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Abstract
Background—Evaluation of metabolic syndrome (MetS) characteristics across an age spectrum
from childhood to adulthood has been limited by a lack of consistent MetS criteria for children
and adults and by a lack of adjustment for environmental factors. We used the pediatric and adult
International Diabetes Federation (IDF) criteria to determine whether gender- and race-specific
differences in MetS and its components are present in adolescents as in adults after adjustment for
socioeconomic status (SES) and lifestyle factors.

Methods—Waist circumference, blood pressure, triglycerides, HDL cholesterol, and fasting
glucose measures were obtained from 3,100 adolescent (12-19y) and 3,419 adult (20-69y) non-
Hispanic white, non-Hispanic black, and Mexican-American participants of the 1999-2006
National Health and Nutrition Examination Surveys. We compared odds of having MetS and its
components across racial/ethnic groups by age group, while adjusting for income, education,
physical activity and diet quality.

Results—After adjusting for possible confounding influences of SES and lifestyle, non-
Hispanic-black adolescent males exhibited a lower odds of MetS and multiple components
(abdominal obesity, hypertriglyceridemia, low HDL, hyperglycemia) compared to non-Hispanic-
white and Mexican-American adolescents. Compared to non-Hispanic white adolescent males,
Mexican-American adolescent males had less hypertension. There were no differences in MetS
prevalence among adolescent females, though non-Hispanic-black girls exhibited less
hypertriglyceridemia.

Conclusion—Racial/ethnicity-specific differences in MetS and its components are present in
both adolescence and adulthood, even after adjusting for environmental factors. These data help
strengthen arguments for developing racial/ethnic-specific MetS criteria to better identify
individuals at risk for future cardiovascular disease.
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The epidemic of childhood obesity has placed an increasing number of children at risk for
developing the metabolic syndrome (MetS)[1]. This clustering of specific components—
including abdominal obesity, hypertriglyceridemia, low HDL cholesterol, hypertension and
hyperglycemia—appears to be linked by a poorly-understood underlying process that
increases risk for type 2 diabetes mellitus (T2DM) and coronary artery disease (CAD)[2,3].
Recently there have been reports of increases in MetS among children[4] and adults[5], and
children with MetS are >9 times more likely to exhibit MetS in adulthood[6]. As a result,
some have suggested that a diagnosis of MetS could be used to trigger increased targeting of
weight loss and other fitness efforts among children with MetS[7].

One feature confounding the importance of a diagnosis of MetS is the presence of
discrepancies in the prevalence of individual components among different racial/ethnic
groups. For instance, non-Hispanic-black men have lower rates of MetS diagnosis[5], in
part, due to lower prevalence of hypertriglyceridemia[8-10] and low HDL[11], despite
having higher rates of hypertension[5,11-13]. Nevertheless, non-Hispanic-black men have
higher rates of CAD than would be expected given their low prevalence of MetS, suggesting
that their lower rates of dyslipidemia are falsely reassuring. Therefore, due to unknown
reasons the process underlying MetS may manifest itself differently among racial/ethnic
subgroups[9,13,14].

Among children, racial/ethnic differences in obesity have been noted, with increased rates
among non-Hispanic-black and Mexican-American children[15-17]. However, gender- and
race/ethnicity-specific analyses of individual MetS components in children have been
limited in the past by either a lack of pediatric MetS criteria[17] or a lack of adjustment for
environmental factors[4].

We hypothesized that racial/ethnic differences in pediatric MetS components would remain
significant after adjustment for multiple environmental factors such as socio-economic
status (SES), education, nutrition and physical activity. We further hypothesized that these
racial/ethnic discrepancies would be seen in a similar degree in both children and adults,
suggesting a lifelong nature of the differences in MetS between racial/ethnic groups. To
perform this analysis we elected to use the definition for pediatric and adult MetS used by
the International Diabetes Federation (IDF)[7,18]. These are the only sets of MetS criteria
that have been designed by a single agency to be used in both children (i.e. the IDF pediatric
MetS criteria, all individuals<18y) and adults (the IDF adult MetS criteria, all
individuals≥18y). We applied these criteria to children and adults from the most recently-
available data from the National Health and Nutrition Examination Survey (NHANES), a
cross-sectional survey that is representative of the US population and that contains
information on socio-economic and lifestyle factors of potential importance in considering
MetS. This report comprises the first unified analysis regarding racial-ethnic differences in
MetS across the age spectrum from childhood to maturity.

Methods
Data were obtained from NHANES (1999-2006), a complex, multistage probability sample
of the US population. These annual surveys are conducted by the National Center for Health
Statistics (NCHS) of the Centers for Disease Control (CDC) with data released every 2y.
The NCHS ethics review board reviewed and approved the survey and participants were
provided with informed consent prior to participation. Participants who were ≥16y self-
reported race/ethnicity. A family member reported the race/ethnicity of children younger
than 16y. Racial/ethnicity groups for study analysis were categorized as non-Hispanic-black,
non-Hispanic-white, and Mexican-American. Survey participants were interviewed in their
homes to determine current medical condition followed by physical/laboratory examination
in a mobile examination facility.
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Waist circumference (WC), blood pressure, and lab measures of triglycerides, HDL
cholesterol, and glucose were obtained using standardized protocols and calibrated
equipments. All lab values used for analyses were obtained from participants asked to fast
for 8hrs prior to the blood draw. The criteria for MetS in children 10-16y as specified by the
pediatric IDF criteria[7] require the presence of abdominal obesity (WC≥90th

percentile[19] or, if lower, adult cut-off) and ≥2 of the following components:
hypertriglyceridemia (≥1.7mmol/l [150mg/dl]); low HDL (<1.03mmol/l [40mg/dl]);
hypertension (≥130mmHg systolic or ≥85mmHg diastolic); elevated fasting blood glucose
level (≥5.6mmol/l [100mg/dl] or known T2DM). As prescribed in the pediatric IDF criteria,
the adult IDF criteria[18] were applied to participants≥16y of age. The adult IDF criteria
are similar to the pediatric definition with the following differences: WC ≥94cm in
Europoid males (≥80cm Europoid females); low HDL <1.29mmol/l (50mg/dl) for females
and <1.03 mmol/l (40mg/dl) for males; and history of treatment of hypertriglyceridemia,
low HDL, diabetes, or hypertension can be used as an alternative to lab values. We included
only children ≥12y in our data analyses given that fasting values for triglycerides and
glucose were only obtained in participants ≥12y. Racial/ethnic-specific cut-offs were used
for waist circumference measurements in adolescents <16y[19].

In making race/ethnicity comparisons, we adjusted for several environmental factors with
potential effects on MetS components: education level, income-to-poverty-level ratio, diet
quality, and physical inactivity. Education level of the adult individual, or the highest level
among the homeowner and his/her spouse in the case of children, was classified into three
categories: less than high school (<8y of school) high school (8-12y of school), and more
than high school (>12y of school). The US Census Bureau, as a gauge of poverty, uses a
ratio of household income-to-poverty level, with lower ratios indicating a more
impoverished state. Three categories of income-to-poverty-level ratio were examined: <1.0,
1.0–3.0, >3.0. As a means of identifying physically-inactive individuals, physical activities
and their associated metabolic equivalent (MET) scores were obtained for each participant.
The survey rated >60 different physical activities including organized sports, aerobic dance,
running, jogging, and gardening and their respective intensities defined by MET score.
“Physical inactivity” was defined as a total MET score ≤ 3.5[5].

Diet quality of the individual was measured by the Healthy Eating Index (HEI-2005)[20]
using data collected from computer-assisted 24-hour food recall questionnaires (the
Automated Multiple-Pass Method) developed by NHANES[21] and USDA[22]. The
HEI-2005 was developed to measure compliance with the recommendations of the 2005
Dietary Guidelines for Americans[20]. Scores are assigned to 12 components of diet
including intake of grains, vegetables, fruits, milk, and meat/meat alternatives and are
assigned a weight; a total score is then calculated from the sum of these weighted scores.
The HEI-2005 total score ranges from 0-100, with higher scores representing better diet
quality. For the purposes of this analysis, HEI-2005 total scores were categorized into
tertiles based on the final sample (“low” score: 0-41.4; “moderate” score: 41.4-53.7′ “high”
score: 53.7-100). As performed in previous analyses of MetS[10], we excluded self-reported
diabetics, pregnant women and individuals taking estrogen-containing medications, anti-
hypertensives, diabetes medications, and lipid lowering medications.

Statistical Methods
Preliminary data analyses comparing individual NHANES surveys from 1999-2006 did not
demonstrate significant differences or trends in the prevalence of MetS or its components in
adolescents or adults. We combined all data sets for statistical analyses, increasing sample
size and power. Prevalence of MetS and its components was calculated by age, gender, and
race/ethnicity (non-Hispanic-white, non-Hispanic-black, and Mexican-American). Age was
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divided into 3 groups: adolescent (12-19y), early-adulthood (20-34y), and mid-adulthood
(35-64y), as used previously[5]. Standard errors and confidence intervals were also
computed. Multiple logistic regression was applied to the data stratified by age and gender
to estimate odds ratios (OR's) of MetS and its components by race/ethnicity, education level,
income:poverty-level ratio, carbohydrate intake, and physical inactivity. Statistical
significance was defined as a p<0.05. Statistical analysis was performed using SUDAAN
(version 10; Research Triangle Institute, North Carolina). SUDAAN was used to apply
sampling weights in order to produce national estimates.

Results
Sample Characteristics

The sample of participants who met inclusion criteria consisted of 6,519 non-Hispanic
black, Mexican Americans, and non-Hispanic whites age 12-64y with data for all variables
tested. Of these, 47.6% were adolescents (ages 12-19y) and 52.4% were adults (20-64y)
with the following racial composition: 27.6% non-Hispanic black, 33.0% Mexican
American, and 39.3% non-Hispanic white (Table 1). Whites in each age range were more
likely than the other two groups to have more than a high school (HS) education and an
income:poverty ratio >3.0, while Mexican Americans in each age range were more likely to
have less than a HS education (p<0.05, data not shown), as previously noted[23].

MetS Prevalence
Among US adolescent males the prevalence of MetS was 8.4%, 9.4%, and 2.5% for non-
Hispanic whites, Mexican Americans, and non-Hispanic blacks respectively (Figure 1, Table
1). The prevalence of MetS among adolescent females was 4.4%, 6.4%, and 4.2% among
non-Hispanic whites, Mexican Americans, and non-Hispanic blacks respectively. This
prevalence increased significantly with age among adults in all racial/ethnic groups (Table 1
and Supplementary Figure). Race comparisons in the form of unadjusted odds ratios are
located on the first three rows of Table 2. During adolescence, non-Hispanic-black males
had a lower odds of MetS compared to both non-Hispanic white (OR=0.3; p<0.01) and
Mexican-American males (OR=0.2, p<0.01). This lower prevalence of MetS in non-
Hispanic blacks was also seen across age groups: 20-34y (OR=0.4; p<0.01) and 35-64y
(OR=0.6; p<0.05). There was no significant difference by race/ethnicity in odds of MetS
observed among adolescent females. In contrast to non-Hispanic-black males across the age-
spectrum, non-Hispanic-black females did not have lower rates of MetS at any age.
Mexican-American women age 35-64 had a higher odds of MetS compared to non-
Hispanic-white women.

Logistic Regression Models for MetS and MetS Components
Multiple logistic regression models of MetS and its components for males and females in
each of three age groups (12-19y, 20-34y, and 35-64y) are presented in Table 2 and Figure
2. Age along with race/ethnicity, education level, income-to-poverty-level ratio, food quality
(HEI), and physical activity were included as covariates in the models (Table 2). Adjusting
for these covariates did not confound the raw observed racial differences, with the exception
of non-Hispanic black men age 35-64, who did not exhibit a lower odds of MetS after
adjustment for the covariates.

Adjusted odds ratios for the components of MetS among the races are shown in Figure 1.
After adjusting for socio-economic and lifestyle factors as in the MetS models, non-
Hispanic-black adolescent males were less likely to have elevated WC (OR 0.6; p<0.05),
hypertriglyceridemia (OR=0.2; p<0.001), low HDL (OR=0.3; p<0.001), or hyperglycemia
(OR=0.5; p<0.05) compared to non-Hispanic whites (Figure 2). Non-Hispanic black
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adolescent males were also less likely to have these outcomes—with the exception of
hyperglycemia—compared to Mexican Americans (p<0.05). All of these observations
except HDL were evident in at least one phase of adulthood. Mexican-American adolescent
males were more likely to have abdominal obesity compared to non-Hispanic-black males
(p<0.05) with a trend toward increased abdominal obesity compared to whites (OR=1.4,
p=0.08). This trend widened in early-adulthood (OR vs. non-Hispanic whites, 3.9; p<0.001).
Mexican-American adolescent males were less likely to have hypertension compared to
whites (OR=0.3; p<0.01), and this difference was also seen in early adulthood.

Compared to non-Hispanic whites, non-Hispanic-black adolescent females were less likely
to have hypertriglyceridemia (OR 0.3; p<0.01), a difference which did not extend into
adulthood_(Figure 2). There were no significant differences in odds of MetS components
between non-Hispanic-black and Mexican-American adolescent females.

Discussion
Racial/ethnic differences in individual components of the MetS have been reported
previously, raising the possibility of a genetic component of MetS among these populations,
despite widespread genetic overlap among racial/ethnic groups in the United States[24].
Nevertheless, significant differences in SES and other lifestyle factors exist between the
racial/ethnic groups evaluated in this study, and many of these environmental factors are
known to affect components of MetS including effects of SES, diet and activity level on
obesity[25-27], hypertension[28] and T2DM[15]. While studies of adults with MetS have
adjusted for these factors[5], to date no study has evaluated whether socioeconomic and
lifestyle factors may be responsible for racial/ethnic differences in the prevalence of MetS or
its components among children. In addition, there was previously a lack of unique pediatric
MetS criteria designed to be in continuum with adult criteria, preventing an analysis for
differences in MetS across an age spectrum that included childhood.

In the present study we applied the pediatric and adult IDF MetS criteria to NHANES data
(1999-2006) to define trends in MetS between adolescents and adults. These criteria differ
from the ATP III definition of MetS predominantly in using race-specific elevations in WC
as a prerequisite for MetS diagnosis[7,18], though they have been noted to detect similar
racial/ethnic discrepancies as seen in other MetS criteria[29]. We utilized the IDF criteria for
our analysis because in the absence of a consensus criteria for pediatric MetS, the IDF
criteria are the only set of MetS criteria released by a single agency for use in children[7] or
adults[18].

Thus, our evaluation is unique in 1) applying a set of MetS criteria with cut-off values
designed to gradually change between children and adults and 2) adjusting for socio-
economic and lifestyle factors across the age spectrum. We found that MetS discrepancies
among racial/ethnic groups are present in children as well as in adults and that these
differences persist after adjustment for these multiple potential environmental confounders,
including sizable differences in income and education between racial/ethnic groups. This
argues that development of MetS or its components may be influenced by racial differences
between groups and not solely environmental factors.

In particular, we found that non-Hispanic-black boys and young men are less likely than
their non-Hispanic-white and Mexican-American counterparts to be diagnosed with MetS or
to exhibit elevated WC, hypertriglyceridemia, low HDL, or hyperglycemia. These findings
are overall similar to prior reports that did not adjust for lifestyle factors[4]. The lower
prevalences of MetS and individual MetS components among non-Hispanic black
adolescents could, at first glance, be construed as reassuring, suggesting that non-Hispanic
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black young men are less likely to suffer later consequences of MetS, including T2DM and
CAD. However, data from non-Hispanic black men reveal higher rates of CAD[14]
suggesting a false sense of reassurance given the low rates of diagnosed MetS. Although
long-term studies will be needed to demonstrate whether non-MetS processes may
responsible for these increases in CAD in non-Hispanic blacks, there is concern that MetS
may be underdiagnosed in these individuals[13].

The prognostic importance of a diagnosis of MetS in childhood has been limited by the
difficulty in gathering prospective data linking childhood disease state with adult disease. It
is important to note that the data we present here are cross-sectional in nature and cannot, in
isolation, confirm persistence of these traits with increasing age in a given individual or
cohort. As is common in pediatric disease, the prolonged time necessary before children
develop clinically-significant disease hinders the ability for prospective studies to answer
these questions. Nevertheless, the overall importance of a diagnosis of MetS in childhood
has been demonstrated by retrospective analysis of longitudinal data, including the Bogalusa
Heart Study[30], the Princeton Lipids Research Clinic Study[6], and other such studies[31].
These studies reveal that a diagnosis of childhood MetS increases the likelihood of
developing adult MetS (over 9-fold)[6] and T2DM (3-fold)[6] and of exhibiting increased
carotid artery intimal thickness (26% increase in intimal thickness)[32]. In addition,
individual features of childhood MetS also predict an increased risk for developing adult
MetS and T2DM, including increased BMI[33,34], fasting glucose[33,34], triglycerides[34],
low HDL[33,34], and systolic blood pressure[34]. Still, the combination of multiple MetS
components in childhood provide a stronger predictor of future disease[6,33,34].

This ability of pediatric MetS to predict adult disease has led some researchers to propose
using MetS diagnosis in childhood as a tool to trigger increased intervention[7]. The
presence of modifiable cardiovascular risk factors as individual components of MetS makes
this an attractive approach to prevent future CAD[7,17,33]. While fitness interventions and
lifestyle adjustments remain challenging, the ability of a MetS diagnosis to predict future
disease may prove to be an important motivating tool for patients and their families[8].
Given that non-Hispanic black boys and men are less likely to be diagnosed with MetS
despite their increased lifetime risk of T2DM and CAD, it is likely that they would
inappropriately miss out on opportunities for early intervention.

The appearance of racial/ethnic discrepancies in MetS components in both childhood and
adulthood may help to strengthen arguments for racial/ethnic-specific MetS criteria that
could better identify individuals at risk for future CAD[9,10,13]. Despite a high degree of
racial admixture between groups[24], it is possible that specific population subgroups within
each racial/ethnic category have a genetic predisposition toward the presence or absence of
particular MetS components. This may account for the trends in both adolescence and
adulthood as observed in this study. Future identification of CAD-associated polymorphisms
that differ among racial/ethnic subgroups could lead to early identification of individuals,
such as non-Hispanic black boys, who are at risk for CAD despite reassuring MetS
indices[35]. Until investigators clearly define these genetic variations, race/ethnicity-specific
modifications of MetS criteria may better identify children and adults at increased risk for
future disease[8,10,11].

Further research may also pinpoint whether individual components of MetS are more
sensitive predictors of future disease among children or whether non-MetS risk factors
underlie the increased risk for CAD among non-Hispanic blacks[13]. Inherent in this need is
research to determine racial/ethnic differences in the ability of MetS to predict risk among
adolescents. Indeed, there is a growing need in our society for new tools of risk-
identification, such that increased efforts could be targeted at intervention for at-risk youths
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to reverse cardiovascular risk. These efforts would include increased fitness and dietary
counseling, efforts which often require a significant amount of resources and are likely to be
best directed at those children who would benefit the most[8].

As a concept, MetS is important in that it postulates that there is an underlying insidious
process that links multiple metabolic derangements in an as-yet poorly described manner.
Since this process appears to manifest differently among racial/ethnic groups, the
development of racial/ethnic-specific MetS criteria or other risk-identification tools may
lead to a deeper understanding of fundamental processes contributing to MetS and its
sequelae. In addition, research efforts should be initiated to reveal why non-Hispanic blacks
have a higher risk of CAD despite low rates of hypertriglyceridemia and low HDL. These
efforts may also assist in the development of improved guidelines to better identify which
children need additional fitness interventions in order to avoid progression toward adult
complications of MetS.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
Adjusted Odds Ratios for Metabolic Syndrome Components by Age, Race, and Gender.
OR's for non-Hispanic blacks and Mexican Americans are shown using non-Hispanic whites
as the comparator group after adjustment for education level, income:poverty ratio, physical
inactivity and dietary quality (Healthy Eating Index). Data are from NHANES ′99-′06 for all
individuals with complete information regarding IDF MetS components.
* p<0.05 vs. white non-Hispanic; ** p<0.01 vs. white non-Hispanics
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