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Abstract
“Metabolic Syndrome”

By: Lea Wells

April 25, 2005

Metabolic syndrome is the one of the largest concerns to the general world population.  It is a metabolic disorder that could result in heart disease, diabetes and stroke and is becoming more prevalent in the adult population of the United States.  
To be diagnosed with metabolic syndrome, a person must exhibit three of five traits.  The five traits are a waist circumference of thirty-five inches or greater in women and forty inches or greater in men, triglyceride levels of 150 mg/dL or higher, an HDL cholesterol lower than 50 mg/dL in women and 40 mg/dL in men, a blood pressure of 130/85 or greater, and a fasting blood sugar level of 110 mg/dL or higher.  
Although one can genetically be at a higher risk to have metabolic syndrome, more commonly, poor lifestyle choices are attributed to causing the disorder.  In fact, physical inactivity, being overweight/obese and consuming high carbohydrate diets are all more likely to cause metabolic syndrome than are genetic traits.

Age race, obesity, and a history of diabetes are the risk factors that create a higher probability of developing metabolic syndrome in some people.  The syndrome eventually gravitates to other diseases, such as heart disease, stroke, and diabetes.

Health care providers can help their patients combat metabolic syndrome.  By providing prescription drugs, exercise regimens, and lifestyle modifications, health care professionals can target one or two specific traits of metabolic syndrome in a patient.  Prescription drugs prescribed for metabolic syndrome patients are weight loss drugs, insulin-related drugs, aspirin, blood pressure-lowering drugs, and cholesterol-lowering drugs.

METABOLIC SYNDROME OVERVIEW
Metabolic syndrome is a cluster of disorders of the body’s metabolism (1).  These metabolic disorders increase the risk of diabetes, heart disease and stroke.  Metabolic syndrome is becoming increasingly prevalent as the casual effects of obesity, physical inactivity, and an aging in the U.S. population increase (2, pg 16-17). 
Insulin resistance, also known as pre-diabetes, is often said to be the cause of metabolic syndrome.  In insulin resistance, the body’s cells have a diminished ability to respond to insulin, the hormone that regulates the body’s blood sugar levels.  
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As many as one in four American adults and 40% of adults age forty or older have metabolic syndrome, an increase of 61% over the last decade (1).  Studies show that a person with metabolic syndrome has two to four times the risk of heart attack or stroke and twenty-four times the risk of diabetes than someone without the syndrome, thus making it a serious health care issue (1). 

Early identification of the syndrome and early intervention to decrease risk factors significantly reduces the probability that these individuals will prematurely die from, or suffer from the disabling effects of heart disease, stroke, and/or diabetes (2, pg 13-14).
EXPLANATION OF SYMPTOMS

According to the National Cholesterol Education Program (NCEP) and the Adult Treatment Panel III (ATP III) a person must exhibit three of the five the traits listed to be diagnosed with metabolic syndrome:  abdominal obesity, elevated triglyceride cholesterol, decreased HDL cholesterol, elevated blood pressure, and elevated blood glucose.
Abdominal Obesity
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A waist circumference 35 inches or greater in women and 40 inches or greater in men is considered one of the five traits of metabolic syndrome (1).  People who are overweight or obese in this way have more fat around the waist area than around the hips, which is known as abdominal obesity.  The buildup of adipocytes, or specialized fat cells that make adipose tissue, in the abdominal area by the oxidation of fatty, pre-cholesterol lipid material causes the blood vessels of the body to become inflamed.  Because of this oxidation and the subsequent inflammation of the blood vessel walls, the abdomen forms a apple shape (instead of the normal pear shape) in individuals with metabolic syndrome (22). 
	BMI = (
	            Weight in Pounds             
(Height in inches) x (Height in inches)
	) x 703
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In heavily muscled persons such as athletes and in certain racial groups, determining the Body Mass Index (BMI) of the individual is an adequate alternative to measuring waist circumference (4).  A BMI above 25 is considered an unhealthy number.  (6)  One’s BMI can be determined by using the formula in Figure 1.

Although BMI is a respectable predictor of abdominal obesity, measurement of abdominal girth is the best-known method of recognizing metabolic syndrome (22).  In fact, according to Roger Wells, PA-C, administrator of St. Paul’s Metabolic Institute, no other test is as accurate in predicting metabolic syndrome as the measurement of the abdomen circumference. 
Triglycerides

The second trait of metabolic syndrome is triglyceride levels of 150 milligrams per deciliter or higher (1).  Triglycerides are the chemical compounds in which most fat exists in food, as well as in the body once the food has been consumed.  Calories that are ingested and not used immediately, regardless of form, are turned into triglycerides.  They are then stored in the adipose tissue, liver, muscle, and blood (5).

Excess triglycerides exist in a pre-cholesterol form which, without the proper diet and adequate exercise can be oxidized and cause an inflammation of the arteries, leading to irritation.  Also, high triglyceride levels result in low HDL cholesterol (4).  Elevated levels of triglycerides create a greater risk for cardiovascular disease (5). 
Blood Cholesterol Levels

Another trait of metabolic syndrome is not having enough high density lipoprotein cholesterol (HDL).  An HDL level lower than 50 mg/dL for women and 40 mg/dL for men can indicate the presence of metabolic syndrome (1).  Cholesterol in the HDL form is also known as the “good” cholesterol; whereas low density lipoprotein (LDL) cholesterol is known as the “bad” cholesterol (4).  According to the National Diabetes Information Clearinghouse, to lower the risk of cardiovascular problems, a person’s LDL cholesterol should be kept below 100, and total cholesterol should be below 200 to maintain good health.  In general, the lower the LDL cholesterol and the higher the HDL cholesterol, the lower the risk for cardiovascular problems and dyslipidemia, a blood fat disorder (8).
High density lipoprotein protects the body by reducing triglycerides and preventing oxidation and inflammation.  It is, however, very difficult to enhance the HDL cholesterol without high levels of aerobic exercise and/or medicinal therapy (22).

Hypertension

A systolic blood pressure of 130 or greater and a diastolic blood pressure of 85 or greater is the fourth trait of metabolic syndrome (9).  Systolic pressure shows the pressure in the arteries when the heart is forcing blood through them, while diastolic pressure shows the pressure in the arteries when the heart relaxes. Although hypertension (high blood pressure) is less metabolism-based than the other metabolic syndrome components, it is strongly associated with obesity and commonly occurs in insulin-resistant persons (19).  Not only is hypertension related to metabolic syndrome, but it has long been independently associated with heart disease, stroke, and kidney disease.  Also, for unknown reasons, the worse the high blood pressure of a person, the worse his or her insulin resistance is(8).   

Fasting Glucose

A fasting blood sugar level of 110 mg/dL or higher is also a trait of metabolic syndrome (1).  A fasting glucose test measures blood glucose levels after an overnight fast.  High blood glucose may be a sign that your body doesn’t have enough insulin or does not use it well (4).  

Impaired glucose tolerance, defined as a fasting blood glucose of 110 to 126 mg/dL, carries a 1% to10% rate of progression to diabetes. (3)  People with blood glucose levels higher than normal, but not in the diabetic range, have a condition known as pre-diabetes.  Those with pre-diabetes have a greater risk for developing type 2 diabetes, also known as adult onset diabetes or non-insulin dependent diabetes.  Studies have shown that most people with pre-diabetes develop type 2 diabetes within ten years of the pre-diabetes onset if they fail to make drastic lifestyle changes (4). 
CAUSES

The causes of metabolic syndrome, surprisingly, are due to lifestyle choices much more than genetic factors.  The ability of an individual with metabolic syndrome to make positive lifestyle changes dramatically increases his or her chances to reverse the effects brought about by the syndrome (2, pg 20-21).  The following are the main causes of the syndrome listed in order of importance.
Physical Inactivity

Approximately 70% of the United States public can be classified as sedentary, according to the American Heart Association’s report Clinical Management of Metabolic Syndrome.  Since muscle helps the body to burn calories more efficiently by using blood glucose for energy, physical activity burns excess fat and helps increase muscle mass (8, 4).

Exercise training not only burns calories, but it also improves insulin sensitivity in muscle cells.  Physical inactivity shows the opposite effect:  lack of exercise reduces the muscle’s ability to use insulin possibly resulting in diabetes (4). 
Results of a recent study that followed participants for fifteen years found that low or moderately fit adults had twice the risk of high blood pressure, diabetes and metabolic syndromes as those were highly fit (9).

Overweight/Obesity

From 1999 to 2000, 64% of U.S. adults were overweight or obese (3).  This signifies that excess adipose (fat) tissue releases several products that worsen metabolic risk factors.  For example, high plasma nonesterified fatty acid levels overload the muscle and liver with lipids, increasing insulin resistance (19).  Simply stated, being obese or overweight effects the way your body responds to insulin because extra fat tissue can make the body more resistant to the action of insulin (4).  Therefore, it is safe to say that obesity negatively impacts insulin responsiveness in a person.  This unresponsiveness is known as insulin resistance (2).
In insulin resistance, the body’s cells have a diminished ability to respond to the action of the insulin hormone, so in order to compensate for the resistance, the pancreas secretes more insulin (4). 
Obesity contributes to hypertension, high serum cholesterol, low HDL cholesterol, and hyperglycemia (19).  Obesity is also associated with cardiovascular disease and a decrease in life expectancy (19, 16). 
High Carbohydrate Diets

Carbohydrates come in two basic forms: complex and simple. Simple carbohydrates (simple sugars) are easily identified by their sweet taste. Complex carbohydrates, such as the starches found in potatoes, are pleasant to the taste buds, but are not sweet.  When consumed in inappropriate amounts, simple sugars can lead to many health problems, namely obesity (22).  

Obese and overweight people already have a substantial amount of triglycerides in their blood stream.  When carbohydrates are eaten, they quickly turn into triglycerides, causing an even greater amount of triglycerides to be present in the blood; a condition known as high blood sugar.  The substantial amount of triglycerides in the blood does not allow the body’s normal supply of insulin to eliminate them, so the pancreas must overproduce insulin to accommodate for the high blood sugar levels (5, 22). 

When the pancreas is overworked too often, especially in people with frequently high blood sugar, up to 80% of the pancreas becomes nonfunctional.  This relatively large portion of the pancreas cannot be saved or cured; it will remain inactive forever (22).  
Genetic Causes
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Deoxyribonucleic acid (DNA) is the genetic material that is passed on from parent to child and determines specific characteristics about each individual, such as eye color, height, skin tone, and gender.  Along with the genes that determine physical characteristics, there are genes that help regulate metabolic processes.  For this reason, each person has a different likelihood of developing metabolic syndrome.  


Just as no two people have identical genes that allow them to look exactly alike on the outside, no two people’s genetic make-up allows them to digest and metabolize food in the same way.  For this reason, genetics play a major role in the development of metabolic syndrome.

Medical researchers have found no specific gene directly connected to the development of metabolic syndrome; however, there is evidence that people are predisposed to the syndrome.  This means if one or both of the parents have metabolic syndrome, the child’s likelihood of having the syndrome increases (22).
RISK FACTORS

Several factors put people at a higher risk for developing metabolic syndrome. Among these factors are age, race, obesity, and a history of diabetes and other diseases (7).  These factors are explained in detail below.
Age

Prevalence of metabolic syndrome increases with age.  The syndrome affects only 6.7% of American people ages twenty to twenty-nine (10).  Then, as age advances, it begins to affect more and more people as indicated by Table I.  About 43.5 % of Americans sixty to sixty-nine years old are affected by metabolic syndrome (10).  Advancing age enhances all levels of pathogenesis (origins of disease), so it is not a condition specific to metabolic syndrome.

Occurrence of metabolic syndrome increases rapidly in the middle aged society of the United States—somewhat paralleling the developing obesity of this particular age group (11).  

Race

Another risk factor that cannot be controlled by the individual is race.  The highest prevalence of metabolic syndrome is in Mexican Americans (1, 3).  The age adjusted prevalence for metabolic syndrome of United States adults is 23.7%.  Meaning that, the percentage of all U.S. adults with metabolic syndrome of any age is 23.7%.  In Mexican Americans this number is much higher—32.9 % (10).

Caucasians have an age adjusted prevalence of 23.8%, African Americans age adjusted prevalence is 21.6%, and for those reporting other races, metabolic syndrome had a prevalence of 20.3% (10).  
Obesity

Obesity increases the likelihood of metabolic syndrome.  This is because obesity worsens insulin resistance, making it increasingly difficult for cells to respond to insulin.  The body reacts by releasing more insulin to “override” the insulin resistance.  Eventually, the pancreas cannot keep up with the body’s demand for insulin, and excess glucose builds up in the blood stream (1).  


Obesity and its associated illnesses, hypertension and insulin resistance, should be regarded as a disease relating to the body’s circulation system (11).  It increases the risk of cardiovascular disease due to its effect on blood lipid levels.  Also, an elevated BMI is reported to increase the risk of certain types of stroke regardless of other risk factors including age and systolic blood pressure (21).  

It is important to note that an obese or overweight person does not necessarily have metabolic syndrome.  Only abdominal obesity directly correlates with the syndrome (22).

History of Diabetes

A person is more likely to have metabolic syndrome if they have a family history of type 2 diabetes.  This uncontrollable risk factor has been passed down by family members, so the recipient of the genes has already been pre-disposed to metabolic syndrome at birth (1).  


Also, a history of diabetes during pregnancy, also called gestational diabetes, increases the risk of metabolic syndrome (1).  Women with gestational diabetes are actually genetically predisposed to type 2 diabetes; however due to increased metabolism rates during pregnancy, insulin is used up quicker.  Gestational diabetes foreshadows type 2 diabetes because 50% or more women who had this type of diabetes when they were pregnant will be diagnosed with type 2 diabetes in ten years or less.  With an appropriate diet and an appropriate amount of physical activity, women who have had gestational diabetes can delay the onset of type 2 diabetes by almost twenty years (22).  
DISEASES CAUSED BY METABOLIC SYNDROME

Many different medical conditions have been connected to metabolic syndrome.  Some of these conditions are polycystic ovary syndrome, fatty liver, cholesterol gallstones, asthma, sleep disturbances and some forms of cancer (19).  The most common diseases caused by metabolic syndrome factors are cardiovascular disease, type 2 diabetes, and stroke—all life altering and life threatening illnesses (1).

Researchers have found that compared to people with no metabolic syndrome factors, the risk of congenital heart disease death was three and a half times higher for people with three or more factors of metabolic syndrome (14).  A study at the University of California at San Diego found that having metabolic syndrome doubled the risk of heart attack and stroke (15).  A Study at the Boston University School of Medicine found that compared to people without metabolic syndrome, men with the condition have a 78% greater risk of stroke, and women affected by the condition had more than double the stroke risk of women who do not have the syndrome (12).  Other studies have found that people with metabolic syndrome have twenty-four times the risk of diabetes than those without the syndrome (2, pg 13).

TREATMENT

Health care professionals can help in the fight against metabolic syndrome.  By prescribing prescription drugs, exercise regimens and lifestyle modifications, health care professionals can target one or two specific traits of metabolic syndrome in a patient.  In most patients with metabolic syndrome, before drugs are prescribed, an effort must be made by the individual to correct their health issues without any medicinal assistance.  Life style modification and weight loss with diet restriction can reverse as many as 58% of the patient’s metabolic syndrome diagnosis.  This can occur with as little as 7-10% reduction in total body weight (7, 22).  

The drugs normally prescribed by health care professionals combat one of the five traits of metabolic syndrome:  weight-loss drugs, insulin-related drugs, aspirin, blood-pressure lowering drugs, and cholesterol lowering drugs (22).
Weight-Loss Drugs

Weight-loss drugs seem like the easiest treatment since metabolic syndrome is mainly centered on obesity/overweight.  However, this type of drug is rarely prescribed because weight loss drugs are usually amphetamines, which increase heart rate and blood pressure.  In people with metabolic syndrome this can increase the risk of heart attack (22).
Insulin-Related Drugs

Four main types of drugs help the body use insulin.  The first helps the cells of the body use insulin more effectively.  The second blocks the liver from producing sugar, therefore keeping the blood sugar level of the body lower.  Another increases insulin production by the pancreas and the last drug binds with sugar as it is taken into the digestive system so that the body cannot absorb it (4, 22).  Each is prescribed in accordance with which specific area the health care professional is targeting in the patient.
Aspirin

Aspirin, an over-the-counter drug, is an anticoagulant (rids the body’s blood vessels of clots), which helps prevent heart attack and stroke.  Also, aspirin helps to reduce the oxidation of fatty, pre-cholesterol lipid material; therefore it also reduces inflammation of blood vessels (22).
Medication to Lower Blood Pressure

Blood pressure medication helps to lower blood pressure to the healthy level of 120/80.  When lowered to this level, the risk of stroke decreases two to eight times (22).
Medications to Regulate Cholesterol

Two main types of cholesterol regulating drugs are frequently used.  The first type raises the HDL cholesterol.  The other lowers the level of triglycerides in the blood (22).
CONCLUSION

In summary, most patients do not know they have a metabolic syndrome, but a few simple tests allow health care professional to diagnose it.  The risk factors for the disease are almost all preventable to some extent.  By taking better care of his or her body and with a guidance from a health care professional, a person can lessen his or her chances of metabolic syndrome leading to serious diseases.  


Metabolic syndrome is deadly, wide spread, and the largest concern to the general world population of any disease (22).  Some people may not possess any of the traits of metabolic syndrome now; however, this does not mean that they will not acquire them in the future.  Prevention is key.  Commit to a healthy diet, get at least thirty minutes of moderately strenuous activity several days a week, and schedule regular check-ups with your health care provider to insure good health.
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Glossary


Adipocytes—Cell that makes and stores fat


Adipose—Fat tissue


Body Mass Index (BMI)—measure of body fat based on height and weight that applies to both adult men and women

Diastolic Blood Pressure—shows the pressure in the arteries when the heart relaxes


Dyslypidemia—A blood fat disorder present when LDL cholesterol is high, HDL cholesterol is low and triglycerides are high, or a combination of these three factors


Gestational Diabetes—Diabetes that occurs during pregnancy


Glucose—Simple sugars that provide the major nutrients for cells


High Density Lipoprotein (HDL) 

Cholesterol—Cholesterol that protects the body by reducing triglycerides, preventing oxidation and inflammation


Hormone—Signaling molecules that act on cells to bring about a specific response


Hypertension—High blood pressure


Insulin—Hormone that regulates the blood sugar levels of the body


Insulin Resistance—State at when the cells of the body have a diminished ability to respond to insulin


Low Density Lipoprotein Cholesterol—Cholesterol that builds up in inner walls of arteries 


Metabolism—Body’s ability to digest food and use it for energy


Oxidation—Addition of an oxygen molecule chemically


Systolic Blood Pressure—the pressure in the arteries when the heart is forcing blood through them


Triglyceride—Chemical form in which most fats exist in the body


Vascular System—Circulatory system
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