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Syndrome X

Overview-Pancreas


The pancreas in the adult human is approximately 15 cm long and weighs approximately 100 grams. It has both exocrine and endocrine function. The endocrine function is carried out by the Islets of Langerhans that make up only approximately 1 % of the total mass of the pancreas. In the adult pancreas there are approximately one million Islets of Langerhans that weigh approximately 1 gram total. 


The Islets of Langerhans produce glucagon in the ( cells and 40-50  units/day of insulin in the ( cells. Both are intimately involved in the regulation of glucose metabolism and blood glucose levels. 

Insulin is a polypeptide that is regulated by positive feedback from serum glucose. Insulin has a half-life of about 4 minutes. Insulin levels average approximately 10 lU/mL in the blood of fasting adults. Insulin has the direct effect of lowering serum glucose by increasing the transport of blood glucose across cell membranes into the cells where it is largely stored as triglycerides, by inhibiting gluconeogenesis, and by inhibiting glycogenolysis. Insulin has a primary function as an anabolic hormone, promoting the synthesis of carbohydrates, proteins, lipids, and nucleic acids. Pork insulin varies from human insulin by one amino acid. Beef insulin varies from human insulin by three amino acids. 


The other physiological effects of insulin include: 

· salt, and hence,  water retention

· increases catecholamine responsiveness of arteries

· atherogenic effects

· increases triglycerides and LDL cholesterol

· decreases HDL cholesterol


Glucagon is a single-chain polypeptide. It has a half-life of about 10 minutes. Glucagon is regulated by negative feedback from blood glucose. The predominant effect of glucagon is to increase glucose production. Glucagon produces an increase in blood glucose levels by stimulating glucose production from precursors (gluconeogenesis) and by the breakdown of glycogen (glycogenolysis). Glucagon opposes the effect of insulin on serum glucose. Glucagon secretion is stimulated by the ingestion of proteins, by the secretion of growth hormone (GH), by sympathetic nervous system activity (catecholamine secretion), by fasting, and exercise. 

Sugars 


Sugars are ubiquitous in nature and exist in many different forms. Foods found naturally in nature contain mixtures of various sugars in combination and rarely contain a single type of sugar. Sugars of different molecular structure vary markedly in their rates of absorption and metabolism. 


Modern technology is used to isolate single types of sugars and has created the existence of processed foods that are highly concentrated in specific sugars. Processed foods also tend to be low in dietary fiber that has a buffering effect on the absorption of sugars. Because specific synthetic or isolated refined sugars are absorbed and metabolized at a relatively uniform rate, large amounts can stress the glucose regulatory mechanisms. The use of isolated sugars of uniform molecular structure in processed foods may have potentially contributed to the increased incidence of glucose intolerance and diabetes mellitus that has been observed in epidemiological statistics. 

Monosaccharides commonly found in glycoproteins:

D-glucose

D-galactose

mannose

N-acetylneuraminic acid

N-acetlygalactosamine

N-acetylglucosamine

xylose

D-fructose


D-fructose  is still an isolated sugar and is the most lipogenic monosaccharide, particularly when isolated and eaten in large amounts.  It is a synthetic sugar that is synthesized from corn sugars eventhough it is commonly referred to as “fruit sugar”.  It is a component of sugar in fruit although does not entirely comprise the sugar in fruit.  Fructose may increase the amount of plasma sorbitol.  


Over 100 monosaccharides are found occurring naturally in the plant kingdom. Plants  synthesize saccharides by means of photosynthesis using saccharides as a storage product of transformed solar energy. Both plant foods and botanical medicines can serve as a source of saccharides for humans. Of the eight monosaccharides commonly found in glycoproteins, only glucose is commonly added to foods.  Commonly occurring sugar alcohols are: sorbitol mannitol glycerol inositol. 


Glycoproteins play a multitude of important functions in the human body. Some hormones are glycoproteins (HCG, TSH). Glycoproteins also function as structural molecules in the form of collagen, act as transport molecules (transferrin, ceruloplasmin), lubricate and protect in the form of mucins, act as enzymes (alkaline phosphatase), and act as immunologic molecules (immunoglobulins, histocompatability antigens). They are present as lectins and act as messengers between various cells (sperm-oocyte, cell-virus, cell-bacteria, and cell-hormone communication). Sugars are an essential component of glycoproteins, ranging from one per cent to 85 per cent by weight. Theorectically, ingestion of large amounts of the most common monosaccharides (such as glucose) may be limiting synthesis of specific glycoproteins that rely on less common monosaccharides.  

Sucrose  (glucose + fructose) 


Sucrose ("sugar" or cane sugar") is a food additive commonly used in refined foods It's sweetness is tasted as a function of its molar concentration, that is, by the concentration of the molecules present. Each molecule of the disaccharide sucrose is hydrolyzed into double the number of monosaccharide molecules by enzymes within the intestine. Sucrose consequently supplies approximately twice the amount of sugar per unit of "sweetness” as does an equimolar amount of common simple sugars. Thus, 1 g of sucrose will be twice as sweet and provide twice the amount of sugar upon digestion based on molar concentration.  The ingestion of significant amounts of sucrose may potentially be another factor significantly contributing to the increased incidence of diabetes observed in epidemiological statistics. 


In humans, sucrose is the most readily hydrolyzed disaccharide. The hydrolysis of sucrose to D-glucose and D-fructose is catalyzed by the enzyme invertase. It is called "inversion" because this hydrolysis is accompanied by a net change in the optical rotation of the sugar molecule as equal amounts of D-glucose and D-fructose are formed. The resulting equimolar mixture of glucose and fructose is called" invert sugar". 


Other disaccharides include lactose (glucose + galactose) and maltose (glucose + glucose), a common product of fermentation.

Lipids 


Atherosclerotic heart disease is associated with hyperlipidemia. The significance of diet and other life-style factors that can effectively prevent or control hyperlipidemia is obvious, since atherosclerosis is currently the leading cause of death in the USA with 750,000 deaths per year. 


The lipids that have been found to be most strongly associated with atherosclerotic heart disease are lipids that contain apo-B-lipoprotein (B-100 apolipoprotein). Apo-B-lipoprotein- associated lipids include low density lipoproteins (LDL), very low density lipoproteins (VLDL), and Lipoprotein(a). Lp(a) consists of an LDL molecule covalently bound to apolipoprotein(a) by a disulfide bridge. The covalent bond in apo-B-lipoprotein is particularly susceptible to oxidative damage and it is thought that oxidative damage to apo-B-lipoprotein causes endocytosis and foam cell formation that in turn leads to damage of the vascular system and atherosclerosis. 


The typical "North American diet" contains approximately 45% of calories as fat. A 10-15% reduction in serum cholesterol can be achieved with a diet that restricts saturated fats to 8% of the total calories. Life-style modification (regular aerobic exercise, avoidance of tobacco, and restriction of alcohol) with institution of a "prudent diet" (restricting saturated fats and refined carbohydrates) provides the foundation of a lipid-lowering prescription. Niacin (or inositol hexaniacinate) is found to produce a significant decrease in serum total cholesterol with a simultaneous increase of HDL and a reduction of LDL, Lp(a), triglycerides, and fibrinogen. Pantethine has been found to be particularly beneficial in treating individuals with hyperlipidemia and dysinsulinism. 

Clinical markers of cardiovascular disease risk include:

Lipid Associated Markers

· Total cholesterol is the most researched risk factor for cardiovascular disease although much debate is present around the specificity and sensitivity of this marker.

· Triglycerides levels are associated with an impaired fibrinolytic system when elevated.

· LDL cholesterol ("bad cholesterol") carries cholesterol to peripheral cells 

· Apo A-1: the primary component of HDL that is a protective factor for cardiovascular disease

· Apo B100: the primary component of LDL that is associated with an increased for cardiovascular disease 

· Apo B/Apo A-1:a ratio that has been used to predict the future risk of severe atherosclerosis

· Lp(a) : a genetic marker associated with atherosclerosis and coronary artery disease, promotes the deposition of cholesterol in the vascular endothelium

Other Markers

· Homocysteine is a risk factor for cardiovascular disease associated with oxidative stress.  Testing is appropriate for any aged adult with hyperlipidemia or a family history of heart disease.

· CRP is a risk factor for coronary artery disease and stroke that may be associated with Chlamydia pneumonia infection. 

· Fibrinogen: has a role in formation of thrombi and arterial occlusion, a risk factor

· Vital capacity has been the demonstrated as the best predictor of cardiovascular risk in some studies but has not been accepted as a marker although it is more sensitive and specific than total cholesterol.

Treatment of the dyslipidemias:

1. Hypercholesterolemia: reduced saturated fat and increased soluble fiber diet, weight control, aerobic exercise, niacin (decreases lipid risk factors and increases HDL)(or inositol hexaniacinate):  nicotinic acid also inhibits insulin and can increase blood sugar
 (empirical:  Dr. Powell) red rice yeast, gugulipid*, garlic, Cynara scolymus, and Vitamin C. 

Note: Recent (2002) clinical trials are calling into question the value of gugulipid, at least by itself, in the treatment of hyperlipidemia. 

2. Hypertryglyceridemia: 1(:  high fiber diet with refined carbohydrate restriction, garlic, weight control, and aerobic exercise, pantethine, manganese (10 mg qd):  cofactor of lipoprotein lipase.  People with hypertriglyceridemia may have syndrome X.

3. 
Hyperhomocysteinemia: B6, B12, folic acid, and betaine 

4. 
Hyperlipoprotemia(a): niacin, progesterone, estradiol, and estriol (in women with hypoovarianism) 

5. 
Hyperapolipoprotein B: Vitamin C, Vitamin E, selenium, and procyanidolic oligomers (PCOs) 

6. 
Elevated CRP:
 treat chronic infections (periodontal disease, H. pylori, Chlamydia pneumoniae, herpes virus, cytomegalovirus), red yeast rice, Vitamin E, Vitamin C, virgin olive oil, tumeric (curcumin), Tanacetum parlhenium, salicytates (Salix spp.) 

7. 
Elevated fibrinogen: Ginkgo biloba, omega-3 fatty acids, Vitamin C, Vitamin E, garlic, aerobic exercise 

8. 
Elevated Lp(a): Vitamin C, niacin (or inositol hexaniacinate) 

9. Elevated LDL: niacin (or inositol hexaniacinate), pantethine, Monascus purpureus (red yeast rice, Cholestin), 


Gugulipid (Commiphora muku/) , 

10. Decreased HDL: 1( aerobic exercise, 2(Vitamin C, 3( niacin (or inositol hexaniacinate), Vitamin E, pantethine, garlic

Diabetes mellitus

Description and Etiology: 
Diabetes mellitus (from Latin for diuresis that is sugar containing) is a condition that involves multiple etiologic factors that are incompletely understood. The hallmark of diabetes mellitus is hyperglycemia. Diabetes mellitus affects approximately 2% of the world population and is more common in Western cultures where a diet high in refined carbohydrates and low in fiber is common. Other factors apparently contributing to the incidence of diabetes mellitus are obesity, inactivity, nutritional deficiencies, and a positive family history for diabetes mellitus. The incidence of diabetes mellitus is increasing in Western cultures. 

Diabetes mellitus is classified as type 1, type 2, or gestational. Type 1 diabetes mellitus, also known as insulin-dependent diabetes mellitus (IDDM), is associated with a variety of genetic syndromes, pancreatic disease, beta cell destruction, hormonal abnormalities, and insulin receptor abnormalities. Diabetes mellitus type 1 is characterized by relatively abrupt onset of symptoms, insulinopenia, a tendency for ketosis, and relatively severe symptoms often requiring insulin replacement in order to maintain life. In diabetes mellitus type 1, T -lymphocytes become activated against the pancreatic beta cells. Exposure to cow's milk during the first 6 weeks of life has been implicated in the development of diabetes mellitus type 1. 

Diabetes mellitus type 2, also known as non-insulin dependent diabetes mellitus (NIDDM), is more common in individuals over 40 years old. Insulin replacement is often not required. The onset of Diabetes mellitus type 2 is usually characterized by a gradual onset, truncal obesity, relative insulin deficiency, and insulin resistance. Diabetes mellitus type 2 usually follows a more benign course than diabetes mellitus type 1 and often can be treated without insulin. "Syndrome X" is a term coined by Reaven for the constellation of symptoms associated with insulin resistance including excess insulin production, abnormal glucose tolerance, hypertriglyceridemia, decreased HDL levels, and hypertension.

Risk Factors for DM  type 2:

1. Obesity with a weight greater than 120% of desirable body weight or a body mass index greater than    27 kg/m2 

2. Family history with a first degree relative with diabetes 

3. High-risk ethnic groups including African-American, Hispanic, and Native-American 

4. History of gestational diabetes or birth of a baby greater than 9 pounds 

5. History of hypertension 

6. Triglycerides greater than 250 mo/dl or HDL less than 35 mg/dl 

Gestational diabetes occurs where glucose intolerance develops during pregnancy and usually resolves spontaneously sometime after the culmination of pregnancy. It is usually treated as part of the management of pregnancy. Treatment is generally the same as for diabetes mellitus type 2. 

Diabetes at Different Stages of Life

	
	In a child
	In an adult
	In a pregnant woman

	Description


	Type 1 DM:  Insulin Dependent DM (IDDM), Juvenile onset diabetes
	Type 2 DM:  Non-Insulin Dependent DM (NIDDM)  A heterogeneous group of disorders in which hyperglycemia results from  impaired insulin secretory response to glucose as well as decreased insulin effectiveness in stimulating glucose uptake and in restraining hepatic glucose production (insulin resistance)
	Gestational: Carbohydrate intolerance with during pregnancy.

	Etiology
	autoimmune
	acquired
	acquired

	Onset


	-commonly develops in childhood or adolescence

-gen. diagnosed < 30 yrs

-10-15% of DM cases

-particularly high in Finland and Sardinia
	-gen.  occurs in pts. > 30 yrs, but also in children and adolescents
	1-3% of pregnancies and may be higher in Mexican-Americans, American Indians, Asians, Indians and Pacific Islanders

	Pathology
	-insidious autoimmune mediated destuction of > 90% of ( cells:  insulitis of islets w/ T cell, B cell and macrophage infiltration, thus believed to be cell mediated immunity

-Correlated environmental factors include:

   -viruses:  congenital rubella, mumps, coxsackie 

   -exposure to cow’s milk in infancy

-gen. does not involve ( cells

-also associated w/ some AI dz’s:  Graves dz., Hashimoto’s thyroiditis, idiopathic Addison’s dz.
	-smaller, normal-appearing islets

-amyloid deposition is common

-hypo-insulinemia w/ ( glucose ( failure to inhibit gluconeogenesis, ( insulin sensitivity

-Maturity Onset Diabetes of the Young (MODY)  

 mutation in GK gene

-Insulinopathies:   defective insulin ( ( binding to receptor

-Associated Diseases:  chronic pancreatitis, other endocrine diseases, 
	

	Course


	-propensity for  diabetic ketoacidosis (DKA) requiring insulin for control

-responds well to dietary and lifestyle changes
	-propensity for non-ketotic hyperglycemic-hyperosmolar coma (NKHHC)

-DKA is rare
	-most will return to normal glucose tolerance after delivery

-60%  become diabetic in next 16 yrs.

-if untreated ( ( risk of fetal and maternal morbidity


Pathophysiology:

Due to chronically elevated glucose levels in the blood stream, various proteins undergo nonenzymatic glycosylation and form advanced glycosylation endproducts or AGEs. The reaction occurs from a covalent bond forming between terminal amino groups of proteins and the glucose sugar. Common proteins to be affected exist on the basement membrane of vessels, nerve bundles, lipoproteins (LDL) and RBCs. Glycosylation causes narrowing of the vessel lumen and also causes constriction of nerve bundles leading to angiopathies and neuropathies respectively. Distal sites, especially the toes, are typically the first to manifest clinically, usually as painful neuropathies and cold feet due to the relatively narrow lumen of these vessels and limited perfusion. Fungal infections, ulcers, and loss of sensation are also common. Loss of toe hair is a relatively early sign of circulation limtations. Although the extremities usually display clinical symptoms first, it is important to remember that microangiopathies are occuring all of the body, including within every vital organ:

Microangiopathy in DM 
· atherosclerosis

· kidneys

· eyes

· nervous system

Diabetes is the most common cause of end stage renal failure in the United States and is the most common cause of death in diabetic patients.  Blindness is also a common late stage symptom. Earlier in the progression cataract formation: is also common in diabetic patietns. In cataracts, glucose is converted to sorbitol by aldose reductase.  Experimentally quercetin inhibits aldose reductase in the eye, as does vitamin C.   

Signs and Symptoms

Symptoms and signs of diabetes mellitus type 1 include hyperglycemia, glucosuria, polyuria, polydipsia, polyphagia, weight loss, lethargy, and a tendency for reduced resistance to infections - particularly mycotic infections. Diabetes mellitus type 1 can progress to ketoacidosis and coma if untreated Individuals with diabetes mellitus type 1 have an increased risk for some chronic degenerative conditions including large blood vessel disease (atherosclerosis and calcification of large vessel walls), microvascular disease, neuropathy, corneal disease, and retinal disease which has the potential of causing blindness. 

Symptoms and signs of diabetes mellitus type 2 tend to progress more slowly and are generally much less severe than type 1 diabetes mellitus. The symptoms and signs of diabetes mellitus type 2 are generally similar to diabetes mellitus type 1 except that there tend to be an absence of ketoacidosis and a lower incidence of serious chronic degenerative disease. 


Type 2 diabetes is a progressive disease that can be described as having three pre-diabetic stages and two diabetic stages:

stage 1:  insulin resistance


stage 2:  insulin resistance coupled with hyperinsulinism


stage 3:  insulin resistance, hyperinsulinism and abnormal oral glucose tolerance testing


stage 4:  Type 2 diabetes with high insulin


stage 5:  Type 2 diabetes with low insulin
Physical Exam and Labatory Diagnosis:

Essential: 

Cardiovascular exam

Peripheral vascular exam


Peripheral pulses


Hair present ?


Edema? 

Monofilament test for sensation: have patient close eyes, using a piece of monofilament (fishing line) contact the patient’s feet using enough pressure for the line to bend, tell the patient to let you know when they feel the line in contact with their skin) This test is useful for determining degree of remaining sensation and to moniter treatments aimed at revascularization and decreasing neuropathy.

Opthalmic Exam (refer to Opthamologist if DM is suspected)

Skin and nails (especially feet and groin)


Ulceration ? 


Sensation ?


Infections ? Tinea and/or candida

Neurological 

Laboratory diagnostic tests:

· Fasting blood glucose (FBG):  serum is usually taken although a plasma may be taken by centrifuging a red top tube immediately after recovering the blood sample. Fasting plasma glucose is the preferred diagnostic test for diabetes mellitus. The criterion for a normal fasting plasma glucose is less than 110 mg/dl although many naturopathic physicians prefer to see a value in the 80-90 range. Fasting plasma glucose of greater than 125 mg/dl repeated on three different days is considered diagnostic of diabetes mellitus. Fasting plasma glucose between 110-125 mg/dl is borderline and defined as "impaired glucose homeostasis."
 One measurement of FBG greater than 200 mg/dl is also considered diagnostic by some sources.  

Occassionally, the patient complies and improves yet the blood sugar level remains high or increases.   This is known as the “Somogyi effect”  or reactive hyperglycemia.   For patients on long-acting insulin, hypoglycemia can occur during sleep inducing an over-response cortisol, epinephrine, glucagon and growth hormone.   Tx is to lower the dose of insulin.  To monitor, have the patient 

check their blood glucose at  3 am.  Also, check morning urine to assess cortisol, which is excreted in the urine.  Assess the cortisol: creatinine (ratios are done when the volume of urine collected/time is not known).

· Random plasma glucose 

· Two-hour oral glucose tolerance test (GTT): A single blood glucose greater than 140 mg/dl at 2 hours post GTT is diagnostic. 

· HbA1c (glycosylated hemoglobin): Hemoglobin A 1 c can be used to monitor blood sugar levels since Hemoglobin A1c levels are related to mean blood gIucose during the preceding two to three months, the average life-span of the red blood cells.
 A useful formula to know is A1c = 7% when average blood glucose equals 150 mg/dl. From there each 1 % increase in Hemoglobin A 1 c is considered to be a reflection of an increase in mean glucose of approximately 30 mg/dl.
  The measured Hemoglobin A1c can thus be used to estimate the approximate average blood glucose and to monitor the adequacy of blood glucose control. 
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· Serum insulin

· Electrolytes

· Urinalysis: glucose spills into the urine from the circulations at levels greater than 180 mg/dl due to surpassing renal reabsorption potential. 

· C-Peptide can be  a useful test in diabetes management. C-peptide is a precursor molecule to insulin, therefore levels are directly related to the amount of insulin being produced. C-peptide is useful in diagnosis of diabetes when type is unknown, i.e. diabetes found incedently in an eighteen year old upon entry into the ER or other radnom blood draw. Normal or elevated C-peptide indicates insulin production and therefore suggests NIDDM. Insulin levels can also be measured for this purpose but can be confounded if insulin has been administered. C-peptide is also useful in monitoring treatment success and to monitor endogenous insulin production in patients receiving insulin therapy.  

Percent body fat testing and blood lipid fractionation is useful in cardiovascular risk evaluation and management.  

Renal condition:  Monitor serum potassium as potassium is high with renal failure.   A whole foods diet is high in potassium.  Thus, monitor the potassium content of the diet when renal complications are present. Dietary modifications and treatments should be carefully comanaged with a nephrologist.


Laboratory Diagnosis of Diabetes Mellitus

	Fasting blood glucose (FBG):  1( test used for screening;  8-12 hr fast; N:  70-110 mg/dL ( each decade of life adds some (i.e. 70 yr old ( 140 mg/dL); 

Problem(s): test must be repeated

2 hr post prandial:  fast , eat a meal, sample 2 hrs later when it should be back to normal

Problems:  no standardization of the meal, has the pt. Prepared w/ a recent dietary change

Oral glucose tolerance (oGTT):  fast 8-12 hr, take a glucose load, blood and urine drawn @ 1 hr and every hr for 5 hrs. Urine sample is required before and after test to screen for glucose and ketones; presence of both indicates ketoacidosis. (correlation between hypoglycemia early in life and NIDDM later in life)

Warning-do not run on someone w/ glucose levels > 200 or < 60 mg/dL( can be life threatening

Indications:   

1. gestational diabetes as a screen (1-2 hr test), Hx of stillbirths, nondefinative FBG’sHx of large babies (> 10 lbs.)

2. hypoglycemia

3. family Hx of diabetes 

4. unexplained episodes of hypoglycemia

5. Hx of recurrent inffections (i.e. abscesses, boils

Insulin levels: Indications:  early DM to detect type and to r/o insulinoma, 

C-peptide:  monitoring insulin therapy to detect endogenous insulin levels as peptide C is formed from cleavage of proinsulin. 

Glycosylated Hb:  most people have Hb A1 which is glycosylated to Hb A1a, Hb A1b Hb A1c (1( measured)

   -occurs over life of RBC (120 days) ( indicates glucose exposure for last ~ 90 days

   -M= 8-12%, some say 6%     < 9%:  good control, 9-12% fair control, >12% poor control

   -12% roughly translates to an ave. blood glucose of 200 mg/dl for the time span

   -abnormal Hb (SSA, thalasemia), bleeding and anemia ((falsely high) 

Fructosamine:  binding occurs w/in 30 days ( can detect intervention earlier than glycosylated Hb

Antibodies:  detection of insulin resistance, more common when insulin was derived from an animav source;  there is still the possibility to forming Ig’s to recombinant insulin as it is still a foreign protein; types:  anti-insulin and anti-insulin receptor antibodies

urinary glucose:  renal threshold is quite variable (110-180 mg/dL) ( not a good screening test


Treatment

· Dietary Therapeutics:

Eliminate all refined sugar (including fructose) and other refined carbohydrates.  Include low glycemic index foods, especially legumes for breakfast for lunch or supper to regulate blood sugar throughout the day.  Many patients show improved glycemic control with a high-fiber, high-complex carbohydrate (HFC) diet.  Yet, this diet is contraindicated in diabetic with advanced renal failure or diabetes-related hyperkalemia given it high potassium content. The value of high fiber, low glycemic index foods, and fats high in monounsaturated and polyunsaturated fatty acids may surpass the importance of restriction of sucrose and other refined sugars. Many simple starches (refined rice, potatoes, cereal grains) have similar glycemic indexes as sucrose, however refined sugars are more lipogenic. The balance between patient compliance and idealism must be found in the management of DM. 

A low carbohydrate diet (25% of calories) may improve glycemic control in diabetics with insulin resistance who fail to respond adequately to a HFC diet or to sulfonylurea therapy.  In early Type 1 diabetes, elimination of dairy products may prevent further destruction of islet cells (circumstantial evidence).  

Brewer’s yeast:  1-2 T /day is a potent source of GTF and is perhaps the best absorbed and most biologically active form of dietary chromium.  “GTF chromium”  products generally do not contain GTF.
Diet can include an exchange diet such as the Stanford. The Stanford Diet uses exchange lists for foods with low levels of refined carbohydrates, low levels of saturated fats, and high levels of fiber combined with a graduated exercise program and weight control in diabetes mellitus type 2. In diabetes mellitus type 1, weight reduction is often not necessary. The Stanford diet is oriented toward establishing a healthy body fat composition. 

Drinking more than seven cups of coffee per day may reduce the risk of type 2 diabetes, according to the results of a prospective population study.  Coffee is a major source of caffeine, which has been shown to acutely reduce sensitivity to insulin, but also has potentially beneficial effects.  The authors of this study also suggest that  magnesium in coffee could improve insulin sensitivity and excretion, and that other components of coffee such as chlorogenic acid could also lower risk of diabetes. However, the possible adverse effects on other health aspects should be considered in the choice to consume coffee.

Exercise:

An aerobic exercise program and dietary intervention can significantly enhance insulin sensitivity by the upregulation of insulin-dependent and insulin-indenpendent glucose transporters in skeletal muscle tissue. 

Monitor insulin:  

Any change in diet and lifestyle can create a much smaller need for insulin.  Have patient call a few times per week during dietary transition.  Determine whether the patient is on  short- or long-acting insulin.  This is a key condition where the conventional therapy becomes dangerous as the complementary therapy begins to work (the other is hypertension).

Nutritional Supplementation: 
· Nutrients used in treating type 1 and type 2 diabetes mellitus include 

· Chromium: 200- 1,000 (g/day (large does was more effective).  double blind studies
:  reducted blood glucose and HBA 1c levels in diabetics.
· Manganese

· Vanoxyl-5-sulfate 

· B complex vitamins* 

· Vitamin E

· Coenzyme Q10 120mg/day
 

· Omega 3 fatty acids**

· Taurine

· Carnitine 1 g qd

	Chromium
	
	

	Biotin
	8-16 mg/day 


	Glucokinase is induced by biotin.  Weak activity of glucokinase has been implicated in maturity onset diabetes seen in the young.  A study w/ 9 mg qd should a 45% reduction in diabetes (given w/ ABT to prevent bacterial degradation of biotin but efficacy is questionable)

	Niacin
	In regard to niacin, niacinamide and inositohexanicaicinate, doses that are used to treat hyperlipidemia have been seen to raise blood sugar in normal and hyperglycemic patients (observation:  D. Powell ND, T. Low Dog MD)

	
	treatment: in low doses (100mg/day) in combination with chromium (200-500 (g/day)
	Uncontrolled trial:  Niacin is a precursor for GTF and may improve glucose control more effectively than either nutrient alone. The effect of large doses of niacin on blood-glucose levels is said to be variable (clinical observation: A. Hoffer)

	Niacin-amide
	· prevention: in varying doses (25mg/kg,day to max. 2-3 g/day)

· treatment: 500mg tid
	· Controlled trials w/ conflicting results:  May prevent the loss of pancreatic (-cells during the early stages of IDDM or may prevent the development of IDDM in high-risk children. 

· Increased insulin release and improved metabolic control similar to that of patients treated with insulin in NIDDM w/ 2( failure to sulfonylureas

	Vitamin B6
	50-150 mg/day
	Theoretical:  Possible prevention of diabetic complications through inhibition of nonenzymatic glycosylation of tissue proteins (Mallard reaction).

	Vitamin C
	1000 –3000 mg /day
	Diabetics have impaired cellular uptake of vitamin C which could theoretically result in “ localized scurvy” manifesting as atherosclerosis, poor wound healing, impaired immune function and other problems common in diabetics.   Inhibits glycosylation of proteins and may prevent tissue accumulation of sorbitol

	Magnesium
	200-600 mg/day
	Controlled trials, conflicting results:  Magnesium improved insulin resistance.  Hypomagnesemia and increased urinary excretion is common in diabetics.

	Potassium
	
	Uncontrolled trials, case report, animal studies:  Potassium deficiency results in impaired glucose tolerance and may be a contributing factor in some cases of diuretic-induced glucose intolerance or diabetes.  It is thought that increased dietary potassium will counter the development of diuretic induced hyperglycemia/diabetes.  

	Zinc
	20-50 mg qd
	Plasma zinc concentrations are low in diabetic, possibly as a result of increased urinary zinc excretion.  Zinc deficiency is associated with impaired glucose intolerance and may contribute to poor wound healing, immune-system dysfunction and other problems commonly seen in diabetics.  No clinical trials have been done.

	Vitamin E
	400-800 IU qd
	

	Taurine
	500 mg tid
	-uncontrolled trial:  Diabetics have been reported to have low plasma and platelet levels of taurine which increased to normal after supplementation.

Taurine deficiency may play a role in the etiology of diabetic complications such as retinal and cardiac disease and atherosclerosis (theoretical, based on experimental observations)

	Carnitine
	1 g qd 
	 Studies have identified decreased carnitine levels in diabetics with complications compared to those without complications. Theoretically good for fatty acid metabolism. 

	Copper
	2-3 mg qd
	Connective tissue support

	Manganese
	5-15 mg qd
	Connective tissue support

	Vanadyl sulfate
	100 –150 mg/day with follow up in 3-4 weeks
	Has been shown in short-term studies (4 weeks) to lower blood glucose levels in patients with type 1 diabetes.  However, concerns have been raised about potential toxicity of such high doses of vanadium, and this treatment cannot be recommended at the present time.  Long term tissue accumulation can promote pathologies.  Rats will die from dehydration before drinking vanadium-dosed water in enough quantity to have blood sugar lowering effects.

	Flavonoids
	
	Prevention of basement membrane thickening

	Botanical medicine as indicated 
	
	See above. 

	Diabetes, Gestational
	vitamin B6 100 mg/day
	Uncontrolled studies:  If vitamin B 6 is deficient, xanthurenic acid is produced from tryptophan.  Xanthurenic acid complexes with insulin and decreases its activity.  Two other studies showed only minimal benefit.

	Reactive hypo-glycemia


	Magnesium 340 mg/day for 6 weeks
	Preliminary trial:  Magnesium supplementation reduced the decline in blood sugar levels and improved symptoms in individuals with reactive hypoglycemia.

	
	Chromium 200 (g/day for 12 weeks
	Double-blind study:  relieved hypoglycemic sympotms and raised the glucose nadir in women with reactive hypoglycemia

	Diabetes:  hepatic
	choline 2-4 g/day
	Clinical observaiton:  said to improve blood-sugar levels in the 10-15 % of patients in whom hepatic dysfunction is the cause of diabetes (particularly in NIDDM)


*Note: In the authors opinion it may be better to supplement B vitamins independently to avoid complicating interactions of niacin with insulin sensitivity. High doses of B6, B12, and thiamine are warranted due to their competive effects on glycosylation, beneficial effects on sensory neurons, and contributions to energy production respectively. 

**Note: The effects of omega 3 fatty acids are somewhat unpredicatable in DM; in studies some patients have shown reductions in blood glucose, others elevations, and others no effects. Similar results have occurred regarding the effects of omega 3 fatty acids on lipid profiles. Numerous studies have shown benefits for cardiovascular health.  If using omega 3s in diabetics monitor treatment results carefully and discontinue if lipid or glucose elevations result. 
Cataract Treatment (aldose reductase inhibitors):  difficult to stabilize in an eyedrop.
· Rutin

· Quercetin

· Quercetril:  from red wing Azalea

· Quercus alba

Diabetic Neuropathy:

· Topical Tx:  Capsaicin cream (o.075%), applied topically, qid  Has been reported to relieve pain in a double-blind study. May cause transient burning during the first few days of application.  Avoid contact with eyes.(Apply with gloves)
· EPO
:  480 mg/day GLA for 1 year
Controlled trial

· Biotin:  10 mg/day IM for 6 wk followed by 10 mg IM 3x/wk for 6 wk, then 5 mg/day orally (oral therapy may work as well)
In 3 case reports improvement occurred after 4-8 wks.  

· vitamin B12
IM in varying doses and frequencies and varying periods of time
uncontrolled trials

· vitamin B6
50 mg tid
Uncontrolled trials, conflicting:  Improvement was seen except in severe, advanced cases where not much usually works anyway.

· (-lipoic acid
600 mg tid for 3 weeks (use as a therapeutic trial as lower doses of 100-200 mg/day have been used in Europe) double-blind study:  Resulted in clinical improvement.  Another study showed little or no benefit

Diabetic Retinopathy/Nephropathy

Maintaining strict metabolic control (with continuous subcutaneous delivery of insulin) arrested or reversed diabetic retinopathy and nephropathy.

· vitamin B12:  100 mcg w/ insulin injection daily  Diabetic retinopathy in IDDM children: In an uncontrolled studies 7 out of 15 children had complete regression of retinopathy with daily treatment.

· Flavonoids:  Flavonoids strengthen the basement membrane. Supplementation with anthocyanosides (from bilberry), rutin, or other flavonoids has been reported to reduce excessive capillary permeability in diabetics, which may reduce the risk of retinal hemorrhage.

· Vitamin E:  1,800 IU/day for 4 months.  In a double blind study, supplementation with normalized retinal blood flow and creatinine clearance in patients with type 1 diabetes.

· (-lipoic acid: animal study has demonstrated benefit
Botanical Medicine Treatment for Diabetes Mellitus:
· Botanicals used in the treatment of diabetes mellitus include 

· Gymnema sylvestre (leaf)

· Trigonella foenum-graecum

· 
Panax ginseng, Panax quinquefolium: dosing is more time dependent than dose dependent (although one study demonstrated that at least 200 mg should be ingested).  Dosage should be 40 minutes or more prior to eating in order to lower postprandial glucose.  

· Withania somnifera:  indicated with difficulty sleeping

· Oplopanax horridum (root):  more for hypoglycemia, appetite suppressant, no research

· Vaccinium myrtillus (leaf and berry):  two trials with diabetic retinopathy. sig 360-600 mg with better results at higher doses.

· Silybum marianum (seed),

· Momordica charantia (fruit):  most of the hypo

· Syzygium jambolana (bark)

· Phaseolus vulgaris (bean & pod)

· Galega officinalis (herb)

· Juniperus communis (fruit):  contraindicated in nephropathy

· Cnicus benedictus (herb)

· Crataegus oxyacantha (berry). 

Allopathic Medical Treatment:
IDM-Type I Diabetes Mellitus

Pharmaceutical treatment for diabetes mellitus type 1 is critical to prevent serious complications related to the disease process. Minimum standards of care for Diabetes mellitus type 1 established by the American Diabetes Association include an annual physical exam, ophthalmoscopic exam, and laboratory testing. Laboratory testing should include a urinalysis, a lipid profile, and Hemoglobin A1c. 
 Hemoglobin A1c should be measured at least every 3 to 6 months. 

Currently, the most effective treatment for diabetes mellitus type 1 diabetes is a protocol established by the Diabetes Control and Complications Trial.
 Intensive therapy with the DCCT protocol has demonstrated a 34% to 76% decrease in retinopathy and a marked reduction in neuropathy. This protocol requires patients to monitor their own blood sugar levels several times daily and use a multiple dose insulin injection routine. This protocol uses a diabetic diet exchange system and calculates the amount of carbohydrate that is ingested in conjunction with blood sugar recordings to adjust insulin dosages. 

In diabetes mellitus type 1 diabetes, aerobic exercise can be beneficial but needs to be balanced by an increased caloric intake or decreased insulin dose. Aerobic exercise decreases insulin requirements and can precipitate hypoglycemia if not carefully monitored. 

NIDDM-Type II Diabetes Mellitus

Typically patients begin treatment on oral anti-diabetic (OAD) medications. OAD medications include metformin (Glucophage() which inhibits GI absorption of glucose, inhibits gluconeogenesis, and increases insulin sensitivity and sulfonoureas (e.g. glipizide (Glucotrol() chloropropamide (Diabinese®), and tolbutamide (Orinase®)) which stimulate secretion of insulin. Patients are rarely able to maintain good glycemic control on these medications long term and insulin therapy is started. Also these medications can have considerable side effects, e.g. agranulocytosis, anemia, hepatic failure, lactic acidosis, megabalstic anemia. Although hospitals typically use certified diabetes educators, private primary care doctors use them much less and therefore lifestyle and dietary advice are often neglected. Patients are also typically on hyperlipidemic medications and pain relievers or tricyclic antidepressants (for neuropathy management)- each of which has its own adverse reaction profile. 

Insulin varieties vary depending mostly on duration of release. Many patients balance long-acting insulins typically administered once or twice throughout the day with short-acting insulins at mealtimes. New insulins, e.g. Glargine, is a long acting insulin which lasts just under 24 hours, therefore a single dose can be administered with supplemental short-acting insulins throughout the day. Patient compliance is better due to the decreased number of shots. Comanage any insulin changes with your patient’s endocrinologist. 

Hypoglycemia

Hypoglycemia (or low blood sugar) represents a breakdown of the normal mechanisms that maintain blood glucose levels at adequate levels. Normally, there is a remarkable capacity for the human organism to maintain the level of circulating blood glucose levels within normal limits, whether or not food is ingested. Approximately 70% of blood glucose is utilized by the central nervous system. Consequently, hypoglycemia tends to cause symptoms and signs of predominantly central nervous system origin. Other signs and symptoms are due to catecholamine response to hypoglycemia.  

Causes of  Hypoglycemia

Hyperinsulinism (due to chronic hyper-reactivity to excess dietary sugars) 

Prediabetes (dysinsulinism Stage II) 

Hypoadrenocorticism (MSS-3, "adrenal exhaustion") 

Hypothyroidism 

Liver disease (glycogen storage deficiency) 

Estrogens and Elevated Estrogen/Progesterone ratio:  HRT, OCP

Alcohol abuse 

Therapy with (-blockers, which obscures the effects of catecholamines.  

Salicylates 

Hypoglycemia can be classified as either "fasting" or "reactive". Fasting hypoglycemia is a more common finding with serious disease, particularly tumors such as Zollinger Ellison syndrome.  Reactive hypoglycemia can also be called "functional hypoglycemia" since it is most often associated with functional disorders affecting blood glucose control mechanisms. 

Blood glucose is maintained by glucagon-mediated release of glucose from liver glycogen stores, by glucocorticoid-mediated gluconeogenesis, and by controlled insulin secretion. Many other factors also interact in a complex manner to maintain blood glucose levels. Many hormones other than insulin and glucagon affect blood glucose levels including thyroid hormone, growth hormone, testosterone, estrogen, prostaglandins, catecholamines, and cortisol. Normal blood glucose control depends on a normally functioning endocrine system. Glucose regulation is also dependent upon healthy liver function and adequate nutrition. 

The symptoms and signs of hypoglycemia arise from 

1) increased sympathetic nervous system activity (increased catecholamine secretion) and 

2) dysfunction of the central nervous system due to inadequate glucose levels. 

Symptoms and signs of increased sympathetic nervous system activity include heart palpitations, sweating, and anger or anxiety (fight or flight reaction). Symptoms and signs of CNS dysfunction include headaches, confusion, poor concentration, impaired memory, depression, lethargy, and irritability. 

Naturopathic treatment of reactive hypoglycemia includes a hypoglycemic diet wjth restricted refined carbohydrates (such as the Stanford Diet) and frequent meals. Nutrients used to treat hypoglycemia include niacinamide which opposes the action of insulin on blood sugar, adrenocortical support (see Maladaptive Stress Syndrome, essential fatty acids, Vitamin E, and chromium. Graduated exercise is beneficial to build up glycogen stores and to induce oxidative enzymes which gradually help to stabilize blood sugar levels. Restriction of alcohol is indicated. Since some drugs and chemicals are known to induce hypoglycemia, identification and avoidance of these agents can be of benefit. 

Dysinsulinism

One hypothesis involving the etiology of diabetes mellitus type 2 is that it is the end stage of a process of "dysinsulinism." It is thought that dysinsulinism begins with reactive hypoglycemia (Stage I dysinsulinism), progresses in time to prediabetes (Stage II dysinsulinism) and eventually progresses to diabetes mellitus type 2 (Stage III dysinsulinism). There is some evidence that this is a functional hypothesis based upon evidence that diabetes mellitus type 2 is preceded by reactive hypoglycemia. Blood sugar dysregulation is generally not medically diagnosed until it reaches diabetes mellitus type 2. There is some hope that if dysinsulinism is identified and  treated early, the progression of glucose disregulation can be arrested and diabetes mellitus type 2 can be prevented. It is possible that early intervention could prevent some of the degenerative disease caused by diabetes mellitus type 2. 

Typical Lab Tests Findings for Hypoglycemia

1) Stage I: Reactive hypoglycemia:  Low triglycerides Low HgbA1c  Normal fasting glucose 

2) Stage II: Dysinsulinism ("prediabetic"): Normal or elevated triglycerides Normal HgbA1c, Normal fasting glucose 

3)  Stage III:  Diabetes Mellitus type 2:  elevated triglycerides, HgbA1c, fasting glucose

The most effective intervention for dysinsulinism appears to be the restriction of refined carbohydrates. It is also advantageous to treat the insulin resistance that is associated with increased secretion of cortisol (treat Maladaptive Stress Syndrome-stage 2). Adequate exercise, good nutrition and maintaining body fat within a healthy range can also play an important role in the management of dysinsulinism. 

Refined dietary sugars

(
Increased Insulin

(
Functional Hypoglycemia

(
Increased glucorticoid production (MSS-2)

(
Adrenocortical depletion (MSS-3)

(
Increased catecholamines

(
Insulin resistance

(
Hypertriglyceridemia

(
Degenerative disease

Dysinsulinism Stage I & II both are associated with an increased production of adrenocorticosteroids during hypoglycemic episodes. This is thought to stress the adrenal cortices and contribute to the development of the Maladaptive Stress Syndrome. The Maladaptive Stress Syndrome can lead to excess production of adrenal corticoids (MSS-2) or to adrenocortical exhaustion (MSS-3) with excess production of adrenal medullary hormones (catecholamines). Excess cortisol and catecholamines have been found to cause insulin resistance and stress the pancreatic f3 cells of the Islets of Langerhans (insulin producing cells). Insulin resistance in turn leads to elevated circulating triglycerides, atherosclerosis, and other degenerative diseases (CHD, CVA, etc.). 

Comparison of Diabetes and Hypoglycemia

	
	Diabetes
	Hypoglycemia

	Description


	
	

	Etiology
	1. ( cells have decreased or shut down secretion of insulin

2. ( insulin receptors

3. Ig to insulin or ( cells
	

	Sn/Sx


	polyuria, polydypsea, ketosis, ( healing ability (( CMI) esp. in type 1, ( infections (weakened vasculature ( ( O2) ( gangrene, peripheral neuropathy, nephropathy

-retinopathy:  weakened blood vessels ( hemorrhaging ( neovasculariztion w/ weaker vessels( chronic cylce ( vision loss 

type 1:  gen. Assoc. w/ weight loss

type 2:  gen. Assoc. w/ weight gain 
	

	Onset/ Course
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