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OBJECTIVE — To determine the prevalence of a metabolic syndrome phenotype among U.S.
adolescents using the most recent national data and to examine trends in metabolic syndrome
prevalence.

RESEARCH DESIGN AND METHODS — Analysis of data on 991 adolescents (aged
12–19 years) who had fasted for at least 6 h, from the National Health and Nutrition Examination
Survey (NHANES 1999–2000). The metabolic syndrome was determined using the National
Cholesterol Education Program (Adult Treatment Panel III) definition modified for age.

RESULTS — The overall prevalence of a metabolic syndrome phenotype among U.S. adoles-
cents increased from 4.2% in NHANES III (1988–1992) to 6.4% in NHANES 1999–2000 (P �
0.001). The syndrome was more prevalent (P � 0.01) in male than female adolescents (9.1 vs.
3.7%) and was found in 32.1% of overweight adolescents (BMI �95th percentile for age and
sex), compared with 7.1% of adolescents at risk for overweight (BMI between 85th and 95th
percentiles) (P � 0.001). Based on population-weighted estimates, �2 million U.S. adolescents
currently have a metabolic syndrome phenotype.

CONCLUSIONS — The prevalence of a metabolic syndrome phenotype has increased sig-
nificantly over the past decade among U.S. adolescents and is particularly prevalent (�30%) in
overweight adolescents. These findings have important implications for public health because of
the well-known health risks associated with the metabolic syndrome in adults.
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An association between obesity, high
fasting triglycerides, elevated fast-
ing plasma insulin, impaired glu-

cose tolerance, hypertension, and
cardiovascular disease (CVD) has been
recognized since the early 1960s. These
major risk factors tend to cluster together
in many individuals, suggesting a com-
mon etiology, which has been variously
termed Syndrome X, the insulin resis-

tance syndrome, and the metabolic syn-
drome. The Third Report of the National
Cholesterol Education Program (Adult
Treatment Panel III [ATP III]) recognized
the clustering of these major CVD risk fac-
tors, which was termed the metabolic
syndrome, as a secondary target of risk-
reduction therapy (1). Current estimates
indicate that the age-adjusted prevalence
of the metabolic syndrome is roughly

24% among U.S. adults (2). The meta-
bolic syndrome is largely confined to
overweight and obese adults, with preva-
lence estimates of �22% among adults
with a BMI �25 and �30 kg/m2 and 60%
among adults with a BMI �30 kg/m2

(3). In adults free of diabetes, having the
metabolic syndrome independently pre-
dicts incident type 2 diabetes (4). The
metabolic syndrome is also related to an
increased risk of all-cause and CVD mor-
tality in adults with (5) and without (6,7)
type 2 diabetes, independent of other risk
factors.

Although it has been studied exten-
sively in adults, much less is known about
the metabolic syndrome in youth. Cur-
rent estimates indicate that roughly 4% of
U.S. adolescents have a metabolic syn-
drome phenotype, based on an age-
modified definition of the ATP III criteria
established for adults (8). When stratified
by BMI category, roughly 29% of over-
weight adolescents (BMI �95th percen-
tile for age and sex) have a metabolic
syndrome phenotype, compared with 7%
of at-risk-for-overweight adolescents
(BMI �85th and �95th percentile for age
and sex) and �1% of normal-weight ad-
olescents (BMI �85th percentile for age
and sex) (8). Because the prevalence of
overweight has continued to increase
substantially over the past several decades
among children and adolescents in the
U.S. (9), it is also likely that the preva-
lence of the metabolic syndrome pheno-
type has increased among U.S. youth.
This work presents the most recent na-
tional estimates of the prevalence of a
metabolic syndrome phenotype in U.S.
adolescents, based on data from the
1999–2000 National Health and Nutri-
tion Examination Survey (NHANES).
These results are compared with previous
estimates (8) based on data from
NHANES III (1988–1992).

RESEARCH DESIGN AND
METHODS — The NHANES survey
design is a stratified, multistage, probabil-
ity sample of the civilian noninstitution-
alized U.S. population. The current
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NHANES includes oversampling of low-
income individuals, adolescents 12–19
years, adults aged �60 years, African
Americans, and Mexican Americans to
improve estimates for these groups. Ap-
proximately 9,965 individuals aged 2
months to 85 years were studied in
NHANES 1999–2000. Over 3,000 indi-
viduals were invited to attend a morning
examination after having fasted over-
night. The NHANES protocol was re-
viewed and approved by the National
Center for Health Statistic’s Institutional
Review Board. Fully informed consent
and assent, where applicable, were ob-
tained from all participants before any
testing.

Details of the NHANES protocol and
all laboratory procedures are available
elsewhere. Briefly, height was measured
in an upright position with a stadiometer,
and weight was measured at a standing
position on a self-zeroing scale. The waist
circumference measurement was made at
the midpoint between the bottom of the
rib cage and above the top of the iliac crest
during minimal respiration. Blood pres-
sure measurements were performed by
trained technicians using a standardized
protocol. Three and sometimes four mea-
surements were made on all subjects with
a mercury sphygmomanometer, and the
first and fifth Korotkoff sounds were re-
corded to represent the systolic and dia-
stolic pressures. We used the average of
three recorded measurements in all data
analyses. Blood analytes were stored fro-
zen and shipped to a central laboratory for
analysis. Plasma glucose and serum or
plasma triglycerides and HDL cholesterol
were all measured using fully enzymatic
techniques.

The initial sample consisted of 2,165
subjects aged 12–19 years who had a fast-
ing plasma glucose value recorded. Only
subjects who had complete data were in-
cluded in this study. Subjects who had
not fasted for at least 6 h, who were preg-
nant, or who were taking medications to
regulate blood glucose (e.g., insulin or an
oral hypoglycemic agent) were excluded
from the analysis. The final sample con-
sisted of 991 adolescent subjects.

Metabolic syndrome and overweight
definitions
To allow for statistical comparisons
between NHANES III and NHANES
1999–2000, we used the age-modified
standards of the ATP III metabolic syn-

drome criteria published previously (8).
We established the abdominal obesity cri-
terion by analyzing all adolescents in the
current dataset who had a waist circum-
ference recorded. Subjects with a value
�90th percentile for age and sex from this
sample population were classified as hav-
ing abdominal obesity. The blood pres-
sure criterion was defined as a value
�90th percentile for age, sex, and height,
based on published reference data (10).
The blood glucose (�110 mg/dl), triglyc-
eride (�110 mg/dl), and HDL cholesterol
(�40 mg/dl) standards in the present
study were identical to the cut points used
previously (8). Subjects who met at least
three of the five criteria were classified as
having a metabolic syndrome phenotype.

Overweight among adolescents was a
statistical definition based on the 2000
Centers for Disease Control and Preven-
tion growth charts for the U.S. (9), de-
fined as �95th percentile of BMI for age
and sex. At risk for overweight was de-
fined as �85th but �95th percentile of
BMI for age and sex and normal weight as
�85th percentile of BMI for age and sex.

Statistical analysis
Data were analyzed using STATA with
survey replication package SVR (version
7; STATA, College Station, TX). All anal-
yses were completed using the morning
subsample weights to estimate means and
95% CIs, and the jackknife replication
weights were used to estimate the SEs of
those means using the delete-one-
jackknife method (11). Prevalence values
for those subjects with and without the
metabolic syndrome were compared us-
ing the �2 test for proportions. Differ-
ences between surveys for the metabolic
syndrome phenotype overall, by sex, and
by race/ethnic group were tested univa-
riately using the t test for independent
samples. Statistical significance was es-
tablished at � � 0.05 a priori, and all
multiple comparisons were adjusted us-
ing the Bonferroni method.

RESULTS — The prevalence of a met-
abolic syndrome phenotype was 6.4%
(95% CI 3.8–8.9) among U.S. adoles-
cents. Based on population-weighted es-
timates, �2,070,950 U.S. adolescents
have a metabolic syndrome phenotype.
The syndrome was more common in male
(9.1%, 4.8–13.4) than in female (3.7%,
0.2–7.1) adolescents (P � 0.01); how-
ever, there was no difference (P � 0.3) in

the prevalence when examined by race/
ethnic group (8.5% in Mexican Ameri-
cans, 7.2% in non-Hispanic whites, and
5.1% in non-Hispanic blacks). When ex-
amined by BMI category, 32.1% of over-
weight adolescents had the syndrome
compared with 7.1% of adolescents at risk
for overweight and with �1% of adoles-
cents with normal weight (P � 0.001).

The proportion of subjects with one
or more abnormalities of the adolescent
metabolic syndrome phenotype is pre-
sented in Table 1. In this sample, roughly
43% of subjects had one or more risk fac-
tors, nearly 17% had two or more risk
factors, and �1% had four or more risk
factors. We also examined the proportion
of subjects with one or more abnormali-
ties using a fasting plasma glucose cut
point �100 mg/dl (5.6 mmol/l) (12). By
doing so, the proportion of subjects with
the metabolic syndrome phenotype in-
creased slightly to 6.7%. The proportion
of subjects who had one or more individ-
ual risk factors increased to 45.9%, where-
as 18.9% had two or more risk factors and
1.8% had four or more risk factors.

The distribution of the individual
components of the metabolic syndrome
phenotype is shown in Table 2. Overall,
high fasting triglycerides and low HDL
cholesterol were the most commonly sat-
isfied criteria (23.2 and 23.4%, respec-
tively), whereas high fasting glucose was
the least common (1.1%). However, low-
ering the fasting plasma glucose cut point
from 110 to 100 mg/dl (6.1 to 5.6
mmol/l) increased the proportion of sub-
jects who met this standard to 7.6%.

The overall prevalence of a meta-
bolic syndrome phenotype increased
significantly (P � 0.001) from 4.2% in
NHANES III (1988 –1992) to 6.4% in
NHANES 1999 –2000 (Fig. 1). When
examined by sex, the prevalence in-
creased from 6.1 to 9.1% in male adoles-
cents and from 2.1 to 3.7% in female
adolescents (P � 0.001) (Fig. 1). When
examined by race/ethnic group, the prev-
alence increased from 5.6 to 8.5% in Mex-
ican Americans, from 4.8 to 7.2% in non-
Hispanic whites, and from 2.0 to 5.1% in
non-Hispanic blacks (P � 0.001) (Fig. 2).

CONCLUSIONS — The major new
finding from this study is that the preva-
lence of a metabolic syndrome phenotype
has increased significantly over the past
decade among U.S. adolescents. Based on
population-weighted estimates, �2 mil-
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lion U.S. adolescents currently have a
metabolic syndrome phenotype. The
trend for increasing metabolic syndrome
prevalence was evident in both sexes and
in all three major race/ethnic groups ana-
lyzed in this study.

A metabolic syndrome phenotype

was most common in overweight adoles-
cents, with a prevalence of 32.1%, com-
pared with only 7.1% of at-risk-for-
overweight adolescents. The difference in
metabolic syndrome prevalence among
overweight compared with at-risk-for-
overweight adolescents was striking and

further underscores the importance of
small amounts of weight loss in poten-
tially avoiding the development of the
metabolic syndrome and related se-
quelae. These findings are consistent with
published results (8), in which 28.1 and
6.8% of overweight and at-risk-for-

Table 1—Prevalence of one or more risk factors of the metabolic syndrome among 991 U.S. adolescents aged 12–19 years: NHANES
1999–2000

Number of risk factors

�1 �2 �3 �4

�110-mg/dl FPG cut point
Total 43.2 (38.5–47.9) 16.6 (12.9–20.2) 6.4 (3.8–8.9) 0.7 (0.0–1.5)
Sex

Male 46.1 (38.7–53.7) 20.0 (14.3–25.7) 9.1 (4.8–13.4) 1.3 (0.0–2.9)
Female 40.4 (32.9–48.0) 13.2 (7.6–18.7) 3.7 (0.2–7.1) 0.2 (0.0–0.3)

Race/ethnicity
Non-Hispanic white 44.0 (37.8–50.1) 16.8 (11.9–21.7) 7.2 (3.5–10.9) 0.9 (0.0–2.0)
Non-Hispanic black 39.1 (31.2–47.1) 15.5 (9.5–21.4) 5.1 (0.9–9.4) 0.6 (0.0–1.9)
Mexican American 49.1 (42.3–55.9) 20.0 (14.6–25.4) 8.5 (5.6–11.4) 0.8 (0.0–1.7)

BMI status (percentile)
Normal (�85th) 32.5 (27.4–37.6) 6.5 (3.2–9.7) 0.0 (0.0–0.0) 0.0 (0.0–0.0)
At risk (85th to �95th) 49.6 (35.5–63.7) 22.5 (8.8–36.2) 7.1 (0.0–18.1) 0.0 (0.0–0.0)
Overweight (�95th) 82.2 (73.2–91.2) 52.8 (41.0–64.6) 32.1 (22.1–42.1) 4.4 (0.0–9.5)

�100-mg/dl FPG cut point
Total 45.9 (41.4–50.4) 18.9 (14.7–23.2) 6.7 (4.1–9.2) 1.8 (0.5–3.1)
Sex

Male 49.4 (41.7–57.1) 23.1 (16.9–29.3) 9.6 (5.3–13.9) 3.2 (0.6–5.9)
Female 42.5 (35.1–50.0) 14.9 (9.2–20.5) 3.8 (0.3–7.2) 0.3 (0.0–0.7)

Race/ethnicity
Non-Hispanic white 46.9 (40.9–52.8) 19.6 (13.4–25.7) 7.2 (3.5–10.9) 1.6 (0.0–3.5)
Non-Hispanic black 40.2 (32.4–48.0) 15.5 (9.5–21.4) 5.9 (1.2–9.7) 2.1 (0.0–4.3)
Mexican American 55.3 (49.1–61.5) 23.6 (19.2–28.0) 10.4 (6.8–14.0) 2.5 (0.0–4.3)

BMI status (percentile)
Normal (�85th) 35.2 (30.3–40.2) 8.7 (3.7–13.7) 0.1 (0.0–0.2) 0.0 (0.0–0.0)
At risk (85th to �95th) 51.0 (37.1–64.8) 23.5 (9.6–37.5) 7.9 (0.0–18.9) 0.2 (0.0–0.5)
Overweight (�95th) 86.1 (77.5–94.7) 57.3 (45.5–68.9) 32.8 (22.7–42.9) 10.7 (2.9–18.5)

Data are percent (95% CI). FPG, fasting plasma glucose.

Table 2—Prevalence of individual risk factors of the metabolic syndrome among 991 U.S. adolescents aged 12–19 years: NHANES 1999–2000

Risk factor

Abdominal
obesity

High glucose (mg/dl) High
triglycerides

Low HDL
cholesterol

Elevated
blood pressure�100 �110

Total 11.8 (8.6–15.1) 7.6 (4.8–10.4) 1.1 (0.0–0.2) 23.2 (18.6–27.9) 23.4 (19.3–27.6) 8.0 (5.3–10.6)
Sex

Male 12.1 (7.7–16.5) 10.0 (6.2–13.7) 0.8 (0.0–2.0) 25.5 (19.7–31.4) 27.3 (20.3–34.5) 10.8 (6.8–14.7)
Female 11.6 (6.5–16.7) 5.3 (1.4–9.2) 1.3 (0.0–3.0) 20.9 (14.6–27.2) 19.3 (12.2–26.4) 5.1 (1.7–8.5)

Race/ethnicity
Non-Hispanic white 9.3 (4.9–13.6) 8.1 (3.7–12.5) 1.4 (0.0–3.0) 26.0 (19.4–32.6) 25.0 (19.5–30.5) 7.5 (3.2–11.8)
Non-Hispanic black 15.6 (10.0–21.2) 4.0 (1.8–6.2) 1.1 (0.0–2.5) 13.9 (8.4–19.0) 17.6 (10.3–24.8) 12.7 (8.5–16.9)
Mexican American 14.6 (11.1–18.1) 13.5 (8.9–18.1) 0.4 (0.0–1.1) 25.2 (21.3–29.1) 26.0 (20.2–31.8) 11.3 (7.7–14.9)

BMI status (percentile)
Normal (�85th) 0.4 (0.0–1.4) 5.5 (2.0–9.0) 0.6 (0.0–1.5) 17.1 (11.4–22.8) 18.6 (13.6–23.6) 4.4 (1.0–7.8)
At risk (85th to �95th) 12.1 (1.3–22.8) 7.3 (1.5–13.0) 4.0 (0.0–9.5) 27.8 (15.5–40.1) 29.1 (17.1–41.2) 6.0 (0.5–11.4)
Overweight (�95th) 61.5 (49.5–73.4) 17.2 (6.9–27.6) 0.1 (0.0–0.3) 45.5 (35.1–55.8) 39.1 (29.1–49.1) 25.6 (14.5–36.7)

Data are percent (95% CI).

Metabolic syndrome phenotype in adolescents

2440 DIABETES CARE, VOLUME 27, NUMBER 10, OCTOBER 2004

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/27/10/2438/561923/zdc01004002438.pdf by guest on 09 April 2024



overweight adolescents, respectively, had
a metabolic syndrome phenotype based
on data from NHANES III (1988–1992).
Together, these studies indicate that a
metabolic syndrome phenotype is likely
present in at least 30% of all U.S. adoles-
cents who are overweight. It is not en-
tirely surprising that this syndrome has
increased over the past decade among
U.S. adolescents because overweight per
se has also increased in the same time pe-
riod in this group (9) and the metabolic
syndrome phenotype is largely confined
to overweight adolescents. This is consis-
tent with findings in adults, in whom the
metabolic syndrome was found in
roughly 5, 22, and 60% of normal-
weight, overweight, and obese men and
women, respectively (3).

In adults, older age, postmenopausal
status, Mexican-American ethnicity,
higher BMI, current smoking, low house-
hold income, high carbohydrate intake,
no alcohol consumption, and physical in-
activity are associated with an increased
risk of developing the metabolic syn-
drome (3). Central adiposity, and specif-
ically a high level of visceral fat, is a
hallmark feature of the metabolic syn-
drome in adults (13–16). Furthermore,
central obesity appears to be the major
discriminating factor when comparing
metabolic syndrome prevalence differ-
ences in various populations (17). Adults
with the metabolic syndrome are also

characterized by low levels of cardiorespi-
ratory fitness (VO2max) (18–21) and ab-
normalities in several inflammatory
biomarkers (14–16,22,23).

Although it has been studied exten-
sively in adults, much less is known about
the metabolic syndrome in youth. A clus-
tering of risk factors related to the meta-
bolic syndrome, including total and HDL
cholesterol, triglycerides, insulin, and

blood pressure, were investigated in a
large group of Danish boys and girls (aged
9–15 years). In this study (24), 5.4% of
the sample had four or five risk factors,
and in these individuals, VO2max was 1.2
SDs lower and BMI 1.6 SDs higher than
the mean levels for these variables in the
sample population. A population-based
study (25) of factors leading to the meta-
bolic syndrome demonstrated that one-
half of the obese children sampled at age 7
years had become obese adults at fol-
low-up and had a high risk of developing
the metabolic syndrome; this risk was sig-
nificantly lower among the obese adults
who had not been obese as children com-
pared with the obese adults who had also
been obese as children. In adults, it is well
established that the progression from nor-
mal to impaired glucose tolerance, and
subsequently to type 2 diabetes, is char-
acterized by peripheral insulin resistance
and defects in �-cell function (26,27). In-
sulin resistance is thought to be the major
underlying feature of the metabolic syn-
drome (28). Along these same lines, a re-
cent study (29) demonstrated that obese
children and adolescents with impaired
glucose tolerance had high levels of vis-
ceral and intramyocellular fat, and this al-
tered fat partitioning was closely linked to
severe peripheral insulin resistance.
Thus, the factors leading to the develop-
ment of the metabolic syndrome in adults
are also likely operating in youth, includ-

Figure 1—Prevalence of a metabolic syndrome phenotype among U.S. adolescents aged 12–19
years. Differences shown are between NHANES III (1988–1994) and NHANES 1999–2000,
overall and by sex. All comparisons between surveys are significant at P � 0.001.

Figure 2—Prevalence of a metabolic syndrome phenotype among U.S. adolescents aged 12–19
years. Differences shown are between NHANES III (1988–1994) and NHANES 1999–2000, by
race/ethnic group. All comparisons between surveys are significant at P � 0.001.
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ing increased BMI, visceral fat accumula-
tion, and low cardiorespiratory fitness.

Because overweight adolescents are
particularly at risk for developing the
metabolic syndrome, they are also more
likely to develop the metabolic complica-
tions of overweight in adulthood. This
notion is supported by findings from clus-
ter-tracking studies (30,31) demonstrat-
ing that overweight in youth persists into
adulthood and may be associated with
subsequent adverse health outcomes in
later life. Similarly, several population-
based studies have demonstrated that el-
evated blood lipid (32–37) and blood
pressure (35–37) levels in childhood are
associated with elevated levels in adult-
hood. Together, these studies demon-
strate that risk factors related to the
metabolic syndrome tend to track from
childhood to adulthood, increasing the
risk for adverse health outcomes in later
life. For example, in adults who do not
have diabetes, having the metabolic syn-
drome predicts incident type 2 diabetes
independent of age, sex, ethnicity, family
history of type 2 diabetes, impaired glu-
cose tolerance, and fasting insulin levels
(4). In adults who have type 2 diabetes,
the presence of the metabolic syndrome is
associated with a fivefold increase in CVD
risk independent of age, sex, smoking sta-
tus, and HbA1c (5). However, the risk of
developing type 2 diabetes and CVD in
youth who have the metabolic syndrome
is unknown.

The number of U.S. adolescents who
had one or more abnormalities of the syn-
drome also increased from previous find-
ings. In the present study, roughly 43% of
subjects had at least one risk factor, nearly
17% had two or more risk factors, and
6.4% had three or more risk factors (i.e.,
metabolic syndrome) (Table 1). In
NHANES III, � 41% had at least one risk
factor, 14% had two or more risk factors,
and 4.2% had three or more risk factors
(8). When we used a fasting plasma glu-
cose cut point of �100 mg/dl (5.6
mmol/l) to establish the high glucose level
threshold, the proportion of subjects who
had one or more individual risk factors
increased to �46%, two or more risk fac-
tors to 19%, and three or more risk factors
to 6.7% (Table 1). Although the high glu-
cose level standard was least common,
whereas high fasting triglycerides and low
HDL cholesterol were most common (Ta-
ble 2), lowering the fasting plasma glu-
cose cut point from 110 to 100 mg/dl (6.1

to 5.6 mmol/l) increased the proportion
of subjects who met this standard to
7.6%. Closer inspection of our data re-
veals that the major cause of the shifts
noted above was a large proportion of
Mexican-American and non-Hispanic
white subjects who met the new glucose
standard. For example, the proportion of
Mexican-American adolescents who met
the different glucose standards increased
from 0.4 to 13.5% for the 110- and 100-
mg/dl thresholds, whereas the proportion
of non-Hispanic white youth meeting
these standards increased from 1.4 to
8.1%. Thus, these groups of adolescents
appear to be particularly prone to abnor-
malities in glucose metabolism.

Although no national definition of the
metabolic syndrome in youth currently
exists, we chose to use methods identical
to those used previously in order to make
statistical comparisons between NHANES
III (1988–1992) and NHANES 1999 –
2000. This allowed us to estimate the cur-
rent prevalence of a metabolic syndrome
phenotype in adolescents and to deter-
mine trends for this condition over the
past decade. The cross-sectional nature of
the NHANES surveys does not allow us to
make causal inferences as to the underly-
ing relationship between developing
overweight and the metabolic syndrome
in youth. However, because both condi-
tions have continued to increase in parallel
over relatively short periods in genetically
stable populations, our findings point to
major changes in lifestyle, such as poor
diet and physical inactivity, as major con-
tributors to the increasing prevalence of a
metabolic syndrome phenotype in youth.
Our findings provide evidence of an
emerging public health problem that cuts
across both sexes and all major ethnic/
racial groups and further underscores the
importance of early intervention to pre-
vent overweight in youth. Elucidating the
precursors of the metabolic syndrome in
youth may lead to effective therapies to
prevent its development or to mitigate its
consequences later in life.

Acknowledgments— This study was sup-
ported by National Institutes of Health Grant
K01 DK61999 (to G.E.D.).

References
1. National Cholesterol Education Program

(NCEP) Expert Panel on Detection, Eval-
uation, And Treatment of High Blood

Cholesterol In Adults (Adult Treatment
Panel III): Executive Summary of The
Third Report of The National Cholesterol
Education Program (NCEP) Expert Panel
on Detection, Evaluation, And Treatment
of High Blood Cholesterol In Adults
(Adult Treatment Panel III). JAMA 285:
2486–2497, 2001

2. Ford ES, Giles WH, Dietz WH: Prevalence
of the metabolic syndrome among US
adults: findings from the Third National
Health and Nutrition Examination Sur-
vey. JAMA 287:356–359, 2002

3. Park YW, Zhu S, Palaniappan L, Heshka
S, Carnethon MR, Heymsfield SB: The
metabolic syndrome: prevalence and as-
sociated risk factor findings in the US
population from the Third National
Health and Nutrition Examination Sur-
vey, 1988–1994. Arch Intern Med 163:
427–436, 2003

4. Lorenzo C, Okoloise M, Williams K, Stern
MP, Haffner SM: The metabolic syndrome
as predictor of type 2 diabetes: the San
Antonio heart study. Diabetes Care 26:
3153–3159, 2003

5. Bonora E, Targher G, Formentini G, Cal-
caterra F, Lombardi S, Marini F, Zenari L,
Saggiani F, Poli M, Perbellini S, Raffaelli
A, Gemma L, Santi L, Bonadonna RC,
Muggeo M: The metabolic syndrome is an
independent predictor of cardiovascular
disease in type 2 diabetic subjects: pro-
spective data from the Verona Diabetes
Complications Study. Diabet Med 21:52–
58, 2004

6. Lakka HM, Laaksonen DE, Lakka TA, Ni-
skanen LK, Kumpusalo E, Tuomilehto J,
Salonen JT: The metabolic syndrome and
total and cardiovascular disease mortality
in middle-aged men. JAMA 288:2709–
2716, 2002

7. Hu G, Qiao Q, Tuomilehto J, Balkau B,
Borch-Johnsen K, Pyorala K: Prevalence
of the metabolic syndrome and its relation
to all-cause and cardiovascular mortality
in nondiabetic European men and wom-
en. Arch Intern Med 164:1066–1076, 2004

8. Cook S, Weitzman M, Auinger P, Nguyen
M, Dietz WH: Prevalence of a metabolic
syndrome phenotype in adolescents:
findings from the Third National Health
and Nutrition Examination Survey,
1988 –1994. Arch Pediatr Adolesc Med
157:821–827, 2003

9. Ogden CL, Flegal KM, Carroll MD,
Johnson CL: Prevalence and trends in
overweight among US children and ado-
lescents, 1999–2000. JAMA 288:1728–
1732, 2002

10. National High Blood Pressure Education
Program Working Group on Hyperten-
sion Control in Children and Adoles-
cents: Update on the 1987 Task Force
Report on High Blood Pressure in Chil-
dren and Adolescents: a working group

Metabolic syndrome phenotype in adolescents

2442 DIABETES CARE, VOLUME 27, NUMBER 10, OCTOBER 2004

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/27/10/2438/561923/zdc01004002438.pdf by guest on 09 April 2024



report from the National High Blood Pres-
sure Education Program. Pediatrics 98:
649–658, 1996

11. Wolter K: Introduction to Variance Estima-
tion. New York, Springer-Verlag, 1985

12. American Diabetes Association: Diagno-
sis and classification of diabetes mellitus
(Position Statement). Diabetes Care 27
(Suppl. 1):S5–S10, 2004

13. Matsuzawa Y, Shimomura I, Nakamura T,
Keno Y, Kotani K, Tokunaga K: Patho-
physiology and pathogenesis of visceral
fat obesity. Obes Res 3 (Suppl. 2):187S–
194S, 1995

14. Matsuzawa Y, Funahashi T, Nakamura T:
Molecular mechanism of metabolic syn-
drome X: contribution of adipocytokines
adipocyte-derived bioactive substances.
Ann N Y Acad Sci 892:146–154, 1999

15. Montague CT, O’Rahilly S: The perils of
portliness: causes and consequences of
visceral adiposity. Diabetes 49:883–888,
2000

16. Yudkin JS: Adipose tissue, insulin action
and vascular disease: inflammatory sig-
nals. Int J Obes Relat Metab Disord 27
(Suppl. 3):S25–S28, 2003

17. Lorenzo C, Serrano-Rios M, Martinez-
Larrad MT, Gabriel R, Williams K, Go-
mez-Gerique JA, Stern MP, Haffner SM:
Central adiposity determines prevalence
differences of the metabolic syndrome.
Obes Res 11:1480–1487, 2003

18. Laaksonen DE, Lakka HM, Salonen JT,
Niskanen LK, Rauramaa R, Lakka TA:
Low levels of leisure-time physical activity
and cardiorespiratory fitness predict de-
velopment of the metabolic syndrome.
Diabetes Care 25:1612–1618, 2002

19. Kullo IJ, Hensrud DD, Allison TG: Rela-
tion of low cardiorespiratory fitness to the
metabolic syndrome in middle-aged men.
Am J Cardiol 90:795–797, 2002

20. Lakka TA, Laaksonen DE, Lakka HM,
Mannikko N, Niskanen LK, Rauramaa R,
Salonen JT: Sedentary lifestyle, poor car-
diorespiratory fitness, and the metabolic
syndrome. Med Sci Sports Exerc 35:1279–
1286, 2003

21. Carnethon MR, Gidding SS, Nehgme R,
Sidney S, Jacobs DR Jr, Liu K: Cardiore-

spiratory fitness in young adulthood and
the development of cardiovascular dis-
ease risk factors. JAMA 290:3092–3100,
2003

22. Matsuzawa Y, Shimomura I, Kihara S, Fu-
nahashi T: Importance of adipocytokines
in obesity-related diseases. Horm Res 60
(Suppl. 3):56–59, 2003

23. Pearson TA, Mensah GA, Alexander RW,
Anderson JL, Cannon RO 3rd, Criqui M,
Fadl YY, Fortmann SP, Hong Y, Myers GL,
Rifai N, Smith SC, Jr, Taubert K, Tracy
RP, Vinicor F: Markers of inflammation
and cardiovascular disease: application
to clinical and public health practice: a
statement for healthcare professionals
from the Centers for Disease Control and
Prevention and the American Heart Asso-
ciation. Circulation 107:499–511, 2003

24. Andersen LB, Wedderkopp N, Hansen
HS, Cooper AR, Froberg K: Biological car-
diovascular risk factors cluster in Danish
children and adolescents: the European
Youth Heart Study. Prev Med 37:363–
367, 2003

25. Vanhala M, Vanhala P, Kumpusalo E,
Halonen P, Takala J: Relation between
obesity from childhood to adulthood
and the metabolic syndrome: population
based study. BMJ 317:319, 1998

26. DeFronzo RA: Lilly Lecture 1987: The tri-
umvirate: �-cell, muscle, liver: a collusion
responsible for NIDDM. Diabetes 37:667–
687, 1988

27. Kahn SE: The relative contributions of in-
sulin resistance and beta-cell dysfunction
to the pathophysiology of type 2 diabetes.
Diabetologia 46:3–19, 2003

28. Grundy SM: Hypertriglyceridemia, insu-
lin resistance, and the metabolic syn-
drome. Am J Cardiol 83:25F–29F, 1999

29. Weiss R, Dufour S, Taksali SE, Tambor-
lane WV, Petersen KF, Bonadonna RC,
Boselli L, Barbetta G, Allen K, Rife F, Sa-
voye M, Dziura J, Sherwin R, Shulman GI,
Caprio S: Prediabetes in obese youth: a
syndrome of impaired glucose tolerance,
severe insulin resistance, and altered
myocellular and abdominal fat partition-
ing. Lancet 362:951–957, 2003

30. DiPietro L, Mossberg HO, Stunkard AJ: A

40-year history of overweight children in
Stockholm: life-time overweight, morbid-
ity, and mortality. Int J Obes Relat Metab
Disord 18:585–590, 1994

31. Must A, Jacques PF, Dallal GE, Bajema CJ,
Dietz WH: Long-term morbidity and
mortality of overweight adolescents: a fol-
low-up of the Harvard Growth Study of
1922 to 1935. N Engl J Med 327:1350–
1355, 1992

32. Lauer RM, Lee J, Clarke WR: Factors af-
fecting the relationship between child-
hood and adult cholesterol levels: the
Muscatine Study. Pediatrics 82:309–318,
1988

33. Kemper HC, Snel J, Verschuur R, Storm-
van Essen L: Tracking of health and risk
indicators of cardiovascular diseases from
teenager to adult: Amsterdam Growth
and Health Study. Prev Med 19:642–655,
1990

34. Porkka KV, Viikari JS, Taimela S, Dahl M,
Akerblom HK: Tracking and predictive-
ness of serum lipid and lipoprotein mea-
surements in childhood: a 12-year follow-
up: the Cardiovascular Risk in Young
Finns study. Am J Epidemiol 140:1096–
1110, 1994

35. Raitakari OT, Porkka KV, Rasanen L,
Ronnemaa T, Viikari JS: Clustering and
six year cluster-tracking of serum total
cholesterol, HDL-cholesterol and diastolic
blood pressure in children and young
adults: the Cardiovascular Risk in Young
Finns Study. J Clin Epidemiol 47:1085–
1093, 1994

36. Mahoney LT, Burns TL, Stanford W,
Thompson BH, Witt JD, Rost CA, Lauer
RM: Coronary risk factors measured in
childhood and young adult life are asso-
ciated with coronary artery calcification in
young adults: the Muscatine Study. J Am
Coll Cardiol 27:277–284, 1996

37. Ulmer H, Kelleher C, Diem G, Concin H:
Long-term tracking of cardiovascular risk
factors among men and women in a
large population-based health system: the
Vorarlberg Health Monitoring & Promo-
tion Programme. Eur Heart J 24:1004–
1013, 2003

Duncan, Li, and Zhou

DIABETES CARE, VOLUME 27, NUMBER 10, OCTOBER 2004 2443

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/27/10/2438/561923/zdc01004002438.pdf by guest on 09 April 2024


