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OBJECTIVE — Our objective was to estimate the prevalence of the metabolic syndrome using
the 2007 pediatric International Diabetes Federation (IDF) definition among adolescents in the
U.S.

RESEARCH DESIGN AND METHODS — We used data from 2,014 participants aged
12–17 years of the National Health and Nutrition Examination Survey 1999–2004.

RESULTS — The prevalence of the metabolic syndrome for the period 1999–2004 was
�4.5% (�1.1 million adolescents aged 12–17 years in 2006). It increased with age, was higher
among males (6.7%) than females (2.1%) (P � 0.006), and was highest among Mexican-
American adolescents (7.1%). The prevalence of the metabolic syndrome was relatively stable
across the 6-year period: 4.5% for 1999–2000, 4.4–4.5% for 2001–2002, and 3.7–3.9% for
2003–2004 (P for linear trend �0.050).

CONCLUSIONS — Our results provide the first estimates of the prevalence of the metabolic
syndrome using the pediatric IDF definition among adolescents in the U.S.
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P rospective and cross-sectional stud-
ies in children have linked the met-
abolic syndrome, or clusters of

factors considered to be part of it, to dia-
betes (1), cardiovascular disease (2), inti-
ma-media thickness (3), increased carotid
artery stiffness (4), and hepatosteatosis
(5). Until recently, no standard definition
of the metabolic syndrome for use in pe-
diatric populations was available. Conse-
quently, researchers have used a plethora
of definitions (6). In 2007, the Interna-
tional Diabetes Federation (IDF) pre-
sented a definition for use in children and
adolescents, thus becoming the first ma-
jor organization to do so (7). Because no
estimates of the prevalence of the meta-

bolic syndrome using the pediatric IDF
definition exist, we analyzed data from a
national sample of children and adoles-
cents from the U.S. to estimate the prev-
alence of the syndrome and to examine
demographic variation in its prevalence.

RESEARCH DESIGN AND
METHODS — We used data from the
National Health and Nutrition Examina-
tion Survey 1999–2004 that included a
representative sample of the civilian, non-
institutionalized U.S. population selected
using a multistage, stratified sampling de-
sign. Details about the survey may be
found elsewhere (8). Our analytic sample
included participants aged 12–17 years.

According to the IDF definition, an
individual aged 10–15 years has the met-
abolic syndrome if he or she has central
adiposity (�90th waist circumference
percentile or adult threshold if lower)
plus at least two of the following criteria
(1): 1) triglycerides �150 mg/dl (1.7
mmol/l), 2) HDL cholesterol �40 mg/dl
(1.03 mmol/l), 3) systolic blood pressure
�130 mmHg or diastolic blood pressure
�85 mmHg, 4) fasting plasma glucose
�100 mg/dl (5.6 mmol/l) or previously
diagnosed type 2 diabetes.

For participants aged 12–15 years, we
defined abdominal obesity using the 90th
percentiles for the waist circumference for
whites because the adult definition rec-
ommends applying white thresholds to
African Americans and applying South
Asian thresholds, which are smaller than
those for whites, to ethnic South and Cen-
tral Americans. Because the thresholds for
Mexican Americans exceeded those for
whites, we applied white thresholds to
Mexican-American youth (9). For males
aged 14 and 15 years, we used adult
thresholds of 90 cm for Mexican Ameri-
cans and other Hispanics and 94 cm for
whites, African Americans, and others be-
cause these thresholds were smaller than
the 90th percentiles. For females of all
ages, we used the adult threshold of 80
cm because it was smaller than the 90th
percentiles. For those aged �16 years, the
adult IDF definition of the metabolic syn-
drome was applied (10). In addition, we
estimated the prevalence of the metabolic
syndrome and abdominal obesity using
waist circumference thresholds (sex- and
age-specific 90th percentiles) derived
from National Health and Nutrition Ex-
amination Survey 1999–2004 data when
these thresholds were smaller than adult
thresholds.

Because concentrations of plasma
glucose and serum triglycerides were
measured using reference analytic meth-
ods only for the participants who at-
tended the morning examination, we
limited the analyses to males and non-
pregnant females aged 12–17 years who
attended the morning medical examina-

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

From the Division of Adult and Community Health, National Center for Chronic Disease Prevention and
Health Promotion, Centers for Disease Control and Prevention, Atlanta, Georgia.

Address correspondence and reprint requests to Earl Ford, MD, MPH, Centers for Disease Control and
Prevention, 4770 Buford Highway, MS K66, Atlanta, GA 30341. E-mail: eford@cdc.gov.

Received for publication 30 May 2007 and accepted in revised form 30 November 2007.
Published ahead of print at http://care.diabetesjournals.org on 10 December 2007. DOI: 10.2337/dc07-

1030.
The findings and conclusions in this article are those of the authors and do not represent the views of the

Centers for Disease Control and Prevention.
Abbreviations: IDF, International Diabetes Federation.
© 2008 by the American Diabetes Association.
The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby

marked “advertisement” in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

C a r d i o v a s c u l a r a n d M e t a b o l i c R i s k
B R I E F R E P O R T

DIABETES CARE, VOLUME 31, NUMBER 3, MARCH 2008 587



tion and who had fasted for �8 h. Because
of limited sample size for the racial or eth-
nic groups designated as “other race—
including multi-racial” and “other
Hispanic,” no results were reported sepa-
rately for these subgroups. SUDAAN was
used for the analyses to account for the
complex sampling design.

RESULTS — Attending the morning
examination were 2,126 participants aged
12–17 years. After excluding partici-
pants with missing values for the variables
included in our analyses, our analytic
sample comprised 2,014 participants.

The prevalence of the metabolic syn-
drome for the period 1999 –2004 was
�4.5% (Table 1). It increased with age,
was higher among males than females,
and varied by ethnicity. Monthly postcen-
sal data for the resident population show
that there were 25,487,535 males and fe-
males aged 12–17 years in the U.S. during
November 2006. Thus, �1.1 million
young adults aged 12–17 years had the
metabolic syndrome according to IDF cri-
teria. The prevalence of the metabolic
syndrome was relatively stable across the
6-year period: 4.5% for 1999–2000, 4.4–
4.5% for 2001–2002, and 3.7–3.9% for
2003–2004 (P for linear trend �0.050).

CONCLUSIONS — Our estimated
prevalence of the metabolic syndrome of
�4.5% is at the low end of the range of

previous estimates (4.2 to �50%) from
pediatric studies conducted in the U.S.
(11–21). The new IDF pediatric defini-
tion now provides a standard that will fa-
cilitate comparisons of study results
including prevalence estimates across
studies. Because few researchers used
identical pediatric definitions, markedly
different prevalence estimates ranging
from 0 to 59% around the world populate
the literature (13,22–24).

Like its adult counterpart, the pediat-
ric definition emphasizes the central role
of obesity. However, ethnic-specific per-
centiles for the distributions of waist cir-
cumference in children and adolescents
remain relatively rare. Percentiles for U.S.
children and adolescents were derived
from national data at a time when the
prevalence of obesity was already rising
and thus may not represent optimal per-
centiles. In contrast to many researchers
who adapted adult cut points for high
blood pressure and concentrations of trig-
lycerides, the IDF retained the adult cut
points of its adult definition. These deci-
sions help to explain why the prevalence
in our study was not higher. Furthermore,
the use of adult cut points possibly raises
the risk level for cardiometabolic disease
among those identified as having the met-
abolic syndrome.

More needs to be learned about the
possible health consequences of having
the metabolic syndrome in childhood or

adolescence. However, emerging evi-
dence suggests that children who have the
metabolic syndrome increase their risk of
developing adverse events later in life
(1,2).
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Table 1—Unadjusted prevalence of the metabolic syndrome and its components based on pediatric criteria from the IDF among U.S.
adolescents aged 12–17 years, National Health and Nutrition Examination Survey 1999–2004

Sample
size (n)

Metabolic
syndrome 1*

Metabolic
syndrome 2†

Abdominal
obesity 1‡

Abdominal
obesity 2§

Hypertrigly-
ceridemia

Low HDL
cholesterol

High blood
pressure

Hyper-
glycemia

Total participants 2,014 4.5 � 0.6 4.4 � 0.6 28.6 � 1.4 27.3 � 1.3 8.9 � 1.0 22.6 � 1.4 3.5 � 0.6 10.6 � 1.2
Age (years)

12 709 1.2 � 0.3 1.0 � 0.3 24.0 � 2.4 20.7 � 2.2 8.9 � 1.5 12.9 � 2.2 1.2� 10.1 � 1.8
14 622 5.2 � 1.0 5.1 � 1.0 26.1 � 2.3 25.6 � 2.3 10.0 � 1.6 18.6 � 2.0 4.9 � 1.2 14.2 � 2.5
16–17 683 7.1 � 1.3 7.1 � 1.3 35.5 � 2.2 35.5 � 2.2 7.9 � 1.4 36.1 � 2.3 4.6 � 1.0 7.9 � 1.3
P for linear trend �0.001 �0.001 0.001 �0.001 0.635 �0.001 0.005 0.327

Sex
Male 1,058 6.7 � 1.3 6.6 � 1.3 21.0 � 1.7 18.5 � 1.5 10.5 � 1.6 23.4 � 1.9 5.6 � 0.9 15.3 � 1.9
Female 956 2.1 � 0.6 2.1 � 0.6 36.5 � 2.2 36.5 � 2.2 7.3 � 1.3 21.8 � 2.1 1.3� 5.8 � 1.0)
P �2 0.006 0.008 �0.001 �0.001 0.131 0.566 �0.001 �0.001

Ethnicity
White 537 4.5 � 0.8 4.5 � 0.8 27.2 � 2.1 25.9 � 1.9 10.5 � 1.5 25.1 � 2.0 3.4 � 0.8 11.6 � 1.9
African American 637 3.0 � 0.7 2.7 � 0.7 29.3 � 2.0 27.4 � 1.9 3.6 � 0.8 14.4 � 1.9 5.0 � 0.9 7.2 � 1.1
Mexican American 700 7.1 � 1.0 6.6 � 1.1 34.5 � 1.9 33.2 � 1.9 10.8 � 1.1 21.5 � 1.6 2.5 � 0.6 14.3 � 1.8
P �2 0.007 0.012 0.063 0.043 �0.001 �0.001 0.040 0.003

Data are % � SEM unless otherwise indicated. *Metabolic syndrome defined using thresholds for waist circumference based on 90th percentiles from NHANES III
1988–1994 data. †Metabolic syndrome defined using thresholds for waist circumference based on 90th percentiles from NHANES 1999–2004 data. ‡Abdominal
obesity defined using thresholds for waist circumference based on 90th percentiles from NHANES III 1988–1994 data. §Metabolic syndrome defined using
thresholds for waist circumference based on 90th percentiles from NHANES 1999–2004 data. �Does not meet standard of statistical reliability and precision (relative
SEM �30%). NHANES, National Health and Nutrition Examination Survey.
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