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Examining Metabolic Syndrome Definitions in Overweight Hispanic Youth:
A Focus on Insulin Resistance

GABRIEL Q. SHAIBI, PHD, PT, AND MICHAEL I. GORAN, PHD

bjective To examine the prevalence of the metabolic syndrome in overweight Hispanic youth according to 3 published
ediatric definitions. Furthermore, the relationship of each definition to directly measured insulin resistance was examined.

tudy design We conducted a secondary data analysis of 218 overweight Hispanic youth with a family history of type 2
iabetes mellitus. The metabolic syndrome was defined as >3 of these criteria: elevated triglyceride level, low high-density

ipoprotein cholesterol level, elevated blood pressure, abdominal obesity, and hyperglycemia. The cutoff points were derived
rom updated definitions of Cook et al,1 Cruz et al,2 and Weiss et al.3 Insulin sensitivity was determined with the insulin-
odified frequently sampled intravenous glucose tolerance test.

esults Prevalence of the metabolic syndrome ranged from 25.7% to 39%, with moderate to substantial agreement between
efinitions (kappa � 0.52-0.70). Regardless of definition, an inverse relationship between metabolic risk and insulin sensitivity
as noted such that children with the metabolic syndrome had 51% to 60% lower insulin sensitivity compared with children
ithout any risk factors (P <.001 for all definitions).

onclusion The metabolic syndrome is prevalent in overweight Hispanic youth and may provide pediatricians with
dditional clinical insight for identifying the most metabolically at-risk children. Working toward a uniform and practical
efinition of the metabolic syndrome may improve its clinical implementation. (J Pediatr 2008;152:171-6)

he metabolic syndrome is a clustering of cardiovascular disease and type 2 diabetes
mellitus risk factors, which includes central obesity, hypertension, dyslipidemia,
and glucose intolerance.4 Collectively, these risk factors cluster around a common

athophysiolgy related to insulin resistance and thus may be an early indicator of chronic
isease risk.5 In adults, the metabolic syndrome is predictive of future diabetes mellitus,
ardiovascular disease, and all-cause mortality.6 Although the predictive value of the
etabolic syndrome has not been established in younger populations, evidence indicates

hat the individual risk factors in children track into adulthood.7,8 Several recent reports
ave demonstrated that 30% to 50% of overweight youth exhibit the metabolic syndrome
henotype.1-3 These estimates are suggestive of dramatically increased risk for long-term
besity-related health consequences in this population.

To this end, the American Academy of Pediatrics has identified the prevention of
ediatric obesity and its metabolic co-morbidities as a critical priority for clinicians, with
he hopes of improving the current and future health status of overweight youth.9 The
ediatric growth charts have provided pediatricians and researchers with a standardized,
opulation-based tool to assess for overweight and track adiposity changes with time.10

nlike the pediatric growth charts, there is no accepted reference for the metabolic
yndrome in children. As such, clinicians and researchers are left with the challenge of
ow to appropriately ascertain the level of metabolic risk in overweight children with
ultiple cardiovascular disease and diabetes mellitus risk factors.

Our research group has examined the relationship between the metabolic syndrome
nd insulin sensitivity in overweight Hispanic youth.2 We used age-appropriate cutoff
oints to establish a pediatric definition of the metabolic syndrome on the basis of criteria
rom the National Cholesterol Education Panel Adult Treatment Panel III (ATP III).4

TP III National Cholesterol Education Panel Adult
Treatment Panel III

IFG Impaired fasting glucose
IGT Impaired glucose tolerance

See related articles,
p 158, p 160, p 165,
p 177, p 185, p 191,

p 201, and p 207
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ther studies have used varying pediatric cutoff points of the
TP III definition to establish prevalence rates of the meta-
olic syndrome in adolescents1 and its relationship to obesi-
y.3 However, comparing data across studies is problematic
ecause of the lack of congruency between definitions. Re-
ently, the National Institute of Child Health and Human
evelopment sponsored a workshop to initiate dialogue

mong researchers and clinicians about a pediatric definition
f the metabolic syndrome. Collectively, the group was asked
o analyze existing data cohorts against various published
efinitions of the metabolic syndrome in youth. We summa-
ize the data presented to the Pediatric Metabolic Syndrome

orking Group, for which the purpose was: 1) to compare
he prevalence of the metabolic syndrome phenotype with
arious published definitions and 2) to examine the associa-
ion between the metabolic syndrome definitions and insulin
ensitivity in a cohort of overweight Hispanic youth who are
t extremely high risk for cardiovascular disease and type 2
iabetes mellitus.

METHODS

articipants
Data from 218 children from the University of South-

rn California (USC) SOLAR (Study of Latino Adolescents
t Risk) Diabetes Project were analyzed. The study was de-
igned to explore risk factors for the development of type 2
iabetes mellitus in at-risk youth.11 Participants were re-
ruited from greater Los Angeles County through community
ealth clinics, health fairs, and word of mouth. They were
equired to meet these inclusion criteria at baseline: 1) Latino
thnicity (all 4 grandparents of Latino descent), 2) age 8 to 13
ears; 3) a family history of type 2 diabetes mellitus (sibling,
arent, or grandparent), and 4) age and sex BMI �85th
ercentile on the basis of the standards of the Centers for
isease Control and Prevention. Children were excluded
hen they had an earlier major illness, including type 1 or

ype 2 diabetes mellitus, took medications, or had a condition
nown to influence body composition, insulin action, or in-
ulin secretion. This study was approved by the USC Insti-
utional Review Board. Written informed consent and assent
ere obtained from all parents and children before any testing
rocedures. Data from this cohort have been reported.2,12

rotocol
Children arrived at the USC General Clinical Research

enter in Los Angeles County Hospital at approximately
:00 a.m. after an overnight fast. Physical maturation was
ssessed by a pediatrician according to the criteria of Marshall
nd Tanner.13 Height was measured to the nearest 0.1 cm
ith a wall-mounted stadiometer, and weight was measured

o the nearest 0.1 kg with a medical balance beam scale.
ubjects ingested 1.75 g of oral glucose solution/kg body
eight (to a maximum of 75 g). Blood samples were taken via

ntecubital vein catheter for measurement of glucose before

nd 2 hours after glucose load. D

72 Shaibi and Goran
At least 7 days after the initial visit, children were
dmitted for an overnight stay to the General Clinical Re-
earch Center, where they underwent a brief physical examina-
ion, completed body composition (see below), and anthropo-
etric measures. At aproximately 7:30 the next morning, flexible

ntravenous catheters were placed in both arms. Fasting blood
as drawn for analysis of plasma lipid, insulin, and glucose

oncentrations. At time zero, glucose (25% dextrose, 0.3 g/kg
ody weight) was administered intravenously. Blood samples
ere then collected at these points: 2, 4, 8, 19, 22, 30, 40, 50,
0, 100, and 180 minutes. Insulin (0.02 U/kg body weight;
umulin R regular insulin for human injection; Eli Lilly,

ndianapolis, IN) was injected at 20 minutes. Plasma was
nalyzed for glucose and insulin levels, and values were en-
ered into the Minmod Millenium 2003 computer program
version 5.16) for determination of insulin sensitivity.

nthropometry and Blood Pressure
Waist circumference (at the umbilicus) was recorded to

he nearest 0.1 cm by a trained technician. Sitting blood
ressure was measured on 2 separate days by using the right
rm after the subject had rested quietly for 5 minutes. On
ach occasion, 3 readings of blood pressure were obtained,
nd the average of the 6 measures was recorded and used for
nalysis.14

ody Composition
Total body composition (fat mass and fat-free mass [ie,

oft lean tissue mass]) was determined with a whole-body
ual-energy x-ray absorptiometry scan by using a Hologic
DR 4500W (Bedford, MA).

efinition of the Metabolic Syndrome
In adults, the presence of the metabolic syndrome is

efined as having at least 3 of these risk factors: abdominal
besity measured via waist circumference, triglyceride level
150 mg/dL, high-density lipoprotein (HDL) cholesterol

evel �40 mg/dL in men and �50 mg/dL in women, blood
ressure �130/85 mm Hg, and a serum fasting glucose level
100 mg/dL.15 Three pediatric variations (Cook et al,1 Cruz

t al,2 and Weiss et al3) based on the ATP III definition were
sed. All defined metabolic syndrome as �3 risk factors, but
ncorporated different cutoff points depending on age, sex,
nd ethnicity (Table I). The original manuscripts used either
vailable pediatric criteria for each risk factor or, in the case of
ook et al,1 cutoff points derived from the dataset. The
riginal manuscripts were published in 2003 to 2004, and
ince that time, revised cutoff points for several of the indi-
idual metabolic syndrome risk factors have been released. To
ncorporate the most up-to-date evidence, our analyses used
urrent cutoff points rather than what was available at the
ime of original publication. For example, Cook et al used a
asting glucose level �110 mg/dL to define impaired fasting
lucose (IFG). Since the original publication, the American

iabetes Association has redefined IFG as a fasting glucose

The Journal of Pediatrics • February 2008



l
n
E
d
f
c

A

t
o
L
c
m
s
a
a
m
J

S

w
t
s
i
s
f
u
a
r
u
s
0
0
t
A
s
e
d
m

w
t

s
c
h
w

b
I
f
e
d
t
t
f
C
C
e
(

a
n
i
c
t
s
v
W

a
a
t
t
p
w

T

E
L
A
H
E

I
*
†
‡
§
�

¶

E

evel �100 mg/dL16; thus the current value was used. Other
otable updates included the Fourth Report on the Diagnosis,
valuation, and Treatment of High Blood Pressure in Chil-
ren and Adolescents14 and the publication of waist circum-
erence percentiles in a nationally representative sample of
hildren and adolescents.17

ssays
Blood samples taken during the oral glucose tolerance

est were separated for plasma and immediately transported
n ice to the Los Angeles County-USC Medical Center Core
aboratory, where glucose was analyzed with a Dimension
linical chemistry system by using the in vitro hexokinase
ethod (Dade Behring, Deerfield, IL). During the overnight

tay, fasting blood samples were taken and centrifuged immedi-
tely to obtain plasma, and aliquots were frozen at �70°C until
ssayed. Fasting triglyceride and HDL cholesterol levels were
easured with the Vitro chemistry DT slides (Johnson and

ohnson Clinical Diagnostics, Rochester, NY).

tatistics
Sex differences in physical and metabolic characteristics

ere examined with independent sample t tests. Variables
hat were not normally distributed were log transformed (in-
ulin sensitivity, total fat mass, total fat-free mass, body mass
ndex percentile, systolic blood pressure, diastolic blood pres-
ure, waist circumference, triglycerides, HDL cholesterol, and
asting glucose). Descriptive characteristics were presented as
ntransformed data for ease of interpretation. Agreement
mong cutoff points of definitions for prevalence of individual
isk factors and the metabolic syndrome was examined by
sing �2 analysis and Kappa statistics. Interpretation of Kappa
cores was taken from Landis and Koch18 and were as follows:
to 0.19 � poor agreement; 0.20 to 0.39 � fair agreement;

.40 to 0.59 � moderate agreement; 0.60 to 0.79 � substan-
ial agreement; and 0.8 to 1.0 � almost perfect agreement.
nalysis of variance was used to establish differences in in-

ulin sensitivity according to definition across children who
xhibited 0, 1, 2, or �3 risk factors of the metabolic syn-
rome. Results are presented as estimated means plus or

able I. Metabolic syndrome definitions

Feature Cook et al

levated triglyceride level �110 mg/dL �
ow HDL cholesterol level �40 mg/dL �
bdominal adiposity �90th% for age and sex† �
yperglycemia IFG§ IG
levated blood pressure �90th% for age, sex and height¶ �

GT, impaired glucose tolerance (post-challenge glucose �140 �200 mg/dL).16

Hickman et al.24

Cook et al used original dataset to define waist circumference cutoff point.
Cruz et al originally used unpublished data, which have since been published. The pu
Cook et al originally used fasting glucose level �110 mg/dL to define IFG. The criter
100 mg/d.16 The revised cutoff point has been used.

All 3 variations for defining elevated blood pressure have been updated.14
inus SE for insulin sensitivity. All analyses were performed m

xamining Metabolic Syndrome Definitions in Overweight Hispanic Yout
ith SPSS software version 14.0 (SPSS, Chicago, IL), with a
ype I error set at 0.05.

RESULTS
Physical and metabolic profiles of the children are pre-

ented in Table II. Girls had significantly lower fasting glu-
ose levels and diastolic blood pressure, but had significantly
igher percent fat compared with boys. Data from both sexes
ere combined for further analyses.

The prevalence of the individual features of the meta-
olic syndrome by the 3 definitions is presented in Table III.
n general, the definitions showed substantial to almost per-
ect agreement (Kappa statistic between 0.6 and 1.0). How-
ver, the measure of hyperglycemia from the Cook et al
efinition showed poor agreement (Kappa � 0.13) with both
he Cruz et al and the Weiss et al definitions. Furthermore,
he Cook et al definition of the metabolic syndrome (�3
eatures) showed only moderate agreement with either the
ruz et al or Weiss et al definitions (both Kappa � 0.52). The
ruz et al definition of the metabolic syndrome and the Weiss

t al definition showed substantial agreement with each other
Kappa � 0.7).

The Figure displays the mean insulin sensitivity � SE
ccording to the number of abnormal features for each defi-
ition. Regardless of definition, insulin sensitivity was signif-

cantly lower in children with either 2 or 3 abnormal features
ompared with those with 0 features. Moreover, children with
he metabolic syndrome (�3 features) had very similar insulin
ensitivity levels across the definitions (metabolic syndrome
ia Cook et al � 1.6 � 0.15, via Cruz et al � 1.6 � 0.16, via

eiss et al � 1.6 � 0.17 � 10�4 min�1/�U/mL).

DISCUSSION
Obesity has become the most prevalent chronic disorder

ffecting today’s youth.19 Furthermore, pediatricians are di-
gnosing and treating several obesity-related conditions (eg,
ype 2 diabetes mellitus and dyslipidemia) that were once
hought to be exclusively adult disorders. Several recent re-
orts have described a large proportion of overweight youth
ith multiple metabolic derangements in the form of the

Cruz et al Weiss et al

for age and sex* �95th% for age, sex and ethnicity*
for age and sex �5th% for age, sex, and ethnicity*
for age, sex, and ethnicity‡ BMI-z �2

IGT
for age, sex, and height¶ �95th% for age, sex, and height¶

data have been used in this manuscript.17

IFG has been updated by the American Diabetes Association as a fasting glucose level
90th%
10th%
90th%
T
90th%

blished
ia for
etabolic syndrome.1-3 Unfortunately, variations in the def-
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nition and the cutoff points used have hindered comparison
cross studies. These findings suggest that despite differences
n cutoff points, the 3 definitions examined have substantial to
lmost perfect agreement for most of the metabolic syndrome
isk factors. However, when clustered together, the metabolic
yndrome defined by Cook et al only showed moderate
greement with either the Cruz et al or Weis et al defini-
ion (kappa � 0.52). This is most likely a function of the
oor agreement (kappa � 0.13) noted between the IFG and
mpaired glucose tolerance (IGT) criteria for hyperglycemia.

e did note that, regardless of definition, children with the
etabolic syndrome consistently had lower insulin sensitivity

ompared with children with no risk factors. Therefore, the
etabolic syndrome may represent a useful clinical indicator

f youth who are at greatest risk for the development of
besity-related chronic diseases such as cardiovascular disease
nd type 2 diabetes mellitus.

This population represents a comparatively understud-
ed minority group with one of the highest lifetime risks for
eveloping type 2 diabetes mellitus.20 All our participants had
family history of type 2 diabetes mellitus. Although we

annot determine the impact of family history on our results,
ther studies have shown that adults with a family history of
ype 2 diabetes mellitus are more likely to exhibit multiple
etabolic risk factors.21 Whether the same holds true for

able II. Descriptive and metabolic characteristics
f sample

Characteristic Boys Girls Total

123 95 218
ge (years) 11.2 � 1.6 11 � 1.8 11.1 � 1.7
eight (cm) 149.5 � 11 148.7 � 11.7 149.3 � 11.2
eight (kg) 64.0 � 18.9 63.6 � 20.6 63.9 � 19.6

MI (percentile) 96.9 � 4.4 96.7 � 4.6 97.8 � 4.5
otal fat mass (kg) 24.1 � 10.2 25.6 � 10.4 24.8 � 10.3
otal lean tissue (kg) 37.6 � 9.9 35.7 � 10.4 36.7 � 10.2
ercent fat (%) 37.2 � 6.9 39.9 � 5.5† 38.4 � 6.5
ystolic blood
pressure (mm Hg)

110 � 10 110 � 10 110 � 10

iastolic blood
pressure (mm Hg)

64 � 6 62 � 5* 63 � 6

riglycerides (mg/dL) 114.4 � 66.7 99.6 � 42.3 108 � 57.9
DL cholesterol
(mg/dL)

37.4 � 8.8 37.8 � 8.3 37.6 � 8.6

aist circumference
(cm)

88.9 � 13.4 86.9 � 13.8 88 � 13.6

asting glucose
(mg/dL)

92.9 � 6.3 89.8 � 6.7† 91.5 � 6.6

-hour glucose
(mg/dL)

125.4 � 17.4 128.3 � 17.8 126.7 � 17.6

nsulin sensitivity
(�10�4 min�1/
�U/mL)

2.2 � 1.5 2.1 � 1.5 2.1 � 1.5

ata are means � SD.
P � .05.
P � .01.
ounger populations has not been determined. a

74 Shaibi and Goran
Recent guidelines recommend that overweight youth
ndergo an in-depth medical evaluation for the metabolic
o-morbidities associated with increasing levels of adiposity.22

comprehensive examination including a fasting blood
raw would provide clinicians with sufficient information
o identify youth with the metabolic syndrome and poten-
ially refer these youth for appropriate care or counseling.

owever, a recent report showed that clinicians routinely
ail to adequately screen for obesity in youth, let alone for
he metabolic syndrome.23 Perhaps the challenges of im-
lementing current guidelines in pediatric providers is an
ndication that a complex algorithm for defining the met-
bolic syndrome is clinically impractical and is thus less
ikely to be executed.

The 3 definitions we examined represented varying
evels of complexity. For example, all used an age-, height-,
nd sex-adjusted cutoff point for defining elevated blood
ressure,14 but only the Cruz et al and Weiss et al definitions
sed an age- and sex-adjusted cutoff point for dyslipidemia
elevated triglyceride or low HDL cholesterol levels).24 Al-
hough Cook et al used age and sex data to establish their
riteria for dyslipidemia, they extrapolated those data to come
p with a universal cutoff point for all ages and both sexes
Table I). Perhaps the most dramatic difference in the defi-
itions and arguably the cutoff point that would be most
ifficult to implement in the clinic was the criteria for hyper-
lycemia. Both Cruz et al and Weiss et al defined hypergly-
emia with IGT (2-hour glucose level �140 mg/dL),16 and
ook et al used IFG. To ascertain whether a child has IGT,
provider must administer a 2-hour oral glucose tolerance

est initiated with fasting conditions. Establishing IFG can be
ccomplished with a simple fasting glucose measure. Al-
hough very little is known about the metabolic differences in
isk between youth with IGT and youth with IFG,25 we have
hown that both forms of pre-diabetes (IFG and IGT) convey
imilar diabetes risk via reduced pancreatic beta cell func-
ion.11,26 Because our findings that the metabolic syndrome
regardless of criteria) seemed to identify the most at-risk
outh and the overwhelming need for clinicians to identify
nd track these youth, it stands to reason that a clinically
ractical definition of the syndrome be established (ie, similar
o that of Cook et al).

The epidemic of pediatric obesity and related metabolic
isorders will dramatically impact the future of our healthcare
ystem. Although longitudinal data are lacking, it is likely that
ardiovascular disease and type 2 diabetes mellitus will de-
elop in a high proportion of youth with the metabolic
yndrome. In adults, lifestyle interventions have been shown
o improve the metabolic syndrome phenotype27 and prevent
he progression from impaired glucose tolerance to frank type

diabetes mellitus.28 A growing body of literature in the
ediatric population suggests that similar improvements in
ardiovascular disease and type 2 diabetes mellitus risk factors
an be achieved via lifestyle modification.29,30 Therefore, es-
ablishing a unified definition of the metabolic syndrome will

llow clinicians to appropriately identify youth at high risk

The Journal of Pediatrics • February 2008
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ho may benefit from intensive therapeutic lifestyle modifi-
ations or pharmacologic treatments. Because we have yet to
etermine all the factors associated with increased disease risk

able III. Prevalence of metabolic syndrome phenot

Feature Cook et al

levated triglycerides (%) 85/218 (39%)
ow HDL cholesterol (%) 145/218 (66.5%)
bdominal adiposity (%) 157/218 (72%)
yperglycemia (%) 26/218 (11.9%)
levated blood pressure (%) 44/218 (20.1%)
etabolic syndrome �3 features (%) 85/218 (39%)

igure. Insulin sensitivity and the metabolic syndrome: Mean insulin
ensitivity � SE according to pediatric adapatations by A, Cruz et al, B,

eiss et al, and C, Cook et al of the ATP III definition of the metabolic
yndrome in overweight Hispanic youth with 0, 1, 2, or �3 risk factors.
outh with 0 risk factors for each respective definition serve as reference

or comparisons. *P �.05; †P �.01.
n youth (eg, obesity, insulin resistance, family history, phys-
1
m

xamining Metabolic Syndrome Definitions in Overweight Hispanic Yout
cal activity, dietary intake, etc.) and it is almost certainly
ulti-factorial in nature, it is likely that no one intervention
ay be ideal. Ultimately, the goal of a pediatric definition of

he disorder may provide for improvements in the quality of
are and eventual quality of life of overweight youth.
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50 Years Ago in The Journal of Pediatrics
REFLECTIONS ON INFANTILE GASTROENTERITIS AND ITS TREATMENT

Levin S. J Pediatr 1958;52:227-44

At the beginning of the 20th century, gastroenteritis and its consequent dehydration were a major cause of childhood
mortality. Not surprisingly, investigations into the causes and management of diarrheal dehydration consumed many of
the founders of our specialty.

By the middle of the 20th century, mortality from diarrhea had plummeted, and many of the management principles
on which we base current practice had been established. In this extensive review, Levin, from Johannesburg, South Africa,
provides us with a glimpse into the “state of the art” 50 years ago. A few things have changed, but much of what Levin
stressed then remains useful advice today.

The review begins with a discussion of “medication” for childhood diarrhea. Levin’s general dismissal of most agents
should ring true today, although we still see children being treated with kaolin and opiate preparations, both of which
were singled out for avoidance. Interestingly, in light of our current interest in “probiotics,” he noted that yogurt was
frequently used despite the lack of “really good evidence” of its efficacy. The modern reader may find his discussion of
oral antibiotics quite dated; however, keep in mind that the viral etiology of most childhood gastroenteritis had yet to
be established.

Levin next moves to a discussion of intravenous therapy for dehydration, an intervention just coming into its own at
the time of the review. Unfortunately, this section reflects the somewhat obfuscated state of this particular topic in 1958.
The commentary recognizes the possibility of seizures occurring during the course of treatment, yet equivocates on the
optimal initial fluid for rehydration. In balance, however, Levin stresses the body’s remarkable homeostatic ability to
correct metabolic derangements, given the adequate provision of substrate. He also reminds the reader that no fluid plan
for a severely dehydrated child can be written with a long time horizon; frequent reevaluations and recalculations are
necessary.

Finally, Levin reminds us that “starvation” and “bowel rest” are inappropriate strategies in the management of
childhood diarrhea. Although this concept is now a part of widely accepted practice guidelines, it needs frequent
reinforcement.
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