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Abstract

The metabolic syndrome was designed to identify individuals at high risk for the development of
type 2 diabetes and cardiovascular disease. Compared with whites, blacks have higher rates of
diabetes and cardiovascular disease. Paradoxically, blacks have a lower prevalence of the
metabolic syndrome. According to the criteria set by National Cholesterol Education Treatment
Program-Adult Treatment Panel 111, to diagnose the metabolic syndrome, 3 of 5 characteristics
must be present. These characteristics are low high-density lipoprotein levels, increased
triglyceride levels, central obesity, hypertension, and fasting hyperglycemia. Examining each of
these factors individually, blacks are more likely than whites to have obesity, hypertension, and
diabetes. In contrast, blacks are less likely than whites to have either elevated triglyceride or low
high-density lipoprotein levels. Ethnic differences in lipid levels may largely explain why blacks
have a lower than expected prevalence of the metabolic syndrome. In this review we will describe
in children and adults ethnic differences in the epidemiologic study of conditions associated with
the metabolic syndrome, as well as focus on each of the parameters of the metabolic syndrome.
Overall, we conclude that an ethnic-specific formulation of the lipid criteria in the metabolic
syndrome may lead to better identification of blacks at high risk for development of diabetes and
cardiovascular disease.

The metabolic syndrome was designed to predict the development of cardiovascular disease
and type 2 diabetes.! In the presence of the metabolic syndrome there is a 2-fold increased
risk of cardiovascular disease and a 5-fold increased risk of diabetes.? Using the criteria set
by National Cholesterol Education Treatment Program—Adult Treatment Panel 111, the
diagnosis of the metabolic syndrome requires that 3 of 5 characteristics be present.3 These
characteristics are low high-density lipoprotein (HDL) levels, increased triglyceride levels,
central obesity, hypertension, and fasting hyperglycemia. Insulin resistance not only
promotes each of the features of the metabolic syndrome, it is considered to be a major
etiologic factor in the development of the metabolic syndrome.?

Obesity, insulin resistance, diabetes, and hypertension are more common in blacks than
whites.#-8 However, the dyslipidemia associated with the metabolic syndrome, specifically
hypertriglyceridemia and low HDL levels, are observed less frequently in blacks than in
whites.10 It appears that the dyslipidemia associated with the metabolic syndrome, also
referred to as the dyslipidemia of insulin resistance, has a disproportionate effect on
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metabolic syndrome diagnosis. We make this claim because even though conditions the
metabolic syndrome are supposed to predict are more common in blacks than in whites, the
prevalence of the metabolic syndrome is lower in blacks than in whites (Figures 1 and
2).11.12 our concept of the “underdiagnosis” of the metabolic syndrome in blacks is based
on this lower-than-expected prevalence of the metabolic syndrome. Because the metabolic
syndrome occurs in both children and adults, in this review we will describe ethnic
differences throughout the life span in the epidemiologic study of conditions and parameters
associated with the metabolic syndrome. Because obesity often precedes the development of
diabetes and cardiovascular disease, we will discuss obesity first.

In children, obesity is defined as a body mass index (BMI) above the 95th percentile
determined from age- and sex-specific growth charts.13 For adults, obesity is defined as a
BMI > 30 kg/m2.14

Ethnic differences in BMI begin early in life, persist throughout the life span, and are more
pronounced in girls than in boys. Data from the National Health and Nutrition Examination
Survey (NHANES) have demonstrated that in each age category (2 to 5 years, 6 to 11 years,
and 12 to 19 years), mean BMI is higher in black girls than in white girls.13 Similarly, the
National Health and Growth Study (NHGS), a 10-year longitudinal study that enrolled black
and white girls at age 9, found that black girls at age 9 had a median BMI that was 0.4 kg/m?
units higher than white girls.1> By age 19, this difference in BMI had increased to 2.3 kg/m?
units.1® Because BMI measures total body size and does not account for body fat content,
NHGS investigators used the sum of skinfold (SSF) thicknesses as a measure of body fat
content. The skinfolds measured were triceps, subscapular, and suprailiac. The investigators
found that SSF thicknesses were greater in black girls at baseline and that this ethnic
difference widened between ages 9 and 19 years. Recently it was reported in the United
States that the prevalence of childhood obesity rose between 1980 and 1999 and then
plateaued between 1999 and 2006.13 Even with this plateau in the prevalence of pediatric
obesity, the tendency for black girls to have a higher BMI than white girls did not change.13

In the development of adult obesity, the NHGS investigators found that overweight girls
were 10 to 30 times more likely to become obese adults.1® Therefore it is not surprising that
in adulthood, black women have a higher prevalence of obesity than white women. By age
20, 47% of black women are obese, compared with 25% of white women.8 By age 40, the
prevalence of obesity is 51% in black women and 35% in white women.8

For boys and men, the ethnic difference in BMI is much less pronounced.813 Nevertheless,
throughout the life span there is a tendency for black males to have a higher BMI than white
males.813

Central Obesity

In adults the measure of adiposity used by the metabolic syndrome is central obesity rather
than BMI. Evidence is accumulating that central obesity, measured by waist circumference
(WC), is a better predictor of cardiovascular outcomes than BMI.17-20 However, WC and
BMI are highly Correlated.?122 Therefore it is not surprising that because black women are
more obese than white women, black women have a higher prevalence of central obesity
(62% in black women vs 44% in white women).? In contrast, the prevalence of central
obesity is similar in black and white men.®

Defining central obesity in children is controversial. This is because there is no consensus on
the best method to define the WC threshold of risk in children. Depending on how the WC
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of risk is determined, some investigators have found major ethnic differences in adolescents
in the WC of risk, but others have not.23:24 To avoid this controversy in the diagnosis of
metabolic syndrome in children, BMI is often substituted for WC.25

Insulin Resistance

Insulin resistance and obesity are linked. Insulin resistance promotes both adipocyte
hypertrophy and hyperplasia, as well as intracellular abnormalities leading to endoplasmic
reticulum dysfunction and mitochondrial stress.26 In an insulin-resistant milieu, adipocytes
produce and release adipokines, free fatty acids, and inflammatory mediators. These in turn
promote fatty infiltration of muscle and liver and more insulin resistance.

Insulin resistance causes heart disease in myriad ways. We specifically focus on the 3
mechanisms that directly relate to the metabolic syndrome. First, insulin resistance promotes
the development of a highly atherogenic lipid profile including increased levels of
triglycerides, small dense low-density lipoprotein (LDL), glycated LDL, and highly oxidized
LDL, as well as low levels of HDL. Second, insulin resistance facilitates the development of
hypertension by stimulating renal tubular sodium reabsorption, augmenting sympathetic
nervous system reactivity and activating the renin-angiotensin system.2” Third, insulin
resistance leads to hyperglycemia by impairing peripheral glucose uptake, promoting hepatic
glucose output and facilitating beta-cell failure.28 The relationship between insulin
resistance and progressive beta-cell failure has been characterized as a “vicious cycle.”?8 As
beta-cells fail there is a decline in insulin secretion. Decreased insulin secretion directly
leads to an increase in both hyperlipidemia and hyperglycemia. As hyperlipidemia and
hyperglycemia worsen, beta-cell cell function deteriorates further. The close relationship of
insulin resistance to the metabolic syndrome is based on the observation that dyslipidemia,
hypertension and hyperglycemia are not only consequences of insulin resistance; they also
perpetuate each other.

There are ethnic differences in insulin resistance. In both children and adolescents, insulin
resistance is greater in blacks than whites.2% This ethnic difference in insulin resistance is
greater in girls than boys and occurs even before differences in obesity develop.29:30
Similarly, black adults have more insulin resistance than whites.610 Even when normal-
weight adults are compared, insulin resistance is greater in blacks than in whites.3!

Diabetes and Fasting Hyperglycemia

Compared with the vast amount of knowledge available about type 2 diabetes in adults,
there is a relative paucity of data about type 2 diabetes in children.32 Nevertheless, it is clear
that under the age of 10, type 2 diabetes is unusual.33 With our current epidemic of obesity
in children, the prevalence of diabetes is rising in peripubertal and adolescent children.
Blacks are disproportionately affected. Per 1000 youth in the age range of 10 to 19 years, the
incidence of type 2 diabetes is 1.06 for whites and 3.22 for blacks.33 There is considerable
concern that as type 2 diabetes occurs in youth, the medical complications of diabetes,
particularly cardiovascular disease, nephropathy, and retinopathy will occur in young
adulthood.

In terms of glucose management, glycosylated hemoglobin, a measure of chronic glucose
control, is higher in black children than in white children.34 Yet, fasting glucose, a metabolic
syndrome criterion, has not been found to be different in black and white youth.25:35 In
general fasting hyperglycemia is considered a marker of hepatic insulin resistance.36
Diabetes occurs because of a combination of beta-cell failure and insulin resistance. Insulin
resistance, in turn, is a combination of hepatic and peripheral insulin resistance. The relative
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lack of fasting hyperglycemia in blacks suggests that, in black adolescents, beta-cell failure
and peripheral insulin resistance may be more important than hepatic insulin resistance.37-38

In adults, ample data are available on the prevalence of type 2 diabetes. From NHANES
1999 to 2002, it is known that compared with whites, black adults have twice the prevalence
of type 2 diabetes.* As seen in children, impaired fasting glucose was less common in black
adults than in white adults.? In contrast, Ford et al,® in an analyses of NHANES 1988 to
1994, reported that fasting hyperglycemia occurred twice as often in black adults than in
white adults. This contradiction is explained by a difference in study design. Ford et al®
included diabetics in the definition of impaired fasting glucose, and Cowie et al* excluded
them. Therefore, although diabetes is more common in blacks than in whites, fasting
hyperglycemia, a metabolic syndrome criterion, may be similar in blacks and whites.

Hypertension and Cardiovascular Disease

In adolescence, blood pressure is higher in black adolescent girls than in white adolescent
girls.34 In male adolescents the ethnic difference in blood pressure is not significant.34
However, in male and female adults there are major ethnic differences in the prevalence of
hypertension. Fifty percent of black men have hypertension compared with 37% of white
men.? For women, 43% of blacks have hypertension compared with 28% of whites.? Overall
hypertension in blacks occurs at a younger age than in whites and is associated with greater
complications such as heart and kidney failure, myocardial infarction, and stroke.2:39:40
Additionally, evidence is emerging that suggests hypertension is a risk factor for diabetes.4
Therefore in blacks, high rates of diabetes may be linked to their even higher rate of
hypertension.

The Dyslipidemia of Insulin Resistance

In its simplest form the dyslipidemia of insulin resistance consists of both high trigiyceride
levels and low HDL levels. High trigiyceride and low HDL levels are both metabolic
syndrome parameters.3 HDL participates in reverse cholesterol transport and is both an
antiinflammatory and antioxidant agent.2 Consequently, low HDL levels represent the
absence of this cardioprotection and constitute a cardiovascular risk.42

High trigiyceride levels are highly correlated with cardiovascular disease and are
characteristic of diabetes and insulin resistance.*3 Insulin resistance promotes free fatty acid
release from visceral fat into the portal circulation. In the presence of insulin resistance
when these free fatty acids reach the liver, hepatic triglyceride production increases.*4
Subsequently there is increased hepatic secretion of the triglyceride-rich particles called very
low-density lipoprotein.

High triglyceride and low HDL levels occur together because they are reciprocally cleared
from the circulation.*> The enzyme that clears TG is lipoprotein lipase (LPL). The enzyme
that clears HDL is hepatic lipase (HL). In the presence of insulin resistance lipoprotein
lipase (LPL) activity decreases and HL activities increases leading to a decreased LPL/HL
ratio.*® The consequence of this decreased LPL/HL ratio is indeed the dyslipidemia of
insulin resistance, high triglyceride levels, and decreased HDL levels.

Compared with white adults and children, black adults and children have a better lipid
profile specifically lower triglyceride levels and higher HDL levels.?-11.2529 |f the effect of
insulin resistance on the lipid profile were the same in whites and blacks, then TG would be
higher in blacks than in whites and HDL lower. Yet it is reversed. Why insulin resistance
does not appear to adversely affect the lipid profile in blacks is under intense investigation.
Differences in diet do not account for the lower TG and higher HDL observed in blacks than
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whites.#” However, it is known that LPL levels are higher and HL levels are lower in blacks
than whites.#8:49 Furthermore, in blacks insulin resistance does not appear to impair LPL
activity, so that even in the presence of insulin resistance blacks can clear triglyceride from
the circulation.>®

Even though the cause of lower triglyceride and higher HDL levels in blacks is unknown,
the relative absence of the dyslipidemia of insulin resistance in blacks may explain their
lower-than-expected prevalence of the metabolic syndrome. It is also possible that the adult
thresholds used to define hypertriglyceridemia (triglyceride level > 150 mg/dL) and low
HDL (<40 mg/dL in men, <50 mg/dL in women) are not set at the appropriate level to
identify high risk for diabetes and cardiovascular disease in blacks.

Discussion

Glossary

Cross-sectional studies have clearly revealed in both children and adults, that the prevalence
of the metabolic syndrome is lower in blacks than whites. Yet the prevalence of diabetes,
obesity, hypertension, cardiovascular disease, and cardiovascular risk factors are higher in
blacks than whites. Therefore the lower prevalence of the metabolic syndrome in blacks is
contradictory to our concept of the metabolic syndrome as an early warning system for these
conditions. The leading culprit for this unexpected finding is the relative absence of the
dyslipidemia of insulin resistance (ie, high triglyceride level and low HDL) in blacks. It may
be that the triglyceride and HDL thresholds currently defined by the metabolic syndrome
guidelines as abnormal, (triglyceride > 150 mg/dL and HDL <40 mg/dL in men, <50 mg/dL
in women) are not appropriate for blacks. Ethnic-specific guidelines for lipids may be
necessary. Alternatively, blacks with the metabolic syndrome may transition so quickly from
having the metabolic syndrome into cardiovascular disease and diabetes that a cross-
sectional prevalence study does not capture the true rate of the metabolic syndrome in
blacks. Another possibility is that in blacks the metabolic syndrome may not precede the
development of diabetes and cardiovascular disease. To determine the significance of the
metabolic syndrome in blacks and address the issue of underdiagnosis, carefully designed
prospective studies that start in childhood and last for decades are needed.

BMI Body mass index

HDL High-density lipoprotein

HL Hepatic lipase

LDL Low-density lipoprotein

LPL Lipoprotein lipase

NHANES National Health and Nutrition Examination Survey
NHGS National Health and Growth Study

SSF Sum of skinfold

WC Waist circumference
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Prevalence of the metabolic syndrome in adolescents: age 12 to 19 years NHANES I1I.
Reproduced with permission from Cook S, et al. Arch Pediatr 2003;157:821-827.
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