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Osteoporosis

Alternate names: 

DESCRIPTION AND ETIOLOGY

Osteomalacia is the condition of bone softening due to inadequate mineralization, most commonly due to vitamin D deficiency.


Osteopenia is the condition of decreased bone density and bone mass due to inadequate synthesis.


Osteoporosis is the condition of decreased bone mass, cortical thickness and number and size of cancellous trabeculae and defined by a T score 2.5 SD below the mean peak value of young adults.  Osteoporosis refers to a condition where there is a decrease in bone mass in relation to bone volume, i.e. decreased bone density.

Osteoporosis is a common condition affecting more than 25 million individuals in the US each year and causing 1.5 million fractures each year. Osteoporosis causes fractures in 40% of women, including 300,000 hip fractures, 500,000 vertebral fractures, and 200,000 wrist fractures annually. Nearly 100% of women in the US have demonstrable osteoporosis by the age of 80 years. Osteoporosis is approximately 8 times more likely to affect women than men. 


Osteoporosis is a significant cause of morbidity and mortality. An individual who sustains a hip fracture due to osteoporosis is at a 5% to 20% increased risk of death within one year following the fracture compared to other individuals in the same age group. A hip fracture results in a change from independent living to institutionalized care in 15% to 25% of individuals measured at one year after the injury. The calculated national cost in direct expenses for fractures caused by osteoporosis is $27 million each day in the US. 


Osseous tissue consists of 85 per cent cortical and 15 per cent trabecular bone. Osteoporosis causes a predominant loss of trabecular bone, particularly in women. Fractures secondary to osteoporosis occurs primarily in the axial portion of bone, which contains relatively more trabecular bone. 

Risk factors for osteoporosis

· Nutritional Factors:

· Deficiency of calcium 

· Deficiency of magnesium 

· Vitamin C deficiency

· Excess phosphorus intake:  carbonated beverages    

 
(phosphoric acid), meat, lecithin, brewers yeast

· Vitamin D deficiency (deficient sunlight exposure) 

· Vitamin D excess (the average Vitamin D intake in the 

U.S. is 1900 iu/day) 

· Vitamin A excess   

· Vitamin K deficiency 

· Boron deficiency 

· Manganese deficiency 

· Dietary Factors:

· Excess dietary protein: acidic (sulfur-containing) amino


acids

· Deficient dietary protein 

· Increased ingestion of salt (1 teaspoon/day of salt 

causes a 1.5%/year bone calcium loss)1

· Increased sugar ingestion: 

· Excess ingested acids and acid ash diet

· Increased ingestion of aluminum (common ingredient in
antacids and table salt- anticaking), caffeine, alcohol.  
· 1tsp salt per day of aluminum salt causes 1.5% loss of 

bone density per day.

· Lifestyle Factors:

· Decreased exercise and decreased weight bearing 
    activity 

· Tobacco use

· inactivity

· nulliparity

· Genetic factors:  Leaness
· Malabsorption (celiac disease, GI surgery, GI disease, or deficient bile secretion) 

· Drugs (corticosteroids and related steroids, heparin, anticonvulsants)

· Endocrine Factors

· PTH disorder: increased PTH (caused by phosphorus 

excess or magnesium deficiency)or deficient PTH 

· hyperthyroidism

· calcitonin deficiency

· corticosteroid excess

· GH deficiency

· decreased estrogen and progesterone in women

· decreased  testosterone in men

· eating disorders:  anorexia nervosa, bulemia

· renal conditions affecting 1,25 (OH)2 vit. D
Pathophysiology: 

The three main hormones that directly regulate bone calcium are PTH, Vitamin D, and calcitonin.
Vitamin D stimulates the synthesis of bone glycoproteins osteocalcin and which binds to hydroxyapatite and osteopontin which also binds hydroxyapatite and integrins on osteobalasts and osteoclasts.
Bone resorption is regulated by parathyroid hormone and calcitonin

Bone development exceeds resorption in young individuals.  After epiphyseal closure, formation and resorption occur at an equal rate.  

Estrogen activates osteoblast to manufacture bone matrix. 

Vitamin A coordinates osteoblastic and osteoclastic activity for proper bone formation.

Vitamin C maintains extracellular matrix through hydroxylation during collagen synthesis.

SIGNS AND SYMPTOMS

Most common fracture sites are the spine, hip and forearm with spinal fractures occurring twice as often as hip or forearm fractures.

PE AND LAB

Essential: 
Additional:
Other systems: 

Lab:   

· DEXA (Dual Energy X-ray Absorptiometry) bone densiometry evaluation [30%-40% of bone calcium is lost before osteoporosis becomes evident on routine radiographs].  DEXA should be performed at perimenopause.  Not accurate to measure changes within 2 years.  Unfortunately, it is not a common practice to perform DEXA on women while they are accumulating bone density.  Appendicular BMD (whether by DXA, single x-ray absorptiometry [SXA], or ultrasound) should be reserved for a preliminary measurement, and definite diagnoses should be made on the basis of measurements with axial DXA.

The correlation between BMD at any 2 sites is only moderate. For example, spine and hip BMD generally show a correlation of about 0.6. This means that there will be substantial numbers of patients who appear normal at the hip (ie, T-score > -2.5) but have low BMD at the spine. Even more common in elderly women is normal BMD at the spine with low BMD at the hip.


Changes with treatment at appendicular sites are generally smaller than those at the spine or hip, and therefore longitudinal appendicular measurements are harder to interpret. However, some appendicular techniques, such as DXA and SXA at the forearm, are fairly precise so that a given specific change may be more reliable than a similar magnitude of change at the spine or hip. Ultrasound has much more measurement variation than other techniques and is clearly inappropriate for follow-up. Most groups recommend that longitudinal assessment of change in individual patients be based on hip (total hip integrated measurement) or spine (overall spine BMD, not individual vertebrae).

· NTx test (urinary N- Telopeptide of Type 1 Collagen), measures hypocollagen secretion in the urine as a measure of osteoclastic bone loss and is not a measure of bone density. NTx can be measured 4 weeks after the onset of therapy.  However, a baseline test needs to be established prior to treatment.  (abnormal >38,  goal of therapy is to lower NTx below 38)

· 24 hour Urinary calcium (Sulkowitch test):  titration test based on the # of gtt of reagent to cause the serum to become cloudy, thus it can be performed in-house.

· Urinary hydroxyproline/creatine is used as an indicator of osteoclastic bone loss. Deoxypyridinium (D-pyd) and pyridinium (pyd) are other indicators of osteoclastic bone loss 

· Serum calcium 

· Serum phosphorus and chloride (CI/P ratio> 33 suggests hyperparathyroidism) 

· Serum estradiol (post menopausal):  N is 50-150 for women on HRT (see Hargrobb in refs p 97, #196; this range will not be reported by laboratories)

· Serum PTH 
· Serum alkaline phosphatase (reflects the amount of bone tissue activity) 

· 24 hour Urinary sodium (Fantus test):  Actually measures Cl- secretion.  Most Na and Cl is ingested as NaCl,the form of sodium that seems “pathogenic.”  Can be performed in-house.

· Trace mineral analysis (hair analysis) 

Diagnostic Criteria

DDX 

TREATMENT 

Treatment for osteoporosis 


Evaluate risk factors.  Treatment considerations include dietary and supplemental calcium, magnesium, manganese
 , boron
, Vitamin D
, and Vitamin K
. Micorcrystalline hydrpxyapatite concentrate (MCHC) is derived from bone tissue and has been shown to increase cortical bone thickness. Other treatment considerations include weight-bearing exercise, UV light exposure, and prudent diet. 

Endocrine factors that promote bone density worth considering include growth hormone (arginine/ornithine), estrogen, progesterone, and androgens (testosterone and DHEA). Traditional natural therapies for osteoporosis include Equisetum arvense (herb), estrogenergic botanicals, and dietary phytoestrogens.
 Ipriflavone (7 -isogropoxyisoflavone) has shown positive results in the prevention and treatment of osteoporosis. Ipriflavone (200mg 3 times/day) has demonstrated efficacy in the prevention of bone loss in postmenopausal women, particularly when combined with hormone replacement therapy.
 Treatment efficacy can be monitored with periodic urinary tests measuring bone loss. 
Diet/Environment: 

· Avoid refined sugars, caffeine, soft drinks; limit alcohol intake to moderate amounts (<2 oz daily)
· Use animal protein in moderation. 

· Attempt to minimize exposure to aluminum, lead, cadmium, and tin.

Nutrient Therapeutics

· Vitamin D:  200-1,000 IU/day.  Prevention and treatment of osteoporosis, osteomalacia, rickets
· Vitamin K:  vitamin K1:  150-1,000 (g/day; vitamin K2 :  45 mg/day 
Prevention and treatment and has been shown to reduce urinary calcium secretion in postmenopausal women (uncontrolled trial).  Supplementation with metetrenone (vitamin K2,45 mg/day) reduced bone loss and fracture incidence in postmenopausal women (controlled trials).  However, additional studies are needed to determine the long-term safety of high-dose vitamin K2.
· Calcium:  600-1,200 mg/day, depending on dietary intake.  Many controlled studies have demonstrated that supplementation slows the progression of osteoporosis.  The effect is most pronounced in people whose dietary calcium intake is low.
· Magnesium: 300-600 mg/day.  Magnesium supplementation may increase bone mineral density in postmenopausal women, even without supplemental calcium.
· Hormone-replacement therapy:  Treatment with estrogens, progesterone, DHEA, and/or testosterone may be indicated in selected patients.  The Women's Health Initiative study 489 women age 65-77 received HRT for three years and within 2 years of HRT withdrawal, they lost a substantial portion of previously gained bone mass.
· Betaine hydrochloride:  10-40 grains per meal if hypochlorhydric.
· Ipriflavone:  200 mg, 3 times per day.  This synthetic flavonoid has been shown to prevent or reverse bone loss in postmenopausal women (double-blind trials). The mechanism of action is unknown, but it does not appear to be due to an estrogenic effect.  Lymphocytpenia has been reported in patients taking Ipriflavone so monitor appropriately. 
	Supportive Nutrients

	essential fatty acids 
	both omega-3 and omega-6
	

	Folic acid
	0.4-5 mg/day
	theoretical:  prevention of osteoporosis through regulation of homocysteine

	Vitamin B6
	10-50 mg/day
	Theoretical:  Possible prevention of osteoporosis by improving homocysteine metabolism

	Vitamin C
	100-1,000 mg/day
	

	copper
	2-3 mg/day for 2 years
	Controlled trial: prevented bone loss in middle-aged women, both pre- and post menopausal.  Increased osteoclastic activity.

	Zinc
	zinc, 10-30 mg/day
	

	Manganese
	5-20 mg/day
	Preliminary evidence suggest that manganese deficiency is common in women with osteoporosis and contribute to the pathogenesis of the disease.

	boron
	0.5-3 mg/day
	uncontrolled trials:  Administration to postmenopausal women consuming a low-boron diet reduced urinary calcium excretion and prevented the decline in serum concentrations of 17-(-estradiol and testosterone.  However, boron is usually not effective as a treatment for menopausal symptoms (clinical observation)

	silicon
	1-2 mg/day
	animal studies demonstrate  prevention

	L-lysine
	400-800 mg/day
	uncontrolled trial:  Increased intestinal calcium absorption and reduced urinary calcium excretion in women.  Lysine may therefore help prevent osteoporosis, although longer-term studies are needed

	strontium
	0.5-6 mg/day
	Can replace calcium in the calcium hydroxyapaptite crystal.  Having occasional strontium in MCHA tends to strengthen bones.  Necessary for hardening teeth as well.


see M Murray. Nat Med J, Summer 1999 2(5):  2-13 for article on bone density

4 levels of nutient therapeutic intervention

1. high potency multiple vitamin

2. add 400 IU D, 1-1.5 g calcium, 500 mg vit C, 6 mg tetraborate, 300(g vit K

3. add 200 mg ipriflavone tid

4. add hormone replacement including progesterone even if the pt. had a hysterectomy due to the balancing effects of progesterone outside of the uterus. 

Fosamax should be considered if there is a high risk of breast cancer where HRT is contraindicated.
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