH(2)-terminal.kinase.
(JNK).pathway.
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polyphenolic.antioxidant.plant.metabolites..Green.and.white.teas.have.much.more.catechins.(30%).
than. black. tea. has. (10%). because. fermentation. reduces. the. polyphenols. in. black. or. oolong. tea..
Among.the.catechins,.epigallocatechin.gallate.(EGCG).is.the.most.abundant.in.tea.and.represents.
the.bioactive.component.of.tea.in.many.studies.

Tea.has.been.reported.to.have.anti-aging,.anticancer,.antidiabetic,.anti-obesity,.anti-inflamma-
tory,.and.anticardiovascular.disease.effects.[56–60]..In.a.randomized.controlled.clinical.trial.with.
60.patients.of.glucose.abnormalities,.544.mg.polyphenols.(456.mg.catechins).administration.daily.
for.2.months.reduced.HbA1c.and.diastolic.blood.pressure.significantly.[61]..In.the.rat.model.of.insu-
lin.resistance.induced.by.fructose,.green.tea.restored.metabolic.disorders.such.as.hyperglycemia,.
hyperinsulinemia,.and.hypertension.[62].

Tea.polyphenols.were.reported.to.have.beneficial.effects.on.obesity.and.dyslipidemia..In.a.ran-
domized.triple-crossover.clinical.trial,.nine.male.subjects.with.mild.or.borderline.hypertriglycerol-
aemia.were.chosen.to.test.the.effects.of.tea.catechins..The.results.demonstrated.that.tea.catechins.
attenuated.the.postprandial.increase.in.plasma.triglycerol.levels.following.a.fat.load.[63]..In.a.ran-
domized.double.blind,.placebo-controlled,.cross-over.pilot.study.with.six.overweight.men,.EGCG.
showed.the.potential.effect.on.increasing.fat.oxidation.[64]..In.another.study.using.metabolic.cham-
ber,.green.tea.extract.was.shown.to.have.thermogenic.properties.and.promote.fat.oxidation.beyond.the.
effect.by.its.caffeine.content.alone..The.study.indicated.that.the.sympathetic.nerve.system.is.involved.
in.stimulation.of.thermogenesis.and.this.activity.is.increased.by.a.synergistic.interaction.between.
catechins.and.caffeine.[65,66]..In.animal.experiments,.EGCG.injection.reduced.body.weight,.food.
intake,.lipid.absorption,.plasma.triglycerides,.cholesterol,.leptin.and.insulin.levels.[67].

In. summary,. tea. and. its. bioactive. component. catechins. or. EGCG. have. potential. effects. on.
reduction.of.blood.glucose.and.lipids..It.may.increase.insulin.sensitivity.and.attenuate.diet-induced.
obesity.through.inhibition.of.energy.intake.and.increase.in.fat.oxidation..Tea.is.a.healthy.beverage.
with.beneficial.effects.on.metabolism.

1�.�  ConClusIon

Traditional.Chinese.Medicine.is.an.excellent.system.in.complementary.and.alternative.medicine..It.
holds.great.and.unique.potential.in.the.management.of.insulin.resistance.and.metabolic.syndrome,.
especially.in.the.control.of.glucose.and.lipid.metabolism..It.also.holds.potential.in.the.treatment.
of.diabetic.complications..The.metabolic.activities.of.many.Chinese.herbal.medicines.have.been.
proven.in.well-designed.animal.experiments..The.mechanisms.of.action.remain.to.be.investigated.
for.these.herbs,.as.large-scale.clinical.trials.have.not.been.conducted.for.these.herbal.medicines.

Gluconeogenesis Glucose oxidation

Bitter melon Glucose uptakeAntioxidant

-cells protection Intestinal glucose
absorption

fIgure 1�.�  Mechanism.of.bitter.melon.in.reduction.of.blood.glucose..Antioxidant.and.β-cells.protection.
are.considered.the.major.mechanisms.of.bitter.melon.action.in.the.treatment.of.diabetes..Additionally,.bitter.
melon.is.able.to.inhibit.glucose.absorption.in.intestine,.reduce.hepatic.gluconeogenesis,.and.increase.glucose.
uptake,.glucose.oxidation,.and.hepatic.glycogen.content.
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Prevention	of	Cataract
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1�.1  IntroduCtIon

Cataract. is.a.clouding.of.the.lens.of.the.eye.that. leads.to.visual. impairment.and,. in.some.cases,.
blindness..It.is.an.important.public.health.problem.with.a.number.of.contributing.factors,.although.
the.large.majority.of.cataracts.are.believed.to.be.due.to.increasing.age..Approximately.20.5.million.
Americans.aged.40.years.and.older.show.some.evidence.of.age-related.cataract. [1–3]..Cataracts.
severe.enough.to.impair.vision.are.estimated.to.affect.5%.of.persons.aged.65.years.and.about.50%.
of.persons.aged.75.years.and.older.[2,4]..Of.added.concern,.the.prevalence.of.cataract.is.expected.to.
increase.by.50%.as.the.number.of.elderly.persons.in.the.United.States.increases.over.the.next.two.
decades..Although.treatment.for.cataract.is.readily.available.in.the.form.of.cataract.surgery,.this.
procedure.accounts.for.a.large.portion.of.Medicare.expenditures.[5].

Nutrition.is.suspected.to.be.one.of.the.factors.that.play.an.important.role.in.cataract.develop-
ment.and,.over.the.past.two.decades,.a.number.of.epidemiologic.studies.have.examined.whether.
the.occurrence.of.cataract.can.be.related.to.dietary.or.plasma.levels.of.a.range.of.nutrients..Because.
oxidative.damage.is.a.prominent.feature.of.age-related.cataracts.[6–8],.a.particular.focus.of.these.
studies.has.been.on.nutrients.with.antioxidant.potential,.most.commonly.vitamin.C,.vitamin.E,.and.
beta-carotene..More.recent.studies.have.focused.on.the.xanthophyll.carotenoids.lutein.and.zeaxan-
thin,.which.may.also.exert.antioxidant.activity.

This.chapter.will.briefly.review.the.basic.science.evidence.and.the.evidence.from.observational.
studies.in.humans.supporting.a.possible.beneficial.effect.for.antioxidant.nutrients.in.reducing.risks.
of. cataract,. and. will. present. the. findings. from. completed. randomized. trials. testing. antioxidant.
supplements.in.cataract.prevention.
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17.1.1  basic sciEncE and animal rEsEarcH

Basic.science.and.animal.research.studies.have.provided.plausible.biologic.mechanisms.by.which.
vitamins.with.antioxidant.properties.may.exert.a.protective.effect.on.the.human.lens..Reactive.spe-
cies.of.oxygen,.generated.through.photo-oxidation.and.normal.metabolic.processes,.can.damage.
crystallin.proteins.and.lipids.in.the.lens,.disrupt.lens.fiber.membranes,.and.reduce.the.functional.
capabilities.of.endogenous.proteolytic.enzymes.[9,10]..Supplementation.studies.in.animals.further.
support.a.possible.protective.role.for.antioxidant.nutrients.in.cataract.formation..In vivo.and.in vitro.
studies.in.several.animal.species.have.shown.that.supplementation.with.antioxidant.vitamins,.pri-
marily.vitamin.C.[11].or.E.[12],.can.prevent.or.delay.cataract.development.under.various.conditions.
of.elevated.oxidative.stress..Antioxidants.have.also.been.shown.to.protect.lens.proteases,.important.
for.the.elimination.of.damaged.protein.from.the.lens,.from.photo-oxidative.destruction.[13].

17.1.2  ObsErvatiOnal EPidEmiOlOgic studiEs

In. observational. epidemiologic. studies. (eg.. cross-sectional,. case-control,. prospective. cohort),.
the.investigator.merely.notes.who.is.exposed.to.a.factor.of.interest.and.who.is.not.exposed,.and.
who. develops. a. disease. of. interest. and. who. remains. disease. free.. Therefore,. nutrient. status. in.
observational.studies.reflects.the.dietary.choices.made.by.study.participants,.and.is.not.influenced.
in.any.way.by.study.investigators.

1�.1.2.1  Cross-sectional and Case-Control studies

Evidence. from. cross-sectional. and. case-control. studies. generally. supports. a. possible. beneficial.
effect. for. antioxidant. nutrients. in. delaying. cataract. onset. and. progression.. Most. cross-sectional.
and.case-control.studies.indicate.lower.risks.of.at.least.one.cataract.type.(nuclear,.cortical,.or.pos-
terior.subcapsular).for.individuals.who.have.high.dietary.intake.or.plasma.levels.of.one.or.more.
antioxidant.nutrients,.in.particular.vitamins.C.and.E.[14–42]..However,.interpretation.of.findings.
from.cross-sectional.and.case-control.studies.is.complicated.by.inherent.limitations.of.the.study.
design..For.example,.in.cross-sectional.studies,.information.on.nutrient.status.and.disease.presence.
or.absence.is.obtained.at.the.same.point.in.time..Therefore,.the.temporal.relationship.between.nutri-
ent.level.and.cataract.occurrence.is.not.possible.to.address.in.cross-sectional.studies..The.temporal.
relationship.between.exposure.and.disease.can.also.be.difficult.to.assess.in.case-control.studies..In.
addition,.case-control.studies.often.must.address.the.possibility.of.recall.bias,.which.can.be.difficult.
to.exclude.as.an.alternative.explanation.for.study.findings.

1�.1.2.2  prospecti�e studies

Prospective.cohort.studies.(and.case-control.studies.nested.within.a.prospective.cohort).are.consid-
ered.more.reliable.than.cross-sectional.and.case-control.studies.because.nutrient.status,.as.well.as.
information.on.other.risk.factors,.is.determined.before.disease.occurs..As.a.result,.prospective.stud-
ies.are.better.able.to.address.the.temporal.relationship.between.exposure.and.disease.and.thereby.
provide. stronger. evidence.of. a. cause–effect. relationship..Moreover,. because.disease.has.not. yet.
occurred.when.nutrient.status.is.assessed,.recall.bias.is.not.a.problem.in.prospective.studies..More.
than.a.dozen.reports. from.prospective.cohorts.have.examined.antioxidant.nutrients.and.cataract.
[43–56]..Findings.of.several.of.the.larger.studies.are.shown.in.Table.17.1.and.will.be.briefly.sum-
marized.here.

A. possible. link. between. higher. intake. of. dietary. and. supplemental. antioxidants. and. subse-
quent.cataract.surgery.was.examined.in.three.reports.from.the.U.S.Nurses.Health.Study.(NHS)..In.
these.reports,.women.provided.dietary.information.by.completing.a.food.frequency.questionnaire.
at.study.entry.and.at.several.other.times.during.follow-up..The.first.report,.based.on.data.from.more.
than. 50,000. women,. included. 493. cataract. extractions. documented. during. 8. years. of. follow-up.
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taBle 1�.1
prospecti�e studies of antioxidants and Cataract

study description
duration 
(years) endpoint findings

Hankinson.et.al.,.
Nurses’.Health.Study,.
1992.[43]

50,828.female.
health.
professionals.aged.
45–67.yrs

8 493.cataract.
extractions

Vitamin.C.supplement.use.(10.yrs).RR,.0.55;.
95%..Cl,.0.32–0.96

No.association.with.dietary.vitamin.C.or.E
No.association.with.use.of.multivitamin.
supplements

Seddon.et.al.,.
Physicians’.Health.
Study,.1994.[49]

17,744.male.
physicians.aged.
40–82.yrs

5 370.cataracts Multivitamin.supplement.use.RR,.0.73;.95%.
CI,.0.54–0.99

No.association.with.use.of.supplements.of.
vitamin.C.and/or.vitamin.E

Leske.et.al.,.
Longitudinal.Study.of.
Cataract,.1998.[50]

744.males.and.
females.aged.40.
yrs.and.older

4.6 177.increases.in.
nuclear.
opacification

Multivitamin.supplement.use.RR,.0.69;.95%.
CI,.0.48–0.99

Vitamin.E.supplement.use.RR,.0.43;.95%.CI,.
0.19–0.99

Plasma.vitamin.E.high.vs..low.quintiles:.RR,.
0.58;.95%.CI,.0.36–0.94

Brown.et.al.,.Health.
Professionals.Follow-
up.Study,.1999.[48]

36,644.male.health.
professionals.aged.
45–75.yrs

8 840.cataract.
extractions

Dietary.lutein.and.zeaxanthin.high.vs..low.
quintiles:.RR,.0.81;.95%.CI,.0.65–1.01

No.association.with.dietary.(α-carotene,.(β-
carotene,.lycopene,.or.(β-cryptoxanthin

Chasan–Taber.et.al.,.
Nurses’.Health.Study,.
1999.[47]

50,461.female.
health.
professionals.aged.
45–71.yrs

12 1,471.cataract.
extractions

Dietary.lutein.and.zeaxanthin.high.vs..low.
quintiles:.RR,.0.78;.95%.CI,.0.63–0.95

No.association.with.dietary.(α-carotene,.(β-
carotene,.lycopene,.or.(β-cryptoxanthin

Chasan–Taber.et.al.,.
Nurses’.Health.Study,.
1999.[46]

47,152.female.
health.
professionals.aged.
45–71.yrs

12 1,377.cataract.
extractions

No.association.with.use.of.multivitamin.
supplements

No.association.with.use.of.supplements.of.
vitamin.C.or.E

Mares–Perlman.et.al.,.
Beaver.Dam.Eye.
Study,.2000.[53]

2,434.males.and.
females.aged.43–
86.yrs

5 657.cataracts Multivitamin.supplement.use.(10.yrs).RR,.
0.4;.95%.Cl,.0.3–0.7

Vitamin.C.supplement.use.(10.yrs).RR,.0.4;.
95%.Cl,..0.3–0.6

Vitamin.E.supplement.use.(10.yrs).RR,.0.4;.
95%.Cl,.0.3–0.6

Milton.et.al.,.Age-
related.Eye.Disease.
Cohort,.2006.[55]

4,590.males.and.
females.aged.55–
80.yrs

6.3 1,377*.lens.events.
change.from.
baseline.or.
cataract.surgery

Multivitamin.supplement.use.Centrum.
without.lutein.RR,.0.84;.95%.CI,.0.72–0.98

Yoshida.et.al.,.Japan.
Public.Health.Center–
based.Prospective.
Study.2007.[56]

35,186.males.and.
females.aged.45–
64.yrs

5 767.cataracts
297.cataract.

extractions

Dietary.vitamin.C.high.vs..low.quintiles
Males:.cataract.RR,.0.65;.95%.CI,.0.42–0.97
cataract.extraction.RR,.0.70;.95%.CI,.
0.44–1.20

Females:.cataract.RR,.0.59;.95%.CI,.
0.43–0.89

cataract.extraction.RR,.0.64;.95%.CI,.
0.41–0.94

*. Estimated.from.report
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[43]..Total.carotene.intake,.comparing.women.in.the.highest.fifth.to.women.in.the.lowest.fifth,.was.
inversely.associated.with.the.risk.of.cataract.extraction.(relative.risk.[RR],.0.73;.95%.confidence.
interval.[CI],.0.55.to.0.97).after.adjustment.for.other.cataract.risk.factors..There.was.no.associa-
tion.of.dietary.vitamins.C.or.E.with.cataract,.nor.was.multivitamin.intake.associated.with.cataract..
However,.use.of.vitamin.C.supplements.for.10.years.or.more.was.associated.with.a.decreased.risk.of.
cataract.surgery.(RR,.0.55;.95%.CI,.0.32.to.0.96)..Long-term.(more.than.10.years).use.of.vitamin.E.
supplements,.on.the.other.hand,.was.shown.to.be.unrelated.to.the.risk.of.cataract.surgery.in.a.second.
report.from.that.population.[46]..A.third.report.examined.the.association.of.various.carotenoids.
with.cataract.surgery..The.report.was.based.on.1,471.cataract.extractions.documented.during.12.
years.of.follow-up.[47]..Women.in.the.highest.quintile.of.lutein.and.zeaxanthin.intake,.compared.to.
women.in.the.lowest.quintile,.had.a.22%.lower.risk.of.cataract.surgery.(RR,.0.78;.95%.CI,.0.63.to.
0.95).in.multivariate.analysis..Other.carotenoids,.including.α-carotene,.β-carotene,.lycopene,.and.
β-cryptoxanthin,.were.unrelated.to.risk.of.cataract.surgery.

Similar.suggestive.findings.for.lutein.and.zeaxanthin.were.reported.in.a.prospective.study.of.
36,644.U.S.male.health.professionals.[48]..In.that.study,.a.total.of.840.cataract.extractions.were.
documented.during.8.years.of.follow-up..Compared.with.men.in.the.lowest.quintile.of.intake,.those.
in.the.highest.quintile.of.lutein.and.zeaxanthin.intake.had.a.19%.lower.risk.of.cataract.surgery.(RR,.
0.81;.95%.CI,.0.65.to.1.01).after.adjusting.for.other.cataract.risk.factors..As.in.the.nurses.study,.
however,.intake.levels.of.α-carotene,.β-carotene,.lycopene,.and.β-cryptoxanthin.were.not.associ-
ated.with.risk.of.cataract.surgery.

The.relation.of.vitamin.supplement.use.with.new.diagnoses.of.cataract.was.examined.in.pro-
spective.data.from.Physicians'.Health.Study.I.(PHS.I)..That.report.included.data.from.17,744.male.
physicians.who.did.not.report.cataract.at.baseline..A.total.of.370.cases.of.visually.significant.(20/30.
or.worse).age-related.cataract.were.documented.during.5.years.of.follow-up.[49]..Men.who.reported.
at.baseline.that.they.took.only.multivitamins,.compared.with.those.who.used.no.supplements,.had.
a.statistically.significant.27%.lower.risk.of.cataract.(RR,.0.73;.95%.CI,.0.54–0.99).after.adjustment.
for.other.cataract.risk.factors..Those.who.reported.supplemental.use.of.vitamin.C.or.E.alone.had.a.
statistically.nonsignificant.32%.increased.risk.of.cataract.(RR,.1.32;.95%.CI,.0.85–2.04).

In.the.Longitudinal.Study.of.Cataract,.177.of.744.men.and.women.showed.an.increase.in.the.
severity.of.lens.nuclear.opacities.during.5.years.of.follow-up.[50]..The.risk.of.increased.opacifi-
cation.was.reduced.by.more.than.50%.(RR,.0.43;.95%.CI,.0.19–0.99).among.users.of.vitamin.E.
supplements,.and.by.31%.(RR,.0.69;.95%.CI,.0.48–0.99).among.users.of.multivitamin.supplements..
Consistent.with.the.findings.for.vitamin.E.supplements,.the.plasma.level.of.vitamin.E.was.inversely.
associated.with.risk.of.nuclear.opacification.(high.vs..low.quintile;.RR,.0.58;.95%.CI,.0.36–0.94)..
No.association.was.observed.for.vitamin.C.intake.from.diet.or.supplements.in.that.study.

Prospective.data.from.the.Beaver.Dam.Eye.Study.also.appear.to.support.a.possible.benefit.for.
antioxidant.nutrients.in.cataract.prevention.[53]..The.study.population.for.that.report.consisted.of.
2,434.men.and.women.who.were.free.of.cataract.at.baseline,.and.who.also.provided.baseline.infor-
mation.about.diet.and.vitamin.supplement.use..Among.that.subsample,.a.total.of.657.cataracts.were.
documented.during.5.years.of.follow-up..Users.of.multivitamins.for.more.than.10.years.were.found.
to.have.a.statistically.significant.60%.reduced.risk.of.cataract.(RR,.0.4;.95%.CI,.0.3–0.7).compared.
with.nonusers..Similar.risk.reductions.were.observed.for.participants.who.reported.using.supple-
ments.of.vitamin.C.(RR,.0.4;.95%.CI,.0.3–0.6).or.vitamin.E.(RR,.0.4;.95%.CI,.0.3–0.6).for.more.
than.10.years.. In.analyses.of.cataract.subtypes,.using.multivitamins.for.more.than.10.years.was.
associated.with.a.lower.risk.of.nuclear.(RR,.0.6;.95%.CI,.0.4–0.9).and.cortical.cataracts.(RR,.0.4;.
95%.CI,.0.2–0.8),.but.not.posterior.subcapsular.cataracts.(RR,.0.9;.95%.CI,.0.5–1.9).

A.major.study.objective.of.the.Age-Related.Eye.Disease.Study.(AREDS).was.to.test.in.a.ran-
domized.trial.the.effect.of.an.antioxidant.combination.(vitamin.E,.vitamin.C,.and.beta-carotene).
on.cataract.onset.and.progression.in.men.and.women.(those.results.are.described.below).[57]..In.
addition.to.randomized.treatment.with.the.antioxidant.combination,.participants.in.AREDS.were.
also.offered.a.multivitamin/mineral.supplement.containing.RDA-level.dosages.(Centrum®.without.
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lutein). in. order. to. standardize. the. usage. of. nonstudy. supplements. among. the. study. population..
Two-thirds.of.AREDS.participants.(3,037.of.4,590).chose.to.supplement.with.Centrum..A.prospec-
tive.analysis.of.these.observational.data.showed.that.participants.who.chose.to.use.Centrum.had.a.
statistically.significant.16%.lower.risk.(RR,.0.84;.95%.CI,.0.72–0.98).of.any.lens.opacity.progres-
sion,.which.was.defined.as.the.occurrence.of.change.from.baseline.of.specified.amounts.of.nuclear,.
cortical,.or.posterior.subcapsular.opacity,.or.the.performance.of.cataract.surgery.[55].

Finally,. in.a.recent.study.of.16,415.men.and.18,771.women.in.Japan,.among.whom.767.new.
diagnoses.of.cataract.and.297.cataract.extractions.were.reported.during.5.years.of.follow-up,.higher.
dietary. intake.of.vitamin.C.from.food.sources.alone.(participants.reporting.any.supplement.use.
were.excluded.from.the.analysis).was.associated.with.decreased.risks.of.both.cataract.and.cata-
ract.extraction.[56]..Among.men,.there.was.a.35%.decreased.risk.of.cataract.(RR,.0.65;.95%.CI,.
0.42–0.97).and.a.30%.decreased.risk.of.cataract.extraction.(RR,.0.70;.95%.CI,.0.44–1.20)..Among.
women,. there. was. a. 41%. decreased. risk. of. cataract. (RR,. 0.59;. 95%. CI,. 0.43–0.89). and. a. 36%.
decreased.risk.of.cataract.extraction.(RR,.0.64;.95%.CI,.0.41–0.94).

Taken.together,.the.results.of.these.large.prospective.cohort.studies.generally.support.a.possible.
protective. role. for. antioxidant. nutrients. in. cataract.. In. fact,. including. cross-sectional. and. case-
control. studies,. most. observational. epidemiologic. studies. report. at. least. one. inverse. association.
between.some.measure.of.antioxidant.status.and.one.measure.of.cataract.outcome..When.the.find-
ings.are.combined.across.studies.and.examined.more.critically,.however,.it.becomes.apparent.that.
the.data.for.individual.nutrients.or.individual.disease.types.are.very.inconsistent..One.possible.rea-
son.for.this.inconsistency.is.the.presence.of.chance.findings..In.studies.of.nutritional.determinants.
of.disease,.there.is.often.the.opportunity.to.examine.a.large.number.of.possible.associations.in.the.
data..Particularly.with.cataract,.the.investigator.may.explore.associations.of.multiple.nutrients.with.
cataract.diagnosis.or.surgery,.or.with.specific.subtypes.of.cataract.(eg,.nuclear.sclerosis,.cortical,.
posterior.subcapsular)..While.it.is.certainly.plausible.that.nutritional.determinants.may.be.different.
for. the.various.cataract.subtypes,. the.conduct.of.multiple.comparisons.within. individual.studies.
increases. the. likelihood. of. chance. findings,. and. probably. contributes. to. the. inconsistent. results.
between.studies..Other.possible.reasons.for.observed.inconsistencies.include.the.use.of.different.
methods.of.nutritional.and.disease.assessment.and.differences.among.study.populations.including.
differences.in.nutritional.status.

17.1.3  wHy randOmizEd trials arE nEEdEd

A. particularly. important. limitation. of. observational. epidemiologic. studies. is. uncontrolled. con-
founding..Because.study.participants.choose. their.own.diets,. those.who.ingest.a.greater. level.of.
antioxidant.vitamins,.either.in.the.diet.or.through.supplements,.are.likely.to.differ.from.those.with.
less-favorable.diets.in.other.important.ways,.including.life-style.factors.and.other.dietary.practices.
that.may.be.associated.with.disease.occurrence..In.addition,.the.intercorrelation.of.nutrients.com-
plicates.the.interpretation.of.results.for.individual.nutrients.in.observational.studies..Antioxidant.
vitamins.and.minerals.share.common.food.sources,.and.high.dietary.or.blood.levels.of.one.anti-
oxidant.are.often.associated.with.high.levels.of.other.antioxidants..Thus,.an.apparent.association.
between.a. specific.antioxidant.nutrient.and.disease.may.be.confounded.by.other.nutrients.more.
directly.related.to.the.risk.of.disease.development.

Observational.studies.can.adjust.for.the.effects.of.known.confounders,.but.not.for.the.effects.of.
unknown.or.unmeasured.confounders..For.the.small.to.moderate.effects.that.are.hypothesized.for.
antioxidant.vitamins,.the.magnitude.of.uncontrolled.confounding.in.observational.studies.can.easily.
be.as.large.as.the.most.plausible.benefits.or.risks.that.might.be.expected..Clearly,.randomized.trials.
of.sufficient.size.and.duration.are.required.to.provide.reliable.data.on.the.specific.effect.of.individual.
antioxidant.vitamins.in.cataract.prevention..If.these.trials.are.large.enough,.randomization.will.tend.
to.distribute.the.known.and.unknown.confounding.factors.evenly.among.treatment.groups.
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17.1.4  randOmizEd trials OF antiOxidant suPPlEmEnts and cataract

Data.are.available.from.eight.completed.randomized.trials.that.examined.antioxidant.supplements.
in.cataract.prevention..The.main.findings.of.these.trials.are.presented.in.Table.17.2.and.are.briefly.
discussed.here.

The. Linxian. Cataract. Study. [58]. was. an. ancillary. study. of. the. Chinese. Cancer. Prevention.
Study.[59],.which.was.conducted.in.an.undernourished.population.in.China..In.the.Cataract.Study,.
end-of-trial.eye.examinations.conducted.among.a.subset.of.participants.with.esophageal.dysplasia.
indicated.a.reduced.prevalence.of.nuclear.cataract. in. the.subgroup.of.participants.aged.65.to.74.
years.who.were.randomly.assigned.to.daily.treatment.with.vitamin/mineral.supplements.(compris-
ing.two.Centrum.tablets.plus.a.15.mg.beta-carotene.tablet).compared.with.those.assigned.to.placebo.
(OR,.0.57;.95%.CI,.0.36–0.90)..There.was.no.significant.association.with.nuclear.cataract.among.
persons.aged.45.to.64.years,.nor.was.there.any.association.with.cortical.or.posterior.subcapsular.
cataract.[58].

The.Alpha-Tocopherol.Beta-Carotene.(ATBC).cancer.prevention.study.was.the.first.large-scale.
randomized.trial.to.test.antioxidant.vitamins.in.a.well-nourished.population.[60]..The.study.popu-
lation.comprised.29,133.Finnish.male.smokers.aged.50.to.69.years.who.were.randomly.assigned.
in.a.2.x.2.factorial. trial. to.alpha-tocopherol.(50.mg.daily).or.placebo,.and.beta-carotene.(20.mg.
daily).or.placebo..There.have.been.two.reports.from.the.ATBC.study.that.examined.the.effects.of.
randomized.treatment.on.cataract..In.one,.which.was.based.on.end-of-trial.examinations.among.a.
random.sample.of.1,828.participants,.supplementation.with.alpha-tocopherol.or.beta-carotene.was.
not.associated.with.the.end-of-trial.prevalence.of.nuclear.(RRs,.0.8.and.0.9,.respectively),.cortical.
(RRs,.0.9.and.1.2,.respectively),.or.posterior.subcapsular.cataract.(RRs,.0.9.and.0.7,.respectively).
[61]..In.a.second.report,.based.on.425.cataract.surgeries.documented.during.more.than.6.years.of.
treatment.and.follow-up.of.28,934.men.in.the.cataract.surgery.population,.there.was.a.statistically.
nonsignificant.9%.reduced.risk.of.cataract.surgery.(RR,.0.91;.95%.CI,.0.74-1.11).for.those.assigned.
to.alpha-tocopherol,.and.a.nonsignificant.3%.reduced.risk.(RR,.0.97;.95%.CI,.0.79-1.19).for.those.
assigned.beta-carotene.[62].

The.AREDS.tested.the.effects.of.a.daily.antioxidant.combination.of.vitamin.E.(400.IU),.vita-
min.C.(500.mg),.and.beta-carotene.(15.mg).on.the.development.and.progression.of.lens.opacities..
The.findings,.based.on.2,230.lens.events.(i.e.,.increase.in.opacity.grade.from.baseline.or.cataract.
surgery),.indicated.no.apparent.benefit.of.the.antioxidant.vitamins.during.the.6.3.years.of.treatment.
and.follow-up.(RR,.0.97;.95%.CI,.0.84–1.11).[57].

Physicians’.Health.Study.I.was.a.randomized,.double-masked,.placebo-controlled,.2.x.2.facto-
rial.trial.designed.to.evaluate.low-dose.aspirin.and.beta-carotene.(50.mg.on.alternate.days).in.the.
primary.prevention.of.cardiovascular.disease.and.cancer.among.22,071.U.S..male.physicians.[63]..
The.findings.in.PHS.I.with.respect.to.cataract.indicated.that.12.years.of.beta-carotene.treatment,.
during.which.2,015.cataracts.were.confirmed,.had.no.effect.on. the.overall. incidence.of.cataract.
(RR,.1.00;.95%.CI,.0.91–1.09).[64].

Similar.null.findings. for.beta-carotene.and.cataract.were.observed. in.a. large. trial.of. female.
health.professionals..The.WHS.was.a.randomized,.double-blind,.placebo-controlled.trial.using.a.
2.x.2.x.2.factorial.design.to.test.the.balance.of.benefits.and.risks.of.beta-carotene.(50.mg.on.alter-
nate.days),.vitamin.E,.and.aspirin.in.the.primary.prevention.of.cancer.and.cardiovascular.disease.
[65]..The.beta-carotene.component.of.the.WHS.was.terminated.early.after.an.average.of.2.1.years.
of. treatment. and. follow-up,. primarily. because. of. the. null. findings. on. beta-carotene. and. cancer.
incidence.after.12.years.of.randomized.treatment.in.PHS.I.[63]..The.findings.for.cataract.in.WHS,.
based.on.262.cataracts.documented.during.the.2.1.years.of.treatment.and.follow-up,.indicated.that.
beta-carotene.treatment.had.no.large.benefit.or.harm.(RR,0.95;.95%.CI,.0.75–1.21).on.risk.of.cata-
ract.during.the.treatment.period.[66].

The.Vitamin.E,.Cataract,.and.Age-Related.Macular.Degeneration.(VECAT).study.was.a.small.
trial.of.1,193.men.and.women.who.were.followed.for.4.years.during.which.142.new.cataracts.and.
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taBle 1�.2
randomized trials of antioxidant supplements and Cataract

study population agents tested
duration 
(years) endpoint findings

Chinese.Cancer.
Prevention.Trial.
Linxian,.1993.
[58]

2,141Chinese.
males.and.females.
aged.45–74

vitamin/mineral.
supplements.
including.vitamin.
E.[60.IU/d],.
vitamin.C.[180.
mg/d],.beta-
carotene.[15.mg/
d],.or.placebo

6.6 160.nuclear,.746.
cortical,.45.
posterior.
subcapsular.
cataracts

nuclear.RR,.0.80;.95%.CI,.
0.57–1.12.45–64.yrs.RR,.
1.28;.95%.CI,.0.57–1.12.
65–74.yrs.RR,.0.57;.95%.
CI,.0.36–0.90

cortical.RR,.1.05;.95%.CI,.
0.88–1.26

posterior.subcapsular.RR,.
1.41;.95%.CI,.0.75–2.67

Alpha-tocopherol.
Beta-carotene.
ATBC.Trial,.1997.
[61]

1,828.Finnish.male.
smokers.aged.
50–69

vitamin.E.50.mg/d,.
beta-carotene.20.
mg/d,.both,.or.
neither

6.6 222.nuclear,.386.
cortical,.105.
posterior.
subcapsular.
cataracts

vitamin.E.nuclear.RR,.0.8;.
95%.CI,.0.4–1.4.cortical.
RR,.0.9;.95%.CI,.0.6–1.4.
posterior.subcapsular.RR,.
0.9;.95%.CI,.0.4–1.8

beta-carotene.nuclear.RR,.
0.9;.95%.CI,.0.5–1.6.
cortical.RR,.1.2;.95%.CI,.
0.8–1.9.posterior.
subcapsular.RR,.0.7;.95%.
CI,.0.3–1.5

Alpha-tocopherol.
Beta-carotene.
ATBC.Trial,.1998.
[62]

28,934.Finnish.
male.smokers.
aged.50–69

vitamin.E.50.mg/d,.
beta-carotene.20.
mg/d,.both,.or.
neither

5.7 425.cataract.
extractions

vitamin.E.RR,.0.91;.95%.CI,.
0.74–1.11

beta-carotene.RR,.0.97;.95%.
CI,.0.79–1.19

Age-related.Eye.
Disease.Study.
AREDS,.2001.
[57]

4,596.males.and.
females.aged.
55–80

antioxidant.
combination.
vitamin.E.[400.
IU/d],.vitamin.C.
[500.mg/d],.beta-
carotene.[15.mg/
d],.or.placebo

6.3 2,230.lens.events.
ncrease.in.opacity.
grade.or.cataract.
surgery

RR,.0.97;.95%.CI,.
0.84–1.11

Physicians’.Health.
Study.I.PHSI,.
2002.[64]

20,968.male.U.S.
physicians.aged.
40–84

beta-carotene.50.
mg.on.alternate.
days,.or.placebo

12 2,015.cataracts RR,.1.00;.95%.CI,.
0.91–1.09

Roche.European.
American.Cataract.
Trial.REACT,.
2002.[68]

297.males.and.
females.aged.40.
yrs.and.older

antioxidant.
combination.
vitamin.E.[600.
IU/d],.vitamin.C.
[750.mg/d],.beta-
carotene.[18.mg/
d],.or.placebo

3 percent.increase.in.
opacification.

less.progression.in.treated.
group.1.7%.vs.3.3%,.p.=.
0.048.among.subset.of.
participants.n.=.158.with.3.
yrs.follow–up

Vitamin.E,.
Cataract,.and.Age-
related.Macular.
Degeneration.
VECAT.Study,.
2004.[67]

1,193.males.and.
females.aged.
55–80

vitamin.E.500.IU/d.
or.placebo

4 142.cataracts.and.
168.progressed.
cataracts

Incidence.RR,.1.0;.95%.CI,.
0.8–1.4

Progression.RR,.1.0;.95%.
CI,.0.7–1.3
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168.progressed.cataracts.were.documented..There.was.no.overall.benefit.of.daily.vitamin.E.(500.
IU).on.cataract.incidence.(RR,.1.0;.95%.CI,.0.8–1.4).or.progression.(RR,.1.0;.95%.CI,.0.7–1.3).in.
VECAT.[67].

The.Roche.European.American.Cataract.Trial. (REACT). tested. the. effect. of. an. antioxidant.
combination.of.daily.vitamin.E.(600.IU),.vitamin.C.(750.mg),.and.beta-carotene.(18mg).on.progres-
sion.of.cataract.in.297.American.and.English.male.and.female.outpatients.with.early.age-related.
cataract..Analyses.restricted.to.a.subset.of.participants.(n.=.158).followed.for.3.years.indicated.that,.
compared.with.placebo,.those.assigned.to.antioxidant.treatment.experienced.a.small.benefit.(p.=.
0.048).on.progression.of.cataract.as.quantified.by.image.analysis.[68].

Finally,.the.Antioxidants.in.Prevention.of.Cataracts.(APC).Study.was.a.5-year,.triple-masked,.
placebo-controlled.trial.conducted.in.India.among.798.males.and.females,.most.of.whom.had.sig-
nificant.nuclear.cataract.at.study.entry.[69]..The.APC.tested.the.ability.of.an.antioxidant.combina-
tion.of.vitamin.C.(500.mg),.vitamin.E.(400.IU),.and.beta-carotene.(15.mg).given.three.times.weekly.
to.retard. the.progression.of.nuclear.opalescence..Analyses. indicated.no.effect.of. the.antioxidant.
combination.on.progression.of.nuclear.opalescence.during.the.5-year.treatment.period.

In.summary,.the.available.evidence.from.completed.trials.indicates.that.treatment.with.high-dose.
antioxidant.supplements,.most.particularly.beta-carotene.[57,58,61,62,64,66,68,69].and.vitamin.E.
[57,58,61,62,67–69],.but.also.vitamin.C.[57,.58,.68,.69],.for.3.to.7.years.(12.years.for.beta-carotene.
in.PHS.I).has.little.effect.on.risk.of.cataract.in.older,.generally.well-nourished.populations.

17.1.4   ObsErvatiOnal studiEs vErsus randOmizEd trials: 
wHy arE tHE Findings diFFErEnt?

The.disappointing.findings.from.randomized.trials.of.antioxidant.supplements.and.cataract.contrast.
with.the.generally.supportive.findings.from.observational.studies..Several.reasons.for.the.discrepant.
findings.are.possible.

If.antioxidant.nutrients.are.beneficial.in.cataract.prevention,.randomized.trials.may.not.have.
detected.the.benefit.because:

Active nutrients not yet identified or tested in trials:.Active.nutrients.directly.responsible.
for.slowing.cataract.onset.and.progression.may.not.yet.be.identified,.or.if.identified,.not.yet.

•

taBle 1�.2 (ContInued)
randomized trials of antioxidant supplements and Cataract

study population agents tested
duration 
(years) endpoint findings

Women’s.Health.
Study.WHS,.
2004.[66]

36,735.female.
health.
professionals.
aged.45.yrs.and.
older

beta-carotene.50.
mg.on.alternate.
days,.or.placebo

2.1 262.cataracts RR,.0.95;.95%.CI,.
0.75–1.21

Antioxidants.in.
Prevention.of.
Cataracts.APC.
Study,.2006.[69]

798.males.and.
females.aged.
35–50.yrs

antioxidant.
combination.
vitamin.E.[400.
IU],.vitamin.C.
[500.mg],.beta-
carotene.[15mg].
3.times.weekly,.
or.placebo

5 cataract.
progression

no.difference.in.
progression.rate
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tested.in.randomized.trials..For.example,.dietary.and.plasma.levels.of.lutein.and.zeaxanthin.
tend.to.be.correlated.with.levels.of.antioxidants.such.as.vitamin.C,.vitamin.E,.and.beta-
carotene,.and.while.accumulating.observational.data.support.an.inverse.association.with.
the.risk.of.cataract,.lutein.and.zeaxanthin.have.not.yet.been.tested.in.randomized.trials.
Appropriate doses not yet tested:.Most.antioxidant.vitamins.have.been.tested.at.phar-
macological.doses,.well.above.the.minimum.daily.allowance,.which.is.based.on.the.mini-
mal.dose.required.to.avoid.vitamin.deficiency.diseases..For.most.vitamins,.however,.the.
optimal.dose.for.maximal.health.is.unknown.and.remains.to.be.determined..While.higher.
doses.may.be.required.to.materially.affect.cataract.development,.the.balance.of.risks.and.
benefits.may.also.be.altered..For.example,.some.reports.have.suggested.significant.toxici-
ties.for.pharmacological.doses.of.vitamin.E.[70],.although.others.have.suggested.that.E.
and.other.nutrients.are.safe.across.a.wide.range.of.doses.[71,72].
Appropriate durations not yet tested:.Most.trials.have.tested.treatment.periods.of.3.to.
7.years,.which.may.be.insufficient.to.alter.development.of.age-related.cataract,.which.is.
a.chronic.disease.that.develops.slowly.over.many.years..It.is.also.possible.that.the.inverse.
association.reported.in.many.observational.studies.is.the.result.of.a.duration.of.intake.even.
longer.than.that.recorded.by.the.study,.and.one.that.encompasses.age.ranges.representing.
a.‘critical.exposure.period’.(eg..3rd.and.4th.decade).for.influencing.cataract.development..
If.so,.then.randomized.trials,.which.have.tested.populations.in.their.5th.decade.and.older,.
would.be.required.to.test.younger.populations.and.follow.them.for.an.extended.duration,.
in.order.to.detect.a.treatment.benefit.on.cataract.

On.the.other.hand,.if.antioxidant.nutrients.are.not.beneficial.in.cataract.prevention,.observa-
tional.studies.may.have.falsely.identified.a.benefit.because:

Confounding (residual confounding) by other healthy behaviors:.The.beneficial.effect.
reported.in.observational.studies.may.be.due.instead.to.other.healthy.non-dietary.behav-
iors.(eg.,.avoidance.of.cigarette.smoking).that.tend.to.be.associated.with.a.healthful.diet.
Multiple comparisons and publication bias:.As.discussed.previously,.observational.stud-
ies.often.offer.the.opportunity.to.examine.a.large.number.of.possible.associations.in.the.
data,.which.increases.the.likelihood.of.chance.findings..If.there.is.a.greater.likelihood.for.
studies.with.positive.findings.to.be.reported.and.published,.then.the.available.literature.will.
be.biased..This.is.particularly.true.in.observational.studies.of.nutritional.determinants.of.
cataract.where.multiple.comparisons.are.frequently.made,.and.a.significant.association(s).
between.one.or.more.nutrients.and.one.or.more.cataract.endpoint.or.subtypes.may.be.pref-
erentially.reported.and.published.to.the.exclusion.of.nonsignificant.associations.

1�.2  ConClusIon

Randomized. trials. that.have.examined. the.effect.of.supplementation.with. individual.antioxidant.
vitamins,.or.a.combination.of.several.vitamins,.for.3.to.7.years.have.provided.little.evidence.of.a.
benefit.on.cataract.development..On-going.and.recently.completed. trials.will.assess. the.possible.
benefits.of.longer.term.treatment.with.one.or.more.antioxidant.vitamins.[73-76],.and.will.provide.
the.first.randomized.trial.data.on.multivitamin.supplementation.in.generally.well-nourished.popu-
lations.[74,.76]..In.the.meantime,.it.remains.prudent.public.health.policy.to.encourage.increased.
intake.of.fruits.and.vegetables.to.lower.risk.for.a.number.of.chronic.diseases.including.cataract.
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1�.1  IntroduCtIon

In.this.chapter,.you.will.encounter.a.phytomedicine.world.that.has.largely.been.abandoned.by.the.
Western.countries.during.the.last.100.years..The.significant.healing.power.in.the.plants,.which.dates.
back.4000.years,.is.still.remarkable.today..The.cultural.heritage.and.wisdom.of.traditional.Chinese.
medicine.(TCM),.some.of.which. is.presented. to.readers. in. this.chapter,.may.offer.some.helpful.
information.about.plant-based.herbal.compounds.that.can.protect.people.against.ischemia.

For.the.last.50.years,.the.Chinese.federal.government.has.constantly.supported.and.encouraged.
studies.in.TCM..Scientific.researchers.have.isolated.and.identified.the.ingredients.of.many.impor-
tant.herbs,. testing.their.effectiveness..A.large.amount.of. information.on.these.subjects.has.been.
published.in.the.Chinese.language.

In.this.chapter,.we.will.provide.information.about.certain.Chinese.herbs.that.have.been.con-
vincingly.analyzed.by.modern.scientific.methods..We.will.briefly.review.the.major.Chinese.herbs.
that.have.been.used.nutritionally.in.TCM.for.combating.brain.ischemia..However,.this.chapter.is.not.
intended.as.a.treatment.manual.for.this.disorder.

Brain. ischemia. is. the. third. leading.cause.of.death. in. industrialized.countries.and.is.a.major.
cause.of.permanent.disability..With. the. increase. in.numbers.of. the.aging.population,.stroke.has.
become.a.worldwide.major.health.problem..In.the.United.States,.tissue-plasminogen.activator.(t-PA).
is.the.only.thrombolytic.drug.that.has.been.approved.to.treat.acute.brain.infarction.by.blood.clot.
resolution,.leading.to.the.restoration.of.the.blood.supply..However,.t-PA.is.restricted.to.administra-
tion.within.3.hours.after.the.clot.formation.and.has.the.risk.of.inducing.brain.hemorrhage.

Brain. injury. resulting. from. the.blood.flow.blockage. is.difficult. to.mitigate..Brain. infarction.
is. currently. irreversible.once.established..Neurocentric.monotherapies.of. the.past.20.years.have.
been.failing.in.clinical.applications.[1–4],.and.no.effective.conventional.pharmacotherapy.has.been.
established.in.humans.to.increase.brain.repair,.nor.to.reduce.infarct.volume.or.neurological.deficit.
in.people.[4].

Complementary.and.alternative.medicine.(CAM).may.offer.a.way.to.help.in.combating.stroke..
Herbal.medicine.is.an.important.element.in.the.treatment.of.brain.infarction.in.patients.in.China,.
Korea,. and. Japan..Many.people,. including.doctors,.have. turned. to.TCM.to.help. stroke.victims..
TCM.based.on.herbs.is.widely.involved.in.stroke.treatment.[5,6],.with.about.25%.of.stroke.patients.
visiting.traditional.medicine.doctors.in.South.Korea.[6]..About.one.third.of.brain.ischemia.patients.
are.treated.with.TCM.in.China.[7]..More.than.50%.of.Chinese.people.still.use.traditional.herbal.
prescriptions,.particularly.when.Western.medicines.(WM).do.not.produce.the.desired.result..The.
Chinese.government.encourages.integrating.TCM.into.WM.to.service.patients.better,.because.some.
diseases.that.do.not.respond.to.WM.may.be.cured.by.TCM..In.the.last.50.years,.this.bedside.herbal.
treatment.has.been.used.on.patients.in.WM.hospitals.in.China..These.WM.hospitals.are.equipped.
with.apothecaries.that.dispense.Chinese.herbs.upon.request.

The.theory.and.formulas.for.enhancing.the.circulation.to.encourage.self-repair.in.TCM.were.
conceived.and.tested.clinically.long.before.the.establishment.of.laboratory.studies.of.disease.mod-
els.in.the.United.Kingdom.and.United.States..Today,.extensive.experimental.studies.have.been.used.
to.investigate.the.effectiveness.of.herbal.medication.

This.chapter. reviews. the.known.disease-fighting.compounds.of. the.major.herbs.and. the.for-
mulae.(or.prescriptions).that.have.been.screened.for.neuroprotection.by.ischemic.model.systems..
We. will. discuss. how. the. mechanisms. of. their. neuroprotection. on. brain. ischemia. are. related. to.
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their.effectiveness.as.antioxidants,.anti-inflammatory.agents,.and.for.anticoagulation.and.improv-
ing.blood.circulation.in.the.brain.

As.an.academic.neurologist.who.was.trained.in.WM.and.practiced.in.Beijing,.and.as.a.neurosci-
entist.working.in.the.United.States,.I.have.been.constantly.attracted.by.the.abundance.and.richness.
of.the.herbal.lore.available.in.CM..Thus,.for.the.past.8.years,.I.have.investigated.the.neuroprotection.
of.a.classic.formula.of.TCM.applied.in.a.stroke.clinic..A.formula.consisting.of.nine.herbs.applied.in.
clinics.has.been.demonstrated.to.possess.significant.neuroprotection.in.animal.experimental.studies.
in.our.lab,.Cerebral.Vascular.Disease.Research.Center..The.nine-herb.combination.reduced.infarct.
volume,.prevented.cavitation,.accelerated.the.recovery.of.paralysis.in.brain.focal.ischemia,.attenu-
ated. neuronal. injury,. prevented. neurodegeneration,. and. maintained. good. coordination. in. global.
forebrain.ischemia.(see.Section.18.4.3.1)..Other.effective.formulas.and.herbs.are.reported.by.many.
studies.around.the.world.

1�.2  neuropathology of CereBral IsChemIa

Brain.ischemia.includes.focal ischemia.i.e..infarction,.which.is.induced.by.blood.flow.blockage.in.
cerebral.arteries.or.common.carotid.arteries.with.blood.clot.or.embolus,.and.global forebrain isch-
emia,.which.usually.results.from.heart.attack.or.cardiac.surgery.

In.humans,.within.the.infarct.the.acute.neuronal.injury.is.characterized.by.necrosis..The.injury.
in.the.penumbra,.where.the.blood.flow.decline.is.not.as.severe.as.at.the.core.of.infarction,.includes.
shrunken.neurons.and.apoptosis.[8,.9].

Ischemia. precipitates. acute. inflammation. at. day. 3. with. coagulative. necrosis. and. neutrophil.
infiltration,.and.then.the.chronic. inflammation.begins.by.infiltration.of.macrophages.and.mono-
cytes..Coagulative.necrotic.tissue.is.liquefied.through.lytic.enzymes.released.by.leukocytes,.so.as.
to.remove.the.dead.cells..Finally,.the.infarct.progresses.to.resorption.with.neovascularization.and.
cavitation.in.the.brain.around.1.month..The.infarct.ultimately.becomes.a.fluid-filled.cavity.in.60%.
of.patients.at.2.weeks.[10].

Endothelial.damage.in.infarcted.regions.is.prominent.[11]..Once.the.endothelium.is.injured,.the.
blood–brain.barrier.(BBB).breaks.and.multiple.inflammatory.cascades.are.activated.and.perivascu-
lar.neuronal.death.is.initiated..Endothelial.injury.may.result.in.secondary.hypoperfusion.via.platelet.
accumulation.at. the.site.of. the.occluded.middle.cerebral.artery.and.in.downstream.microvessels.
associated. with. loss. of. microvascular. integrity,. vasoconstriction,. and. microthrombus. formation.
[12–15],.and.peaks.at.48.hours..The.recirculation.impairment.exists.for.2.weeks.[14,15].and.leads.to.
scattered.microvascular.obstruction.and.microinfarction.[16]..This.decline.in.blood.supply.should.
promote.the.death.of.the.injured.neurons.in.the.penumbra.

Chronic.endothelial.damage.accompanied.by.thrombosis.continues.for.weeks.after.ischemia.[17]..
The.vascular.constriction.leads.to.hypoperfusion.to.induce.neuronal.degeneration.including.shrunken.
neurons.(called.apoptosis),.patches.of.neuronal.loss,.and.microinfarction.in.4.weeks.[18]..Therefore,.
protecting.endothelia.may.attenuate.the.inflammation.and.prevent.secondary.neuronal.injury.

Inflammation.plays.a.key.role.in.brain.ischemic.injury.during.the.healing.process..However,.
acute.inflammation.may.be.healed.without.consequences.if.inflammation.mediators.are.no.longer.
secreted.[19]..Cyclooxygenase-2.(COX2),.the.key.inflammation.mediator,.converts.the.released.ara-
chidonic.acid.into.prostaglandins.(PGs).[20]..PGs.are.important.mediators.[19];.toxic.PGs.instigate.
tissue.damage.[20],.and.are.activated.by.reactive.oxygen.species. (ROS).[21,22]..After. ischemia,.
cyclooxygenase.(COX2).is.expressed.in.neurons,.glia,.infiltrating.neutrophils,.and.endothelia.in.the.
human.brain.[23–26]..Animal.experiments.show.that.COX2.is.rapidly.induced.in.neurons.and.later.
in.glia.(27).and.infiltrating.leukocytes.(28).for.a.long.time..Neuronal.COX2.overexpression.is.exhib-
ited.in.the.peri-infarct.zone.[29]..Prohibiting.COX2.expression.decreases.infarct.volume.[29,30]..
Production.of.ROS.markedly.increases.in.the.recirculation.and.in.the.post-ischemic.inflammation;.
antioxidants.decrease.infarct.volume.[22,31].
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About. 25%. of. patients. develop. dementia. at. 3. months. after. brain. ischemia. [32,33].. Delayed.
encephalopathy.has.been.documented.after.acute.hypoxic-ischemic.insult,.including.brief.cardiac.
arrest.and.heart.surgery.[34–36]..A.sudden.severe.dementia,.paralysis,.and.Parkinson.syndrome.
may.emerge. following.a.symptom-free.period.averaging.2.weeks.after. initial. recovery. from.the.
primary.insult..lesions.of.the.basal.ganglia.associated.with.diffuse.brain.atrophy,.infarction,.or.cor-
tical.laminar.necrosis.are.reported.in.patients.experiencing.a.persistent.vegetative.state.following.
resuscitation.[34–36]..In.addition,.both.β.amyloid.precursor.protein.(βAPP).and.amyloid.β.peptide.
(Aβ),.which.are.the.prominent.features.of.Alzheimer’s.disease.(AD),.are.deposited.in.cortical.and.
subcortical.areas.in. the.brains.of.nondemented.patients.following.cardiac.arrest.[37,38]..Animal.
experimental.studies.found.that.inhibiting.neuronal.COX2.expression.may.prevent.neuronal.death.
at.day.3.following.global.ischemia.[39].

Our.previous.experimental.studies.establish.that,.in.addition.to.the.expected.acute.pathological.
changes,.necrosis. in.hippocampal.CA1.sector. after. transient. forebrain. ischemia.slowly progres-
sive.alterations.also.occur.in.animals..Delayed.infarction.and.neurodegeneration,.as.well.as.βAPP.
and.Aβ.deposition,.occur.over.a.period.of.many.weeks.[40–43],.which.resemble.the.pathological.
changes.seen.in.the.human.brain..The.endothelial.damage.induces.secondary.damage.via.throm-
bosis,.infarction,.and.perivascular.neuronal.death..The.chronic.damage.is.much.more.severe.than.
the.primary.injury.

Unfortunately,. current. studies. have. been. focusing. mainly. on. acute. injury. in. both. focal. and.
global. ischemia.of. the.brain..Chronic. injury.has. received. relatively. little. attention..No.effective.
conventional.pharmacotherapy.has.yet.been.successfully.established.to.combat.both.acute.injury.
and.chronic.damage.following.brain.ischemia.in.patients.in.past.decades.

Excess. production. of. ROS,. BBB. disruption,. and. postischemic. inflammation. are. considered.
the.key.components.in.the.mechanisms.of.ischemia/reperfusion.injury.[31,44]..The.viewpoint.on.
combating.stroke.is.shifting.to.combined.therapy.[8]..Combination.of.antioxidant.and.anti-inflam-
mation.looks.beneficial.[4,22,23,45],.and.prolonging.such therapies.may.augment.their.effectiveness.
[46–48]..Scientists.are.considering.that.the.best.approach.for.combating.stroke.will.be.combined.
therapies.to.reduce.damage.and.enhance.endogenous.neurogenesis.to.replace.the.dead.neurons.[8].

1�.�   BasIC theory aBout stroke In tCm, ConCeptIon 
and terms dIfferent from Western medICIne

18.3.1  mEcHanisms OF strOkE in tcm

Perhaps.the.most.difficult.thing.for.non-Chinese.to.understand.about.Chinese.herbal.medicine.is.the.
terminology..TCM.emphasizes.that.blood.supply.decline.or.blockage.is.the.major.cause.of.diseases.
including.stroke..Because.the.symptoms.of.stroke.have.the.sudden.onset.of.paralysis,.numbness,.
disability.in.language,.and/or.loss.of.consciousness,.TCM.calls.brain.ischemia.“wind stroke.”.Wind.
means.the.stroke.emerges.as.fast.as.a.tornado.and.is.as.severely.destructive.as.a.tornado..Blood.
circulation. decline. induces. the. wind.. Improving. blood. circulation. subdues. the. wind.. Prompting.
vascular.circulation.relieves.the.symptoms.of.wind stroke.and.encourages.repair..The.causes.of.the.
disturbance.of.blood.circulation.are.hypertension,.arteriosclerosis,.decreased.body.function.includ-
ing.the.disturbed.blood.circulation.due.to.aging,.overwork,.dietary.problems,.or.negative.emotions.
such.as.anger,.etc..[49]..To.explain.the.mechanism.of.diseases,.TCM.employs.the.theory.about.bal-
ance.between.Yin.and Yang,.or.the.opposing.forces.within.the.human.body.

TCM.emphasizes. the.harmony.of.body.and.the.balance.between.Yin and.Yang.(see.Section.
18.7.2)..As.soon.as.the.Yin.and.Yang.are.unbalanced,.the.body’s.harmony.is.broken.and.diseases.
emerge..The.therapeutic.principle.is.to.achieve.balance.between.Yin.and.Yang,.thus,.to.rebuild.the.
body’s.harmony..Hypertension.and.arteriosclerosis,. the.cause.of.stroke,.are. termed.as.exuberant.
Yang.in.liver.and.insufficient.Yin.in.liver,.i.e.,.imbalance.of.the.inner.environment.of.the.body.
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Excessive.Yang.in.liver.induces.hypertension.and.arteriosclerosis,.leading.to.a.decrease.in.the.
blood.supply.that.causes.wind..In.addition,.TCM.realizes.the.importance.of.hormones..When.peo-
ple.are.getting.old,.the.sexual.hormone.inside.the.body.is.decreased..TCM.calls.it.a.deficiency of 
Yin.in.the.kidney�. This.induces.and.enhances.the.excessive.Yang.in.the.liver�..The.imbalance.of.Yin.
and.Yang.in.the.liver.and.kidney.is.the.fundamental.cause.of.wind stroke.

18.3.2  PHilOsOPHy OF disEasE trEatmEnt in tcm

In.contrast.to.Western.medicine’s.practice.of.using.a.single.compound.to.fight.stroke,.TCM.empha-
sizes. team.work,. i.e.,. formulae,. or. combination. therapies..The. concept. of. combining.one.major.
active.herb.and.several.supporting.ones.to.synergize.the.therapy’s.pharmacodynamic.action.and.to.
lessen.its.adverse.effects.has.been.the.well.established.philosophy.underlying.prescribing.practice.
in.CM.for.more.than.2000.years.and.is.supported.by.knowledge.accumulated.during.those.cen-
turies.[50]..It.was.found.that.combination.is.more.effective.than.a.single.herb.[50]..Some.specific.
herbs.have.been.among.the.most.popular.and.widely.used.drugs.in.CM.over.such.a.long.history.and.
have.been.considered.beneficial.in.improving.circulatory.disturbances,.exerting.anti-inflammatory.
actions,.and.promoting.healing.after.injury..They.have.been.applied.to.stroke.for.generations.

1�.�  pharmaCology of major herBs In IsChemIa treatment

18.4.1  stratEgy OF strOkE trEatmEnt in tcm

The. therapeutic. principle. of. ischemia. is. to. promote. blood. circulation. in. the. acute. stage. and. to.
depress.the.liver’s Yang.and.increase.the.kidney’s Yin.to.rebuild.the.Yin–Yang.balance.in.liver.and.
kidney.after.the.acute.stage.to.prevent.a.new.wind stroke.attack.[49]..In.the.acute.stage,.some.anti-
inflammatory.agents.are.added.if.the.patient.has.fever.

The. combinations. for. treating. stroke. focus. on. improving. circulation,. removing. blood. clot,.
inhibiting.inflammation.in.the.acute.stage,.and.maintaining.good.circulation.and.adding.some.herbs.
to.rebuild.the.Yin–Yang.balance.in.liver.and.kidney.after.the.acute.stage..Thus,.the.prescriptions.
contain.the.herbs.to.prompt.blood.circulation,.for.example,.Astragali, Angelica,.Ligusticum wal-
lichii,.Carthamus tinctorius,.Prunus persica,.Gastrodia elata Blume is.to.inhibit.the.liver’s.Yang,.
and.Lycium chinense.is.to.nourish.Yin.in.the.liver.and.kidney..Formulae.are.more.effective.than.a.
single.herb.[50]..There.are.several.formulae.for.ischemic-stroke.treatment.

According.to.recent.studies,.herbs.contain.plenty.of.nutrition,.including.vitamins.E,.A,.C,.B12,.
folic.acid,.and.trace.elements;.some.herbs.and.compounds.are.neuroprotectant,.antioxidant,.vaso-
dilator,.anticoagulation.and.anti-inflammatory.agents..Following,.we.will.introduce.the.individual.
herbs.and.the.formulae.

18.4.2  HErbs

1�.�.2.1  Ligusticum Wallichii (chuan Xiong, 川芎)

The.root.of.ligusticum wallichii is.the.part.that.is.used.for.medicine..Alkaloid.tetramethylpyrazine.
(TMP).is. the.main.active.principle.[51,52]..Other.active.components.are.ferulic.acid,. ligustilide,.
folic. acid,. and. vitamin. A.. Ligusticum wallichii. is. nontoxic. [51,53].. It. protects. endothelial. cells.
against.reperfusion.injury.and.improves.the.microcirculation.[54],.prevents.proliferation.of.vascular.
smooth.muscle.cells.[55,56],.promotes.blood.flow,.removes.blood.stasis,.and.relieves.pain..Ligusti-
cum wallichii and.TMP.have.been.used.in.treatment.of.ischemia.to.treat.ischemic.stroke.and.angina.
pectoris.in.China.since.the.1960s.

*.The.liver and.kidney.in.TCM.are.not.the.exact.organs.liver.and.kidney.in.WM.
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TMP. is. thought. to. work. in. three. ways:. (1). as. an. antithrombotic. agent,. (2). an. antagonist. of.
vasoconstriction,. and. (3). as.an.anti-inflammatory.compound.. It.decreases.vascular. resistance. to.
block.coronary.vasoconstriction,. increase.blood.circulation,. and. lower.blood.pressure.by. reduc-
ing.the.plasma.endothelin-1.levels.during.and.after.acute.ischemia/hypoxia.[57,58].and.by.inhibit-
ing.thromboxane-A2.(TAX2).synthesis.after.ischemia.[51,59,60]..TMP.has.antithrombotic.effects.
in.humans.[61].via.inhibiting.platelet.activity.[59,62,63]..In.addition,.TMP.is.an.antioxidant.[64],.
inflammatory.inhibitor.[65].and.calcium.antagonist.[66]..It.reduces.the.infarct.volume.through.scav-
enging.free.radicals.and.prohibiting.neutrophil.migration.[65]..TMP.readily.crosses.the.BBB.and.
is.evenly.distributed.throughout.the.intact.rat.brain.in.20.minutes.after.oral.administration.[67,68]..
LD50.of.TMP.is.239.mg/kg.i.v..[51]..Ferulic.acid.inhibits.inflammation.[69].

1�.�.2.2 Angelica Sinensis (Dang Gui, 当归)

The.root,.the.medical.part.of.the.plant,.contains.a.significant.quantity.of.vitamin.B12,.E,.and.folic.
acid.[51]..Other.active.compounds.include.ferulic.acid,.biotin,.succinic.acid,.nicotinic.acid,.uracil,.
adenine,. and. ligustilide.. It. has. seven. essential. amino. acids. and. 16. essential. minerals.. Angelica.
sinensis.decreases.the.infarct.volume.in.the.brain,.and.reduces.the.apoptotic.neurons.via.prohibiting.
protein.BAX.[70].

Angelica.dilates.coronal.arteries.and.increases.coronal.blood.flow.[49,.51]..The.water.extract.of.
angelica.markedly.inhibits.platelet.action.to.decrease.serotonin.(5-HT).release.and.TAX2.forma-
tion,. attenuates. myocardial. injury. from. ischemia,. lowers. blood. cholesterol,. and. reduces. athero-
sclerosis.formation.[51]..Ferulic.acid.is.the.cholesterol-lowing,.anti-inflammatory,.and.antiplatelet.
aggregation. compound. Angelica. protects. humans’. vascular. endothelia. [71]. and. relaxes. arteries.
[72]..In.addition,.angelica.stimulates.hematopoiesis.in.bone.marrow.because.of.its.high.vitamin.B12.
content.(0.25–0.4.ug/100.g.dried.root),.folic.acid,.and.biotin.[51].

1�.�.2.�  carthamus tinctorius (Hong Hua, 红花)

The.flower.petal.is.the.usable.part.of.carthamus tinctorius.(saffron)..Its.active.component.is.safflower.
yellow.[73,74]..Carthamus tinctorius.inhibits.platelet.aggregation.and.causes.vascular.dilation.[73]..
A.strong.antioxidant,.it.protects.against.neuronal.degeneration.induced.by.ischemia.[49,75–77],.and.
attenuates. retinal. ischemic.damage. [76].. It. is.also.a.potent.channel.antagonist. that.prevents.blood.
coagulation. and. inhibits. platelet. aggregation. [51,73,74]..The.water. extract. of. carthamus tinctorius 
dilates.coronary.arteries. to. increase. the.cells’. tolerance. to.oxygen.deprivation.and. to. lower.blood.
pressure..In.China,.it.is.used.to.treat.cerebral.thrombosis.and,.in.angina.pectoris,.to.increase.coronary.
circulation.[51]..Carthamus tinctorius.lowers.plasma.cholesterol.and.triglyceride.level.[51]..Safflower.
yellow.protects.against.neuronal.degeneration.caused.by.ischemia.in vivo.and.in vitro.(77].

1�.�.2.�  Prunus Persica (tao Ren, 桃仁)

The.kernel. in.the.seed.of.prunus persica is.believed.to.be.the.most.powerful.herb.in.improving.
circulation.and.maintaining.the.endothelial.integrity,.although.its.exact.mechanism.of.action.is.still.
unknown..It.is.thought.to.inhibit.platelet.aggregation.and.coagulation,.dilate.blood.vessels,.increase.
cerebral.blood.flow.(CBF],.and.decrease.capillary.permeability.[50]..However,.prunus persica is.
active.only.by.oral.administration..Prunus persica contains.vitamin.B1.[50].and.a.lot.of.oil,.which.
helps.to.resolve.constipation.[49]..Overdosage.can.cause.cyanide.intoxication.[49]..LD50.of.prunus 
persica.is.222.5.±.7.5g/kg.[50].

1�.�.2.�  Astragalus Membranaceus (Huang Qi, 黄芪)

The.root.of.astragalus membranaceus.is.the.medicinal.portion.and.is.called.Astragali Radix..The.
active.components.are.astragalus.saponins,.flavonoids,.and.polysacchararides.[51,78].. It.contains.
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amino.acids..Water.extract.of.astragali.dilates.coronal.arteries.[49]. Astragali Radix.promotes.DNA.
synthesis,.inhibits.platelet.aggregation.[51].and.protects.neurons.from.anoxic.damage.[79]..Astragali.
has.a.broad.anti-inflammatory.effect.since.it.strongly.inhibits.production.of.interleukin.(IL)-6.and.
PGE2,.and.blocks.the.effect.of.IL-1β.[80],.decreases.formation.of.tumor.necrosis.factor.(TNF)-α.
and.scavenges.free.radicals.[81]..It.inhibits.fibrosis.progression.via.decrease.of.transforming.growth.
factor.β1.(TGF-β1).[81]..Astragalus.saponins.scavenge.free.radicals.[78],.activate.the.macrophages,.
and.promote.DNA.synthesis.[51]..Astragaloside.IV.upregulates.t-PA.expression.in.human.endothe-
lia.after.ischemic.insult.[82];.thus,.it.is.a.fibrinolytic.potential.agent.

When.astragali.radix.is.working.together.with.angelica,.estrogenic.and.antiplatelet.aggregation.
activities.are.inserted.[83].and good.angiogenesis.of.capillaries.is.encouraged.[84]..The.five.herbs.
astragali, angelica,.ligusticum wallichii,.carthamus tinctorius.and.prunus persica, constitute.the.
core.of.therapies.for.improving.circulation.in.TCM. They.are.the.most.important.components.of.the.
common.formula.used.to.treat.brain.ischemia.by.inhibiting.platelet.activity,.preventing.thrombosis,.
dilating.and.protecting.blood.vessels,.and.maintaining.BBB.integrity.[49,50]..Their.combination.
prevents.neuronal.death.[88].and.works.more.favorably.and.effectively.than.any.one.of.them.alone.
[49,85–87].

1�.�.2.�  Scutellaria Baicalensis (Huang Qin, 黄芩)

The.root.of.secutellaria.baicalensis.is.a.very.well.known.antibacterial.and.anti-inflammatory.agent.
widely.used.in.oriental.medicine..Scutellaria.is.multi-functional:.an.antioxidant,.anti-inflammatory.
and.antithrombic.agent.as.well.as.neuroprotectant,.according.to.recent.studies..It.has.40.flavonoids.
[73]..Among.them,.baicalin, baicalein, wogonin, oroxylin A,.and.skullcapflavone II.are.the.active.
compounds—strong.antioxidant,.anti-inflammatory.and.anticoagulation.agents.[51,.89–92]..Owing.
to. these.five.compounds,.Scutellaria baicalensis. is.defined.as. the.most.powerful.of. all. antioxi-
dant.preparations.[93–99]..It.protects.neurons.in.hippocampus.CA1.in vivo.[96,.100].and.in vitro.
[96,97,99].from.lethal.oxidant.damage.in.ischemia/reperfusion.

All.of.the.five.flavonoids.are.powerful.antioxidants.[73,90,92,96,97,99,101]..Baicalein.and.baicalin.
directly.scavenge.and.quench.superoxide,.hydrogen.peroxide,.and.hydroxyl.radicals.[96,.101,102]..They.
enhance.Fe++.ion.oxidation,.resulting.in.inhibition.of.hydroxyl.radical.production.[103]..They.directly.
scavenge.and.quench.ROS. [96,101,102],. including.nitric.oxide. (NO). radicals. [100,104],. and. inhibit.
hydroxyl.radical.production.to.protect.cellular.and.mitochondrial.membranes.[96,98,102,103,105,106].

These.five.five.flavonoids.are.5-.and.12-lipoxygenase. inhibitors. [92,97,107]. that.protect. cel-
lular.and.mitochondrial.membranes.by.effectively.inhibiting.lipid.peroxidation.in.neurons.[96,98,.
102,103,105]..Baicalein.and.baicalin. inhibit. (Ca2+)i.elevations.[108]..Thus,.neurons.are.protected.
after.ischemia.[96–98,102,103]..Baicalein.[96,97,109].and.wogonin.[110,111].protect.neurons.from.
lethal.damage.in.ischemia/reperfusion..Wogonin.decreases.the.volume.of.brain.infarction.[112].

Baicalein.and.baicalin.decrease.blood.cholesterol. [73],.prevent.neurotoxicity. induced.by.glu-
tamate.[113].and.by.amyloid.β.peptide.(Aβ).[114],.and.protect.cortical.neurons.from.Aβ. toxicity-
induced.apoptosis.[115]..Part.of.the.Aβ.deposition,.which.converts.an.acute.phase.injury.response.
to.chronic.injury.response.[118].in.the.human.brain,.is.released.from.platelets.[116,117]..Addition-
ally,. scutellaria baicalensis. and. baicalein. protect. cardiomyocytes. [95,101]and. kidney. [119]. from.
ischemia.

Scutellaria strongly. inhibits. inflammation. Baicalin,. baicalein,. wogonin,. and. oroxylin. A.
inhibit. COX2. expression. and. the. PGE2. synthesis. [89,108,120].. Baicalin. binds. to. inflammatory.
cytokines. IL-1β,. -6,.and.TNF-α. to. limit. their.biological. functions,.and. inhibits. their.production.
[51,73,100,121,122]..Baicalein and.wogonin attenuate.induction.of.free.radicals.in.glia.and.macro-
phages.in.the.infarct.[123]..Wogonin.and.oroxylin.A.inhibit.COX2.expression.by.blocking.nuclear.
factor-kB.(NF-kB).activation.[89,120,124,125],.markedly.retards.arachidonic.acid.release,.protects.
the.cell.membranes.against.injury.[106,126],.and.reduces.microglia.and.macrophages.in.the.infarct.
[112].
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Baicalein.and.baicalin.inhibit.fibrillation.and.disaggregate.the.existing.fibrils.in.the.brain.[127];.
baicalein. strongly. attenuates. the. inflammation-mediated. degeneration. of. dopaminergic. neurons.
through.inhibiting.microglial.activation.[109]..Thus,.scutellaria.has.strong.anti-inflammatory.actions.
[121,128]..The.three.strong.anti-inflammatory.agents.are.baicalin,.baicalein,.and.wogonin.[128].

Scutellaria baicalensis protects. the. vascular. endothelia. and. prevents. thrombotic. tendencies.
by. inhibiting.TAX2. release,.preventing.platelet. aggregation. [108,129],.decreasing. the. expression.
of. endothelial. leukocyte. adhesion. molecule-1. (ELAM-1). and. intercellular. adhesion. molecule-1.
(ICAM-1).[130,131].and.[Ca2+].elevation.[132],.and.preventing.the.decrease.of.t-PA.production.[133]..
Scutellaria and.baicalein.improve.the.cellular.repair.of.oxidatively.damaged.DNA.in.endothelia.
[134–136).and.inhibit.arterial.vasoconstriction.[137].

Scutellaria.is.used.in.the.acute.stage.of.ischemia.when.patients.have.fever..It.is.able.to.work.
powerfully. against. bacterial. infection.. Scutellaria. is. nontoxic. when. given. orally. and. absorbed.
quickly.by.the.gastrointestinal.tract.[51,138,139]..The.amount.of.baicalin.in.scutellaria is.10.times.
that.of.baicalein;.baicalin.is.metabolized.into.baicalein.in.the.human.body.and.by.bacteria.prior.to.
intestinal.absorption,.and.subsequently.metabolized. into.baicalein. [140,141]..Baicalein,.baicalin,.
and.wogonin,.the.aqueous.extracts,.are.absorbed.immediately,.take.action.quickly,.and.provide.lon-
ger.and.higher.efficacy.by.oral.administration.[138,141,142]..Baicalin.rapidly.appears.in.plasma.and.
exists.for.24.hours.[138]..It.enters.the.brain.parenchyma—cortex,.hippocampus,.striatum,.thalamus,.
and.brain.stem.[143]..Baicalein.crosses.the.BBB.quickly.and.evenly.distributes.throughout.the.intact.
rat.brain.in.20.minutes.[51,139].

1�.�.2.�  Paeonia Veitchii (chi Shao, 赤芍) and Paeonia Suffruticosa (Mu Dan Pi, 牡丹皮)

The.roots.of.paeonia veitchii and.the.bark.of.the.rhizome.of.paeonia suffruticosa.are.the.portions.
used.for.medicine..They.are.important.medicines.to.attenuate.inflammation.and.reduce.capillary.
permeability.to.inhibit.tissue.swelling.in.TCM..Both.have.antibacterial.properties.[51].and.include.
paeonol,.paeonoside,.paeoniflorin.and.1,.2,.3,.4,.6-Penta-O-galloyl-beta-D-glucose.(PGG).as.the.
active.compounds [51,73,144].

Both.paeonia veitchii.and.paeonia suffruticosa.inhibit.COX2.activities.[145].and.inflammation,.
prevent.fibrosis.[51,73],.and.protect.neurons.from.ROS-mediated.death.[144]..In.addition, paeonia 
veitchii.increases.endothelium-dependent.relaxation,.and.paeonia suffruticosa.antagonizes.plate-
let.aggregation.via. inhibiting.TAX2.production.[146]..They.are.absorbed.quickly.from.intestine..
The.maximal.plasma.concentration.is.reached.in.20.minutes.and.89%.of.the.administered.dose.is.
excreted.in.urine.[147,148].

The.major. components.of.both.paeonia veitchii. and.paeonia suffruticosa. insert. antioxidant.
and. anti-inflammation. functions..Paeonol. reduces. cerebral. infarction. via. scavenging. superoxide.
anion.and.inhibiting.microglia.activation.and.macrophages.in.infarct.[149]..Peaoniflorin.and.PGG.
protect. neurons. by. induction. of. heme. oxygenase-1. (HO-1). and. scavenging. free. radicals. against.
ischemic.stress.[144]..Peaoniflorin.blocks.sodium.current.into.neurons.after.ischemic.insult.[150].
and.upregulates.the.expression.of.heat.shock.protein.(HSP).after.the.insult.to.protect.neurons.[151]..
PGG.inhibits.COX2.activity.[145,152],.suppresses.the.expression.of.ELAM-1.and.ICAM-1.to.allevi-
ate.vascular.inflammation.[153]..In.addition,.PGG.is.a.vasorelaxant,.which.dilates.vascular.smooth.
muscle.[153]..The.median.lethal.dose.(LD50).is:.paeonia suffruticosa,.3.43.g/kg.[51];.paeonol,.4.9.
±.0.47.g/kg.[73].

1�.�.2.�  Glycyrrhiza Uralensis (Gan cao, 甘草)

The. root.of.glycyrrhiza. is.used. to. treat.diseases..The.major.active.compounds.are.glycyrrhizin,.
flavonoid.licorice,.and.ferulic.acid.[154]..glycyrrhiza enhances.the.absorption.of.the.constituents.of.
scutellaria.baicalensis, paeonia veitchii,.and.paeonia suffruticosa,.and.leads.to.a.higher.bioavail-
ability.of.baicalin.in.the.body.[142,147,155]..Glycyrrhizin.is.about.170%.sweeter.than.cane.sugar;.
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therefore.glycyrrhiza.is.the.principal.adjuvant.[51]..It.is.an.antioxidant.and.inhibits.inflammation.
[51,154].and.enhances.the.heat.shock.protein.(HSP).expression.induced.by.paeoniflorin.[151]..Lico-
rice.reduces.capillary.permeability.[51].

1�.�.2.�  ginseng (renshen, 人参)

Ginseng is the.root.of.Panax ginseng.C.A..Mey..It.is.the.most.valued.herb.widely.used.in.China,.
Korea,.and.Japan,.and.among.the.Chinese.in.the.United.States..For.thousands.of.years,.ginseng.has.
been.used.by.the.common.people.as.a.tonic,.and.by.the.rich.and.nobility.as.a.revitalizing.agent..The.
research.on.ginseng.started.in.the.early.19th.century..Some.of.its.chemical.structures.have.been.well.
studied.and.recognized,.but.many.are.not.yet.fully.understood..Ginseng.contains.multiple.active.
elements..Its.component.saponins,.i.e.,.ginsenosides,.are.the.principals..It.contains.maltol,.salicylic.
acid,.and.vanillic.acid;.all.of.these.three.are.antioxidants..Ginseng.also.contains.vitamins..Extract.
of.ginseng.lowers.serum.cholesterol.levels.and.prevents.atherosclerosis.by.the.combined.action.of.
increasing.prostacyclin.in.the.carotid.artery.and.decreasing.TAX2.[51].

Rb1,.one.of.ginsenosides,. is. the.most.important.for.neuroprotective.action [49,51]..Rb1.effec-
tively.prevents.delayed.neuronal.death.and.stabilizes.the.membraneous.structure.of.mitochondria.
and.other.organelles.in.neurons..It.reduces.the.degenerative.process.of.aging,.improves.behavior.
and.movement. activity,. and. increases. learning.ability,. as.well. as.offers.protection.against. acute.
myocardial.infarction.and.necrosis.[51].

Ginsenosides.enhance.the.biosynthesis.of.DNA.and.protein.in.brain,.bone.marrow,.testis,.thy-
mus,.and.adrenal.cortex,.and.increase.sex.hormone.production..Such.increases.in.biosynthesis.of.
DNA.and.protein.exert.some.indirect.action.in.prolonging.cell.life.[51]..Ginsenosides.increase.the.
synthesis.of.high-density.lipids.(HDL).in.serum..Ginseng.extract.increases.the.biosynthesis.of.RNA.
and.incorporation.of.amino.acids.into.the.nuclei.of.hepatic.cells,.resulting.in.an.increase.in.serum.
protein..However,.ginseng.should.not.be.given.to.patients.who.have.fever.or.hypertension.

1�.�.2.10  ginkgo Biloba (Yin Xing Ye, 银杏叶)

For.decades,.the.leaf.of.ginkgo.biloba.has.been.used.for.circulatory.disorders.to.increase.periph-
eral. and.cerebral.blood.flow..The. leaf.has. several.flavonoid.glucosides,. including.ginkgolide.A,.
ginkgolide.B,.and.bilobalide..It. improves.the.contractile.function.of.the.ischemic.heart,.exerts.a.
protective.effect.on.hypoxic.myocardium,.increases.cerebral.blood.flow,.and.exhibits.antioxidant.
activity.in.animal.experimental.studies..Ginkgo.extract.showed.neuroprotection.on.hippocampus.
in.animal.studies.[51].

1�.�.2.11 Fructus crataegus Pinnatifida (Shan Zha, 山楂 or hawthorn fruit)

The.medicinal.part.is.the.red.fruit.of.crataegus pinnatifida..It.is.nontoxic.and.sold.on.street.corners.
as.a.popular.snack.food.in.northern.China..It.contains.carotene.and.vitamins.C.and.B2..The.active.
components.are.chlorogenic,.caffeic,.citric,.crataegolic,.maslinic,.and.ursolic.acids,.as.well.as.the.
flavonoids.quercetin.and.vitexin.and.some.saponins.

The.herb.lowers.blood.cholesterol.by.increasing.its.catabolism.to.help.the.surface.of.the.ath-
erosclerotic.area.in.the.arterial.wall.to.shrink.and.become.smoother..It.increases.coronary.circula-
tion.via.increase.of.blood.flow..This.reduces.oxygen.consumption.and.protects.against.myocardiac.
ischemia..It.increases.myocardial.contractility.and.lowers.the.blood.pressure..In.addition,.it.is.very.
helpful.for.digesting.meat.[49,51].

1�.�.2.12  Anemarrhena asphodeloides Bunge (Zhi Mu, 知母)

The.rhizome.of.the.plant.is.the.part.for.medicine..It.has.six.saponins.[73]..Recent.studies.reported.that.
anemarrhena asphodeloides decreases.the.infarct.volume.through.inhibiting.neutrophils.immigrating.
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into.injured.brain.cortex.in.the.early.stage.after.ischemia.insult [156]..Its.active.component.is.timosa-
ponins,.which.lowers.blood.sugar.by.increasing.the.metabolism.of.glucose.and.increasing.glycogen.
synthesis.in.the.liver..It.also.has.antibacterial.properties.and.inhibits.platelet.aggregation.[51,73].

1�.�.2.1�  Gastrodia elata Blume (tian Ma, 天麻)

The.rhizome.of.Gastrodia elata Blume is.used.to.subdue.the.“exuberant.Yang”.of.the.liver.(see.Sec-
tion.18.3.1),.to.calm.internal.wind.and.relieve.convulsions.and.fainting.[51]..Its.active.elements.are.
gastrodin,.vanillyl.alcohol,.vanillin,.vitamin.A,.and.small.quantities.of.the.glycoside..This.herb.has.
analgesic,.anticonvulsive,.and.sedative.effects..It.increases.coronary.and.cerebral.blood.flow,.and.
lowers.peripheral.blood.pressure.[50,.51].

Gastrodia elata Blume. relieves. convulsions. and. fainting. and. treats.hypertension,. dizziness,.
and.headache..Recent.studies.found.it.protects.neurons.in.brain.ischemia.[157,.158]..It.should.not.be.
used.if.the.patient.does.not.have.hypertension.

1�.�.2.1�  Lycium chinense (Gou Qi Zi, 枸杞子)

The.red.fruit.of.Lycium chinense, or.wolfberry,.contains.vitamins.B1,.B2,.C,.carotene,.nicotinic.
acid,. lycium.polysaccharides,.Ca,.P,. and.Fe.. Its.water.extract. significantly. increases.nonspecific.
immunity;.lowers.blood.pressure,.plasma.cholesterol,.and.glucose;.and.improves.visual.acuity..It.
increases.blood.17-ketosteroids.in.elderly.men.[49,51,154]..Lycium.polysaccharides.reduce.the.frag-
mentation.of.DNA.and.inhibit.apoptosis.[51]..According.to.TCM,.Lycium chinense.strengthens.the.
Yin in. the.liver and.kidney..(As.explained.earlier,. the. liver.and.kidney.in.TCM.have.a.different.
meaning.from.those.in.Western.medicine.)

1�.�.2.1�  epimedium Brevicorum (Yin Yang Huo, 淫羊藿)

The.whole.plant,.excluding.the.root,.is.used.for.medicine.and.is.nontoxic..Its.active.elements.are.28.
flavonoids,.including.icariin.and.noricariin.[51,154],.and.vitamin.E.[49]..Water.extract.of.Epime-
dium brevicorum dilates.the.coronary.vessels.and.increases.the.coronary.flow.by.reducing.vascular.
resistance..It.is.commonly.used.in.the.treatment.of.angina.pectoris.

Extract.of.Epimedium brevicorum is.reputed.to.have.a.sexually.stimulating.effect.on.men..This.
herb.can.stimulate.growth.of. the. testis.and. increase.sperm.production.and.excretion.of.17-keto-
steroids.[51]..It.lowers.blood.pressure.and.decreases.blood.sugar.[49],.increases.the.activity.of.the.
immune.system.[51,154).and.enhances.the.synthesis.of.DNA.and.protein.[154].

The.total.flavonoids.are.antioxidant.and.slow.down.the.aging.process.[154]..In.addition,.icariin.
is.a.vasodilatation.agent.via.its.Ca++.channel.blocking.action.[51],.and.is.reported.to.be.an.antioxi-
dant.that.protects.neurons.in.cerebral.ischemia.[159]..According.to.TCM,.Epimedium brevicorum 
is.a.tonic.for.the.Yang.in.kidney.

1�.�.12.1�  ophiopogon Japonicus (Mai Dong, 麦冬)

The.root.is.the.medicinal.part..The.active.components.include.β-sitosterol,.stigmasterol,.and.ophio-
pogonin.B..Ophiopogon japonicus.increases.coronary.blood.flow.and.myocardial.contractility,.and.
slowly.elevates.blood.pressure.during.cardiac.shock.[51].

1�.�.2.1�  Fructus Schisandra chinensis (Wu Wei Zi, 五味子)

The.fruit.of Fructus schisandra chinensis.(Wu Wei Zi).is.the.medicinal.part..Fructus schisandra 
chinensis.can.improve.mental.function..It.contains.vitamins.A.and.E..The.active.compound.is.γ-
schizandrin..Aqueous.extract.of.Fructus schisandra chinensis.increases.myocardial.contractility..
A.combination.of.schisandra chinensis, ophiopogon japonicus and glycyrrhiza heals.hypotension..
The.herb.is.nontoxic..Doses.up.to.5g/kg.do.not.produce.death.in.mice.[51,160].
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1�.�.2.1�  cinnamomum cassia (Gui Zhi, 桂枝)

The.twig.is.the.medicinal.portion.of.the.plant..The.active.ingredients.are.cinnamic.aldehyde.and.
cinnamyl.acetate..Cinnamomum cassia.is.a.condiment.with.antibacterial.and.vasodilation.functions.
[49,51]..Working.together.with.prunus persica and.paeonia suffruticosa.will.yield.better.effective-
ness..If.the.patient.always.feels.cold,.give.this.herb.to.make.him.or.her.warm.and.improve.blood.
circulation..Do.not.give.it.to.patients.who.have.fever.

1�.�.2.1�  soybean (Huang Dou, 黄豆)

Soybean.is.one.of. the.major.dietary.products.consumed.by.both.Chinese.and.Japanese..It. is. the.
seed.of.Glycine soja..Its.isoflavone.ingredients.are.genistein.and.daidzein..Both.are.phytoestrogen.
and.bind.to.mammary.tissue.estrogen.receptors..Soybean.consumption.reduces.the.plasma.level.of.
LDL.cholesterol.and.increases.HDL.cholesterol.levels,.especially.in.female.monkeys..It.lowers.total.
cholesterol.level.and.lessens.cardiovascular.risk.in.humans.[51]..A.recent.study.reported.that.dietary.
isoflavones.reduced.the.infarct.volume.and.improved.neurological.status.in.rats.[161]..In.addition,.
soybean.is.very.beneficial.due.to.its.rich.nutrition,.including.proteins.and.vitamins.

18.4.3  FOrmulaE

Formulae.are.employed.to.treat.diseases.because.using.a.single.herb.is.usually.less.effective.than.
expected.or.even.has.no.efficacy..The.formulae.of.Chinese.herbal.medicine.consist.of.several.com-
ponents.having.different.functions,.so.the.combinations.work.like.teams.to.fight.diseases.

1�.�.�.1  modified Buyang-huawu tang (补阳还五汤加减)

Buyang-Huawu.Tang,.a.formula.consisting.of.seven.Chinese.medicines,.is.the.classic.prescription.to.
treat.brain.infarction.in.the.chronic.stage..Tang.means.“decoction”.in.Chinese.language..Withdraw-
ing.one.medicine.from.Buyang-Huawu.Tang.and.adding.three.herbs.makes.the.nine-herb.modified.
Buyang-Huawu. Tang,. used. to. treat. brain. infarction. at. the. acute. stage. in. a. clinical. setting.. The.
resulting.nine.herbs.are.Ligusticum wallichii,.Angelica sinensis,.Carthamus tinctorius,.Prunus per-
sica,.astragali,.Scutellaria baicalensis,.Paeonia veitchii,.Paeonia suffruticosa,.and.glycyrrhiza.

Two.animal.experimental.studies.were.used. to. investigate. if.and.how.the.nine-herb.formula.
works.on.brain.infarction.and.global.ischemia.in.humans.in.our.lab.[162]..Thirty-nine.male.Sprague-
Dawley.rats.weighing.280–310.g.and.aged.2.5–2.8.months.participated.in.the.focal.brain.ischemia.
study..Brain.infarction.was.produced.by.a.2-hour.cerebral.middle.artery.occlusion.(MCAo).by.intra-
luminal.suture.insertion.[11]..The.rats.received.the.medicine.daily.up.to.28.days.by.feeding.needle.
that.began.at.4.hours.after.the.ischemia.insult..The.results.showed.promise..The.study.demonstrated.
that.this.nine-herb.combination.successfully.ameliorated.the.brain.injury..The.therapy.reduced.the.
infarct.volume.by.53%.and.62%,.compared.with.the.nontreated.groups,.at.days.3.and.28.respec-
tively,.encouraged.the.recovery.of.neurological.deficit,.prevented.cavitation,.and.inhibited.inflam-
mation.in.the.infarct,.and.alleviated.scar.formation.in.the.peri-infarct.zone..The.significant.recovery.
of.neurological.deficit.began.at.24.hours.and.recovered.at.day.28.after.treatment..In.nontreated.rats,.
neurological. function. recovery.was. later.and.evident.deficit.persisted.at.day.28.. In.addition,. the.
therapy.decreased.neuronal.COX2.expression.in.the.peri-infarct.at.day.3.

The.most.interesting.sign.is.that.the.therapy.protected.vascular.endothelia.at.day.3.and.enhanced.
the.angiogenesis.inside.the.infarcts.at.day.28..While.no.normal.neurons.were.seen.in.the.infarcts.
in.nontreated.rats.at.day.28,.plenty.of.normal.neurons.were.observed.in.the.infarcts.in.all.of.the.
treated.rats,.and.these.neurons.were.settled.along.and.around.the.blood.vessels.toward.the.core.of.
infarct.from.the.peri-infarct.inner.zone..Some.of.the.neurons.were.differentiated.to.form.axons.and.
dendrites..This.implies.that.the.therapy.might.rescue.the.newly.formed.neurons..Additionally,.the.
neuronal.proliferation.was.seen.in.the.top.of.third.ventricle.in.some.treated.rats.at.day.28.while.no.



2�2	 Handbook	of	Nutrition	in	the	Aged,	Fourth	Edition

such.activity.was.observed.in.nontreated.rats..This.indicated.that.the.nine-herb.formula.might.have.
stimulated.the.neurogenesis.after.brain.infarction.

Our.second.study.was.with.70.male.Wistar.rats.weighing.256–405.g.and.aged.2.8.±.0.6.months.
were. subjected. to. 12.5-minute. global. forebrain. ischemia. produced. by. common. carotid. arteries.
occlusion.plus.systemic.hypotension. [41]..Animals.were.sacrificed.at.days.3,.7,.28,.and.56..The.
nine-herb.decoction.was.daily.administered.by.feeding.needle.initiated.at.4.hours.after.ischemia.
[162]..The.treatment.significantly.attenuated.the.neuronal.necrosis.and.inhibited.neuronal.COX2.
expression.in.hippocampus.CA1.sector.at.day.3..The.numbers.of.normal.neurons.in.hippocampus.
CA1.were.95.±.58.(n.=.12,.treated.group).and.28.±.13.(n.=.10,.nontreated.group).at.day.3.(mean.±.
S.D., p < 0.05, ANOVA],.while.438.±.73.in.sham.rats.(n.=.4)..At.days.7–56,.in.hippocampus.CA1,.
the.numbers.of.normal.neurons.of.treated.groups.were.four.times.the.nontreated.groups:.60.±.41.(n.
=.7,.treated.group).vs..15.±.8.(n.=.8,.nontreated.group).at.day.7,.110.±.90.(6,.treated).vs..24.±.8.(6,.
nontreated).at.day.28,.83.±.27.(6,.treated).and.21.±.5.(7,.nontreated).at.day.56.(p < 0.05). Signifi-
cantly.fewer.apoptotic.neurons.were.seen.in.the.treated.brains..The.numbers.of.apoptotic.neurons.
of.cortex.(counted.in.three.standard.levels).were.62.±.44.(n.=.6,.treated.group).and.213.±.140.(7,.
nontreated.group).at.day.56.(p < 0.05),.89.±.44.in.sham.group.(n.=.4)..These.data.indicate.that.the.
nine-herb.therapy.attenuated.neuronal.necrosis.and.prevented.neurodegeneration.

A.beam-walking.test.was.employed.to.detect.the.rats’.coordination.after.global.forebrain.isch-
emia..Time.to.traverse.the.1.5.cm.wide.and.95.cm.long.beam.at.day.56.by.the.rats.were.12.±.5.9.
(non-treated.group,.n.=.7).vs..4.4.±.1.6.(treated.group,.n.=.6).seconds.(p < 0.01),.5.2.±.0.86.seconds.
in.sham.rats. (n.=.4)..The.nine-herb. therapy.encouraged.rats’.motor.movement.performance.and.
neurological.function.recovery.

All.17.28-day.and.56-day. treated. rats. in.both. focal. ischemia.and.global. ischemia.protocols.
showed.white.shining.hairs.at.days.28.and.56.while.all.16.survived.rats.in.nontreated.groups.having.
brown-yellow.hairs.on.their.backs..All.four.sham.rats.presented.mild.color.change.in.the.hair.[162]..
The.yellow.hair.indicates.elders,.and.ischemia.accelerated.the.aging..Treated.rats.not.having.brown-
yellow.hairs.meant.that.stroke-induced.aging.was.delayed.or.prevented.by.the.medication.

In.addition,.a.five-herb.combination.consisting.of.ligusticum wallichii,.angelica sinensis,.car-
thamus tinctorius,.prunus persica,.astragali.showed.similar.protective.effects.at.day.56.

These.nine.herbs.are.safe.and.are.documented.in.Pharmacopoeia of the People’s Republic of 
China..Their.LD50.responses.were.tested.and.revealed.no.toxicity.[50,51,88,120]..Phytochemical.
studies.found.that.these.herbs.are.multifunctional,.including.neuroprotectant.[49,75–77,79,96,100],.
strong.antioxidant,.anti-inflammatory.[51,81,121,128,153],.and.antiplatelet.activities.[49,51,73,74,83],.
as.well.as.anticoagulation.and.antivasoconstriction.properties..Their.known.disease-fighting.com-
pounds.are.flavonoids;.saponins;.vitamins.E,.A,.C;.folate;.ferulic.acid;.paeonol;.paeoniflorin;.and.
PGG.(see.Table.18.1).

These. nine. medicines. are. absorbed. quickly. by. the. gastrointestinal. tract. after. ingestion.
[51,68,138,139,155]..Baicalein,.baicalin,.and.TMP.quickly.cross.the.BBB.to.enter.the.brain.within.
20.minutes.after.oral.administration.[51,68,139]..glycyrrhiza.enhances.the.absorption.of.other.herbs.
and.leads.to.higher.bioavailability.of.baicalin.in.the.body.[147,155].

Six.herbs.and.six.compounds.in.this.formula.are.neuroprotectant..Scutellaria baicalensis.via.
baicalein,.baicalin,.and.wogonin.[96,97,99,100]; ligusticum wallichii via.TMP.[65];.paeonia veitchii.
and. paeonia suffruticosa. via. paeonol. [65];. and. angelica sinensis. [70]. decrease. the. infarct. vol-
ume.in.the.brain..Carthamus tinctorius.via.safflower.yellow.protects.against.neuronal.degeneration.
[49,75–77]..Angelica.sinensis.reduces.apoptosis.[70]..Combination.of.these.herbs.prevents.neuronal.
death.from.ischemia.[88].

Five.herbs,.including.ligusticum wallichii,.angelica sinensis,.carthamus tinctorius,.prunus per-
sica,.and.radix astragalas.are.considered the.major.medicines. to. improve.blood.circulation.and.
encourage.tissue.repair,.and.are.the.core.of.therapy.routinely.used.in.TCM.to.treat.ischemia..These.
five.herbs.promote.circulation.by.inhibiting.blood.aggregation,.maintaining.vascular.integrity,.and.
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taBle 1�.1
latin names, Chinese names, medicinal part, nutrition, and function of herbs

latin name Chinese name
part of 
plant nutrition

disease-fighting 
Compound action

Ligusticum 
Wallichii 

川芎,.Chuan.Xiong Rhizome Vitamin.A,.folic.
acid

TMP,.ferulic.acid.
ligustilide

Vasodilation,.prevents.
platelet.aggregation

Angelica sinensis 当归,.Dang.Gui. Root Vitamins.A,.B1,.
B12,.E..folic.acid,.
nicotinic.acid,.
biotin,.19.amino.
acids,.7.essential.
amino.acids,.16.
essential.minerals

Ferulic.acid.
ligustilide

Vasodilation,.prevents.
neuronal.apoptosis

Carthamus 
tinctorius 

红花,.Hong.Hua. Flower Safflower.yellow Vasodilation,.lowers.
plasma.cholesterol

Astragalus 
membranaceus

黄芪,.Huang.Qi. Root Folic.acid,.vitamin.
P,.carotene,.25.
amino.acids.trace.
elements:.Co,.Se

Astragalus.saponins Antioxidant,.dissolves.
platelet.aggregation,.
promotes.cellular.DNA.
repair

Prunus persica 桃仁,.Tao.Ren Kernel Vitamin.B1,.oil Unknown,.
amygdalin

Increases.CBF,.
anti-inflammation

Scutellaria 
Baicalensis

黄芩,.Huang.Qin Root Baicalin,.baicalin.
wogonin,.oroxylin.
A

Powerful.antioxidant..
anti-inflammatory,.
antibacterial.and.anti-
coagulation.agent

Paeonia veitchii 赤芍,.Chi.Shao Root Paeonol,.
paeoniflorin.PGG

Inhibits.COX2.activity.
and.inflammation

Paeonia 
suffruticosa 

牡丹皮,.Mu.Dan.Pi Bark.of.
rhizome

Paeonol,.
paeoniflorin.PGG

Inhibits.COX2.activity.
and.inflammation

Glycyrrhiza 
uralensis

甘草,.Gan.Cao Rhizome Amino.acids,.
biotin,.trace.
minerals:.Zn,.Co

Glycyrrhizin,.
licorice

Anti-inflammatory.agent

Ginseng 人參,.Renshen Root Vitamins:.C,.B1,B2,.
B12,.nicotinic.acid,.
trace.minerals:.
Mn,.Cu,.Co,.As

Saponins.
ginsenosides,.
salicylic.acid

Antioxidant,.
neuroprotectant

Ginkgo biloba 銀杏叶,.Yin.Xing.
Ye.

Leaf Flavonoids:
ginkgolides

Antioxidant,.improves.
blood.circulation

Fructus Crataegus 
pinnatifida

山楂,.Shan.Zha Fruit Vitamins.C,.B2,.
carotene.minerals:.
Ca,.P,.Fe..

Chlorogenic.acid,.
caffeic.acid,.citric.
acid,.flavonoid.
quercetin

Lowers.blood.
cholesterol,.antioxidant

Anemarrhena 
asphodeloides 
Bunge

知母,.Zhi.Mu. Root Timosaponins Decreases.plasma.sugar,.
inhibits.platelet.
aggregation

Gastrodia elata 
Blume

天麻,.Tian.Ma Rhizome Vitamin.A Gastrodin Increases.CBF,.lowers.
blood.pressure

Epimedium 
brevicorum 

淫羊藿,.Yin.Yang.
Huo.

Whole.plant Vitamin.E Flavonoids:.icariin.
noricariin

Antioxidant,.increases.
coronary.blood.flow
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vasodilation..It.has.been.demonstrated.that.the.combination.of.these.five.herbs.works.more.effec-
tively.than.any.single.one.of.them.alone.[85].

Sprouting.angiogenesis.is.involved.in.recovery.in.the.human.brain;.an.increase.in.neovascular-
ization.is.correlated.with.longer.survival.in.patients.[163]..When.these.five.herbs.work.together,.they.
increase.angiogenesis.[84,164]..A.recent.study.revealed.they.promote.good.angiogenesis.with.the.
efficacy.resembling.that.of.basic.fibroblast.growth.factor.(bFGF);.the.combination.is.more.effective.
on.capillary.formation.[164].

Four.herbs:.scutellaria baicalensis, paeonia veitchii,.paeonia suffruticosa,.and.glycyrrhiza.in.
the.formula.reduce.inflammation.to.a.remarkable.degree.and.improve.the.healing.of.wounds.[73]..
In.addition,.TMP.decreases.neutrophils.into.infarct.[65].

ROS.markedly.increases.in.the.post-ischemia.inflammation,.and.antioxidants.decrease.infarct.
volume.[22,31]..Seven.herbs.in.the.formula.are.antioxidants,.thus.they.are.able.to.reduce.the.pro-
duction.of.ROS.and.scavenge.the.radicals..TMP.reduces.ROS.formation.in.infarct.[65]..Scutellaria 
baicalensis, angelica.sinensis,.astragali, carthamus tinctorius,.paeonia veitchii,.and.paeonia suffru-
ticosa.are.strong.antioxidants.via.vitamin.E,.astragalus.saponins,.safflower.yellow,.peaoniflorin.and.
PGG.[51,77,144]..Astragalus.saponins.protect.neurons.and.myocardium.against.injury.[51]..There-
fore,.this.therapy.targets.ROS.to.ameliorate.ischemic.injury.through.protection.of.mitochondria.

Thus,.the.nine.herbs.and.their.components.work.as.neuroprotectant,.antioxidant,.anti-inflam-
matory,.and.antithrombotic.agents,.as.well.as.vasoconstriction.antagonists..The.results.of.the.studies.
reveal.that.this.formula.enhances.brain.self-repair.through.inhibiting.the.detrimental.inflammation,.
protecting.endothelia,.and.encouraging.angiogenesis..Finally,.some.new.neurons.settle.along.the.
blood.vessels.in.the.injured.regions.of.the.brain.

Note:.Scutellaria baicalensis,.paeonia veitchii and.paeonia suffruticosa. should.be. removed.
from. the.prescription.at. the.beginning.of. the.2nd.month..The.five.herbs. left. in. the. formula.are.
enough.for.the.rehabilitation.

1�.�.�.2  shengmai san (生脉散 or 生脉饮)

Shengmai.San consists.of.ginseng,.Ohiopogon japonicus,.and.Fructus schisandra chinensis..This.
formula.has.been.applied.to.acute.myocardial.infarction.associated.with.shock.in.China..This.ther-
apy.was.reported.to.help.elevate.blood.pressure.and.improve.blood.microcirculation.and.cardiac.
function. in.829.cases. in.a.clinical. setting. [165].. It.was. reported. that. this. formula.prevented. the.
progression.of.injury.in.brain.infarction.in.animal.experimental.studies.[166,167]..The.combination.

taBle 1�.1 (ContInued)
latin names, Chinese names, medicinal part, nutrition, and function of herbs

latin name Chinese name
part of 
plant nutrition

disease-fighting 
Compound action

Fruit of Lycium 
chinense

枸杞子,.Gou.Qi.Zi Fruit Vitamins.B1,.B2,.C,.
carotene,.nicotinic.
acid,.lyceum..
minerals:.Fe,.Zn

Polysaccharides. Inhibits.apoptosis,.
lowers.blood.pressure,.
plasma.cholesterol.and.
glucose

Ophiopogon 
japonicus

麦冬,.Mai.Don Root Amino.acids. β-sitosterol,.
ophiopogonin.B

Increases.coronary.blood.
flow

Fructus Schisandra 
chinensis 

五味子,.Wu.Wei.
Zi,

Fruit Vitamins.A,.E γ–schizandrin Improves.mental.
function

Cinnamomum 
cassia

桂枝,.Gui.Zhi Twig Cinnamic.aldehyde Vasodilation
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of.Fructus schisandra chinensis.and.ginseng.has.been.found.to.be.beneficial.in.memory.consolida-
tion.in.humans.[51]..Ginseng.extract.is.effective.in.reducing.inflammation.and.improves.healing.
of.wounds. The.mechanism.is.not.clear,.but.ginseng.extract.inhibits.the.increase.in.capillary.per-
meability.(51]..Ginsenosides.Rb1.offers.protective.action.against.acute.myocardial.infarction.and.
necrosis.[51],.effectively.prevents.delayed.neuronal.death,.and.stabilizes.the.membraneous.structure.
of.mitochondria.and.other.organelles.in.the.hippocampal.neurons,.reduces.the.degenerative.process.
of.aging,.improves.behavior.and.movement.activity,.and.increases.learning.ability.[51].

1�.�   nutrItIon and health-promotIng 
Components of herBs’ dIetary Intake

The.known.nutrition.and.disease-fighting.components.of.these.herbs.are.listed.in.Table.18.1.
Investigations.found.that.patients.with.acute.ischemic.stroke.[168].and.cerebrovascular.diseases.

[169].have.lower.plasma.concentration.of.antioxidant.vitamins.A,.C,.and.E.and.antioxidant.trace.
minerals.Zn.and.Se,.a.lack.that.is.associated.with.poor.early.outcome..Vitamin.E.is.a.major.endog-
enous.antioxidant.and.an.inhibitor.of.intracellular.phospholipases.A2.(PLA2).[170–172]..Increasing.
intake.of.vitamin.E.[173],.vitamin.C,.and.folate.[174].reduces.the.risk.of.ischemic.stroke..Animal.
experimental.study.found.that.pretreatment.with.vitamin.E.for.13–16.weeks.decreased.the.brain.
infarct.volume.by.56%.[175].

Carotenoids,.the.precursor.of.vitamin.A,.decrease.in.the.first.24.hours.after.the.ischemic.insult.
in.humans.[176]..In.acute.ischemic.stroke.patients,.the.lowered.plasma.concentrations.of.carotene.
[177].and.vitamin.C.[178].are.associated.with.higher.levels.of.inflammation..In.addition,.inadequate.
nutrition.is.common.in.the.aged..Malnutrition,.including.deficiency.of.protein-calorie,.iron,.vita-
mins,.and.minerals,.impacts.on.recovery.and.rehabilitation.[179]..Deficiency.of.vitamins.C,.A,.E,.B1,.
B6,.B12.and.folate.are.encountered.very.often,.and.vitamins.B6,.B12.and.folate.have.important.roles.in.
the.neuron-cognition.function.and.in.the.nervous.system..In.addition,.intake.of.trace.mineral.Zinc.
decreases. in. the.elderly.[180]..Daily.supplementation.of.antioxidant.vitamins.and.trace.elements.
Zn.and.Se.has.a.beneficial.effect.on.aging.(181]..Therefore,.providing.elderly.patients.with.nutrition.
after.ischemia.is.essential..However,.herbs.listed.in.this.chapter.may.offer.this.kind.of.nutrition.

Phytochemicals. are. considered. as. “phytonutrient”. by. scientists. today. because. they. promote.
health.by.trapping.free.radicals.and.cleaning.up.toxic.wastes.before.they.can.damage.cells.[182]..
Phytochemicals,. which. protect. plants. against. dangers,. may. save. people’s. lives;. antioxidants. in.
plants.function.as.antioxidants.in.humans.as.well.[182,183]..When.people.take.nutrition.from.plants,.
they.recruit.the.health-promoting.phytochemicals.into.their.own.defense.capacity.to.heal.damage..
Flavonoids.exist.widely.in.plants,.help.their.growth.and.development,.and.protect.the.plants’.lives..
Saponins.have.multiple.functions.[182].

Vitamin.E,.the.most.prevalent.antioxidant.in.cell.membrane,.prevents.the.onset.of.lipidic.
peroxidation. due. to. ROS,. thus. preserving. the. membrane’s. integrity.. Angelica sinensis, 
ginseng,.and Epimedium brevicorum are.rich.in.vitamin.E.[51].
Vitamin.C.is.an.antioxidant..Ginseng,.Fructus crataegus pinnatifida,.and.fruit.of.Lycium 
chinense have.plenty.of.vitamin.C.[51].
Vitamin.A.is.an.antioxidant.in.cell.membranes.of.lisosomes.and.microsomes..It.prevents.
the.peroxidation.induced.by.ROS.in.liposomal.membranes,.maintains.the.retina’s.function,.
and.enhances.learning.ability.[182]..Fruit.of Lycium chinense.and.Gastrodia elata Blume.
are.rich.in.vitamin.A.
Minerals:.Angelica sinensis.has.16.essential.minerals..Fructus crataegus pinnatifida.con-
tains.Ca,.P,.and.Fe..Glycyrrhiza uralensis.has.Zn,.Co;.fruit.of.Lycium chinense.has.Fe,.Zn;.
Ginseng.has.Mn,.Cu,.Co,.and.As.

•

•

•

•
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Flavonoids.are.potent.antioxidants.and.anti-inflammatory.agents..Antioxidants.in.plants.
function.similarly.to.antioxidants.in.people.[182,183]..Every.herb.has.flavonoids..Scutel-
laria baicalensis,.fruit.of.Crataegus pinnatifida.and.Epimedium brevicorum.are.rich.in.
flavonoids.[51]..Baicalin,.baicalein,.wogonin,.oroxylin.A,.skullcapflavone.II.[93–99],.and.
quercetin.[182).are.the.most.powerful.antioxidants..They.are.lipoxygenase.inhibitors,.as.
well.as.anti-inflammatory.and.anticoagulation.agents.[51,89–92].
Saponins.are.multifunctional..They.are.toxic-waste.fighters,.antioxidants,.and.anti-inflam-
matory. agents.. Cholesterol. aggravates. cerebral. infarction. by. hypercholesterolemia. in.
serum.and. in. the.brain. [185]..Saponins.may.scoop.up.cholesterol. in. the. intestinal. tract.
before.it.is.absorbed.into.the.bloodstream..Saponins.in.Fructus crataegus pinnatifida.have.
cholesterol-lowing.function..Ginsenosides.in.Ginseng and Astragalus saponins.in.astragali 
have.several.functions..Ginsenosides,.especially.Rb1,.is.a.strong.neuroprotectant.[49,51]..
Astragaloside.IV,.one.of.the.astragalus.saponins,.increases.the.thrombolytic.potential.of.
endothelia.by.upregulating.t-PA.expression.[82].

Other.phytochemicals,.for.example.alkaloid.TMP,.prevent.thrombosis.and.strongly.antagonize.
platelet.aggregation.[59,61–63],.lower.the.vascular.resistance.and.increase.cerebral.blood.flow.(CBF).
[51,57,58,73]..TMP’s.multifunction. includes.a. free. radical. scavenger. [54,184].and.calcium.channel.
blocker.[66]..Ferulic.acid.lowers.cholesterol.and.has.an.anti-inflammatory.effect.[69]..Paeoniflorin.and.
PGG.alleviate.inflammation.[51],.and.protect.neurons.from.oxidative.stress.[144,150,151]..PGG.is.a.
COX2.inhibitor.[152],.and.protects.against.the.inflammation.of.human.endothelia.[153]..The.prohibi-
tion.of.inflammation.attenuates.atherosclerosis,.thus.playing.a.role.in.heart.disease.and.stroke.[182].

1�.�  BenefIts of herBs In IsChemIC dIsease
As.discussed.earlier,.the.whole.herb.is.more.effective.than.a.single.component.of.the.herb..
We.encourage.using. the.whole.herb. instead.of. a. compound.because. the.benefits. could.
come.from.as.yet.unidentified.substances.in.combination.with.known.factors.
Efficacy.of.a.formula.is.stronger.than.a.single.herb..While.the.combination.of.herbs.works.
significantly,. each. single. herb. in. the. formula. does. not. individually. show. effectiveness.
[186–189]..For.example,.shengmai.san.protects.brain.ischemia.injury,.but.none.of.its.com-
ponents.independently.protect.the.brain.from.the.insult.[189]..Thus,.intake.of.a.single.herb.
provides.nutrition,.not.pharmacological.efficacy.
Apply.the.herbal.therapy.according.to.the.therapeutic.strategy.of.TCM.
Some.Chinese.herbs.may.supplement.nutrition.to.influence.neurogenesis.through.growth.
factors.[182,.190]..Phytochemicals.may.encourage.self-repair.via.inhibiting.inflammation.
and.improving.blood.supply.in.infarct.to.provide.the.newborn.neurons.with.an.appropriate.
environment.for.growth.[191].
After. treatment. with. modified. Buyang-Huawu. Tang. for. 4. weeks,. stop. taking. scutellaria 
baicalensis,.paeonia veitchii,.and.paeonia suffruticosa. Remove.them from.the.prescription.
Ligusticum wallichii,. angelica sinensis,. carthamus tinctorius,. prunus persica,. radix 
astragalas.and.ginkgo should.be.used.with.caution.during.pregnancy.because.they.may.
stimulate.uterine.constriction.and.prolong.bleeding.time.during.delivery.[49–51,192].

1�.�  dosages, preparatIon, and admInIstratIon of herBs
The.dosages.of.all.of.the.dry.crude.herbs.for.an.adult.per.day.are.listed.in.Table.18.2..The.dosages.
are.small..However,.small.amounts.of.phytochemicals.also.have.a.protective.effect.when.they.are.
combined.[182]..At.these.dosages,.all.of.the.herbs.listed.in.the.chapter.are.nontoxic..Their.LD50.
was.tested.and.revealed.no.toxicity.[51,73,88,192],.except.in.the.case.of Paeonia veitchii and.Paeo-
nia suffruticosa, which.have.very.low.toxicity..The.herbs,.except.Scutellaria baicalensis, Paeonia 
veitchii and.Paeonia suffruticosa,.are.little.bit.sweet..We.may.cook.them.in.chicken.soup.

•

•

•

•

•
•

•

•
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18.6.1  dEcOctiOn

Decoction,.the.medicinal.cocktail,.is.produced.by.boiling.the.herbs.in.water..It.is.easily.prepared.
in.the.home..The.chosen.herbs.for.1.day.are.macerated.in.500.ml.of.cold.water.and.boiled.in.an.
inert.container..The.macerate.is.brought.to.a.quick.boil.within.2–3.minutes.and.then.simmered.for.

taBle1�.2
dosage and ld�0 of herbs

name in latin
name in 
Chinese

dosage 
g/day/adult toxicity 

possible side 
effect ld�0

Ligusticum 
Wallichii.

川芎,.Chuan.
Xiong

3–9 Nontoxic. 65.9.±.31.3g/kg

Angelica sinensis 当归,.Dang.Gui. 6–15 Nontoxic .Bleeding. None

Carthamus 
tinctorius.

红花,.Hong.Hua. 3–9 Nontoxic None

Astragalus 
membranaceus

黄芪,.Huang.Qi. 10–15 Nontoxic None

Prunus persica. 桃仁,.Tao.Ren 6–9 Nontoxic 222.5.±.7.5.g/kg

Scutellaria 
Baicalensis

黄芩,.Huang.Qin 3–9 Nontoxic.when.
given.orally

Nausea None

Paeonia veitchii. 赤芍,.Chi.Shao 6–12 Low.toxicity. None

Paeonia 
suffruticosa.

牡丹皮,.Mu.Dan.
Pi

6–12 Low.toxicity 3.43g/kg

Glycyrrhiza 
uralensis

甘草,.Gan.Cao 3–6 Nontoxic None

Ginseng. 人參,.Renshen 3–9 Nontoxic 5g/kg

Ginkgo biloba 銀杏叶,.Yin.Xing.
Ye.

Nontoxic Nausea,.vomiting,.
appetite.loss,.
headache

7725.mg

Fructus 
Crataegus 
pinnatifida

山楂,.Shan.Zha 10–15 Nontoxic. Nausea,.vomiting, 33.8.ml/kg.of.
10%.extract.in.
water

Anemarrhena 
asphodeloides 
Bunge

知母,.Zhi.Mu. 3–15 Nontoxic N/A

Gastrodia elata 
Blume.

天麻,.Tian.Ma 3–9 Nontoxic N/A

Epimedium 
brevicorum

淫羊藿,.Yin.Yang.
Huo.

10–15 Nontoxic Nausea,.vomiting,.
dryness.of.the.
mouth

N/A

Fruit of Lycium 
chinense.

枸杞子,.Gou.Qi.
Zi

9–15 Nontoxic N/A

Ophiopogon 
japonicus

麦冬,.Mai.Don 6–15 Nontoxic. Abdominal.
distension,.gas

N/A

Fructus 
Schisandra 
chinensis.

五味子,.Wu.Wei.
Zi

3–9 Nontoxic. 5g/kg.in.mice.do.
not.induce.
mortality

Cinnamomum 
cassia

桂枝,.Gui.Zhi 3–10 Nontoxic N/A
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45.minutes..Decoction.is.very.popular.and.widely.employed.in.CM.practice.[49]..Almost.all.of.the.
active.compounds.of.herbs.can.be.extracted.by.this.preparation.[183]..Decoction.leads.to.a.better.
bioavailability.because.aqueous.extracts.are.absorbed.fast,.give.a.rapid.onset.of.action,.and.provide.
longer.and.higher.efficacy.than.other.preparations.and.administration.[140,142,155,193]..The.decoc-
tion.is.drunk.warm..The.microwave.oven.should.be.avoided.for.the.preparation.of.the.cocktail.

1�.�  glossary

18.7.1  dEFinitiOns usEd in mEdical rEsEarcH

Ischemia deficiency.of.blood.in.a.body.part.caused.functional.constriction.or.actual.obstruction.
of.a.blood.vessel.

Insult in.medical.field,.insult.means.the.injury.induced.by.diseases.or.trauma..In.this.chapter,.
insult.indicates.the.ischemia.episode.produced.by.the.animal.experiments.

Sham rats the.rats.receive.surgery.but.not.ischemia..Thus,.their.brains.have.no.injury.and.are.
normal.in.an.experimental.stroke.study.

BBB abbreviation.for.blood–brain.barrier..The.barrier.separates.blood.from.the.parenchyma.of.
the.central.nervous.system..It.consists.of.the.walls.of.the.blood.vessels.and.the.surround-
ing.glial.membranes.

ROS reactive.oxygen.species.
Antioxidant oxidation.reactions.can.produce.free.radicals.that.damage.cells..Oxidative.stress.

has.been.implicated.in.the.pathogenesis.of.stroke,.cancer,.and.neurodegenerative.diseases.
including.Alzheimer’s.disease.and.Parkinson’s.disease..Any.substance.that.reduces.oxi-
dative.damage.caused.by.ROS.is.antioxidant..Well-known.antioxidants.include.vitamins.
C,.E,.and.β-carotene,.the.precursor.of.vitamin.A.

Phytochemicals this.word.is.from.the.Greek.word.phyton,.meaning.“plant.”.Phytochemicals.
refer.to.chemicals.called.flavonoids.and.saponins,.etc.,.in.plants..The.do.not.include.pro-
teins,.carbohydrates,.lipids,.vitamins,.or.minerals.

Anion an.ion.carrying.a.negative.charge..The.anions.include.all.the.nonmetals,.the.acid.radi-
cals,.and.the.hydroxyl.ion.

Ion an.atom.having.a.positive.charge.
Hippocampus the.region.in.the.brain.involved.in.the.control.of.emotion,.attention,.and.memory..

Neurons.in.hippocampus.CA1.are.vulnerable.to.global.forebrain.ischemia.

18.7.2  tcm tErminOlOgy

Yin and Yang a.philosophy.of.ancient.China.as.applied.in.TCM.to.explain.the.mechanisms.of.
diseases.and.to.guide.diagnosis.and.treatment..Yin.and.Yang.are.the.two.fundamental.
principles.in.the.universe,.opposing.and.supplementing.each.other..All.things.have.Yin.
and.Yang,.the.two.oppositing.yet.interdependent.components..Yin.and.Yang.depend.on.
and.control.each.other..When.Yin.is.excessive,.Yang.will.be.too.weak,.and.vice.versa..
In.addition,.they.create.each.other,.thus,.Yin.and.Yang.transform.to.each.other..Ideally,.
Yin.and.Yang.are.always.in.a.state.of.dynamic.balance..Health.is.the.balance.between.
Yin.and.Yang.in.the.human.body..The.basic.pathogenesis.of.a.disease.is.the.imbalance.of.
Yin.and.Yang.in.the.body..Diseases.are.classified.as.Yin.pattern.and.Yang.pattern,.which.
are.subdivided.into.deficient.Yin,.excess.Yin,.excess.Yang,.and.deficient.Yang.patterns..
Chinese.medicine.attempts.to.achieve.a.balance.between.Yin.and.Yang,.thus.to.restore.
the.body’s.harmony.and.to.obtain.health.

Liver the.liver.in.TCM.includes.the.liver.as.understood.by.Western.medicine,.but.also.involves.part.
of.the.central.nervous.system,.the.vegetative.nervous.system,.retina,.and.blood.vessels.
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Kidney the.kidney.of.TCM.includes.the.kidney,.urinary.system,.reproductive.system,.part.of.
the.endocrine.system,.and.the.nervous.system.
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Tobacco*.contributes. to.the.world’s.leading.killer.diseases..If.current. trends.continue,. it.will.
kill.100.million.people.prematurely.during.this.century.[1]..According.to.the.Centers.for.Disease.
Control.and.Prevention’s Behavioral.Risk.Factor.Surveillance.System.(BRFSS),.an.estimated.10%.
of.Americans.65.and.older.smoked.daily.in.the.year.2002.[2].

1�.2  health rIsks of smokIng

19.2.1  cancEr

Tobacco.is.a.potent.multisite.carcinogen,.causing.cancers.of.the.lung,.upper.aero-digestive.tract,.pan-
creas,.stomach,.liver,.lower.urinary.tract,.kidney.and.uterine.cervix,.and.causing.myeloid.leukemia.
[3]..Smoking.is.estimated.to.cause.21%.of.deaths.from.cancer.worldwide,.which.indicates.that.it.is.
a.very.important.preventable.cause.of.cancer.mortality..It.was.calculated.that.70%.of.trachea,.bron-
chus,.and.lung.cancer.mortality.worldwide.is.caused.by.smoking;.while.smoking.accounts.for.42%.
of.mouth.and.oropharynx.cancer.mortality,.42%.of.oesophageal.cancer.mortality,.22%.of.pancreatic.
cancer.mortality,.28%.of.bladder.cancer.mortality.and.14%.of.liver.cancer.mortality.[4]..Evidence.of.
a.positive.relationship.between.involuntary.passive.second-hand.smoking,.or.environmental.tobacco.
smoke.and.lung.cancer.in.nonsmokers.is.increasing..This.association.is.biologically.plausible,.as.pas-
sive.smokers.inhale.the.same.carcinogens.as.active.smokers,.albeit.at.a.lower.dose.[5].

Cigarette.smoke.contains.a.mixture.of.more.than.60.carcinogens,.most.of.which.require.meta-
bolic.activation.to.impose.their.carcinogenic.effect;.there.are.competing.detoxification.pathways..
The.balance.between.metabolic.activation.and.detoxification.differs.among.individuals.and.affects.
their. cancer. susceptibility.. Persons. with. higher. carcinogen. activation. and. lower. detoxification.
capacity.have.the.highest.risk.of.developing.cancer..Metabolic.activation.of.carcinogens.leads.to.the.
formation.of.DNA.adducts..A.DNA.adduct.is.formed.when.carcinogen.metabolites.bind.to.DNA..
DNA.adducts.are.absolutely.central.to.the.carcinogenic.process..If.their.formation.is.inhibited.or.
blocked,.so.is.the.carcinogenesis..If.DNA.adducts.escape.cellular.repair.mechanisms.and.persist,.
they.may.lead.to.miscoding,.persisting.in.permanent.mutations..Cells.with.damaged.DNA.may.be.
removed.by.apoptosis.or.programmed.cell.death..If.a.permanent.mutation.occurs.in.a.critical.region.
of.an.oncogene.(genes.that.stimulate.cell.division).or. tumor.suppressor.gene.(genes.that.prevent.
cell.division),.it.can.lead.to.activation.of.the.oncogene.or.deactivation.of.the.tumor.suppressor.gene..
Multiple.events.of.this.type.may.lead.to.cells.that.have.lost.normal.growth.control.mechanisms.and.
eventually.become.cancer. [6,7]..Furthermore,. smoking.may. impair. the. immune. system,. further.
increasing.the.risk.of.cancer.[8].

19.2.2  cardiOvascular disEasE

Tobacco.use.is.an.important.cause.of.acute.myocardial.infarction.worldwide,.especially.in.men.[9]..
It.has.been.estimated.that.more.than.one.in.every.10.cardiovascular.deaths.in.the.world.in.the.year.
2000.were.attributable.to.smoking.[10]..Quitting.smoking.will.reduce.all-cause.mortality.by.36%.
among.patients.with.coronary.heart.disease.CHD..[11]..Smoking.increases.the.risk.for.both.isch-
emic.and.hemorrhagic.stroke.and.contributes.to.12%.to.14%.of.all.stroke.deaths.[12].

Epidemiological. evidence. indicates. a. positive. association. between. passive. or. secondhand.
smoking.and.the.incidence.of.CVD.[13]..This.suggests.that.even.very.low.levels.of.cigarette.smoke.
increases.the.risk..Exposure.to.environmental.tobacco.smoke.causes.a.25%.increase.in.risk.of.isch-
emic.heart.disease..This.large.effect.of.such.a.small.exposure.is.mainly.explained.by.a.nonlinear.
dose–response. relation.between. exposure. and. risk.of. heart. disease. [14].. It. has. been. shown. that.

*.In.this.chapter.the.terms.“tobacco”.and.“smoking”.refer.to.all.forms.of.tobacco.smoking:.smoking.of.cigarettes,.pipes,.
cigars,.or.bidis.which.contain.tobacco.wrapped.in.the.leaf.of.another.plant..
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passive.smokers.have.disproportionately.increased.levels.of.fibrinogen.and.homocysteine.which.are.
two.biomarkers.of.CVD.risk..[15]..Nicotine,.and.its.major.metabolites.cotinine,.carbon.monoxide,.
and.thiocyanate.are.the.main.biochemical.factors.responsible.for.cardiovascular.harm.[16].

Cigarette.smoking.impacts.all.phases.of.atherosclerosis.from.endothelial.dysfunction.to.acute.
clinical.events,.which.are.largely.thrombotic..Vasomotor.dysfunction.or.impairment.of.the.vasodi-
latory.function,.inflammation.which.is.an.essential.phase,.and.modification.of.the.lipid.profile.are.
components.of.initiation.and.progression.of.artherosclerosis..These.three.phases.precede.clinical.
events..Furthermore,.cigarette.smoke.is.associated.with.dysfunctional.thrombohemostatic.mecha-
nisms.(platelet.dysfunction,.alteration.of.antithrombotic.and.prothrombotic.factors,.and.alteration.
in.fibrinolysis).that.promote.the.initiation.and.progression.of.thrombus.formation.and.limit.its.effec-
tive.dissolution.[17].

Most.of.the.dysfunctions.described.above.can.be.explained.by.oxidative.stress,.which.is.a.con-
sequence.of.smoking.[17]..The.anatomical.and.ultrastructural.cardiovascular.changes.due.to.smok-
ing.are.named.“smoke.cardiomyopathy”.[16].

1�.�  fruIt and vegetaBle ConsumptIon In the elderly

The. intake. of. fruit. and. vegetables. is. often. lower. than. the. recommended. five. or. more. servings.
daily..Only.33.3%.±.4.9%.of.the.female.U.S..population.older.than.70.met.that.recommendation.in.
1999–2000;.for.the.male.population.older.than.70,.this.was.55.9%.±.4.4%.[18].

1�.�  effeCts of fruIt and vegetaBle ConsumptIon

A.diet.of.at. least.400.grams.per.day.of. total. fruit.and.vegetables..has.often.been.promoted.as.
reducing.chronic.disease.risk..However,.the.epidemiological.evidence.is.not.as.convincing.as.was.
anticipated..In.general,.cohort.studies.provide.weaker.evidence.than.do.case.control.studies.[19]..
The.differences.in.result.may.be.partly.explained.by.bias..Retrospective.studies.are.more.prone.
to.several.types.of.biases,.which.may.lead.to.an.overestimation.of.the.association,.such.as.(recall.
bias.recall.of.diet.is.biased.by.the.diagnosis),.selection.bias.(controls.who.are.willing.to.partici-
pate.may.be.health.conscious.and.thus.consuming.more.fruits.and.vegetables.than.those.who.are.
not).and.bias.due.to.the.change.of.diet.and.lifestyle.following.CVD.events.or.being.diagnosed.
with.cancer.

19.4.1  EFFEct On cancEr

The.consumption.of.fruit.and.vegetables.probably.decreases.the.risk.of.several.cancers..This.was.
the.conclusion.of. the. largest.project.ever. to. investigate. the.association.between.diet.and.cancer,.
performed.by. the.World.Cancer.Research.Fund.(WCRF).and. the.American.Institute.for.Cancer.
Research.(AICR).[20]..All.available.evidence.was.accumulated.in.one.report.that.concluded.that.
the.intake.of.fruits.as.well.as.vegetables.decreases.the.risk.of.cancers.of.mouth,.pharynx,.larynx,.
esophagus,.and.stomach.. In.addition,. fruit.also. reduced. the. risk.of. lung.cancer..The.strength.of.
association.was.labeled.probable,.which.means.there.is.still.uncertainty.in.the.causal.relationship..
In.addition,.a.suggestive.protective.association.was.found.between.vegetables.and.cancers.of.the.
nasopharynx,.lung,.colorectum,.ovary,.and.endometrium.and.between.fruit.and.cancers.of.the.naso-
pharynx,.pancreas,.liver,.and.colorectum.

Based.on.this.report,. the.WCRF.and.AICR.recommends.everybody.to.consume.at. least.five.
portions/servings.(at.least.400.g.or.14.oz).of.a.variety.of.nonstarchy.vegetables.and.fruits.every.day.
[20].
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19.4.2  EFFEct On cardiOvascular disEasE

Fruit. and.vegetable. consumption. seems. to.be. inversely. associated.with. the.occurrence.of.CHD.
[19,21].and.with.a.reduced.risk.of.stroke.[22]..A.high.daily.consumption.(400–500.grams).of.fresh.
fruit.and.vegetables.is.recommended.to.reduce.the.risk.of.CHD,.stroke,.and.high.blood.pressure.
[23]..Few.studies.have.focused.on.the.elderly..A.study.among.3588.men.and.women.aged.65.years.
or.older.found.no.association.between.fruit.and.vegetable.fiber.intake.and.incident.CVD.[24]..In.
contrast,.a.study.among.1299.elderly.Massachusetts.residents.found.that.residents.consuming.more.
carotene-containing.fruits.and.vegetables.had.lower.risk.of.cardiovascular.mortality.and.myocar-
dial.infarction.[25]..The.global.mortality.attributable.to.inadequate.consumption.of.fruit.and.veg-
etables.was.estimated.to.be.up.to.2.635.million.deaths.per.year.[26]..Increasing.individual.fruit.and.
vegetable.consumption.to.up.to.600.g.per.day.could.reduce.the.burden.of.ischemic.heart.disease.by.
31%.and.ischemic.stroke.by.19%.

Although.no.trials.have.assessed.the.intake.of.fruit.and.vegetables.on.primary.prevention.of.
CHD,.there.is.some.evidence.on.secondary.prevention..Ornish.et.al..1998..investigated.the.effect.
of.intensive.lifestyle.changes.in.patients.with.moderate.to.severe.CHD.[27]..Lifestyle.changes.con-
sisted. of. 10%. fat. whole. foods,. a. vegetarian. diet,. aerobic. exercise,. stress. management. training,.
smoking.cessation,.and.psychological.support.for.5.years..The.authors.concluded.that.more.regres-
sion.of.coronary.atherosclerosis.occurred.after.5.years.than.after.1.year.in.the.experimental.group..
In. contrast,. in. the. control. group,. coronary. atherosclerosis. continued. to. progress. and.more. than.
twice.as.many.cardiac.events.occurred.

1�.�   InteraCtIon BetWeen fruIt and vegetaBle 
ConsumptIon and smokIng

Chronic.diseases.are. likely. to.be.caused.by.a.combination.of.environmental. factors,.genes,.and.
their.interaction..For.example,.only.15%.of.lifelong.smokers.in.the.Western.world.will.develop.lung.
cancer.before.the.age.of.75.[28]..This.suggests.that.other.factors.than.smoking.alone.affect.the.risk.
of.developing.lung.cancer.

This.section.reviews.the.interaction.between.fruit.and.vegetable.consumption.and.smoking..For.
example,.is.the.protective.effect.of.fruit.and.vegetables.different.for.smokers.than.for.nonsmokers?.
Are.the.antioxidant.mechanisms.found.in.fruit.and.vegetables.more.important.in.the.presence.of.
high.levels.of.oxidizing.DNA-damaging.free.radicals.smoking.[29]?.And,.is.the.detrimental.effect.
of.smoking.different.for.persons.who.eat.more.than.the.recommended.five.daily.servings.of.veg-
etables.and.fruits.compared.with.those.who.eat.less?

19.5.1  intEractiOn witH cancEr

Tobacco-specific.nitrosamines.and.polycyclic.aromatic.hydrocarbons.undergo.activation.and.detox-
ification.processes.that.are.controlled.by.antioxidants.such.as.quercetin.in.vegetables.and.sulfora-
phane.in.broccoli.[30].

1�.�.1.1  lung Cancer

Several.studies.assessed.the.effect.of.fruit.and.vegetables.in.smokers.and.nonsmokers,.but.the.results.
on.a.possible.interaction.are.equivocal..A.case-control.study.found.a.protective.effect.of.vegetables.
and.apples.on.lung.cancer.risk.among.smokers,.but.not.among.nonsmokers.[31]..Another.case-con-
trol.study.found.a.fivefold.increased.risk.in.lung.cancer.for.smokers.reporting.a.low.consumption.
compared.with.never.smokers.reporting.high.intake.of.fruit.and.vegetables,.[32]..A.large.prospec-
tive.cohort.found.that.lung.cancer.incidence.was.lower.in.smokers.with.high.vegetable.intake.than.
in.those.with.a.low.intake.[33]..In.contrast,.a.Swedish.case-control.study.found.a.protective.effect.of.
vegetable.consumption.on.lung.cancer.risk.among.both.nonsmokers.and.smokers.including.former.
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smokers..[34]..Based.on.a.pooled.analysis.of.eight.prospective.studies,.it.was.suggested.that.risk.of.
lung.cancer.in.never.smokers.with.high.consumption.of.fruit.is.decreased.by.41%.compared.with.
those.consuming.less.fruit..However,.this.association.was.not.significant..Weaker.associations.were.
observed.among.current.and.past.smokers,.while.vegetable.consumption.was.negatively.associated.
with.lung.cancer.risk.only.among.current.smokers.[35].

1�.�.1.2  other Cancers

The.risks.estimated.of.tobacco.use.on.the.occurrence.of.gastric.cancer.seems.to.be.higher.among.
those.with.low.fruit.consumption.than.among.frequent.fruit-eaters.[36]..The.protective.effects.of.
carotenoids.on.bladder.cancer.risk.has.been.found.to.be.confined.largely.to.ever-smokers.and.were.
stronger.in.current.than.ex-smokers.[37]..A.case.control.study.suggested.that.by.increasing.the.daily.
fruit.consumption,. the. risk.of.ever-smokers. for.developing.bladder.cancer.decreased;.however. it.
still.remained.significant.[38]..Even.in.the.presence.of.heavy.smoking,.a.high.fruit.and.vegetable.
consumption.is.protective.for.the.risk.of.head.and.neck.cancer..Forty.percent.of.the.cases.among.
ever-smokers.appears.to.be.related.to.the.interaction.of.both.risk.factors.[39].

However,.a.pooled.analysis.of.two.prospective.cohort.studies.found.no.association.between.fruit.
and.vegetable.consumption.and.overall.cancer.risk.among.never,.past,.or.current.smokers.except.for.
cruciferous.vegetables.among.male.current.smokers.[40].

A.randomized.trial.investigated.the.ability.of.dietary.changes.in.particular.diets.rich.in.cru-
ciferous.vegetables.and.flavanoids.to.increase.urinary.antimutagenicity.and.inhibit.DNA.damage.
in.healthy.male.smokers.at. least.15.cigarettes/day. for. the. last.10.years..The.data.suggested. that.
adherence. to.a.diet.rich. in.cruciferous.vegetables.and.flavanoids.was.associated.with.a.decrease.
in.adducts.after.1.year..However,.the.authors.conclude.that.smoking.is.the.most.important.single.
preventable.cause.of.cancer.and.that.it.is.unlikely.that.dietary.habits.can.substantially.counteract.
its.effects.[41].

1�.�.1.�  Cardio�ascular disease

Interaction.between.fruit.and.vegetable.consumption.and.smoking.for.CVD.is.sparsely.examined..
To.the.best.of.our.knowledge,.no.epidemiological.studies.assessed.whether.the.effect.of.smoking.
on.CVD.was.modified.by.fruit.and.vegetable.intake..In.contrast,.several.cohort.studies.assessed.
whether.the.effect.of.fruit.and.vegetable.intake.on.CVD.was.modified.by.smoking..Two.cohort.stud-
ies.and.a.pooled.analyses.based.on.two.other.cohort.studies.suggested.that.the.protective.association.
was.more.apparent.in.current.smokers.[40,42,43],.although.the.evidence.on.interaction.was.weak,.if.
presented..Another.cohort.observed.no.clear.interaction.between.smoking.and.fruit.intake.[44].

1�.�  ConfoundIng of the InteraCtIon

As.stated.above,.cohort.studies.typically.provide.weaker.evidence.on.the.association.of.fruit.and.
vegetables.with.chronic.disease.than.do.retrospective.studies..In.addition,.results.of.observational.
studies.may.not.be.confirmed.in.clinical.trials..This.has,.for.example,.been.shown.the.relationship.
between. β-carotene. and. lung. cancer.. Observational. studies. showed. a. protective. effect. of. carot-
enoids.on.lung.cancer,.especially.in.smokers.[46]..However,.randomized.controlled.studies.failed.to.
demonstrate.reduced.lung.cancer.incidence.after.prolonged.β-carotene.supplementation,.and.even.
suggested.the.possibility.of.harm.[47,48]..Bias.may.partly.explain.why.an.effect.found.in.observa-
tional.studies.is.not.apparent.in.randomized.clinical.trials.

19.6.1  assEssmEnt OF Fruit and vEgEtablE cOnsumPtiOn

The.consumption.of. fruit. and.vegetable. is.difficult. to.measure..Estimates.of. fruit. and.vegetable.
intake. and. disease. associations. may. differ. depending. on. the. method. used. to. assess. fruit. and.
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vegetable.intake.[49]..For.example,.food.frequency.questionnaire-based.measures.of.fruit.and.veg-
etable.intake.have.limitations,.primarily.due.to.their.imprecise.assessment.of.vegetable.intake.[50]..
Also,.the.majority.of.observational.studies,.even.cohort.studies,.note.a.dietary.assessment.only.at.
baseline..Any.changes. to. the.diet.will,. therefore,.not.be. taken. into.account,.which.may.bias. the.
estimate.of.association.

19.6.2  clustEring OF unHEaltHy bEHaviOrs

Consumption.of.fruit.and.vegetables.is.typically.connected.with.behavior.that.is.associated.with.
a. reduction.of. cardiovascular. and. cancer. risk..For. example,. individuals.who.eat.more. fruit. and.
vegetables.are.likely.to.have.lower.rates.of.smoking,.a.lower.intake.of.salt.and.saturated.fat,.higher.
levels.of.physical.activity,.and.are.less.likely.to.be.overweight.[44]..Such.a.clustering.of.healthy.
behavior.was.reported.in.a.European.study.with.subjects.aged.60.years.or.more.[51]..Smokers.com-
monly.have.higher. intakes.of.energy,. total. fat,. saturated. fat,.cholesterol,.and.alcohol,.and. lower.
intakes.of.unsaturated.fat,.fiber,.vitamin.C,.vitamin.E,.and.β-carotene.than.nonsmokers.[52]..Thus,.
smokers.typically.have.dietary.patterns.that.further.exacerbate.their.smoking-related.risk.of.cancer.
and.CVD,.making.it.difficult.to.estimate.the.effect.of.a.single.food.or.nutrient.

19.6.3  rEsidual cOnFOunding

Inadequate.control.of.confounding.may.lead.to.an.overestimation.of.the.protective.effect.of.fruit.
and.vegetable.consumption.in.smokers..Especially.relevant.in.this.respect.is.residual.confounding,.
which.refers.to.confounding.due.to.measurement.error.in.a.known.confounder.that.is.included.in.a.
model.[53]..This.could,.for.example,.arise.when.results.are.adjusted.for.smoking.status.yes.versus.
no..instead.of.pack-years,.but.also.when.self-reported.smoking.status.is.used.instead.of.a.biomarker..
The.risk.on.residual.confounding.is.especially.great.when.investigating.a.disease.with.a.very.strong.
risk.factor.such.as.lung.cancer.and.smoking..that.is.inversely.associated.with.the.exposure.of.inter-
est.such.as.fruit.and.vegetable.consumption..or.when.the.exposure.of.interest.is.weak.compared.with.
the.confounder.[54]..A.simulation.study.suggested.that.biases.in.assessment.of.smoking.exposure.
between.smokers.with. low.versus.high. β-carotene. intake,. leading. to. residual.confounding,.may.
plausibly.explain.much.of.the.observed.protective.effect.of.β-carotene.levels.seen.in.epidemiologi-
cal.studies.[55]..Carefully.controlling.for.residual.confounding.is.indicated.in.observational.studies..
After.stepwise.adjustment.for.smoking.status,.duration.of.smoking,.and.amount.of.cigarettes.per.
day,.a.cohort.study.found.that.the.negative.associations.between.fruit.and.vegetable.consumption.
and.lung.cancer.attenuated.and.remained.significant.only.for.people.in.the.highest.quartile.of.veg-
etable.consumption.[54].

1�.�   BIoChemICal plausIBIlIty of the InteraCtIon BetWeen 
fruIt and vegetaBle Intake and smokIng

Smoking.induces.oxidative.stress..One.“puff”.exposes.the.smoker.to.more.than.1015.free.radicals.and.
additional.free.radicals.and.oxidants.are.found.in.the.tar.[56]..Antioxidants.are.the.best.protectors.
of.the.damage.caused.by.oxidative.stress..Two.of.best-documented.categories.are.the.carotenoids.
and.the.bioflavonoids..The.carotenoids.can.be.found.in.highly.colored.fruit.and.vegetables.such.as.
carrots,.tomatoes,.peppers,.and.grapefruit..Flavonoids.are.found.in.a.wide.variety.of.foods—not.
necessarily. colored—such. as. grapes,. cherries,. and. tea. [57].. As. mentioned. above,. clinical. trials.
showed.no.association.between.carotene.supplements.and.cancer.risk..It.has.been.argued.that.the.
complex.mixture.of.micronutrients.found.in.a.diet.high.in.fruit.and.vegetables.may.be.more.effec-
tive.than.large.supplemental.doses.of.a.small.number.of.micronutrients.[58]..Future.clinical.trials.
should.therefore.focus.on.dietary.patterns.and.not.on.specific.vitamins.or.even.food.items.
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It.has.been.shown.that.blood.concentrations.of.antioxidants.are.lower.in.smokers.than.in.non-
smokers..This.difference.remains.after.adjustments.for.dietary.differences..It.is.suggested.that.this.
relates.to.the.inflammatory.changes.due.to.smoking.that.are.associated.with.an.increased.turnover.
of.vitamin.C.and.carotenoid-containing.foods.[56]..Furthermore,.chronic.smoking.leads.to.deple-
tion.of.trace.elements.such.as.selenium.or.zinc,.and.by.interference.with.the.transcription.of.redox-
relevant. enzymes.. This. followed. by. an. up. regulation. of. antioxidative. enzymes. and. factors. e.g.,.
gluthathione..After.years.of.smoking,.metal.catalysts.for.oxidation.reaction.accumulate.in.the.vessel.
wall,.and.accelerate.oxidation.reactions,.which.finally.lead.to.a.permanent.oxidative.deterioration.
of.the.cardiovascular.system.[59]..It.is.recommended.that.supplements.of.trace.elements.and.metal.
chelating.and.detoxifying.agents.should.be.added.to.antioxidant.supplementation.in.order.to.reduce.
CVD.in.chronic.smokers.[59].

Low.penetrant.genetic.conditions.may.be. involved.in.processes.related. to.diet.and.smoking..
These.conditions.strongly.influence.the.individual.biologic.response.to.environmental.carcinogens,.
which.results.in.a.lower.or.higher.susceptibility.for.certain.diseases..In.such.cases,.it.can.be.rea-
soned.that.the.protective.effect.of.fruit.and.vegetables,.which.are.important.sources.of.antioxidants,.
depends.on.a.person’s.genotype.in.addition.to.the.amount.of.oxidative.stress..Oxidative.stress.is.a.
consequence.of.cigarette.smoking..Genetic.polymorphisms.leading.to.fast.metabolization.of.smok-
ing.carcinogens.could.lead.to.less.DNA.damage.from.oxidative.stress..Hence,.the.protective.effect.
of. the.dietary. antioxidants.may.be. less. in.persons.of. the.genotype. “fast.metabolization.”.Thus,.
some.subgroups.defined.by.genotype.and.phenotype.may.benefit.more.from.dietary.strategies..The.
protective.effect.of.cruciferous.vegetable.consumption.on.the.risk.of.myocardial.infarction.among.
persons. with. the. GSTT1�1. allele. was. greater. for. current. smokers. than. for. non-smokers. genetic.
polymorphism.x.diet.x.smoking.interaction..It.seems.that.persons.with.an.low.functioning.GSTT1.
allele.may.benefit.more.from.the.protective.effects.of.cruciferous.vegetables.than.those.with.higher-
activity.genotype.because.the.isothiocyanates.could.remain.in.the.body.longer.[45]..The.field.of.
gene–nutrient.interactions.is.currently.under.development.

1�.�  ConClusIon

Smoking.increases.the.risk.of.chronic.diseases.such.as.cancer.and.CVD..The.intake.of.fruits.and.
vegetables.seems.to.have.a.modest.protective.effect.on.the.occurrence.of.these.diseases..However,.
this.has.been.investigated.only.in.observational.studies.and.bias.may.partly.explain.the.protective.
association.found.

The.consumption.of.fruit.and.vegetables.seems.to.have.a.beneficial.effect.on.some.cancer.risk.
in.smokers..Such.an.association.was.weaker,.if.present,.in.CVD..To.date,.no.long-term.interven-
tion.study.has.determined.that.increasing.fruit.and.vegetable.intake.resulted.in.a.decrease.in.heart.
disease.and.cancer.incidence.and.mortality.among.smokers.[60].

The.importance.of.smoking.cessation,.even.at.an.older.age,.has.been.demonstrated..Adhering.
to.a.healthy.lifestyle.in.middle.age.has.been.shown.to.lead.to.a.reduction.in.CVD.risk.and.mortality.
[61]..Up.to.92%.of.the.myocardial.infarctions.in.postmenopausal.women.may.be.prevented.by.con-
suming.a.healthy.diet.high.intake.of.fruit.and.vegetables,.whole.grains,.fish,.and.legumes..in.combi-
nation.with.moderate.alcohol.consumption,.being.physically.active,.not.smoking,.and.maintaining.
a.healthy.weight.[62]..Persons.who.adhere.to.a.Mediterranean.type.of.diet.rich.in.plant.foods.and.
cereals.and.with.olive.oil.as.an.important.fat.source,.and.maintain.a.healthy.lifestyle.of.nonsmok-
ing,.moderate.alcohol.consumption,.and.at.least.30.minutes.of.physical.activity.per.day,.are.less.
likely.to.die.from.all-cause.and.cause-specific.mortality.even.at.ages.70.to.90.years.[63].

In.conclusion,.there.is.insufficient.evidence.that.increased.fruit.and.vegetable.intake.can.be.a.
substitute.for.smoking.cessation..Therefore,.the.advice.to.quit.smoking.should.remain.the.mainstay.
of.a.healthy.lifestyle.for.everybody.
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20.1  IntroduCtIon

The.reduced.physical.activity.undertaken.by.elderly.people,.along.with.the.physiological,.psycho-
logical,.social,.and.often.pathological.changes.they.experience,.can.gradually.increase.their.risk.of.
putting.on.weight—which.could.have.negative.effects.on.their.health.and.functional.capacity..When.
planning.the.nutrition.of.elderly.people,.care.is.usually.taken.to.restrict.the.intake.of.food.with.the.
goal.of.maintaining.body.weight..However,.such.restrictions,.which.are.often.inadequately.moni-
tored.and.controlled,.can.be.associated.with.nutritional.and.health.risks.

20.2  defInItIons of overWeIght and oBesIty

A.person.who.is.overweight.or.obese.has.an.abnormal.or.excessive.accumulation.of.body.fat.[1]..
The.traditional.method.for.deciding.whether.a.person.is.overweight.or.obese.is.to.determine.his/her.
body.mass.index.(BMI):.the.person’s.body.weight.(in.kg).divided.by.the.square.of.his/her.height.in.
metres.(kg/m2).(Table.20.1)..This.highly.reproducible,.easy-to-use.index.reflects.the.amount.of.body.
fat.in.most.people.very.well,.and.has.been.employed.in.a.great.many.epidemiological.studies..It.is.
also.recommended.for.clinical.use.by.different.medical.societies.and.international.health.organiza-
tions..However,.the.BMI.is.not.a.good.indication.of.the.amount.of.body.fat.carried.by.athletes.or.
the.elderly.[2].
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20.�  Ideal WeIght for elderly people

The.official. cutoff.weights.of.different.organizations. establish. adults. as.being.overweight.when.
their.BMI.is.between.25.and.29.9.kg/m2,.and.as.obese.when.it.reaches.≥30.kg/m2.(Table.20.1)..These.
same.cutoffs.recognize.that.being.overweight.or.obese.places.a.person.at.greater.risk.of.developing.
health.problems,.and.that.within.each.weight.category.this.risk.is.further.increased.when.the.waist.
circumference.(WC).reaches.≥102.cm.in.men.and.≥88.cm.in.women.[3]..However,.controversy.sur-
rounds.the.impact.of.overweight/obesity.on.the.health.of.persons.aged.65.and.over.[4].

In.2005,.the.North.American.Association.for.the.Study.of.Obesity.and.the.American.Society.
for.Nutrition.published.a.document.in.which.it.was.recommended.that.obese.persons.aged.≥65.years.
lose.weight,.but.no.special.recommendation.was.made.for.overweight.persons.[5,6].

Numerous.studies.report.a.U-.or.J-shape.relationship.between.BMI.and.mortality.in.adults,.but.
in.elderly.people.this.is.not.so.clear.[7]..In.fact,.few.recent.studies.have.reported.a.positive.relation-
ship.between.these.variables.in.the.elderly..The.25.kg/m2.normal.limit.for.BMI.may.therefore.be.too.
restrictive.in.elderly.persons;.the.appropriate.BMI.for.this.age.group.could.be.higher.[6,7].

Several.hypotheses.have.been.put.forward.to.explain.the.association.between.BMI.and.mortal-
ity.in.elderly.people..Some.suggest.this.index.to.be.a.poor.indicator.of.the.quantity.and.distribution.
of.body.fat.in.people.of.advanced.age.since.both.the.fat-free.mass.and.fat.mass.act.as.important.
nutritional.reserves.during.illness..This.is.of.particular.importance.in.elderly.people;.a.higher.BMI.
could.help.to.reduce.their.risk.of.dying.[8].

Other.authors.[5,10,11,12].report.a.negative.association.between.BMI.and.mortality.in.persons.
aged.50–64.years.after.adjusting.for.the.WC,.while.WC.is.positively.associated.with.mortality.after.
adjusting.for.BMI.[9]..They.suggest.that.BMI.may.reflect.the.fat.free.mass.of.people.with.the.same.
WC,.while.WC.reflects.total.and.abdominal.fat.in.people.with.the.same.BMI..Therefore,.a.loss.of.
weight.(intentional.or.otherwise).would.not.necessarily.be.beneficial.in.overweight.or.obese.elderly.
people..Rather,.it.would.be.more.appropriate.to.reduce.their.WC.without.a.loss.of.weight.via.exer-
cise..This.could.be.the.case.irrespective.of.the.BMI.interval.into.which.they.fall..Nonetheless,.more.
research.is.needed.to.confirm.these.ideas.

20.�  prevalenCe of overWeIght and oBesIty In elderly people

A.high.percentage.of.the.world’s.population.is.overweight.or.obese,.including.members.of.all.age.
and.social.groups.and.both.sexes..This.situation.continues.to.increase.alarmingly.and.has.reached.
epidemic.proportions.among.some.populations..The.latest.World.Health.Organization.(WHO).data.
indicate.that.in.2005.the.world.was.home.to.1600.million.overweight.adults.(>15.years.of.age).and.

taBle 20.1
BmI Inter�als for degree of obesity in adults

Category BmI inter�als (kg/m2)

Underweight <18.5

Normal.weight 18.5–24.9

Grade.I.overweight 25–26.9

Grade.II.overweight.(pre-obesity) 27–29.9

Type.I.obesity 30–34.9

Type.II.obesity 35–39.9

Type.III.obesity.(morbid) 40–49.9

Type.IV.obesity.(extreme) ≥50

Source:.1,2.
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nearly.400.million.who.were.obese..By.2015.these.figures.are.expected.to.reach.some.2030.million.
and.700.million.respectively.[1].

With.respect.to.elderly.persons,.recent.studies.have.shown.that.71%.of.U.S..citizens.aged.60.or.
more.to.be.overweight.or.obese.when.classified.according.to.their.BMI.[13]..Further,.more.than.half.
of.these.people.have.been.diagnosed.obese.according.to.WC.criteria.[14]..In.Europe,.the.data.are.
also.not.quite.so.alarming..For.example,.in.Spanish.citizens.aged.65.years.or.over,.the.prevalence.of.
overweight.is.estimated.at.44%.and.obesity.at.35%.[15].

20.�  food haBIts of the elderly

There.is.an.irrefutable.relationship.between.nutrition.and.health.in.elderly.people..A.good.nutri-
tional.status.has.a.positive.effect.on.mortality,.probably.via.helping.to.prevent.disease.and.incapac-
ity..The.nutritional.needs.of.the.elderly.are.different.from.those.of.younger.adults;.energy.needs.
are.lower.but.the.requirements.of.vitamins.and.mineral.are.greater..Any.modification.of.the.dietary.
recommendations.for.persons.of.this.age.group.should.therefore.be.moderate;.the.risk.of.causing.a.
deficiency.could.be.considerable.if.the.goals.sought.are.very.ambitious.

Elderly.people.may.reduce.their.food.intakes.for.several.reasons:

Physiological factors..Modifications.in.the.senses.of.taste.and.smell.may.render.acidic.or.
sour.foods.such.as.citrus.fruits.less.appetizing..The.consumption.of.fats.and.sweet.foods.
may,.however,.increase [16]..The.elderly.may.also.experience.a.lack.of.appetite.or.a.height-
ened.feeling.of.satiety..The.partial.or.total.loss.of.teeth.could.lead.to.a.reduced.consump-
tion.of.fruits.and.vegetables.or.meats,.and.consequently.to.lower.fiber,.carotene,.and.iron.
intakes,.and.an.increased.consumption.of.fats,.oils,.and.sugars.via.foods.that.are.easier.to.
chew.[17,18]..Xerostomy,.or.dryness,.may.also.be.a.problem.because.the.chewing.and.the.
swallowing.of.foods.is.more.difficult.
Physical factors.that.impede.the.acquisition.or.preparation.of.foods.
Psychological factors.such.as.depression.are.often.associated.with.a.lack.of.appetite.or.the.
rejection.of.food..Depression.in.elderly.people.can.also.be.manifested.as.a.lack.of.interest.
in.purchasing.and.preparing.food.[19,20].
Economic factors:. the.purchase.of.certain. foods.might.be. limited..The.most.expensive.
foods,.such.as.fish.and.meat,.may.be.purchased.less.often,.while.less.expensive.foods.such.
as.milk,.chicken,.eggs,.flour,.and.cereals.may.be.bought.more.often.[21,22].
Social factors:.being.a.widow.or.widower.and.having.to.eat.alone.can.lead.to.changes.in.
the.diet.[23,24].

Most.experts.also.agree.that.the.nutrition.of.the.elderly.is.generally.inadequate.[25]..In.fact,.
four.out.of.five.elderly.have.chronic.diseases.in.which.diet.may.play.an.important.role..Further,.one.
out.of.every.five.elderly.people.skips.meals,.and.only.about.one.in.10.consumes.the.recommended.
quantities.of.fruit.and.vegetables.

Many.normal-weight.elderly.people.are.aware.of.the.role.of.good.nutrition.in.health.and.begin.
to.take.more.care.of.what.they.eat..They.may.also.make.changes.in.their.food.habits,.introducing.a.
stricter.control.over.the.intake.of.heavy.meals,.especially.fatty.meals,.accompanied.by.an.increase.
in.lighter.meals.with.more.white.meats,.fruits,.vegetables,.wholemeal.cereals,.and.skimmed.milk.
products..In.addition,.they.may.grill,.boil,.roast,.or.microwave.food.rather.than.fry.it.(especially.in.
batter). Overweight.and.obese.elderly.persons,.however,.have.less.healthy.food.habits..They.tend.to.
take.more.energy.from.fats.and.less.from.carbohydrates,.and.to.consume.more.meat..They.therefore.
have.higher.cholesterol.intakes..They.also.consume.fewer.fruits.and.vegetables.and.therefore.have.
poorer.vitamin.and.fiber.intakes.[26–28]..Finally,.elderly.people.with.higher.BMIs.are.reported.to.
consume.less-adequate.breakfasts.and.to.more.frequently.skip.this.meal.than.their.normal-weight.
counterparts.[28].

•

•
•

•

•
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20.�  the InfluenCe of dIet on WeIght Control

The.therapeutic.objectives.of.weight.loss.in.adults.are.the.improvement.in.or.elimination.of.obesity-
associated.comorbidity.and.a.reduction.in.the.impact.of.future.complications.associated.with.weight.
excess..Although.a.number.of.weight-loss.strategies.exist,.including.lifestyle.changes.(diet.therapy,.
undertaking. physical. exercise,. behavior. modification),. pharmacological. treatment. and. bariatric.
(gastric.bypass).surgery.[2,29],.only.the.first.of.these.should.be.used.by.the.elderly..Anti-obesity.
drugs.have.not.been.adequately.tested.in.the.elderly.and.their.secondary.effects.could.be.serious.
[30];.bariatric.surgery.is.simply.too.aggressive.in.people.of.advancing.age.[29].

Among.the.lifestyle.modifications.possible,.increasing.the.amount.of.physical.activity.under-
taken.is.more.advisable.than.reducing.the.energy.intake.since.it.reduces.the.WC.without.weight.
loss.[8,14–16]..In.addition,.reducing.the.intake.of.energy.could.lead.to.nutritional.deficits.[31]..Yet,.
when.elderly.people.embark.on.a.weight.loss.program,.they.are.more.likely.to.change.their.diet.than.
increase.the.physical.activity.they.undertake.[32].

20.6.1  diEtEtic trEatmEnt

To.design.an.appropriate.weight.loss.diet.for.overweight.and.obese.elderly.persons.it.is.necessary.to.
bear.in.mind.their.gastronomic.preferences,.timetable,.family.and.previous.professional.life,.economic.
possibilities,.whether.meals.are.taken.alone.or.in.company.and.how.(e.g.,.watching.TV.or.reading.
while.eating),.the.climate,.the.degree.of.physical.activity.undertaken,.his.or.her.clinical.history,.and.
other.possible.complications.[33]..Many.currently.used.weight.loss.diets.are.based.on.the.restriction.of.
energy.intake,.yet.weight.loss.appears.to.be.regulated.not.just.by.the.quantity.of.energy.consumed.but.
also.by.the.composition.of.the.diet.[34];.it.is.therefore.necessary.to.take.this.into.account.

20.�.1.1  energy Intake

The.diets.prescribed.for.the.treatment.of.obesity.in.the.general.population.should.be.slightly.or.mod-
erately.hypocaloric.and.balanced,.and.should,.of.course,.be.personalized..First,.energy.expenditure.
needs.to.be.calculated.with.respect.to.the.sex,.age,.and.physical.activity.undertaken..This.should.
indicate.a.diet.that.provides.about.500.kcal.less.than.that.required..Such.a.diet.would.allow.a.gradual.
weight.loss.that.can.be.maintained.over.the.long.term,.thus.reducing.any.risks.to.the.patient.[29].

In.the.loss.and.maintenance.of.weight.it.is.also.important.to.consider.the.distribution.of.energy.
intake.over.the.day..A.number.of.studies.have.shown.that.the.greater.the.number.of.meals.taken.
daily.the.smaller.the.chance.of.becoming.obese.[35,36]..Navia.&.Perea.[37].recommend.that.four.
to.five.meals.be.taken.per.day.

20.�.1.2  diet Composition

Studies.on.overweight.and.obese.people.have.found.them.to.have.food.habits.different.from.those.of.
normal-weight.people.[38],.with.lower.intakes.of.carbohydrates.and.fiber.(mainly.a.lower.consump-
tion.of.fruits.and.vegetables).and.a.higher.intake.of.fats..Obesity.shows.a.positive.correlation.with.
fat.intake.and.a.negative.correlation.with.carbohydrate.intake.[34,39,40]..This.suggests.that.people.
who.are.interested.in.losing.weight,.rather.than.simply.reducing.their.energy.intake.[41].should.fol-
low.balanced.diets.with.an.energy.profile.close.to.that.recommended,.with.55–60%.of.all.energy.
from.carbohydrates.and.30–35%.from.fats.and.15%.from.proteins.

In.elderly.people.of.normal.weight.it.is.common.to.see.a.reduction.in.the.consumption.of.many.
foods,.and.as.a.consequence. their.energy. intake.falls. [42]..This.could. lead. to.a.reduction. in. the.
supply.of.micronutrients—an.added.problem.in.older.people.since.their.requirements.of.many.of.
these.nutrients.(such.as.calcium,.folic.acid,.vitamin.D,.and.vitamin.B12).increase.with.age..Reduc-
ing.their.intake.would.only.cause.nutritional.status.to.deteriorate..Therefore,.rather.than.reducing.
energy.intake.in.this.age.group,.it.would.appear.better.to.follow.a.more.balanced.diet.that.includes.
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the.recommended.number.of.servings.of.each.food.group..This.would.allow.their.energy.profile.to.
approach.that.required.yet.improve.the.status.of.many.nutrients..Figure.20.1.shows.the.number.of.
servings.and.their.sizes.recommended.for.each.food.group..In.order.to.help.control.body.weight,.the.
foods.of.least.energy.density.within.each.group.would.be.the.best.choices.

20.�.1.�  milk and milk products

Weight. control.diets. should. include.an. increase. in. the.consumption.of. skimmed.milk.and.milk.
products.since.they.contain.less.fat,.and.therefore.less.energy,.than.their.whole.milk.counterparts.
[43,44]..Milk.and.yogurt.would.be.more.advisable.than.cured.or.semicured.cheeses.or.milky.des-
serts.since.the.latter.contain.greater.amounts.of.fat.and.should.be.taken.in.moderation.[45]..Elderly.
people.with.an.inadequate.vitamin.D.intake,.or.who.do.not.get.enough.sunshine,.should.eat.milk.
products.enriched.with.this.vitamin.[46].

20.�.1.�  Cereals and pulses

There. is. evidence. that,. given. their. content. in. complex. carbohydrates,. fiber,. and. other. minority.
components,.the.consumption.of.cereals.[47,48].and.pulses.[49,50].favors.weight.loss..Cereals.can.
be.eaten.either.white.or.wholemeal,.although.the.latter.are.recommended.since.they.provide.more.
fiber..This.provides.a.sensation.of.being.full.and.avoids.constipation.[51,52].

20.�.1.�  fish, meat, and eggs

To.favor.weight. loss,. the.meat.consumed.should.be. lean. (chicken,. turkey,. rabbit,.beef).and.all. fat.
removed.before.cooking..Meat.derivatives.should.be.avoided.[53]..Some.studies.have.shown.that.sub-
stituting.fish.for.meat.in.hypocaloric.diets.can.lead.to.greater.weight.losses;.adding.fish.to.the.diet.is.
therefore.recommendable.[54,55]..Either.blue.or.white.fish.can.be.eaten.because,.although.blue.fish.
contain.more.oil,.they.also.have.more.omega-3.fatty.acids..These.can.help.protect.against.cardiovascu-
lar.disease.[56]..Fish.canned.in.oil.should.be.avoided,.however,.given.its.high.energy.content.[29].

20.1.�.�  fruit and vegetables

Numerous.studies.have.associated.a.greater.consumption.of.fruits.and.vegetables.with.a.lower.prev-
alence.of.overweight.and.obesity.[57,58]..In.an.investigation.involving.459.healthy.men.and.women.
enrolled.in.the.Baltimore.Longitudinal.Study.of.Aging,.Newby.et.al..[58].reported.that.those.who.
ate.more.fruit.and.vegetables.were.those.who.less.often.saw.an.increase.in.their.BMI.and.WC..It.
would.therefore.appear.essential.that.these.foods.be.included.in.weight.loss.diets.[59,60],.especially.
those.designed.for.elderly.overweight.and.obese.persons.

Fruits.and.vegetables.have.different.properties.that.encourage.their.inclusion.in.weight.loss.diets:

Their.energy.density.is.low..These.foods.contain.large.quantities.of.water;.their.weight.and.
volume.is.therefore.high.but.their.energy.content.low..Thus,.more.of.these.foods.can.be.
eaten.for.the.same.energy.intake,.reducing.the.hunger.experienced.when.following.diets.
that.reduce.the.number.of.food.servings.[60].
They.have.high.fiber.contents..Fiber.helps.to.provide.a.feeling.of.satiety;.less.food.is.there-
fore.eaten.and.there.is.a.consequent.fall.in.energy.intake.[61].
They.are.rich. in.folic.acid.[62]..This.vitamin.has.been.negatively.associated.with.over-
weight.and.obesity;.the.consumption.of.these.foods.is.therefore.advisable.in.weight.loss.
diets.[63–65]..In.a.study.of.182.patients.with.morbid.obesity.following.a.treatment.based.on.
lifestyle.changes.combined.with.pharmacological.treatment,.Martínez.et.al..[65].reported.
serum.folic.acid.to.be.the.only.independent.predictor.of.weight.loss..An.increase.of.1.ng/
mL.improved.the.probability.of.a.successful.treatment.outcome.by.28%.

•

•

•
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3–4*

6–8

Milk
Yogurt

Fermented milk
Low–fat cheese
High–fat cheese

Bread
Breakfast cereals

Cookies
Rice
Pasta
Pulses

Meat and meat
products

Fish and fish
products

Egg

Vegetables

Juices
Fresh fruit

Vegetable and
seed oils, butter,

margarine

Pastries, sugar,
sweets

200–250
125
125

60–80
40–60

30–60
30–40
40–50
50–70r

50–70r

50–70r

100–150r

100–150r

1 piece

2–3

3–5

2–4

Moderate

Dairy products

Food groups Servings/
day

Foods included in
the group

Serving
size (g)

Cereals
and pulses

Meat, fish
and eggs

Vegetables

Fruits

Fats
and oils

Sweet things

Moderate

150–200r

100–150
100–150

<60g/day in
total

<10% of the
total energy

intake

fIgure 20.1  Daily.food.servings.recommended.for.the.elderly.(*-preferably.skimmed.or.semi-skimmed;.
r-rawfood.weight.before.cooking;.the.number.and.weight.of.servings.are.an.orientation.and.have.been.estab-
lished.by.one.easy.application.to.the.dietetic.daily.practice).
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They.have.high.contents.of.phytocompounds,.including.terpenes,.steroids,.phenolic.com-
pounds.and.glycosinolates.etc..[66],.all.of.which.have.anti-inflammatory.properties.[67]..
Obesity. is. associated.with.chronic. inflammation,. a. consequence.of. the.adipose. tissue’s.
synthesis.of.proteins.intimately.related.to.the.onset.of.this.problem.[68].

The.consumption.of.fruit.and.vegetables.by.elderly.people.is.also.associated.with.other.health.
benefits..For.example,.their.water.content.favors.hydration;.elderly.people.can.experience.dehydra-
tion.since.age.raises.the.thirst.threshold.[69]..The.fiber.content.of.fruits.and.vegetables.also.helps.
prevent.constipation,.which.is.common.in.older.people.due.to.their.use.of.medications,.the.presence.
of.certain.health.problems,.and.reduced.mobility.[70]..In.addition.to.reducing.the.risk.of.cardio-
vascular.disease,.increasing.the.intake.of.folic.acid.via.fruits.and.vegetables.also.offers.protection.
against.cancer.and.cognitive.decline.[71]..Finally,.the.fiber,.magnesium,.vitamins.C.and.E,.carot-
enoids,.flavonoids.and.phytoestrogens. supplied.by. these. foods.may.help.prevent. the.appearance.
of.diabetes,.and.again.cancer.and.cardiovascular.disease.[72]..These.compounds.certainly.reduce.
blood.pressure.[73],.homocysteine.[74],.triglyceride,.and.cholesterol.levels.[75],.and.help.prevent.the.
oxidation.of.LDL-cholesterol.[76].

20.6.2  OtHEr diEtary rEcOmmEndatiOns

The.diet.should.be.varied.since.this.is.the.best.way.to.ensure.that.all.necessary.nutrients.are.obtained.
in.adequate.amounts..Many.epidemiological.studies.have.shown.that.a.varied.diet.is.associated.with.
a.better.nutrient.intake.profile.and.a.reduction.in.morbidity.and.mortality.[77].

Lipid.consumption.should.be.reduced..Foods.should.be.cooked.on.a.hotplate.or.steamed..Stews.
and.fried.foods,.especially.battered.and.breaded.foods,.should.be.avoided.[78].

Food.should.be.well.chewed.and.eaten.slowly.to.give.time.for.satiety.signals.to.develop..This.
will.favor.the.digestion.of.food.and.prevent.the.appearance.of.gaseous.distension.of.the.stomach.or.
intestine.(meteorism).[37].

The.use.of.spices.and.herbs. is. recommended.since,.apart. from.making.food.more.palatable.
[79].they.may.also.increase.the.feeling.of.satiety.and.promote.thermogenesis..They.could.therefore.
be.of.great.use.in.the.treatment.of.obesity.[80]..It.has.recently.been.shown.that.the.components.of.
these.ingredients.reduce.the.inflammatory.response.of.the.adipose.tissue.in.obese.persons,.perhaps.
improving.the.chronic.inflammation.associated.with.this.disease.[81].

Although.salt.has.no.calories.and.thus.has.little.to.do.with.weight.loss,.it.should.be.used.in.mod-
eration.in.order.to.reduce.the.high.blood.pressure.so.often.seen.in.obese.people.[82].

20.�  nutrItIonal eduCatIon

In.general,.elderly.people.have.a.smaller.need.of.energy.but.greater.vitamin.and.mineral.require-
ments;.the.fact.that.they.often.eat.less.means.they.may.face.greater.nutritional.risks..The.diets.of.
elderly.people.are.commonly.deficient.in.cereals,.pulses,.and,.above.all,.fruit.and.vegetables.[31,74]..
These. supply. large.quantities.of.carbohydrate,.fiber,.vitamins,. and.minerals;. therefore,.nutrition.
experts.advocate.nutritional.education.that.leads.to.the.diet’s.containing.more.adequate.amounts.
of.these.foods..Although.elderly.people.tend.to.have.strongly.rooted.food.habits.and.lifestyles,.in.
everyday.practice.they.are.also.known.to.be.cooperative.and.capable.of.changing.their.food.hab-
its.and.of.undertaking.other.positive.activities.such.as.physical.exercise,.occupational.workshops,.
and.cultural.activities.etc.,.all.of.which.can.improve.their.quality.of.life..In.nutritional.education.
programs.aimed.at.this.age.group,.caregivers,.whether.at.home.or.in.institutions,.play.an.essential.
role.[83].

Elderly.people.commonly.face.problems.of.calcium,.vitamins.D.and.B12.deficiency.[84],.per-
haps.promoted.by. loneliness. (depression.caused.by. loneliness.may. lead. to. less.care.being. taken.
over.the.diet),.a.degree.of.invalidity,.or.a.lack.of.knowledge.regarding.healthy.nutrition,.etc..Factors.

•
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such.as.these.should.be.taken.into.account.when.designing.nutritional.educational.programs.aimed.
at.this.age.group..Cooking.techniques.that.adequately.prepare.food.for.the.elderly.should.not.be.
overlooked.[83].

Food.guides.are.very.useful.educational.tools.that.allow.people.to.design.adequate.diets.that.
supply.the.right.quantities.of.energy.and.nutrients,.meet.nutritional.objectives,.and.promote.maxi-
mum.health.and.functional.capacity.[46]..Using.food.guides.for.adults.as.a.base,.nutrition.experts.
have.designed.guides.specifically.for.the.elderly..One.of.the.best.known.is.the.USDA.Food.Guide.
Pyramid.for.the.Elderly..The.base.of.the.pyramid.highlights.the.importance.of.adequate.hydration.
over.the.day.(eight.glasses.of.liquids)..The.number.of.daily.servings.of.the.different.food.groups.are.
then.shown,.with.special.emphasis.placed.on.the.adequate.consumption.of.cereals,.fruits,.and.veg-
etables..This.guide.also.includes.symbols.to.highlight.the.need.to.consume.more.foods.rich.in.fiber,.
such.as.wholemeal.cereals,.fruit,.vegetables,.and.pulses..Finally,.a.flag.at.the.top.of.the.pyramid.
makes.clear.that.vitamin.D.and.B12.supplements.in.persons.over.70.years.of.age.could.help.promote.
health.[85]..Although.an.adequate.diet.should.supply.all. the.nutrients.necessary.for.maintaining.
optimum.health,.supplements.might.be.advisable.for.elderly.people.with.low.energy.intakes.or.in.
those.suspected.of.suffering.deficiencies.[31].

Other.countries.have.also.produced.nutrition.guides.specially.designed.for.the.elderly..For.exam-
ple,.a.guide.known.as.La nutrición correcta en personas mayores.(Correct.Nutrition.for.Elderly.
People).has.been.produced.in.Spain.[86]..As.well.as.making.clear. the.recommended.number.of.
daily.servings.from.different.food.groups,.it.also.explains.which.nutrients.are.characteristic.of.each.
group.and.suggests.serving.sizes.(Figure.20.1)..It.also.provides.a.series.of.criteria.to.help.in.correct.
diet.planning.[86]..These.include:

Spreading.food.intake.out.over.four.to.five.meals.per.day,.and.not.skipping.breakfast.
Monitoring.liquid.intake;.at.least.two.liters.per.day.should.be.consumed..Water.does.not.
make.people.put.on.weight,.and.obese.persons.should.be.advised.that.the.goal.for.them.is.
to.lose.fat,.not.water.
Maintaining.a.stable.weight,.avoiding.constant.gains.and.losses..In.the.fight.against.obe-
sity,.excess.energy.intakes.should.be.avoided.and.physical.activity.undertaken.
Moderating.the.intake.of.salt.and.the.consumption.of.salty.foods,.as.well.as.alcohol.and.
stimulant.drinks.such.as.tea.and.coffee.
Avoiding.loneliness;.it.is.very.important.to.try.to.have.the.company.of.others.and.to.main-
tain.social.contacts.as.much.as.possible.
Taking.care.with.food.presentation,.avoiding.monotony.and.making.meals.an.agreeable.time.

It.should.be.remembered.that.people.are.often.refractory.about.using.these.types.of.guides.since.
they.believe.their.nutrition.is.correct.and.they.are.often.unwilling.to.analyze.any.areas.that.could.
be.improved..To.overcome.this.problem,.campaigns.have.been.designed.such.as.that.promoting.the.
consumption.of.five.servings.of.fruits.and.vegetables.per.day—a.campaign.that.was.generally.well.
accepted.[46].

In. summary,. the.diets.of. elderly.people. should.be.designed. to.ensure. they. receive. the. right.
amounts.of.energy.and.nutrients..Given. the.higher.vitamin.and.mineral. requirements.of.elderly.
people.it.is.recommended.that.the.overweight.and.obese.elderly.not.follow.restrictive.diets.since.
these. could. lead. to. nutrient. deficiencies.. Rather,. their. diets. should. be. better. balanced. and. they.
should.undertake.more.physical.activity.if.possible..If.a.restrictive.diet.is.required,.care.should.be.
taken.that.no.nutrient.deficiencies.appear..Finally,.appropriate.nutritional.education.material.could.
help.elderly.people.enjoy.a.healthier.old.age.

•
•

•

•

•

•
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21.1  IntroduCtIon

In. the.early.1970s.clinicians.described.a. set.of. symptoms.associated.with.an. idiopathic.decline.
in.health.and.well-being.of. individuals.who.were.approaching. the.end.of. life..These. symptoms.
included.involuntary.weight.loss,.attenuated.food.intake,.increased.fragility,.depression,.and.a.gen-
eral.lack.of.social.competence..Collectively,.these.symptoms.were.referred.to.as.geriatric.failure.
to.thrive.because.the.patients.did.not.respond.to.interventions.and.they.were.likely.to.die.within.
weeks.of.admission. to. the.hospital. [1]..Subsequent. clinical. and.experimental. investigations. into.
the.mechanism.underlying.geriatric.failure.to.thrive.suggested.that.involuntary.weight.loss.caused.
by.a.decline.in.appetite.(food.intake).was.the.initial.manifestation.of.the.disorder..So.common.and.
pervasive.were. the.presentation.of.weight. loss/attenuated. food. intake. that. the. term.“anorexia.of.
aging”.became.a.more.common.descriptor.for.the.collection.of.signs.and.symptoms.associated.with.
geriatric.failure.to.thrive.

Morley.and.colleagues.were.among. the.first. to.suggest. that.a.decline. in.food. intake. leading.
to.anorexia.and.significant.weight.loss.might.be.a.normal.physiological.response.to.advanced.age.
[2–4]..Their.suggestion.was.based.on.clinical.observations.[5].and.the.results.of.the.first.National.
Health. and.Nutrition.Examination.Survey. (NHANES),.which.described.a. significant.decline. in.
energy. intake. with. age. and. undernutrition. in. the. advanced. age. groups. [6].. The. NHANES. data.
were.later.confirmed.by.subsequent.NHANES.Surveys.(Table.21.1;.[7]),.the.Continuing.Survey.of.
Food.Intakes.by.Individuals.(CSFII).(Table.21.1;.[8]),.The.New.Mexico.Health.Study.[9],.and.the.
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Baltimore.Longitudinal.Study.[10]..The.anorexia.of.aging.has.become.an.accepted.part.of.the.geri-
atric.vocabulary.and.is.viewed.by.many.as.a.normal.physiological.consequence.of.senescence.

Nonetheless,.the.mechanism.underlying.the.anorexia.of.aging.remains.to.be.elucidated..Previ-
ous.research.suggests.that.a.disruption.in.the.normal.regulation.of.energy.balance.(calorie.intake.
–. calorie. expenditure),. psychological. and. social. variables,. and.pathophysiological. conditions. all.
contribute.to.the.development.of.the.anorexia.of.aging..Several.previous.reviews.have.covered.exten-
sively.the.possible.mechanism.underlying.the.anorexia.of.aging.and.the.reader.should.consult.these.
publications.to.gain.a.greater.understanding.of.the.condition.[11–15]..In.this.review.our.discussion.
will.focus.only.on.the.regulation.of.food.intake.during.advanced.ages.in.the.absence.of.pathophysi-
ological.conditions..That.is,.we.take.the.position.that.the.decline.in.food.intake.observed.in.the.latter.
stages.of.life.contributes,.in.part,.to.the.normal.progression.of.decline.observed.during.aging.

21.2  food Intake regulatIon—general

The.importance.of.regulating.food.intake.in.order.to.meet.the.energy.demands.of.the.human.being.
cannot.be.overstated..The.evolutionary.success.of.the.human.species.reflects,.in.large.part,.our.abil-
ity.to.extract.adequate.energy.and.nutrients.from.food.regardless.of.choices.presented.to.us.within.
the.local.environment.(that.is,.humans.survive.equally.well.in.the.tropics.as.in.the.polar.regions)..
Humans.have.also.developed.an.efficient.system.for.storing.excess.energy.that.can.be.called.upon.in.
times.of.inadequate.intake..Moreover,.the.drive.to.eat.comprises.a.highly.redundant.neuroendocrine.
control.system.that. is,.arguably,.unmatched.by.any.other.physiological.system..This.redundancy.
ensures.that.a.disruption.in.only.one.control.mechanism.of.food.intake.does.not.compromise.overall.
energy.balance..It.is,.therefore,.no.surprise.that.an.age-related.breakdown.in.the.regulation.of.food.
intake.can.result.in.a.cascade.of.effects.that.lead.to.frailty.and.death..A.complete.description.of.food.
intake.regulation.lies.well.beyond.the.scope.of.this.review.and.the.reader.should.consult.previous.
publications.[16–18].for.a.more.thorough.description.of.this.process..Nonetheless,.a.brief.overview.
of.the.basic.features.of.food.intake.regulation.may.be.helpful.

One.can.view.the.regulation.of.food. intake.by.dividing. it. into. three.general.groupings:.pre-
ingestion,.post-ingestion,.and.storage..While.all. three.groups.function. independently. to. regulate.
food.intake,.they.are.interconnected.by.the.message.processing.centers.within.the.hypothalamus.
(Figure.21.1)..A.good.way.to.understand.the.integration.of.this.system.is.to.follow.the.process.of.
food.intake.regulation.from.hunger.to.satiation..Let.us.assume.that.we.are.attending.a.celebration.

Endorphin

Adipose Tissue
Pancreas

fIgure 21.1  Signals.initiated.by.affecter.organs.and.the.integration.of.these.signals.within.the.hypothalamus.
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at.which.the.serving.of.a.large.meal.may.be.a.tradition..Many.people.will.spend.the.day.leading.
up.to.the.celebration.limiting.their.food.intake.in.order.to.enjoy.the.festive.meal.completely..As.
the.serving.time.draws.near,.blood.insulin.levels.will.be.low.due.to.the.lack.of.glucose.present.in.
the.portal.vein.(see.Section.21.5.1)..Because.insulin.inhibits.neuropeptide.Y.(NPY),.a.food.intake.
stimulatory.protein.within.the.hypothalamus,.NPY.expression.increases,.resulting.in.a.concomitant.
enhancement.in.the.drive.to.eat..Moreover,.previous.research.has.found.that.increased.circulation.
levels.of.insulin.may.enhance.the.secretion.(or.expression).of.the.adipose.tissue.hormone.leptin.[19],.
a.powerful.food.intake.inhibitory.hormone..Low.insulin.would,.therefore,.result.in.a.low.serum.con-
centration.of.leptin.and.the.attenuation.of.the.food.intake.inhibitory.function.of.this.hormone—i.e.,.
we.will.have.an.increased.drive.to.eat..The.lack.of.food.in.the.stomach.or.intestine.also.increases.
the.plasma.level.of.ghrelin,.an.orexigenic.hormone.[20].

The. increased. drive. to. eat. caused. by. the. neuroendocrine. response. to. low. insulin. and. high.
ghrelin.levels.are.exacerbated.by.our.chemical.senses,.taste,.and.smell..The.aroma.of.food.cook-
ing.and.the.initial.taste.of.food.stimulate.the.pleasure.centers.of.the.brain.that.secrete.opioids.and.
dopaminergic.compounds.to.provide.a.pleasant.sensation.associated.with.the.food..In.turn,.we.may.
begin.to.salivate.and.associate.the.pleasant.sensation.with.a.desire.to.eat..While.the.mechanisms.
underlying. this. so-called.cephalic.phase.of. food. intake. regulation.have.yet. to.be. elucidated,. an.
increased.desire.to.eat.caused.by.pleasant.aromas.or.flavors.most.likely.involves.a.complex.interac-
tion.among.structures.in.the.limbic.system.[21],.most.notably.the.amygdala.(emotion/reward),.the.
hippocampus.(memory),.and.the.hypothalamus.(regulation]..Vision.can.also.have.an.impact.on.food.
choices.through.memory,.especially.in.the.area.of.color.and.texture.[22]..That.is,.brightly.colored.
food. tends. to.be.more.appealing.and.memories. tell.us.whether.we.should.expect. the.food. to.be.
crispy,.rough,.etc.

Our.discussion.to.this.point.on.the.regulation.of.food.intake.has.focused.on.the.mechanisms.that.
increase.our.drive.to.eat..As.we.swallow.our.first.bite.of.food.our.system.turns.its.attention.to.con-
trolling.the.amount.we.eat..To.this.end,.the.stomach.plays.a.central.role.in.controlling.the.amount.
of. food.eaten.at.one.setting.by.detecting.changes. in. internal.pressure..As. the.stomach.fills.with.
food,.it.naturally.expands.to.prevent.an.increase.in.internal.pressure..When.the.maximal.size.of.the.
stomach.is.reached,.additional.food.will.increase.the.internal.pressure,.causing.mechoreceptors.in.
the.wall.of.this.organ.to.fire..The.firing.of.the.mechoreceptors.causes.neural.signals.that.provide.
a.sensation.of.satiety—although.the.mechanism.is.not.well.understood—to.be.sent.to.the.central.
nervous.system.(CNS)..At.the.same.time,.the.presence.of.the.stomach.chyme.in.the.intestine.causes.
the.release.of.cholecystokinin.(CCK),.a.potent.food.intake.inhibitor..Previous.investigations.have.
suggested.that.the.stomach-distension.mechanism.that.inhibits.food.intake.requires.the.presence.
of.CCK.for.maximal.benefit.[23]..Several.other.food.intake.inhibitor.hormones.that.are.released.
in.response.to.the.presence.of.food.in.the.gastrointestinal.system.include.peptide.YY.[24],.oxynto-
modulin.[25],.glucogon-like.protein.1.[26],.and.bombasin.[18].

21.�  food Intake regulatIon—agIng

We.have.seen.that.food.intake.decreases.with.age.(Table.21.1)..Interestingly,.changes.in.body.weight.
over.the.life.span.to.do.not.correlate.with.decreasing.food.intake.(Figure.21.2)..That.is,.body.weight.
increases.during.the.third.through.sixth.decades.of.life,.while.food.intake.decreases..An.age-related.
decline.in.body.weight.does.not.begin.until.approximately.the.seventh.decade.of.life,.although.food.
intake.during.this.period.declines.at.approximately.the.same.rate.as.that.observed.in.the.younger.
group..The.decline. in.body.weight. seen.during. the. seventh. to.ninth.and.greater.decades.of. life.
cannot.be.attributed.to.increased.energy.expenditure..Both.resting.metabolic.rate.(RMR).[27].and.
the.number.of.older.individuals.engaged.in.regular.physical.activity.[28].decline.as.compared.with.
the.younger.ages..Thus,.one.conclusion.that.can.be.drawn.for.this.apparent.paradox.between.food.
intake.and.body.weight.observed.throughout.the.life.span.is.that.the.“normal”.mechanisms.associ-
ated.with.energy.intake.are.altered.during.aging.
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The.suggestion.that.alterations.in.energy.intake.regulation.constitute.a.normal.aspect.of.biologi-
cal.aging.was.tested.in.a.series.of.studies.by.Roberts.and.colleagues.[29,30]..In.the.first.study,.healthy.
young.(23.7.±.1.1).and.old.(70.7.±.7.1).men.were.matched.for.weight,.height,.body.mass.index.(BMI),.
and.self-reported.activity.levels..Each.age.group.was.fed.a.diet.for.7.days.calculated.to.maintain.their.
body.weight.and.then.followed.by.21.days.of.a.diet.containing.1000.kcals/d.greater.than.the.main-
tenance.diet..The.overfeeding.period.was.followed.by.10.days.in.which.the.subjects.were.instructed.
to.eat.as.much.or.as.little.as.they.needed.to.feel.satiated..Body.weight.was.followed.throughout.the.
experiment..In.the.second.study,.reported.in.the.same.publication,.a.similar.design.was.followed.
except.that.a.group.of.healthy.younger.(22.0.±.3.0).and.older.(66.0.±.5.3).men.were.underfed.for.
21.days.800.kcals/d.less.than.that.fed.during.maintenance.diet..Investigations.that.incorporate.both.
underfeeding.and.overfeeding.protocols.attempt.to.more.closely.simulate.the.day-to-day.variation.of.
food.intake.and.the.response.of.the.body.to.maintain.stable.weight.given.the.variation.

Both.young.and.old.men.gained.weight.in.response.to.overfeeding.and.lost.weight.during.the.
underfeeding.period..There.was.no.significant.difference.between.the.age.groups.in.the.amount.of.
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fIgure 21.2  Daily.energy.intake.[7].and.body.weight.[119].of.adults.

taBle 21.1
energy Intake by age and gender

daily energy Intake (kcals)

nhanesa CsfIIb

age group female male female male

20–29 1957 3025 1841 2821

30–39 1853 2872 1710 2665

40–49 1764 2542 1682 2435

50–59 1629 2341 1600 2270

60–69 1578 2110 1485 2072

70–79c 1435 1837 1384 1834

≥80 1329 1776 –– ––

a. Third.National.Health.and.Nutrition.Examination.Survey.[7].
b. Continuing.Survey.of.food.Intakes.by.Individuals.[8].
c. The.values.in.this.age.group.for.the.CSFII.are.70.years.and.older.
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weight.gained.or.lost..However,.after.a.10-day.period.in.which.subjects.were.allowed.to.eat.until.
they.were.satiated.there.were.considerable.differences.in.body.weight.between.the.young.and.old.
groups..Overfed.young.men.returned.to.their.maintenance.weight.by.involuntarily.decreasing.food.
intake.(all.subjects.were.requested.not.to.diet.during.this.period)..In.contrast,.older.men.increased.
their.food.intake.during.the.voluntary.intake.phase.and.gained.weight..Underfeeding.resulted.in.
significant.weight.loss.in.both.groups.but.no.difference.in.the.amount.lost.between.the.groups..Simi-
lar.to.the.pattern.observed.in.the.overfeeding.study,.the.young.men.regained.their.weight.within.10.
days.following.the.end.of.the.underfeeding.trial..The.older.men.continued.to.lose.or.maintain.the.
weight.they.had.lost.

The.under-.and.overfeeding.protocol.of.Roberts.and.colleagues. [30].clearly.established. that.
regulation.of.food.intake.becomes.altered.in.healthy.old.men..That.is,.the.old.men.were.unable.to.
involuntarily.adjust.their.food.intake.to.compensate.for.acute.changes.in.body.weight.as.well.as.
the.younger.men..The.conclusions.of.Roberts.et.al..gained.support.from.a.short-term,.single-meal.
investigation.that.used.a.calorie-preload.design.[31]..That.is,.young.and.old.healthy.men.were.pro-
vided.with.a.200.kcal.yogurt.snack.prior.to.a.meal.in.which.they.were.allowed.to.eat.ad libitum.
to.satiation..The.caloric.intake.of.young.men.following.the.yogurt.preload.(yogurt.+.meal).stayed.
consistently.close.to.caloric.intake.without.the.preload.(meal.only)..Conversely,.old.men.ate.more.
calories.after.the.preload.(preload.+.meal).as.compared.with.the.no.preload.conditions.

Given.the.short-term.nature.of.both.the.Roberts.et.al..[30).and.Rolls.et.al..[31].investigations,.the.
effect.of.a.longer.period.of.underfeeding.and.weight.regain.remained.unclear..These.effects.were.
addressed.in.an.investigation.in.which.underfed.younger.and.older.men.and.women.were.underfed.
for.6.weeks.followed.by.6.months.of.monitoring.their.body.weight.and.food.intake.[29]..Old.subjects.
lost.considerably.more.weight.than.did.younger.individuals.during.the.6.weeks.of.underfeeding..
Moreover,.old.vs..younger.subjects.were.unable.to.regain.the.weight.to.preunderfeeding.values,.a.
finding.with.strong.implications.for.the.health.of.older.individuals..That.is,.voluntary.weight.loss.
through.a.reduction.in.caloric.intake.during.advanced.age.may.trigger.involuntary.weight.loss.lead-
ing.to.the.complication.of.the.anorexia.of.aging.

These. investigations. [29–31).provide.clear. evidence. that. the. control.mechanisms.underlying.
food.intake.are.altered.in.aging..The.precise.nature.of.these.mechanisms.remains.to.be.elucidated..
Previous.investigations.have.reported.that.the.feeling.of.satiety.occurs.sooner.during.a.meal.and.that.
the.drive.to.eat.is.reduced.after.a.fast.in.older.vs..younger.subjects.[32,33]..For.example,.Clarkston.
et.al..[32].evaluated.the.effect.of.a.meal.on.appetite,.hunger,.and.fullness.using.subjective.measures.
in.young.(30.±.8.years).and.old.(76.±.5.years).men.and.women..While. there.was.no.difference.
between.men.and.women.with.respect.to.the.measures.of.satiety,.older.subjects.had.reduced.hunger.
and.desire.to.eat.throughout.the.180.minutes.of.postprandial.evaluation..The.attenuated.hunger.was.
associated.with.significantly.reduced.gastric.emptying.times,.suggesting.a.physiological.correlate.
to.the.psychological.measures.of.satiation.(see.below,.Section.21.4.2)..Our.laboratory.has.also.found.
alterations.in.measures.of.satiation.in.an.rodent.model.for.the.anorexia.of.aging.[34]..That.is,.the.
size.of.meals.eaten.and.duration.of.eating.at.one.meal.were.significantly.less.in.older.rats.during.
their.terminal.weight.loss.phase.as.compared.with.weight-stable,.age-matched.rats.

In.summary,.both.human.and.animal.investigations.demonstrate.that.the.control.of.food.intake.
becomes.attenuated.in.the.latter.stages.of.life..Older.vs..younger.individuals.lose,.in.part,.the.physi-
ological.mechanism.that.regulates.the.ability.to.determine.the.point.of.satiation.(being.full).during.a.
single.meal..The.decline.in.the.ability.to.determine.the.satiation.point.during.meals.appears.to.have.
a.major.impact.on.long-term.energy.balance..That.is,.short-term.alterations.in.voluntary.intake.may.
lead.to.long-term.dsyregulation.of.food.intake.and.declining.body.weight.in.the.elderly.population..
Given.the.health.risk.associated.with.underweight,.i.e.,.frailty.and.malnutrition,.health.care.workers.
should.monitor.closely.weight.changes.in.the.elderly.population.
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21.�   physIologICal and anatomICal Correlates to 
deClInIng food Intake regulatIon In agIng

21.4.1  tastE and smEll

It.is.a.common.belief.that,.as.humans.age,.their.ability.to.taste.and.smell.declines,.and.that.this.
decline.may.have.a.negative.impact.on.food.intake..Many.early.reports.in.humans.appeared.to.con-
firm.this.popular.perception;.however,.the.majority.of.these.studies.were.performed.on.tissue.from.
patients.with.terminal.diseases..More.recent.studies.have.attempted.to.determine.if.taste.and.smell.
decline.in.normal,.healthy.elderly.people..Because.of.the.subjective.nature.of.these.experiments,.as.
well.as.the.challenges.of.studying.humans,.the.results.remain.controversial.

In.the.absence.of.disease,.drugs,.or.smoking,.taste.declines.only.minimally.with.normal.aging.
[35]..The.number.of.taste.buds.and.papillae.do.not.show.a.significant.age-related.decline.in.func-
tion.with.age.in.both.humans.and.animals.[36,37]..It.appears,.however,.that.elderly.humans.do.have.
significant.diminution.of.function.in.most.low.concentration.taste/smell.detection.tasks.that.have.
been.tested.[38,39]..The.relevance.of.these.studies.has.been.questioned.due.to.their.use.of.odors.at.
significantly.lower.concentrations.than.those.commonly.found.in.foods;.i.e.,.no.detectable.decreases.
were.found.in.the.perception.of.more.concentrated.stimuli.[40]..In.our.laboratory,.we.observed.that.
very.old.rats.fed.the.same.diet.for.all.of.their.lives.will.suddenly.develop.anorexia.[34,41]..Enhanc-
ing.the.palatability.of.their.diet.by.increasing.the.sugar.and.fat.content.or.by.flavoring.the.food.with.
vanilla.(a.preferred.flavor.in.young.animals).does.not.affect.the.decrease.in.food.intake.during.age-
related.anorexia.[34].

The.relationship.between.taste/odor.perception.and.increased.food.intake.has.not.been.clearly.
established,.a.topic.that.has.been.reviewed.[42]..If.taste.and.odor.perception.were.responsible.for.
declines.in.food.intake.in.old.age,.flavor.enhancement.of.foods.would.be.expected.to.improve.body.
weight.stability..However,.the.flavor.enhancement.in.foods.given.to.elderly.human.subjects.(average.
age.85.yrs).with.documented.deficits.in.taste.and.smell.did.not.improve.their.food.intake.enough.
to.affect.either.body.weight.or.body.mass.index.[43]..Longitudinal.data.will.be.necessary.in.order.
to.more.accurately.characterize.sensory.alterations.in.old.age.and.their.relationship.to.food.intake..
Currently,.there.is.insufficient.evidence.to.support.a.role.for.smell.or.taste.deficits.as.contributing.
factors.to.the.age-related.decline.in.food.intake.regulation.

21.4.2  gastrOintEstinal

Digestion.begins.in.the.mouth.through.the.action.of.chewing.and.the.initial.preparation.of.food.by.
the.salivary.glands..Chewing.breaks.down.large.pieces.of.food.into.smaller.ones.for.ease.of.swal-
lowing.and.creates.greater.surface.area.for.more.efficient.breakdown.by.enzymes.of.the.digestive.
system..The.loss.of.teeth.that.can.occur.with.age.has.the.potential.to.affect.food.intake.significantly..
In.addition,.loss.of.teeth.may.limit.the.types.of.foods.eaten.and.have.an.impact.on.proper.nutri-
tion..Modern.dentistry.has.eliminated.the.majority.of.age-related.problems.associated.with.poor.
dentition,.and.age-related.loss.of.teeth.is.not.a.major.disruption.to.the.regulation.of.food.intake..
Affordability.of.dentistry.and.lack.of.education.as.to.dental.health.most.likely.have.a.greater.impact.
on.poor.dentition.in.the.elderly.population.than.does.biological.aging.per.se.

The. inability. to.properly.and.easily. swallow.food.can.affect. the.amount.of. food.eaten..The.
effect.of.aging.on.esophageal.function.in.healthy.humans.remains.controversial,.due.primary.to.the.
limited.experimental.research.in.this.area..Some.research.suggests.that.disorders.of.the.esophagus.
are.more.common.in.elderly.subjects.than.in.younger.populations.and.represent.a.“normal”.part.
of.the.aging.process.[44]..Although.others.agree.that.the.prevalence.of.swallowing.disorders.are.
greater. in. the. aged. population,. the. cause. of. the. dysfunction. more. likely. reflects. an. association.
with.disease.rather.than.aging.per.se.[45,46]..For.example,.Kawashima,.et.al..[46].report.that.the.
incidence. of. dysphasia. in. a. healthy. community-dwelling. population. was. highly. correlated. with.
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a.history.of.stroke..Moreover,.disruption.of.proper.swallowing.occurs.almost.universally.in.age-
related.neurological.disorders.such.Alzheimer’s.and.Parkinson’s.Diseases.

Gastrointestinal.function.may.pose.yet.another.potential.barrier.to.normal.food.intake.in.elderly.
humans..Several.investigators.postulate.that.elderly.humans.experience.a.decrease.in.stomach.elas-
ticity. resulting. in. feelings. of. fullness. that. do. not. correspond. to. nutritional. or. energy. adequacy.
[45,47]..Controversy.regarding.this.issue.exists.due,.in.large.part,.to.the.confounding.influence.of.
atrophic.gastritis,.an.acquired.disease.prevalent.in.the.elderly.[48]..Age-related.atrophic.gastritis.
generally.arises.from.an.infection.caused.by.the.bacterium.Helicobacter pylori (H. pylori]..This.
infection.causes. a. reduction.or. absence. in. the. secretion.of.hydrochloric. acid. from. the. stomach,.
thereby.inhibiting.digestion,.absorption,.and.gastric.emptying.[49]..Several.investigations.demon-
strating.impaired.gastric.function.as.a.consequence.of.aging.have.not.shown.clear.evidence.that.
their.subjects.were.free.of.H. pylori.. [50–52]..Conversely,. investigations.using.subjects. in.whom.
gastric.diseases,.including.atrophic.gastritis,.were.strictly.excluded.have.not.demonstrated.impair-
ments.in.gastric.acid.secretion.or.transit.time.[53–56].

Studies.of.gastrointestinal.function.in.aging.rats.have.produced.inconsistent.results..Smits.[57].
compared.gastrointestinal.transit.time.in.3,.12,.and.24.mo-old.male.Wistar.rats.and.demonstrated.
delayed.gastric.emptying.in.the.oldest.group..In.contrast,.McDougal.[58].and.Varga.[59].observed.
no.significant.age.differences.in.rates.of.gastric.emptying..Both.of.these.studies.avoided.inclusion.
of.rats.with.evidence.of.known.diseases..It.is.possible,.however,.that.the.contradictory.results.stem.
from.the.heterogeneity.that.exits.within.aged.animals.and.the.documented.physiological.transition.
from.presenescence.to.senescence.[60,61]..These.studies.did.not.separate.the.aged.animals.based.on.
stability.of.body.weight.and/or.food.intake.[13].

In.summary,.it.does.not.appear.that.taste,.smell,.or.gastrointestinal.factors.have.a.major.impact.
on. food. intake. in.healthy.aged.humans.. It. appears.more. likely. that.disease. states. in. the.elderly.
influence.reduction.in.food.intake.than.does.biological.age.per.se..For.example,.atrophic.gastritis.
significantly.delays.gastric.emptying. leading. to.feeling.of. fullness.prior. to.normal.physiological.
satiation..Age-related.neurological.disorders.can.attenuate. food. take.by.disrupting.normal. taste,.
smell,.and.swallowing.

21.�   neuro-hormonal Correlates to deClInIng 
food Intake regulatIon In agIng

21.5.1  nEurOPEPtidE y

Neuropeptide.Y.has.been.widely.investigated.in.its.role.as.an.orexic.peptide.[62]..While.secreted.
peripherally.from.cells.of.the.small.intestine.and.pancreas,.the.primary.effects.of.NPY.occur.within.
the.neural.centers.of.the.hypothalamus..The.hypothalamic.synthesis.of.NPY.takes.place.in.cells.
of. the.arcuate.nucleus. (ARC).and. the.active.peptide. is. released. into. the.paraventricular.nucleus.
(PVN)..Injections.of.exogenous.NPY.into.the.cerebral.ventricles.or.directly.into.discreet.hypotha-
lamic.nuclei,.such.as.the.PVN,.ARC,.or.ventral.medial.hypothalamus.of.rodents.will.stimulate.food.
intake.for.up.to.24.hours.and.will.result.in.obesity.after.repeated.injections.[60,63,64]..NPY.also.
acts. to. increase.energy.storage.by.decreasing.energy.expenditure,. increasing. lipogenic.enzymes.
in.adipose.tissue.and.liver,.enhancing.glucose.uptake.at.adipose,.and.reducing.brown.adipose.tis-
sue.thermogenesis.[65]..Additionally,.NPY.synthesis.and.release.are.mediated.by.leptin,.insulin,.
and.glucocorticoids. (see.below,.Section.21.5.2)..Evidence.of. the.physiological. relevance.of.NPY.
includes.the.fact.that.changes.in.hypothalamic.NPY.production.and.release.are.paralleled.by.natural.
changes.in.food.intake.[66,67].

Although. six.NPY. receptors.have.been. found. to.date,. the. ability.of.NPY. to. stimulate. food.
intake.occurs.primarily.through.two.receptors,.known.as.the.Y1.and.Y5.receptors.[68]..The.receptors.
are.members.of.the.seven-transmembrane-GTP.binding.protein.(G-protein).coupled.receptor.family.
that.reside.on.the.cell.surface.while.looping.in.and.out.of.the.plasma.membrane..The.Y1.receptor.is.
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coupled.to.an.inhibitory.G-protein.and.sends.its.signal.by.inhibiting.adenylate.cyclase.as.well.as.by.
opening.potassium.channels..The.Y5.receptor.is.coupled.to.a.G-protein.that.activates.the.enzyme.
phospholipase.C.Stimulation.of.this.pathway.by.NPY.results.primarily.in.the.opening.of.intracel-
lular.calcium.channels.

Because.of.its.powerful.influence.on.food.intake.and.energy.storage,.NPY.and.its.Y1.and.Y5.
receptors.have.been.studied.extensively.as.mediators.of.obesity.and.anorexia.nervosa.[18],.and.have.
recently.been.shown.to.play.a.role.in.the.anorexia.of.aging.[60,61,69,70]..Injection.of.NPY.into.the.
third.ventricle.or.PVN.stimulates.food.intake.of.weight-stable,.food.intake-stable.young.and.old.
rats..However,.in.old.rats.in.which.spontaneously.declining.food.intake.results.in.a.loss.of.body.
weight,.a.rodent.model.for.the.anorexia.of.aging,.NPY.failed.to.stimulate.food.intake.to.the.same.
degree.as. that.observed. in. the.weight-stable.group. [69]..The. inability.of.NPY.to.stimulate. food.
intake.in.old.rats.presenting.weight.loss.and.declining.food.intake.does.not.reflect.changes.in.PVN.
Y1.and.Y5.receptor.number.[61].or.specific.pathology.within.the.hypothalamus.[69]..Some.evidence.
exists.to.suggest.that.the.attenuated.NPY.effect.on.food.intake.in.this.model.of.anorexia.of.aging.
reflects.a.loss.in.the.potentiating.effects.on.NPY.by.other.neural.peptides.[60].

Measurement.of.NPY.concentrations.within.rat.brain.regions.and.the.determination.of.possible.
alterations.with.aging.have.also.been.reported.[71–73]..Kowalski.et.al..[72].found.that.while.other.
neuromodulators.showed.increased.or.decreased.concentration.with.age,.depending.on.the.brain.
region,.NPY.was.consistently.lower.throughout.the.brain.in.old.(26.mo).compared.with.young.(4.
mo).and.middle-aged.(18.mo).male.Wistar.rats..From.this.finding,.they.proposed.that.the.NPY.cir-
cuitry.might.be.the.most.vulnerable.of.the.peptidergic.systems.to.the.process.of.aging..Similarly,.
Cha.et.al..[71].documented.significant.loss.of.NPY.neurons.in.the.cerebral.cortex.of.aged.(20.to.29.
mo).compared.with.young.(4.to.6.mo).male.Sprague.Dawley.rats.

21.5.2  lEPtin and insulin

Leptin.and. insulin.are.produced. in. the.periphery.and. inform.the.brain.about.adiposity. levels.of.
the.body..Both.are.secreted.in.proportion.to.the.quantity.of.body.fat.that.the.animal.possesses,.and.
exogenous.administration.of.either.causes.declines.in.food.intake.in.normal.animals..This.informa-
tion.suggests.that.leptin.and.insulin.are.potential.mediators.of.age-related.anorexia..A.substantial.
quantity.of.research.has.been.conducted.on.leptin.and.insulin.as.well.as.on.their.respective.receptors.
in.relation.to.aging.

Leptin,.otherwise.known.as.OB.protein,.is.a.polypeptide.hormone.secreted.by.cells.in.adipose.
tissue.. It. acts. on. the.brain. to. inhibit. food. intake. and. to. stimulate. thermogenesis. [74].. Leptin. is.
transported.in.the.blood.on.carrier.proteins.until.it.reaches.the.brain,.where.it.influences.the.neural.
networks.of.the.hypothalamus.that.regulate.energy.balance.as.well.as.reproductive.capacity..The.
inhibitory.effect.of.leptin.most.likely.occurs.by.decreasing.gene.expression.of.the.orexigenic.mol-
ecules.NPY,.agouti. related.protein. (AGRP),.and.melanin-concentrating.hormone.(MCH).[74,75].
or. by. increasing. the. expression. and. release. of. the. anorexigenic. molecules. proopiomelanocortin.
(POMC).and.cocaine-amphetamine.related.transcript.(CART).[76,77]..It.has.been.found.that.serum.
leptin.concentration.varies.in.parallel.with.body.fat.stores,.rising.as.adiposity.increases.in.adulthood.
and.falling.with.the.decline.in.fat.stores.that.occurs.with.advanced.age.and.senescence.[78–81]..
Because. leptin. levels. are. low. in. senescence,. one. would. predict. NPY. levels. and. food. intake. to.
increase.as.a.result.of.decreased.inhibition..However,.investigations.in.aging.rodents.suggest.that.
leptin.has.limited.impact.on.the.inhibition.of.NPY.[34,69]..In.addition,.there.is.evidence.that,.even.
in.response.to.exogenous.injection.of.leptin,.very.old.animals.do.not.decrease.NPY.mRNA.levels,.
as.do.younger.animals.[82],.suggesting.that.impaired.signal.transduction.from.the.leptin.receptor.in.
old.rats.may.explain.their.lack.of.responsiveness.to.leptin.[83].

Insulin,.produced.by. the.pancreas,.promotes. removal.of.glucose.from.the.blood,. facilitating.
glucose.homeostasis.in.the.circulation..Much.evidence.suggests.that.insulin.is.critical.in.the.main-
tenance.of.long-term.energy.balance.[18,27,84]..Similar.to.leptin,.insulin.is.an.anorectic.hormone.
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secreted.in.proportion.to.adipose.stores.and.communicates.with.the.brain.to.signal.adjustments.in.
energy.intake.and.expenditure.[85]..High.concentrations.of.insulin.receptors.are.found.within.the.
ARC.[86],.and.intrahypothalamic.or.ICV.administration.of.insulin.affects.the.gene.expression.of.
other.food.intake.modulators.in.this.region.[85].

Because.of.insulin’s.anorectic.effects,.its.influence.on.fat.storage,.as.well.as.its.ability.to.alter.
gene. expression. of. other. neuromodulators. in. the. ARC,. it. has. been. a. candidate. mediator. of. the.
anorexia.of.aging..Research.in.this.area.has.yielded.mixed.results,.in.part.due.to.the.use.of.subjects.
of.varying.ages,.levels.of.health,.physical.activity,.and.adiposity..Studies.of.mature,.non-obese.rats.
have.consistently.found.that.insulin.levels.do.not.change.with.aging.[87–90]..Studies.in.our.labora-
tory.have.shown.that.neither.insulin.levels.nor.glucose-stimulated.insulin.secretion.are.impaired.
with.chronological.aging.in.F344.rats.[89]..Research.in.humans.has.also.demonstrated.a.lack.of.
alteration.in.insulin.secretion.with.age.in.non-obese.healthy.older.humans..After.extensive.research.
in.this.area,.Reaven.et.al..[91–93].concluded.that.aging.in.the.absence.of.disease.has.only.minor.
effects.on.insulin.secretion..These.data.suggest.that.currently.there.is.no.compelling.evidence.for.
a.significant.role.for.insulin.in.aging.or.the.anorexia.of.aging..Insulin.resistance.clearly.declines.
with.age..However,.the.effect.of.age-related.insulin.resistance.on.energy.balance.correlates.more.
precisely.with.changes.in.energy.expenditure.rather.than.energy.intake.and.will.not.be.covered.here..
Several.recent.reviews.on.this.topic.are.available.[94–96].

21.5.3  cHOlEcystOkinin

Cholecystokinin.is.a.satiating.hormone.produced.in.the.gastrointestinal.tract.as.well.as.in.the.hypo-
thalamus.in.response.to.food.intake..In.the.periphery,.CCK.acts.by.stimulating.pancreatic.secretion.
and.gallbladder.contraction,.promoting.intestinal.motility,.inhibiting.gastric.emptying,.and.activat-
ing.visceral.nerves..In.the.brain,.CCK.acts.as.a.neurotransmitter.that.interacts.with.numerous.other.
chemical.mediators.to.modulate.food.intake.[97,98]..Two.distinct.types.of.CCK.receptors.have.been.
described;.CCKA.receptors,.which.are.found.in.the.pancreas,.on.vagal.afferent.and.enteric.neurons,.
and.at.a.number.of.brain.sites;.and.CCKB.receptors,.which.are. found. in. the.brain,.vagus.nerve,.
and.stomach..Both.of.these.receptor.subtypes.are.members.of.the.seven.transmembrane.G-protein.
coupled.receptor.super.family,.which.sends.intracellular.signals.by.G-protein.mediated.signal.trans-
duction..CCK.has.been.studied.for.its.potential.role.in.obesity,.anorexia.nervosa,.bulimia,.and.more.
recently.the.anorexia.of.aging.

Increased.release.of,.or.greater.sensitivity.to.CCK.has.the.potential.to.inhibit.food.intake.in.a.
manner.similar.to.that.observed.in.the.anorexia.of.aging..However,.research.in.this.area.has.provided.
no.consistent.evidence.for.a.relationship.between.CCK.levels.or.potency.with.age.or.senescence.
[99–101]..In.fact,.under.experimental.conditions.of.chronic.CCK.administration.in.experimental.
animals,.food.intake.and.body.weight.are.not.significantly.changed.due.to.caloric.compensation.via.
increased.frequency.of.meals.[102]..This.observation.has.led.to.the.view.that.peripheral.satiety.fac-
tors.such.as.CCK.are.powerful.effectors.of.individual.meal.size.with.limited.independent.influence.
on.long-term.energy.balance.[14].

21.5.4  EndOgEnOus OPiOids

The. endogenous.opioids,. including.dynorphin,. beta-endorphin,. and. the. enkephalins,. are.known.
to.function.in.the.body’s.physiological.reward.system..They.are.responsible,.in.part,.for.the.plea-
surable.responses.experienced.after.ingestion.of.high-sugar.and.high-fat.foods.[103]..Endogenous.
opioids. act. in. the. brain,. primarily. in. the. hypothalamus,. amygdala,. and. the. nucleus. accumbens.
[104]..Exogenous.injection.of.opioid.receptor.agonists.increase.food.intake.[105].while.injection.of.
opioid.receptor.antagonists.consistently.decrease.food.intake.in.young.animals.[106]..In.addition,.
interactions.have.been.demonstrated.between.opioids.and.other.neuromodulators.such.as.NPY.and.
dopamine,.thereby.indirectly.affecting.food.intake.[107].
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Because. of. their. influence. on. food. intake,. endogenous. opioids. have. been. implicated. in. the.
anorexia.of.aging..Gosnell.et.al..[103].described.an.age-related.decrease.in.food.intake.response.to.
opioid.agonists.and.antagonists.injected.into.the.intraperitoneal.cavity..Additionally,.Martinez.et.al..
[99].demonstrated.that,.in.patients.diagnosed.with.idiopathic.senile.anorexia,.the.cerebrospinal.fluid.
contained.decreased.concentrations.of.beta-endorphin.compared.with.control.subjects.of.similar.
age.but.with.normal.body.weight..However,.once.a.feeding.stimulant.was.given.to.the.anorectic.
individuals,.beta-endorphin.levels.increased.without.concomitant.improvements.in.food.intake.or.
body.weight..This,.and.the.fact.that.chronic.administration.of.opioid.antagonists.do.not.affect.food.
intake.or.body.weight.in.a.long-term.manner.[108],.have.led.to.questions.regarding.the.importance.
of.endogenous.opioids.in.the.regulation.of.food.intake.

In. contrast. to. the. studies. cited. above,. other. investigations. have. found. no. significant. differ-
ence.in.opioid.concentrations.from.old.and.young.animals.within.brain.areas.associated.with.the.
control.of.feeding..In.a.study.by.Lau.et.al..[109],.levels.of.hypothalamic.met-enkephalin.and.beta-
endorphin.were.found.to.be.comparable.in.Sprague-Dawley.rats.aged.3,.8,.and.23.mos..At.least.
three.other.investigations.have.also.reported.no.age-related.alterations.in.the.levels.of.hypothalamic.
beta-endorphin.and.met-enkephalin.in.adult.male.Sprague.Dawley.rats.[110–112]..Additional.data.
will.be.necessary.to.more.fully.understand.the.role.of.endogenous.opioids.in.the.development.of.
anorexia.associated.with.advanced.age

21.5.5  glutamatE and gamma aminO butyric acid

Glutamate.(Glu).and.gamma.amino.butyrate.acid.(GABA).are.the.brain’s.primary.excitatory.and.
inhibitory.neurotransmitters,.respectively..GABA.is.formed.from.the.decarboxylation.of.Glu.and.
plays.a.critical.role.in.preventing.overexcitation.of.neurons.under.a.variety.of.circumstances..Virtu-
ally.all.neurons.in.the.brain.have.some.combination.of.the.three.GABA.receptors:.GABA.A,.GABA.
B,.and.GABA.C..Stimulation.of.GABA.A.receptors.via.benzodiazepines.decreases.anxiety,.stress,.
and.aggression,.and.increases.memory.retention.along.with.numerous.other.known.functions.

In.the.late.1970s,.GABA.and.the.GABA.A.receptor.began.to.be.recognized.for.their.role.in.
food.intake..The.GABA.A.receptor.agonist,.muscimol,.increases.food.intake.when.injected.into.the.
PVN.or.the.lateral.ventricles.[113,114]..Pu.et.al..[114].demonstrated.that.although.GABA.and.GABA.
agonists.alone.are.only.mild.stimulants.of.food.intake,.co-administration.of.muscimol.and.NPY.
elicited.a.more.robust.food.intake.response.than.either.NPY.or.muscimol.alone..Thus,.one.potential.
mechanism.that.may.explain.attenuated.food.intake.of.aged.animals.infused.with.NPY.may.be.a.
decrease.in.the.synergenic.effect.of.GABA..This.possibility.was.explored.by.our.laboratory.[60].
although. the. results. created.more.questions. than. answers.. In. short,.we. found. that.neither.NPY,.
muscimol,.nor.a.combination.of.NPY.and.muscimol.together.produced.significant.increases.in.food.
intake..Although.these.data.support.the.hypothesis.that.alterations.in.GABA.or.Glu.signaling.may.
be.a.possible.mediator.of.the.anorexia.of.aging,.the.lack.of.food.intake.stimulation.from.numerous.
mediators.seems.to.suggest.a.more.wide.spread.cause.

21.5.6  cytOkinEs

The.pro-inflammatory.cytokines,.such.as.tumor.necrosis.factor.alpha.(TNFα),.interleukin.1.beta.
(IL-1β),.and.interleukin-6.(IL-6).also.alter.food.intake..Interactions.of.these.cytokines.with.NPY,.
leptin,.and.CCK.may.play.important.roles.in.the.inhibition.of.food.intake.during.injury.and.illness.
[115]..It.has.also.been.suggested.that.cytokines.might.play.a.role.in.the.anorexia.of.aging.because.
chronic.diseases.often.accompany.old.age.[116,117]..As.discussed.above,.it.is.critical.to.differentiate.
between.aging.in.the.presence.of.disease.and.normal.aging.because.the.anorexia.of.aging.occurs.
in.humans.and.experimental.animals. that.appear. to.be. relatively.healthy..However,. the. involve-
ment.of.cytokines.is.still.a.compelling.idea.in.light.of.the.fact.that.they.might.act.on.food.intake.in.
senescence,.even.in.the.absence.of.overt.disease..In.a.double.blind,.placebo-controlled.study,.Yeh.
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et.al..[118].noted.that.inhibition.of.cytokine.synthesis.and.release.resulted.in.increased.appetite.in.
cachectic.geriatric.nursing.home.patients.compared.to.controls..The.improvement.in.appetite.did.
not.significantly.impact.the.body.weight.or.body.composition.of.the.elderly.subjects..This.suggests.
that.even.in.an.experiment. that.studied.aging.in. the.presence.of.disease,.decreasing.the. level.of.
cytokines.had.minimal.benefits..More.research.will.be.required.to.determine.the.significance.of.
this.finding.and.its.impact.on.the.anorexia.of.aging.
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Canadian.Task.Force.on.Preventive.Health.Care,.85
Cancer..See also.specific.cancer.types
. and.broccoli.intake,.202
. and.caffeine,.157,.160
. and.cigarette.smoking,.312
. and.diet,.184
. effects.of.fruit.and.vegetable.consumption.on,.313
. extending.latency.period,.235
. initiation.phase,.234
. interactions.with.fruit.and.vegetable.consumption,.

314–315
. phytochemicals.and,.233–235
. progression.phase,.234
. proliferation.rates.and.soy,.192
. promotion.phase,.234
. RCTs.on.vitamins.and,.19
. and.resveratrol,.82
. role.of.polyphenols.in,.234–235
. soybeans.as.protective.factor,.182
. tea.as.protective.factor,.182
Cancer-blocking.agents,.in.polyphenols,.234
Cancer.prevention
. and.bioactive.components.of.food,.191
. and.broccoli,.201–202
. environmental.factors,.189
. and.fish.consumption,.195–196
. foods.and.bioactive.components.in,.190
. future.directions,.205
. and.garlic.consumption,.196–197
. and.nut.consumption,.204–205
. and.nutrient-nutrient.interactions.in.food,.205
. nutrition.and,.189–191
. and.oats,.203–204
. and.soy.foods,.191–193
. and.spinach,.193–195
. and.tea.consumption,.197–199
. and.tomato.consumption,.200–201
. and.wine.consumption,.199–200
Carbohydrate.needs,.119–120

. in.elders,.49

. and.wound.healing,.53
Carcinogen.metabolism,.190
Carcinogenesis
. action.of.plant.polyphenols.in,.234
. initiation.phase,.233
. progression.phase,.233
. promotion.phase,.233
. three.stages.of,.233
Cardiac.output,.in.elders,.10
Cardiometabolic.syndrome,.91–92
. and.adipocytokines,.95–96
. and.aging,.92–95
. and.chronic.inflammation,.220
. diet.and,.96–98
. and.fat.distribution,.95–96
. and.inflammation,.95–96
. and.insulin.resistance,.249
. and.obesity,.220
. and.oxidized.LDL.particles,.94
. and.physical.activity,.98
. prevention.and.non-pharmacologic.therapy,.96–98
. and.renin-angiotensin-aldosterone.system,.95
. and.vascular/endothelial.dysfunction,.92–94
. and.vitamin.D.deficiency,.110
. and.white.adipose.tissue,.220
Cardiovascular.disease,.230
. antioxidants.and,.75
. and.beta-carotene,.79
. and.caffeine,.153–155,.154
. and.carnitine,.79
. and.carnosine,.79
. and.coenzyme.Q10,.83
. decreased.risk.with.tea.consumption,.154
. effects.of.antioxidants.on,.78
. effects.of.fruit.and.vegetable.consumption.on,.314
. and.ellagic.acid,.82
. and.fish.consumption,.195
. and.flavonoids,.79–80
. and.garlic.consumption,.196
. and.glutathione,.80
. green.tea.role.in.reducing,.239
. and.herbal.antioxidant.activity,.83–84
. and.insulin.resistance,.93
. interactions.between.fruit/vegetable.consumption.and.

smoking,.315
. and.lipoic.acid,.80
. and.lutein,.80
. and.lycopene,.80–81
. and.melatonin,.81
. and.oxidative.stress,.93
. and.proanthocyanidins,.81
. pyroxidine.and,.26
. RCTs.on.vitamins.and,.23
. and.red.wine.consumption,.199
. and.resveratrol,.82,.199
. risk.with.metabolic.syndrome,.92
. role.of.polyphenols.in,.230,.232
. secondary.prevention,.314
. and.sedentary.lifestyle,.98
. and.selenium,.82–83
. and.smoking,.312–313
. and.vitamin.C,.81
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. and.vitamin.E,.81–82

. and.vitamin.K,.174–175
Carnitine,.and.cardiovascular.disease,.78,.79
Carnosine
. and.cardiovascular.disease,.79
. delay.of.senescence.through,.182–183
Carotenoids,.25,.316
. antioxidant.functions,.77
. decrease.after.ischemic.insult,.295
. protective.effects.in.bladder.cancer.risk,.315
Carthamus tinctorius,.285,.291,.293
. in.stroke.treatment,.286
Case-control.studies
. antioxidants.and.cataracts,.268
. of.fruit/vegetable.consumption.and.smoking,.313
Catalase,.238
Cataracts
. basic.science.and.animal.research,.268
. cross-sectional.and.case-control.studies,.268
. findings.in.observational.studies.vs..randomized.trials,.

274–275
. need.for.randomized.trials,.271
. null.findings.in.RCTs,.272
. observational.epidemiologic.studies,.268–271
. prevention.with.antioxidants,.267
. prospective.studies,.268–271,.269–270
. randomized.trials.on.antioxidant.supplements.and,.272
. RCTs.on.vitamins.and,.21
. risk.reduction.through.foods,.237
. temporal.relationship.between.nutrient.intake.and.

prevention,.268
Cell.proliferation,.190
. and.cruciferous.vegetables,.202
. inhibition.through.pomegranate,.241
Cellular.clock,.115
Cellular.damage,.76
Center.for.Disease.Control.(CDC),.85
Centrum,.and.cataract.prevention,.271,.272
Cereals,.326
. and.weight.loss,.325
Cerebral.blood.flow,.increasing.with.Ginkgo.biloba,.289
Cerebral.infarction,.vitamins.and,.16
Cerebral.ischemia,.neuropathology.of,.283–284
Cerebral.Vascular.Disease.Research.Center,.283
Chi shao,.288
Chinese.herbs,.254..See also.Ischemia;.Traditional.

Chinese.Medicine.(TCM)
. benefits.in.ischemic.disease,.296
. berberine,.256–257
. bitter.melon,.257–258
. decoction.method,.297–298
. dosages,.preparation,.administration,.296–298
. effects.on.metabolism,.255–256
. ginseng,.254,.256
. managing.insulin.resistance.with,.249
. nutrition.and.health-promoting.components,.295–296
. polyphenols.in,.233
. tea,.258–259
. treatment.of.insulin.resistance.with,.254–259
Cholecystokinin,.335
. and.food.intake.regulation,.341
Cholesterol
. decrease.with.bitter.melon,.258

. ileal.uptake,.128,.134

. jejeunal.uptake,.127

. reduction.by.ferulic.acid,.286

. reduction.by.hawthorn.fruit,.289

. reduction.by.safflower,.286

. reduction.with.wolfberry,.290
Cholesterol.levels,.as.predictor.of.mortality,.6
Chronic.conditions,.4
. and.cigarette.smoking,.311
. obesity,.inflammation,.and,.219–221
. and.vitamin.D.deficiency,.111
Chronic.kidney.disease.(CKD),.and.poor.cardiovascular.

outcomes,.94
Chronic.obstructive.pulmonary.disease.(COPD),.and.diet,.

184
Chuan xiong,.in.stroke.treatment,.285–286
Cigarette.smoking
. and.cancer,.312
. and.cardiovascular.disease,.312–313
. and.chronic.diseases,.311
. confounding.of.interactions.with.fruit/vegetable.

consumption,.315–316
. fruit.and.vegetable.consumption.counteracting,.

311–312
. health.risks,.312–313
. induction.of.caffeine.metabolism.by,.150
. interactions.with.fruit.and.vegetable.consumption,.

314–315
. and.myeloid.leukemia,.312
. protective.effect.against.Parkinson’s,.156
. residual.confounding.effects,.316
Cinnamomum cassia,.294
. in.stroke.treatment,.291
Coagulation.time,.168
. and.vitamin.K.status,.169
Cocoa,.antioxidant.activity.in,.83–84
Coenzyme.Q10,.and.cardiovascular.disease,.78,.83
Coffee
. dependence.on,.150
. and.homocysteine.levels,.153
. and.improved.glucose.tolerance,.155
. and.Parkinson’s.disease,.57
. and.protection.against.diabetes,.57
Cognitive.performance
. and.caffeine.consumption,.150,.151
. and.nutrition,.181
Collagen.synthesis,.54
Colorectal.cancer
. and.caffeine,.157–158
. calcium.and.vitamin.D.in.prevention.of,.109
. and.cruciferous.vegetables,.202
. dietary.choices.and,.56
. dietary.fiber.and,.203
. and.folate.intake,.193–194
. and.garlic,.196
. inverse.relationship.with.caffeine.intake,.160
. and.nut.consumption,.204
. and.tea.consumption,.197
Combination.chemoprevention,.235
Combination.therapies,.in.Chinese.medicine,.285
Combined.vitamin.supplementation,.and.immune.

function,.69
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Complementary.and.alternative.medicine.(CAM),.
combating.stroke.with,.282

Complex.carbohydrates,.49
. and.retardation.of.aging,.182
Confounding.factors
. in.observational.studies,.271
. in.RCTs,.275
Constipation,.and.dehydration,.327
Copper,.and.wound.healing,.53
Coronary.artery.disease
. RCTs.on.vitamins.and,.19
. and.red.wine.consumption,.223
. vitamins.and,.16
Coronary.heart.disease
. and.caffeine,.154–155
. and.diet,.183–184
. nutrition.and.dietary.choices.and,.56–57
. role.of.resveratrol.in,.223
Cortical.cataracts,.270,.271
Cortisol
. and.insulin.resistance,.253
. release.due.to.surgery,.48
. and.visceral.fat,.253
COX2
. inhibition.by.Paeonia veitchii,.288
. role.in.ischemia,.283
Creatinine,.10
Cross-sectional.studies,.antioxidants.and.cataracts,.268
Cruciferous.vegetables..See also.Brassica.vegetables
. and.cancer.prevention,.201–202
Curcumin,.222,.235,.237,.238
Cytochrome.P450.enzymes,.241
Cytokines,.and.food.intake.regulation,.342–343

d
Dairy.products,.106,.326
. and.calcium.bioavailability,.105
Dang gui,.in.treatment.of.stroke,.286
Degenerative.cognitive.brain.function,.235
. role.of.polyphenols.in,.236–237
Dehydration,.8
. in.elders,.327
. risk.factors,.11
Dementia
. and.caffeine.consumption,.150
. and.diet,.181,.185
. post-ischemic,.284
. reduction.through.moderate.wine.drinking,.239
Dental.conditions,.118
. and.malnutrition,.50
. and.reduced.food.intake,.323
Depression,.51,.333
. and.altered.food.habits,.323
. and.malnutrition,.7
. RCTs.on.vitamins.and,.21
. and.undernutrition,.33
. and.vitamin.D.deficiency,.110
Diabetes,.xv
. and.caffeine,.155
. and.cardiometabolic.syndrome,.91–92
. dietary.choices.and,.57

. and.genetic.insulin.resistance,.253

. postprandial.hyperglycemia.in,.250

. recommendations.for.management.in.adults,.97
Diarrhea,.in.diabetic.patients,.256
Diet
. bioactive.components.and.cancer.protection,.191
. and.cancer,.184
. and.cancer.prevention,.189–191
. and.COPD,.184
. and.coronary.heart.disease,.183–184
. and.dementia,.185
. and.hypertension,.183
. influence.of.Western,.191
. and.osteoporotic.fractures,.184
. and.Parkinson’s.disease,.185
. role.in.slowing/accelerating.aging,.181–183
Diet.composition,.for.elders,.324–325
Dietary.Approaches.to.Stop.Hypertension.(DASH).trial,.

78,.97
Dietary.counseling,.for.undernutrition,.38
Dietary.intake,.7
Dietary.mistakes,.and.undernutrition,.32–33
Dieting,.and.surgery,.58–60
Digestion
. changes.with.age,.30
. problems.in.elders,.5
Digestive.diseases
. due.to.undernutrition,.34
. and.undernutrition,.32
Diminished.capacities,.and.undernutrition,.32
Diseases,.epidemiological.associations.of.vitamins.with,.

16–17
DNA.adducts
. decrease.after.high-cruciferous.vegetable.intake,.315
. formation.with.carcinogen.exposure,.312
Docosahexaenoic.acid.(DHA),.97
. in.nuts,.204
Doctor.office.visits,.4
Dosages,.testing.for.antioxidant.nutrients,.275
Dysphagia,.118,.119,.338–339

e
Edentulism,.and.malnutrition,.51
EEG.sleep,.151–152
Eggs
. recommended.consumption,.326
. and.reduction.in.cataract.risk,.237
Eicosapentaenoic.acid.(EPA),.97
. in.nuts,.204
Elders
. caffeine.in,.149–150
. calcium.and.vitamin.D.in,.103–104
. carbohydrate.needs,.49
. changing.demographics,.3
. chronic.diseases.of,.230–238
. fat.requirements,.49
. fiber.requirements,.50
. fluid.needs.in,.8
. fruit.and.vegetable.consumption.among,.313
. health.benefits.of.phytochemicals.for,.229
. ideal.weight.for,.322
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. immune.response.in,.5

. impaired.intestinal.absorption.in,.67

. intervention.measures,.11–12

. lipid.absorption.in,.113

. malnutrition.in,.50–52

. nutrition.and.electrolytes.in,.3–4

. nutritional.deficiencies.in,.181

. nutritional.needs,.48–50,.117–118

. nutritional.support.strategy,.39

. protein.requirements,.48–49

. role.of.micronutrients.in.preventing.infection,.67

. special.needs.and.conditions,.229–230

. undernutrition.and.refeeding.of,.29–30

. vitamin.K.and.health.in,.167–168

. vitamins.and.health.in,.15,.24–26

. water.and.electrolyte.balance.in,.10–11

. weight.loss.for,.321
Electrolyte.balance,.8,.9
. in.elders,.10–11
. practical.approach,.11
Electrolytes,.among.elders,.3–4
Ellagic.acid,.and.cardiovascular.disease,.82
Endogenous.opioids,.and.food.intake.regulation,.341–342
Endometrial.cancer,.and.caffeine,.158–159
Endothelial.dysfunction,.93–94
. improvement.in.CVD.with.polyphenols,.232–233
. markets.of,.94
Endothelial.nitric.oxide.synthase.(eNOS),.230,.232
Endothelium-derived.hyperpolarizing.factor.(EDHF),.232
Energy.density,.and.weight.loss,.325
Energy.intake
. by.age.and.gender,.336
. and.body.weight,.336
. and.weight.loss.for.elders,.324
Enteral.nutrition,.9,.10
Environmental.tobacco.exposure,.and.CVD.risk,.312–313
Epicagallocatechin.3-gallate.(EGCG),.233,.259
Epidemiological.associations,.18
. with.vitamins,.16–17
Epigallocatechin.gallae.(EGCG),.79
Epimedium brevicorum,.293
. in.stroke.treatment,.290
. vitamin.E.in,.295
Epinephrine,.release.in.surgery,.48
Epithelial.layer,.of.small.intestine,.135
Esophageal.cancer
. and.alcohol.intake,.200
. and.caffeine,.157
. folate.and,.194
. and.garlic,.196
Estrogen
. and.caffeine.intake,.155
. and.dementia.risk,.185
. increased.excretion.by.fiber,.203–204
. inhibition.of.caffeine.metabolism.by,.150
. lifetime.exposure.and.breast.cancer.risk,.192
. and.vitamin.K.levels,.172
Ethical.issues,.in.undernutrition,.41
Euthyroid.sick.syndrome.(ESS),.55
Exercise,.and.prevention.of.metabolic.syndrome,.98

f
FABP,.122
Falls
. reduced.risk.with.vitamin.D,.24
. vitamins.and,.23
Fast.metabolization.phenotype,.317
Fasting.glucose
. in.metabolic.syndrome,.91
. reduction.by.berberine,.256
Fat.distribution,.95–96
FAT.glycoprotein,.123
Fat.requirements
. in.elders,.49
. and.wound.healing,.53
Fat-soluble.vitamins,.68,.167
FATP,.123
Fats.and.oils,.recommended.consumption,.326
Fatty.acids,.183
. ileal.uptake,.128,.134
. intestinal.uptake,.127
Ferulic.acid,.286
Fiber.intake
. and.cancer.prevention,.203
. and.weight.loss,.325
Fiber.requirements,.183
. in.elders,.50
Fish.consumption,.326
. and.cancer.prevention,.195–196
. and.CHD,.183
. and.weight.loss,.325
Fish.oils,.97,.195
Flavonoids,.221,.230
. antioxidant.functions,.77
. and.cardiovascular.disease,.78,.79–80
. chemical.structure,.231
. in.red.wine,.199
. and.resveratrol,.225
. in.Scutellaria,.287
. in.tea,.154
Flavor.enhancement,.failure.to.improve.food.intake,.338
Fluid.needs
. in.elders,.8
. perioperative.plan,.8–9
Folate,.26
. and.colorectal.cancer,.193–194
. and.esophageal.cancer,.194
. and.immunity,.69
. and.pancreatic.cancer,.194
. in.spinach,.193–194
Folic.acid,.26
. and.CAD/stroke,.182
. and.colorectal.cancer,.194
. and.weight.loss,.325
Food.fortification,.38–39
Food.groups,.326
Food.guides,.328
. for.elders,.326
Food.habits,.among.elders,.323
Food.intake
. effect.of.economic.restrictions.and.physical.inactivity,.

xv
. normal.physiological.decline.in,.333
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Food.intake.regulation
. and.aging,.333–334
. and.cholecystokinin,.341
. and.cytokines,.342–343
. in.elders,.335–337
. and.endogenous.opioids,.341–342
. and.GABA,.342
. gastrointestinal.factors.in.declining,.338–339
. general.mechanisms,.334–335
. and.glutamate,.342
. and.hypothalamus,.334
. and.insulin,.340–341
. and.leptin,.340
. neuro-hormonal.correlates.to.declining,.339–343
. and.neuropeptide.Y,.339–340
. physiological.and.anatomical.correlates.to,.338–339
. and.taste/smell.changes,.338
Food.preparation,.and.malignancy,.184
Forkhead.transcription.factors,.116
Fractures
. and.caffeine.intake,.156
. and.diet,.184
. and.salt.intake,.184
. vitamins.and,.22
Framingham.Offspring.Study,.174
Free.fatty.acids.(FFA),.250
French.paradox,.223,.230–231
Frequent.meals,.5
Fructus crataegus,.293
. in.stroke.treatment,.289
. vitamin.C.in,.295
Fructus schisandra chinensis,.294
. in.stroke.treatment,.290
Fruits.and.vegetables
. antioxidant.mechanisms,.238
. assessment.of.consumption,.315–316
. biochemical.plausibility.of.interactions.with.smoking,.

316–317
. and.cancer.risk,.184
. confounding.of.interactions.with.smoking,.315–316
. consumption.among.elders,.313
. consumption.for.weight.loss,.325,.327
. counteractions.to.negative.effects.of.smoking,.311–312
. effect.on.cancer,.313
. effect.on.cardiovascular.disease,.314
. health.effects.of.consumption,.313–314
. and.hypertension,.183
. interactions.with.cardiovascular.disease.and.smoking,.

315
. interactions.with.miscellaneous.cancers,.315
. interactions.with.smoking,.314–315
. long-term.health.benefits,.181
. and.lung.cancer,.314–315
. recommended.consumption,.326
Functional.aging,.114
Functional.foods.(FF),.182

g
GABA,.and.food.intake.regulation,.342
Gallstones,.dietary.choices.and,.57
Gan cao,.288–289

Garlic,.182
. and.cancer.prevention,.196–197
Gastric.cancer,.and.tobacco.use,.315
Gastric.emptying
. attenuated.hunger.and.reduced,.337
. delay.with.atrophic.gastritis,.339
. inhibition.by.CCK,.341
. slowing.in.elders,.25
Gastric.secretion,.119
Gastrodia elata,.285,.293
. in.stroke.treatment,.290
Gastrointestinal.malfunction,.and.malnutrition,.51
Gastrointestinal.system,.age-related.changes.in,.4
Gastrointestinal.tract
. age-related.alterations.in.physiology,.117
. aging.and,.118–132
. and.amino.acids,.120–121
. carbohydrates.and,.119–120
. effect.of.intestinal.unstirred.water.layer,.129–130
. gastric.secretion,.119
. general.considerations.of.aging,.118–119
. intestinal.lipid.binding.proteins,.131–132
. liver,.119
. and.minerals,.120–121
. motility,.119
. and.pancreatic.function,.119
. passive.lipid.uptake,.130–131
. permeability,.120
. and.vitamins,.120–121
Gender
. and.caffeine.curtailment,.150
. energy.intake.by,.336
. and.insomnia,.152
. and.life.expectancy,.114
Genistein,.238,.291..See also.Soy.isolate
Ghrelin,.334,.335
Ginkgo.biloba,.293
. in.stroke.treatment,.289
Ginseng
. and.glucose.metabolism,.257
. role.in.insulin.sensitivity,.254,.256
. in.stroke.treatment,.289
. vitamin.E.in,.295
Glial.cells,.role.in.preserving.brain.function,.235
Global.forebrain.ischemia,.283,.298
Glomerular.filtration.rate.(GFR),.decline.with.age,.10
Glucocorticoid,.and.insulin.resistance,.251
Glucose.tolerance,.and.coffee.consumption,.155
Glutamate,.and.food.intake.regulation,.342
Glutathione,.238
. and.cardiovascular.disease,.80
. induction.by.resveratrol,.224
Glycyrrhiza uralensis,.291,.293
. in.stroke.treatment,.288–289
Gou qi zi,.290
Grape.seed.extract.(GSE),.236
Green.tea,.79,.197
. antioxidant.activity.in,.83
. and.breast.cancer,.198
. and.cancer.prevention,.197–199,.239
. catechins.in,.237
. phytochemicals.in,.238–239
Green.vegetables,.172,.175
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. as.vitamin.K.sources,.161,.168
Guggulsterone,.238
Gui zhi,.291

h
Hayflick.limit,.115
HDL.cholesterol
. increasing.with.soybean,.291
. and.metabolic.syndrome,.220
. in.metabolic.syndrome,.91
Headache,.and.caffeine,.156
Health.expenditures,.116
Health.Professionals.Follow-up.Study,.56–58,.175
Healthy.behaviors,.clustering.of,.316
Heart.disease..See also.Cardiovascular.disease
. soybeans.as.protective.factor,.182
Heart.Outcomes.Prevention.Evaluation.(HOPE).Study,.81
Helicobactor pylori,.119
. and.declining.food.intake,.339
. role.in.stomach.cancer.formation,.197
Hepatocellular.cancer
. and.broccoli.consumption,.202
. and.caffeine,.157
Herbal.antioxidant.activity,.83
. in.cocoa,.83–84
. in.green.tea,.83
. in.treatment.of.ischemia,.281–283
Herbal.stroke.treatment..See.Traditional.Chinese.Medicine.

(TCM)
Hip.fracture
. and.calcium/vitamin.D,.109
. and.vitamin.D/calcium.supplementation,.23
. and.vitamin.K,.173
. vitamins.and,.22
Hippocampus,.and.global.forebrain.ischemia,.298
Homocysteine,.26
. and.coffee.consumption,.153
Hong hua,.286
Hormone.regulation,.190
Hospitalization
. and.caffeine.effects.on.sleep,.153
. frequency.of,.4
Huang qi,.286–287
Huang qin,.287–288
Huangdi Neijing,.253,.254
Hydration,.328..See also.Dehydration
Hydrochloric.acid,.51
Hydroxytyrosol,.239
Hypercatabolism,.and.undernutrition,.33
Hyperlipidemia,.pyroxidine.and,.26
Hypermetabolism,.and.undernutrition,.33
Hypertension,.23
. in.diabetes.mellitus,.95
. and.diet,.183
. dietary.choices.and,.57
. ginseng.contraindication.in,.289
. and.metabolic.syndrome,.220
. RCTs.on.vitamins.and,.20
. role.of.tea.in.reducing,.259
. vitamins.and,.16–17
Hyponatremia,.9

Hypothalamus,.339
. and.food.intake.regulation,.334

I
I-FABP,.132
. abundance,.132
. role.in.lipid.absorption,.124
IL-6,.95
ILBP,.125
. abundance.in.ileum,.133
. in.ileum,.133
Ileal.compensation,.128,.135,.136
Immune.deficiency
. age-related,.67
. due.to.undernutrition,.34
. and.vitamin.A,.182
. and.zinc,.53
Immune.function
. effect.of.micronutrient.supplements.on,.69–70
. micronutrients.and,.68–69
Immune.response,.in.elders,.5
Impaired.fasting.glucose.(IFG),.91
Income.limitations,.7
Infarct.volume
. decrease.by.Angelica sinensis,.286
. inhibiting.by.antioxidants,.283
. reduction.by.TMP,.286
Infection
. effects.of.supplementation.on.frequency.and.severity,.

70–71
. RCTs.on.vitamins.and,.22
Infection.prevention,.role.of.micronutrients.in,.67
Inflammation
. and.cancer.genesis,.190
. and.cardiometabolic.syndrome,.95–96
. chronic,.219–221,.225
. inhibition.by.Scutellaria,.287
. in.ischemia,.283
. and.metabolic.syndrome,.220
. preventing.due.to.WAT,.221
. reduction.through.Chinese.herbal.formula,.294
. and.white.adipose.tissue,.220
Inflammatory.gene.products,.downregulation.by.plant.

polyphenols,.238
Insomnia
. and.age-related.changes.in.sleep.patterns,.151–152
. and.caffeine.consumption,.151–153
Insulin
. constancy.of.levels.with.aging,.341
. and.food.intake.regulation,.340–341
Insulin.resistance,.249
. and.aging,.253
. and.berberine,.256–257
. and.bitter.melon,.257–258
. and.blood.glucose.control,.250
. and.cardiometabolic.syndrome,.93
. cellular.mechanism,.251–252
. and.genetic.background,.253
. and.ginseng,.254,.256
. and.improvement.of.microcirculation,.250
. and.inflammation,.95
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. management.with.Chinese.herbs,.249

. and.obesity,.219,.252–253

. pathological,.252

. physiological,.250–251

. and.physiology.of.insulin,.250

. risk.factors.for,.252–253
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