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Abstract
Childhood obesity is a risk factor for the development of both type 2 diabetes mellitus (T2DM)
and cardiovascular disease (CVD). One marker that can be used to predict T2DM is the metabolic
syndrome (MetS). MetS, a cluster of cardiovascular factors associated with insulin resistance, is
defined by central obesity, impaired fasting glucose, hypertension, elevated triglycerides (TG),
and low levels of high-density lipoprotein cholesterol. Some have advocated using a diagnosis of
MetS to trigger increased intervention in children. However, ethnic differences in MetS may
hamper identification of at-risk children. For example, non-Hispanic blacks are diagnosed with
MetS less frequently than non-Hispanic whites, despite having higher rates of T2DM and CVD.
These differences in MetS are predominantly due to a low frequency of hypertriglyceridemia in
non-Hispanic blacks. Compared with non-Hispanic whites and Mexican Americans, non-Hispanic
blacks have lower TG levels at baseline but exhibit worsening insulin resistance with increasing
TG. Therefore “normal” TG levels appear to be falsely reassuring among insulin-resistant non-
Hispanic blacks. Ethnic-specific tools may be needed to more accurately predict risk for T2DM
and CVD in minorities.
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Introduction
Pediatric obesity increases the risk of type 2 diabetes mellitus (T2DM) and cardiovascular
disease (CVD) and threatens longevity in affected children [1]. Successful interventions
such as weight control and exercise programs have been performed in large randomized
trials [2,3•] but are expensive and time-intensive, underscoring the need to choose targets
judiciously for maximal effect. As not all obese children carry the same risk for developing
future disease, there is value in identifying who would benefit most from intense lifestyle
intervention. One marker that has been advocated for identifying children at increased risk
for future T2DM and CVD is the metabolic syndrome (MetS) [4]. MetS represents a
clustering of several cardiovascular factors associated with insulin resistance, including
visceral adiposity (as assessed by waist circumference [WC]), glucose dysregulation (as
assessed by fasting glucose), hypertension, elevated triglycerides (TG), and low levels of
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high-density lipoprotein–cholesterol (HDL–C) [5]. Children with MetS are likely to become
adults with MetS and are 12 times as likely to develop T2DM over a 30-year period [6••],
underscoring the potential benefit of targeting these children for weight loss and exercise
efforts. Significant weight loss has been proven to result in a resolution of MetS [7].

Nevertheless, there are important considerations related to ethnicity in using MetS to
identify children at increased risk for future disease. Although MetS performs well in
identifying future risk among non-Hispanic whites, it does not identify risk well in non-
Hispanic blacks [8]. Non-Hispanic blacks have higher rates of both T2DM and CVD despite
having lower rates of MetS [9••]. In this review, we discuss the underlying causes and the
individual components of MetS, including ethnic variation in these issues. We identify
potential explanations for differences in the predictive ability of MetS among non-Hispanic
blacks as well as potential solutions to better identify non-Hispanic black adolescents at
increased risk.

MetS: Underlying Pathophysiology
MetS was first described as a cluster of variables that correlate with insulin resistance more
often than would be expected by chance [4]. Intense research since this initial description
has revealed many of the underlying cellular and metabolic processes that result in MetS. In
particular, visceral adipose tissue appears to have a central role in the process. In a large
proportion of individuals, increases in visceral obesity result in dysfunction of hypertrophied
adipocytes [10••], causing multiple downstream effects that influence findings related to
MetS.

A key factor in the pathophysiology of visceral obesity is a decrease in the production of
adiponectin, an adipokine associated with insulin sensitivity. In animal models,
administration of adiponectin results in an increase in insulin sensitivity [11,12] and
suppression of inflammatory cytokine expression [13] and action [14]. In the setting of
visceral obesity, however, adiponectin production is decreased, contributing to insulin
resistance and other features of MetS [15–18].

As central adiposity develops, visceral adipocytes release more proinflammatory molecules
such as tumor necrosis factor-α (TNF-α), promoting phosphorylation of the insulin receptor
and worsening insulin resistance [19]. Visceral adipocytes also release chemoattractants
such as monocyte chemoattractant protein-1 (MCP-1), which result in the recruitment of
macrophages to adipose tissue, further worsening the inflammatory state [20,21•,22]. The
inflammatory state associated with visceral obesity leads to increased hepatic production of
C-reactive protein (CRP), which is also an independent risk factor for the development of
T2DM and CVD [10••,23,24].

A multitude of other processes also contribute to insulin resistance and continue to be
described, including dysfunction of the endoplasmic reticulum and mitochondria [10••,25–
27], production of reactive oxygen species [28,29], and nitric oxide-related modification of
enzymes [30–32]. The combined result of all of these processes is worsening resistance to
insulin, related to alterations in function of the insulin receptor and its downstream signaling
[33••], as well as increased hepatic glucose production [33••].

Components of MetS
In addition to producing insulin resistance, the underlying processes described here result in
clinical signs such as elevated TG, low HDL–C, hypertension, and elevated fasting glucose,
making these laboratory findings a convenient means to identify at risk individuals. TG
levels are elevated in the setting of insulin resistance because of increased production and
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decreased removal of TG from the circulation. Production is increased by impairment of
insulin-mediated suppression of lipolysis in visceral adipocytes, causing an increase in the
release of free fatty acids (FFA) that are converted to TG in the liver [34,35]. Moreover,
insulin resistance is associated with decreased function of lipoprotein lipase, impairing
removal of TG from the circulation [36]. HDL levels are low due to increased activity of
hepatic lipase in the setting of insulin resistance and low levels of adiponectin [37].
Hypertension in MetS, particularly represented by increases in systolic blood pressure [38],
is caused at least in part by hypertrophied visceral adipocytes producing higher levels of
angiotensinogen (leading to increased activation of the rennin-angiotensin system [39]) and
11-β hydroxysteroid type 1 (leading to increased conversion of inactive cortisone to active
cortisol) [40,41•]. Fasting glucose levels are elevated due to the cumulative effects of
elevated FFA and/or glucose on the β cell [42] and the liver [43,44]. Insufficient release of
insulin and excess hepatic glucose production ultimately lead to elevated fasting glucose.

The frequency of these clinical findings among individuals with insulin resistance and the
association of these findings with future T2DM and CVD make the concept of MetS an
intriguing tool for patient care. Therefore, several different sets of criteria to diagnose MetS
in children and adolescents have been proposed, using cut-off values for each of the above
components (along with WC as a surrogate for visceral obesity), an example of which is
shown in Table 1 [45]. These sets of criteria essentially use elevations in the components of
MetS to identify individuals likely to be experiencing the biological processes underlying
insulin resistance.

Further implied by a diagnosis of MetS is that individuals exhibiting elevations in MetS
components will have an increase in risk for CVD and T2DM. Altogether, a diagnosis of
MetS in adults predicts future disease, with an odds ratio (OR) of 4 for developing T2DM
over a 5-year to 10-year period [46,47] and an OR of 1.6 for predicting CVD events [47]
among MetS-positive adults compared with MetS-negative adults. Among children,
prospective studies have confirmed that MetS-positive children are likely to become MetS-
positive adults, with an OR of 9.4 compared with MetS-negative children [6••]. Even more
importantly, prospective studies have shown that MetS- positive children have an OR of
12.1 for developing T2DM over a 24-year to 31-year period [6••]. Nevertheless, it is
uncertain which is most responsible for the long-term risks associated with MetS: the
underlying processes, the insulin resistance that they confer, or the combination of
abnormalities in MetS components.

Ethnic Differences in Insulin Resistance, Adiponectin, and Inflammation
MetS is diagnosed among non-Hispanic blacks at rates that are 43–55% lower among men
compared with Mexican Americans and non-Hispanic whites, and 9–28% lower among non-
Hispanic black women compared with Mexican Americans and non-Hispanic whites [6••,
48–50•]. This is paradoxical, since it has been long noted that non-Hispanic black
adolescents [51–53] and adults [54–56•] have a degree of insulin resistance that is increased
by 29–42% at any given level of adiposity or pubertal state [53]. Consistent with the
increase in insulin resistance, non-Hispanic blacks have lower levels of adiponectin despite
having less visceral adipose tissue [57,58]. Ethnic differences in insulin resistance disappear
after adjusting for levels of adiponectin, suggesting an etiologic role [58]. Compared with
non-Hispanic whites, non-Hispanic blacks also have equal [59,60] or even higher [61,62]
concentrations of CRP. Thus some findings related to the underlying processes in MetS are
present and in some cases more common in non-Hispanic blacks (Fig. 1). More importantly,
there is a twofold higher prevalence of T2DM among non-Hispanic black adolescents [63]
and adults [64] compared with non-Hispanic whites. Non-Hispanic blacks are also 24%
more likely to die from CVD than non-Hispanic whites [65]. Altogether, these data suggest
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that among non-Hispanic blacks, the presence of a more severe insulin resistance, lower
levels of adiponectin, and increased inflammation (all processes underlying MetS) have
clinical significance.

Yet, it remains unclear whether non-Hispanic blacks are truly less likely to have MetS (i.e.,
the biological processes linking visceral adiposity, inflammation, insulin resistance) or are
simply less likely to be diagnosed with MetS using current criteria. To examine these issues,
we consider similarities and differences in individual components of MetS between ethnic
groups.

Mets Components: Similarities and Differences Between Ethnic Groups
As mentioned previously, MetS is diagnosed based on the presence of the specific
components shown in Table 1. Non-Hispanic black children and adults have several
similarities, and a few important differences, in these components compared with non-
Hispanic whites.

Obesity
Obesity (body mass index [BMI] >95th percentile for age) is more common among non-
Hispanic black girls and adolescents than non-Hispanic white girls starting at a young age
[66,67]. In longitudinal studies, the difference in BMI widens over time [68,69];
furthermore, non-Hispanic black women are nearly 50% more likely to be obese compared
with non-Hispanic white women [70,71]. Non-Hispanic black adolescent boys are more
likely than non-Hispanic white adolescent boys to have a BMI greater than the 97th
percentile, with an overall trend toward increased obesity in both children and adults
[66,70,71].

Elevated Waist Circumference
Elevated WC is the most commonly used measure of central obesity. Non-Hispanic black
women are more likely to have elevated WC [72], whereas non-Hispanic black adolescent
girls, boys, and men are either equally or less likely to have high WC than non-Hispanic
whites [50•,73].

Hypertension
Hypertension is more common in non-Hispanic black women than non-Hispanic white
women across the age spectrum in adolescence and adults [8]. Although similar trends
toward higher rates of hypertension exist among non-Hispanic black men, these differences
only reach statistical significance at higher age ranges [8,74].

Fasting Glucose
Fasting glucose measurements are similar between non-Hispanic blacks and non-Hispanic
whites, with a trend toward being less common among non-Hispanic black adolescents and
men without diabetes [50•]. This occurs despite at the higher prevalence of T2DM among
non-Hispanic blacks than non-Hispanic whites.

Low HDL–C
Low HDL–C levels are less common among non-Hispanic black adolescent boys and men
[8]. This lower prevalence is less consistent among non-Hispanic black women [8].
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Elevated TG
Elevated TG levels are a key feature of MetS that separates ethnic groups. The prevalence of
elevated TG levels in non-Hispanic black adolescents is one third that observed in non-
Hispanic whites [50•], and although this gap declines with age, non-Hispanic black adults
continue to have a 30–45% lower prevalence of hypertriglyceridemia than non-Hispanic
whites.

Other Similarities and Differences
In contrast, Mexican American adolescents are diagnosed with MetS at a rate similar to non-
Hispanic whites and higher than non-Hispanic blacks [50•]. Mexican Americans have a
tendency for an increased WC compared with non-Hispanic whites and blacks, and Mexican
American adolescents are less likely to exhibit hypertension [50•]. Although Hispanics have
a higher lifetime prevalence of diabetes than seen in non-Hispanic whites, there is still a
higher prevalence of diabetes among non-Hispanic blacks [75].

In summary, even though non-Hispanic black adolescents have higher rates of obesity and
hypertension, MetS is diagnosed at strikingly lower rates than Mexican Americans and non-
Hispanic whites. Presumably, this is because non-Hispanics have lower rates of
dyslipidemia.

The Relationship of Triglycerides to Insulin Resistance
The sharp differences in TG levels between non-Hispanic black individuals and non-
Hispanic white individuals raise important issues regarding the accuracy of the current sets
of MetS criteria for identifying non-Hispanic blacks with MetS. Specifically, it is unclear
whether lower TG levels may be falsely reassuring among non-Hispanic black individuals
who 1) exhibit underlying processes causative of MetS and/or 2) are at higher risk for
T2DM and CVD. Unfortunately, prospective studies addressing this issue are lacking.
However, regarding whether underlying processes may exist among non-Hispanic blacks
with normal TG concentrations, studies suggest this is a common finding. Non-Hispanic
blacks with TG in the normal range are nearly twice as likely as non-Hispanic whites to
exhibit insulin resistance (Fig. 2) [56•]. In addition, increasing TG levels in non-Hispanic
blacks, including levels well in the range of normal, are associated with worse insulin
resistance (Fig. 3) [56•]. This suggests that the baseline TG levels in non-Hispanic blacks
(i.e., the level seen in individuals without insulin resistance) is intrinsically lower than in
non-Hispanic whites, but that elevations above this baseline, even if still within normal
ranges for the entire population, may reflect more severe insulin resistance.

Current sets of MetS criteria that use population-based cutoffs to define elevated TG levels
do not take these ethnic differences into account and may give false reassurances regarding
the presence of high TG levels in the population. Future investigations will be needed to
identify TG thresholds in non-Hispanic blacks that are associated with the processes
underlying MetS and/or with future risk. A similar logic may hold true regarding low HDL–
C levels among non-Hispanic black adolescents, although these inter-ethnicity differences
narrow in adulthood [8,76], suggesting either a time-based effect or that the difference in
baseline (low risk) level of HDL–C is not as striking between non-Hispanic blacks and
whites as is seen with TG levels.

Approaches to Detect Increased Risk
The goal of accurate identification of future risk is twofold: 1) to use this information to
convince families of their need to change their lifestyle to avoid medical complications in
the future and 2) to convince the health insurance industry of the need for investment. With
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respect to motivating families, a demonstration of predicting future disease may increase a
family’s compliance with the treatment regimen [77,78]. Goetz [79] has written that “a
diagnosis of the metabolic syndrome can get [people] off the couch in a way that the doctor
tut-tutting about their pounds cannot.” Similarly, with regard to convincing medical payers
of the importance of funding obesity interventions, the most logical way to do this would be
in the demonstration of a decrease in risk status, which is most likely to be done among
subgroups of highest risk, including adolescents with MetS.

If MetS is to be used as a trigger for intervention, as has been proposed [80], then many at-
risk non-Hispanic black adolescents will be missed with the current criteria. Alternative
means of better detecting risk in non-Hispanic blacks remain to be determined. As
mentioned earlier, one means of achieving improved accuracy of MetS would be
determining ethnic-specific cut-off points for TG and HDL to better identify non-Hispanic
black adolescents with early evidence of MetS. These studies would optimally be performed
using cohort data looking at levels TG associated with increased risk of future disease in
non-Hispanic blacks. Such long-term data with adequate subject numbers are usually
lacking given the amount of time necessary to follow individuals from adolescence until
they develop adult disease. However, new ethnic-specific cut-offs could also be determined
using cross-sectional data looking at TG and HDL thresholds associated with increased
insulin resistance in non-Hispanic black adolescents.

An alternate approach to improving the predictive ability of MetS through all ethnicities
would be to construct a linear MetS scale [81–83]. Instead of requiring that individuals have
elevations in a specified number of components, a set of continuous MetS criteria would
require the sum of elevated components reach a certain threshold. If, for example, fasting
insulin level represented one of these components, then non-Hispanic black adolescents
might be expected to reach the threshold for MetS diagnosis at a lower level of TG than seen
among non-Hispanic white adolescents, given the higher rates of elevated insulin among
non-Hispanic blacks.

Finally, biomarkers associated with the processes underlying MetS may ultimately prove to
be better markers of disease risk than a diagnosis of MetS itself. The role of CRP has been
examined among adults in this regard [23,24]. Future studies would be needed to tightly link
CRP to future risk among adolescents.

A potentially better marker of risk may be levels of adiponectin in children [84]. As
discussed earlier, decreasing levels of adiponectin are associated with insulin resistance in
adolescents [15–18]. Given the strength of these of these associations, adiponectin has been
suggested as a screening test to identify children at risk for long-term sequelae of MetS [15–
18]. Because low adiponectin levels correlate well with insulin resistance in non-Hispanic
blacks [58], screening for adiponectin may prove a superior estimate of long-term risk than
MetS itself.

Future studies are necessary to determine whether early identification of risk among
adolescents using an ethnic-specific set of MetS criteria would more completely predict risk
than current sets of criteria. Initiating intervention among individuals at increased risk
(beginning with lifestyle changes to promote better food choices and more physical activity)
are likely to be beneficial for all individuals but are also likely to be costly if done at the
level of intensity needed to be effective [2,3•]. Nevertheless, a diagnosis of MetS itself may
prove motivating to some individuals and their families to make appropriate lifestyle
adjustments. If future research links ethnic-specific criteria to increased risk, this may justify
additional resources being placed at intervention. This is particularly true given the intensity
of the effort necessary to reverse MetS [7].
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Conclusions
In summary, although non-Hispanic blacks have lower rates of MetS diagnosis, there is no
evidence that they exhibit a decrease in the underlying processes behind MetS or the long-
term consequences. The major finding separating non-Hispanic blacks from non-Hispanic
whites with insulin resistance is that TG levels among non-Hispanic blacks are unlikely to
exceed the cut-off values used in most MetS criteria. Therefore, additional diagnostic
criteria are likely to be necessary to identify increased risk among non-Hispanic blacks. In
addition to ethnic-specific MetS criteria, use of a biomarker such as adiponectin level may
be of value as a screening test to identify individuals at high risk for the future development
of CVD and T2DM. The more detailed information we have on the predictive ability of such
tests, the better we will be able to provide appropriate intervention to individuals most likely
to benefit.
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Fig. 1.
Ethnic differences in metabolic syndrome (MetS). Non-Hispanic black (NHB) individuals
are more likely to exhibit many of the processes associated with MetS and are more likely to
develop adverse health outcomes but are less likely to be diagnosed with MetS. The
difference in MetS diagnosis largely rests on a lower prevalence of lipid abnormalities,
particularly with respect to triglyceride (TG) levels, in NHB individuals. CRP—C-reactive
protein; CVD—cardiovascular disease; HDL—high-density lipoprotein; T2DM—type 2
diabetes mellitus
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Fig. 2.
Percent of insulin-resistant individuals with triglyceride levels below threshold values by sex
and ethnicity. Subjects were 2,804 participants of the National Health and Nutrition
Examination Survey (NHANES) 1999–2000, including 569 non-Hispanic blacks (NHB),
1,485 non-Hispanic whites (NHW), and 750 Mexican Americans (MA). Insulin resistance
was estimated as having a homeostasis model assessment (HOMA) in the upper tertile for
the cohort. The letter “a” indicates a significant difference between NHB versus NHW; “b”
indicates a significant difference between NHB versus MA; and “c” indicates a significant
difference between NHW versus MA. Asterisk indicates a level of significance of <0.05;
dagger indicates a level of significance of <0.01; and double dagger indicates a level of
significance of <0.001. (From Sumner and Cowie [56•]; with permission)
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Fig. 3.
Regression of insulin resistance on fasting triglyceride (TG) levels. Participants are from the
National Health and Nutrition Examination Survey 1999–2000. A multiple linear regression
model was formed, predicting insulin resistance (as measured by homeostasis model
assessment [HOMA]) versus log TG. R2 for the final regression is 0.17. The parallel
regression lines demonstrate that insulin resistance rose at a similar rate with increasing TG
levels in all sex and ethnic groups. However, the y-intercepts were different, being highest
for non-Hispanic black (NHB) women, followed by similar y-intercepts for Mexican
American (MA) women, NHB men, and MA men. Non-Hispanic white (NHW) men and
women had the lowest y-intercepts. (From Sumner and Cowie [56•]; with permission)
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