
C

M
P
Y
R
G

A
O
p
a
c
c
a
i
D
a
S
c

R
h
a
U
C
o
R
e
P
S
p
H
t
c
H
t
t

c
a
R
e
K

A

8

RESEARCH

urrent Research

Meets Learning Need Codes 5000, 5080, 5160, and 5320

etabolically Obese Normal Weight and
henotypically Obese Metabolically Normal
ouths: The CASPIAN Study

OYA KELISHADI, MD; STEPHEN R. COOK, MD; MOHAMMAD ESMAEIL MOTLAGH, MD; MOHAMMAD MEHDI GOUYA, MD, MPH;

ELAYOL ARDALAN, MD, MPH; MOLOUK MOTAGHIAN; REZA MAJDZADEH, PhD; MOHAMMAD A. RAMEZANI, MD, MPH

c
p
f
M
i
m
l
c
h
i
b
R
c
g
a
p
a
b
o
o
m
s
h
9
i
1
C
t
d
d
l
w
J

C
M
r
b

BSTRACT
bjectives The objectives of this study were to estimate the
revalence and distribution of cardiovascular risk factors
nd the metabolic syndrome in children with generalized,
entral, or combined types of obesity and to possibly dis-
over if a phenotypically obese metabolically normal and
metabolically obese normal weight phenotype could be

dentified in children and adolescents.
esign This cross-sectional study is the baseline survey of
national longitudinal study.

ubject/setting Overall 4,811 nationally representative
hildren, aged 6 to 18 years, were recruited from the
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ommunity through randomly selected schools within six
rovinces in Iran. In addition to physical examination,
asting glucose and lipid profile were assessed.
ain outcome measure Obesity type was considered the

ndependent variable, cardiovascular risk factors and the
etabolic syndrome were dependent variables. Preva-

ence of risk factors in different types of obesity was
ompared by multivariate analysis of variance and post-
oc tests. Logistic regression analysis was used to exam-

ne the associations between obesity type and the meta-
olic syndrome.
esults Varying with age and sex groups, 6% to 9% of
hildren were categorized into the isolated central obesity
roup, 7.5% to 11% into the isolated generalized obesity,
nd 14% to 16.5% into the combined type group. The
revalence of dyslipidemia, high blood pressure, and met-
bolic syndrome was higher in those children with com-
ined obesity than in those with the other two types of
besity, as well as in the central than in the generalized
besity groups. Phenotypically obese metabolically nor-
al subjects were more prevalent in the generalized obe-

ity group. The likelihood of metabolic syndrome was
ighest in those with combined obesity (odds ratio 3.7,
5% confidence interval 3.1 to 4), and lowest in general-
zed obesity group (odds ratio 2.1, 95% confidence interval
.8 to 2.5).
onclusions This study complements recent research about
he adverse health hazards of abdominal obesity in chil-
ren. The finding of metabolically obese normal weight chil-
ren suggests that additional investigation for cardiovascu-
ar risk factors may be warranted in normal-weight children
ith an ethnic predisposition to chronic diseases.
Am Diet Assoc. 2008;108:82-90.

hildhood obesity has reached epidemic levels in de-
veloped countries and the developing world is begin-
ning to experience a similar situation, notably in the

iddle East and in Central and Eastern Europe (1). A
ecent systematic review provided alarming evidence-
ased data about the increasing rate of childhood obesity

n the countries located in the Eastern Mediterranean
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egion, many of them still grappling with the public
ealth effects of malnutrition and micronutrient deficien-
ies (2).
Obesity and diabetes are considered as a growing chal-

enge in Asian countries; among them, the Middle East,
outheast Asia, and China face the greatest threat (3).
ence, prevention and control of such disorders should
ecome a national health priority in such populations (4).
There is large body of evidence that obesity has many
etabolic complications, notably dyslipidemia and the
etabolic syndrome, which is a risk of developing type 2

iabetes (5). However, some obese individuals have no
ssociated metabolic abnormality, and are considered
henotypically obese metabolically normal, and some
ther display metabolic characteristics that may predis-
ose them to the development of metabolic syndrome
espite having a normal weight, and are considered met-
bolically obese normal weight (6-8).
Usually for clinical practice and epidemiologic studies,

hild overweight and obesity is assessed by indicators
ased on weight and height measurements, such as
eight-for-height or body mass index (BMI). Because this

ndex cannot distinguish fat from muscle mass and does
ot account for body fat distribution, some scientific
roups have suggested that BMI is not an appropriate
redictor of cardiovascular disease (CVD) risk factors
mong youth (9). Different studies have documented that,
s in adults, waist circumference is an indicator of ab-
ominal fat content and consequently, a good predictor of
VD risk factors and the metabolic syndrome for children
nd adolescents (5,10-12). These findings suggest that
aist circumference should be included in the evaluation
f childhood obesity along with BMI.
The association patterns of obesity with CVD risk fac-

ors and metabolic syndrome among youth differ with
thnicity, sex, and obesity indexes (13-17). It is likely that
rediction power of BMI and waist circumference vary
lightly in an age- and sex-specific manner.
Despite the clinical recognition of metabolically obese

ormal weight and phenotypically obese metabolically
ormal among adults, such experience is limited in youth.
his line of research takes on clinical importance because
etabolically obese normal weight children are fre-

uently undetected because of their so-called normal BMI
nd their young age. To address this issue, we attempted
o compare the prevalence of CVD risk factors and met-
bolic syndrome in a large nationally representative sam-
le of children and adolescents with normal weight and
hose with generalized obesity only, central obesity only,
nd combined obesity.
The purpose of this research was twofold: To estimate

he prevalence and distribution of CVD risk factors and
etabolic syndrome in children with generalized, central,

r combined types of obesity, and to possibly discover if a
henotypically obese metabolically normal and a meta-
olically obese normal weight phenotype could be identi-
ed in children and adolescents. We analyzed the nation-
lly representative sample of youth studied in the
hildhood and Adolescence Surveillance and Prevention
f Adult Non-communicable Disease (CASPIAN) study
Caspian is the name of the world’s largest lake, located

n northern Iran). c
ETHODS
he study subjects were school children who partici-
ated in the baseline survey of the national CASPIAN
tudy. This undergoing multicentric longitudinal study
s a joint collaboration of the World Health Organiza-
ion and the Iranian National Ministries of Health and
ducation (17,18). Overall, 4,811 school students (91%
articipation rate), aged 6 to 18 years, were selected by
ultistage random cluster sampling from urban and

ural areas of six provinces located in diverse parts of
he country.

The Data and Safety Monitoring Board of the project
losely supervised the quality control and quality assur-
nce of the survey at the national level. The primary goal
f quality assurance/quality control efforts were to main-
ain high quality data collection. A detailed protocol
learly describing all data collection procedures (includ-
ng questionnaire filling and physical examination) was
eveloped and distributed among the team working with
he project. A supervisor and a team of external evalua-
ors regularly monitored the performance of the person-
el, checked, and calibrated equipment according to stan-
ardized protocols.
Repeat studies were designed and implemented at

pecified time points on a subsample of the students
tudied, whereby multiple measurements were made on
he same participant to quantify variability and to iden-
ify its sources, as well as to implement corrective action
s appropriate in a timely manner to minimize measure-
ent errors.
Ethics committees and other relevant national regula-

ory organizations approved the study. Written informed
onsent was obtained from parents and oral assent from
tudents after full explanation of the procedure involved.
he field examinations of the survey were carried out by
specially trained team consisting of expert health care

rofessionals trained for the survey. The questionnaires
ere filled out confidentially under the supervision of

rained nurses. The age and birth date of subjects were
ecorded. Height, weight, and waist circumference were
easured twice under standard protocols, and the aver-

ges of these measurements were recorded. Waist cir-
umference was measured with a nonelastic tape at a
oint midway between the lower border of the rib cage
nd the iliac crest at the end of normal expiration. Sys-
olic blood pressure (SBP) and diastolic blood pressure
DBP) were measured under standard protocol by using
ercury sphygmomanometers after 5 minutes of rest in

he sitting position (19).
For blood sampling, students were invited to the health

enter nearest to the school, in accordance with the rules
f the national Ministry of Education. Students were
nstructed to fast for 12 hours before the screening; com-
liance with fasting was determined by interview on the
orning of examination. A parent accompanied his or her

hild as blood samples were taken from the ante-cubital
ein between 8:00 and 9:30 AM. The blood samples were
entrifuged for 10 minutes at 3,000 rpm within 30 min-
tes of venipuncture. In each province, the biochemical
nalysis was performed in a Central Provincial labora-
ory that met the standards of the National Reference
aboratory, a World Health Organization–collaborating

enter in Tehran. Fasting blood glucose, total cholesterol,
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Table 1. Characteristics of Iranian children participating in the Childhood and Adolescence Surveillance and Prevention of Adult Non-
communicable Disease (CASPIAN) study whose data was studied to estimate the prevalence and distribution of cardiovascular risk factors and
the metabolic syndrome in children with generalized, central, or combined types of obesity

Characteristic

Age

Total6-9.9 y 10-13.9 y 14-18 y

4™™™™™™™™™™™™™™™™™™™™™™™™™™™™ mean�standard deviation ™™™™™™™™™™™™™™™™™™™™™™™™™3
Boys
n 757 842 649 2,248
Age (y) 8.2�1.3 12.4�1.1 16.1�1.02 12.1�3.3a

BMIb 16.4�3.0 18.4�3.7 20.4�3.4 18.3�3.7a

WCc (cm) 58.5�7.2 67.6�9.7 72.6�8.9 66.0�10.4a

SBPd (mm Hg) 96.1�12.5 102.7�12.7 111.8�12.8 103.1�14.1a

DBPe (mm Hg) 59.4�10.2 62.8�10.2 71.9�9.9 64.3�11.3a

LDLf cholesterol (mg/dL)g 88.9�30.05 87.3�29.8 77.2�29.06 84.9�30.1a

HDLh cholesterol (mg/dL)g 43.7�12.5 45.4�11.9 43.7�11.9 44.3�12.1a

TCi (mg/dL)g 150.7�32.1 153.9 v 38.1 139.7�31.5 148.7�34.8a

TGj (mg/dL) 91.07�43.7 98.9�61.5 95.5�46.1 95.3�51.8
FBGk (mg/dL) 82.2�11.2 82.1�12.08 80.1 v 12.2 81.6�11.8a

Girls
n 859 1,045 659 2,563
Age (y) 8.2�1.3 12.5�1.1 16.1�1.06 12.04�3.2a

BMI 16.1�2.8 19.4�3.6 21.1�3.7 18.7�3.9a

WC (cm) 56.9�7.1 66.6�8.7 70.08�8.4 64.2�9.7a

SBP (mm Hg) 92.5�11.4 99.5�12.3 102.7�12.9 98.03�12.8a

DBP (mm Hg) 57.4�10.3 62.4�10.1 64.1 v 9.9 61.2 v 10.5a

LDL cholesterol (mg/dL)g 88.4�33.05 86.5�28.3 80.7�28.3 85.7�30.1a

HDL cholesterol (mg/dL)g 44.1�12.04 43.4�12.3 45.7�14.2 44.2�12.7a

TC (mg/dL)g 150.1�35.5 150.4�30.9 144.8�32.9 148.9�33.1a

TGj (mg/dL) 91.4�43.7 103.6�51.2 94.6�45.9 97.2�47.8a

FBGk (mg/dL) 80.2�10.02 81.2�9.4 79.8�9.1 80.5�9.6a

Total
n 1,616 1,887 1,308 4811
Age (y) 8.2�1.3 12.5�1.1 16.1�1.04 12.07�3.2a

BMI 16.2�2.9 19.01�3.7** 20.8�3.5** 18.5�3.8**a

WC (cm) 57.7�7.2** 67.08�9.2* 71.3�8.8** 65.08�10.1**al

SBP (mm Hg) 94.2�12.1** 101.0�12.6** 107.2�13.6** 100.4�13.7**al

DBP (mm Hg) 58.4�10.3** 62.6�10.2 68.03�10.6** 62.6�11.05**a

LDL cholesterol (mg/dL)g 88.6�31.6 86.9�29.01 78.9�28.7* 85.3�30.1a

HDL cholesterol (mg/dL)g 43.9�12.2 44.3�12.2** 44.7�13.2** 44.3�12.5
TC (mg/dL)g 150.4�34.0 152.03�34.3* 142.2�32.3** 148.8�33.9a

TGj (mg/dL) 91.2�43.7 101.5�56.1 95.1�46.06 96.3�49.7a

FBGk (mg/dL) 81.1�10.6** 81.6�10.7 79.9�10.8 81.04�10.7**a

aSignificant at P�0.01 between age groups (by analysis of variance and Tukey post hoc tests).
bBMI�body mass index.
cWC�waist circumference.
dSBP�systolic blood pressure.
eDBP�diastolic blood pressure.
fLDL�low-density lipoprotein.
gTo convert mg/dL cholesterol to mmol/L, multiply mg/dL by 0.026. To convert mmol/L cholesterol to mg/dL, multiply mmol/L by 38.7. Cholesterol of 193 mg/dL�5.00 mmol/L.
hHDL�high-density lipoprotein.
iTC�total cholesterol.
jTG�triglyceride. To convert mg/dL triglyceride to mmol/L, multiply mg/dL by 0.0113. To convert mmol/L triglyceride to mg/dL, multiply mmol/L by 88.6. Triglyceride of 159 mg/dL�1.80
mmol/L. Data was log-transformed to improve normality.
kFBG�fasting blood glucose. To convert mg/dL glucose to mmol/L, multiply mg/dL by 0.0555. To convert mmol/L glucose to mg/dL, multiply mmol/L by 18.0. Glucose of 108 mg/dL�6.0
mmol/L.
lSignificant at P�0.05 for age�sex difference (by two-way analysis of variance).
*Significant at P�0.05 between sexes.

**Significant at P�0.01 between sexes.
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igh-density lipoprotein (HDL) cholesterol, and triglycer-
de levels were measured enzymatically by auto-analyz-
rs. HDL cholesterol level was determined after dextran
ulphate-magnesium chloride precipitation of non-HDL
holesterol (20), and low-density lipoprotein (LDL) cho-
esterol level was calculated in serum samples with tri-
lyceride �400 mg/dL (4.52 mmol/L) according to the
riedewald equation (21). A subsample of sera was frozen
nd transported from different counties to the central
aboratory at Isfahan Cardiovascular Research Center (a

orld Health Organziation Collaborating Center), which
eets the standards of the National Reference laboratory

nd is also under the quality control of the Department of
pidemiology, St Rafael University, Leuven, Belgium,
nd the Centers for Disease Control and Prevention in
tlanta, GA.

efinition of Risk Factors
yslipidemia was defined according to the recent recom-
endation of the American Heart Association; that is,

otal cholesterol �200 mg/dL (5.2 mmol/L) and/or triglyc-
ride �200 mg/dL (2.26 mmol/L) and/or LDL cholesterol
130 mg/dL (3.38 mmol/L) and/or HDL cholesterol �40
g/dL (1.04 mmol/L) (22). Because no universally ac-

epted definition of the metabolic syndrome exists for
hildren, we used the definition provided by Cook and
olleagues (23) and used in previous studies (24-26). This
efinition is based on criteria analogous to that of the
ational Cholesterol Education Program Expert Panel on
etection, Evaluation, and Treatment of High Blood Cho-

esterol in Adults Adult Treatment Panel III (27); and
efines metabolic syndrome as three or more of the fol-
owing: fasting triglyceride �110 mg/dL (1.24 mmol/L);
DL cholesterol �40 mg/dL (1.04 mmol/L); waist circum-

erence �90th percentile for age and sex in the population
tudied; SBP/DBP �90th percentile for sex, age, and
eight from the National Heart, Lung, and Blood Insti-
ute’s recommended cut point (19); and fasting blood glu-
ose �100 mg/dL (5.55 mmol/L). In addition, we also
pplied the cutoff of fasting blood glucose �100 mg/dL
5.55 mmol/L) from the recent recommendation of Amer-
can Diabetes Association (28).

Participants were divided into four groups: normal
BMI between the 5th and 85th percentile of the study
opulation), central, generalized, and combined obesity,
sing the following definitions. Central obesity was de-
ned as waist circumference above the age- and sex-
pecific 90th percentile of Iranian youth (29), generalized
besity was defined as BMI higher than 95th percentile of
he population under study, and combined obesity was
efined as having both central and generalized obesity
ogether.

ata Analysis
besity type was considered the independent variable,
VD risk factors and metabolic syndrome were depen-
ent variables. We divided subjects into three age groups:
to 9.9 years, 10 to 13.9 years and 14 to 18 years. The

ategorical and continuous variables were compared be-

ween boys and girl using �2 and t tests, respectively; the a
ann-Whitney U test was used for comparison of triglyc-
ride levels that had a non-normal distribution. The
ean�standard deviation of biological and biochemical

ariables (other than triglyceride) were compared among
ge groups by analysis of variance and Tukey post hoc
ests; for comparison of triglyceride levels, the Kruskal-

allis test was used. Hotelling’s trace test realized the
elation between dependent and independent variables.
arginal mean of dependent variable was determined.
he age�sex difference of the variables was assessed by
wo-way analysis of variance.

The mean�standard deviation of cardiovascular dis-
ase risk factors of boys and girls with different types of
besity was compared in each age group using analysis of
ariance and Tukey post hoc tests.
Logistic regression analysis was used to examine the

ssociations between the type of obesity and metabolic
yndrome. Dummy variables were created to compute
dds ratios (ORs) and 95% confidence intervals (CIs) for
hese factors. The BMI category �85th percentile and
aist circumference �90th percentile was used as the

eferent group (OR 1.00). ORs were computed for boys

igure 1. Prevalence of different types of obesity by age and sex
ased on data from Iranian children who participated in the Childhood
nd Adolescence Surveillance and Prevention of Adult Non-communi-
able Disease (CASPIAN) study.
nd girls in different age groups and age-adjusted OR
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as determined. Statistical analyses were performed us-
ng SPSS for Windows (version 13.0, 2004, SPSS Inc,
hicago, IL), and significance was set at P�0.05.

ESULTS
articipants of this multicenter study were 2,248 boys
nd 2,563 girls, with a mean age of 12.07�3.2 years

Table 2. Mean�standard deviation (SD) of cardiovascular disease ris
the Childhood and Adolescence Surveillance and Prevention of Adult

Risk factor

Boys (n�2,248)

Normala
Generalized
obesity

Central
obesity

4™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™
6-9.9 y (n�1,616)
n 507 79 72
TCbc (mg/dL)d 149.7�32.1 154.1�31.7 158.2�31.5
LDLec cholesterol

(mg/dL)d 84.7�27.1 88.1�30.2 92.4�28.4
HDLf cholesterol

(mg/dL)d 45.1�10.5 44.7�11.1 43.7�11.5
TGgc (mg/dL) 90.5�41.1 112.1�41.7 116.2�42.4
FBGh (mg/dL) 80.2�11.4 82.1�11.5 82.5�12.7
SBPi (mm Hg) 95.1�10.5 101.1�10.5 104.2�12.4
DBPj (mm Hg) 55.4�10.1 59.1�10.6 62.8�11.1

10-13.9 y (n�1,887)
n 589 84 51
TCc (mg/dL)d 151.9�37.1 155.2�32.1 159.1�30.5
LDLc cholesterol

(mg/dL)d 84.3�21.8 87.5�26.1 91.5�28.2
HDL cholesterol

(mg/dL)d 45.2�10.4 44.2�10.1 43.5�10.1
TGgc (mg/dL) 95.1�52.5 111.2�51.4 115.2�51.7
FBGh (mg/dL) 80.7�9.1 81.1�10.5 81.5�12.1
SBP (mm Hg) 100.8�12.1 104.4�12.5 107.1�12.7
DBP (mm Hg) 60.6�10.1 63.1�10.8 64.8�12.6

14-18 y (n�1,308)
n 448 65 47
TCc (mg/dL)d 138.1�30.7 144.2�32.4 149.1�34.5
LDLc cholesterol

(mg/dL)d 75.7�28.2 82.5�25.1 86.4�25.2
HDL cholesterol

(mg/dL)d 43.1�11.9 44.2�10.1 43.5�10.1
TGgc (mg/dL) 94.2�41.1 108.1�41.8 114.4�50.5
FBGh (mg/dL) 80.1�10.2 81.1�10.4 82.1�10.7
SBP (mm Hg) 110.4�11.2 114.4�10.5 115.1�12.6
DBP (mm Hg) 70.1�9.5 73.1�9.8 74.8 v 10.6

aNormal body mass index (between 5th and 85th percentile) and waist circumference (
bTC�total cholesterol.
cSignificant difference between groups of obesity in each sex and age group.
dTo convert mg/dL cholesterol to mmol/L, multiply mg/dL by 0.026. To convert mmol/L
eLDL�low-density lipoprotein.
fHDL�high-density lipoprotein.
gTG�triglyceride. To convert mg/dL triglyceride to mmol/L, multiply mg/dL by 0.0113. To
mmol/L. Data was log-transformed to improve normality.
hFBG�fasting blood glucose. To convert mg/dL glucose to mmol/L, multiply mg/dL by 0.0555.
iSBP�systolic blood pressure.
jDBP�diastolic blood pressure.
ithout significant difference between boys and girls. c

6 January 2008 Volume 108 Number 1
The subjects’ characteristics are presented in Table 1,
hich shows that boys had higher mean levels of weight,
eight, BMI, waist circumference, SBP, and DBP than
irls; other variables were not significantly different in
erms of sex. The age group�sex difference was signifi-
ant for waist circumference and SBP. Other than HDL
holesterol level, all variables studied increased signifi-

tors in Iranian Children according to obesity type, based on data from
communicable Disease (CASPIAN) study

Girls (n�2,563)

bined
ity Normala

Generalized
obesity

Central
obesity

Combined
obesity

™™ mean�SD ™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™3

584 77 78 120
2�30.5 150.1�34.5 153.9�22.3 157.2�31.3 161.1�34.1

1�30.2 83.4�31.1 86.4�27.1 90.5�29.2 96.8�31.1

1�12.2 45.7�11.2 44.9�10.8 44.1�10.5 43.7�11.1
6�42.2 90.7�42.1 110.1�43.2 116.1�40.6 122.4�41.2
2�11.4 80.1�10.5 81.5�11.4 82.1�11.7 82.4�12.2
8�11.1 91.5�10.2 100.1�11.5 107.2�12.2 112.2�12.4
2�11.4 55.1�10.4 60.1�10.7 61.9�10.1 67.2�10.4

731 104 61 149
2�30.2 149.1�35.5 154.1�22.5 159.2�31.1 162.1�35.5

2�31.4 82.5�26.3 86.8�28.1 89.5�30.2 96.8�30.1

4�11.4 45.4�11.3 44.6�10.2 44.8�11.7 43.8�11.4
6�52.2 101.4�50.2 112.1�53.1 118.4�50.2 125.4�51.5
1�12.4 80.2�10.4 81.4�11.1 81.1�11.5 82.1�12.4
8�12.1 98.1�12.7 101.1�11.7 108.2�12.4 114.2�12.7
2�12.4 61.7�10.1 62.8�10.8 63.9�10.7 67.7�11.2

455 66 46 92
2�35.4 142.7�31.2 145.1�31.5 152.2�31.4 155.1�31.5

4�30.2 80.1�24.3 84.2�26.5 89.2�29.2 94.8�30.4

4�11.4 45.4�11.4 45.1�11.4 44.5�11.2 43.7�11.5
6�51.1 94.1�44.7 113.5�50.1 117.2�51.4 120.7�51.1
4�10.1 79.1�9.7 80.8�10.1 81.1�10.4 81.8�11.1
8�9.1 100.8�11.9 101.1�12.7 107.2�12.4 110.2�12.7
2�10.4 63.1�9.7 67.2�10.1 67.5�10.2 67.7�10.2

an 90th percentile).

terol to mg/dL, multiply mmol/L by 38.7. Cholesterol of 193 mg/dL�5.00 mmol/L.

mmol/L triglyceride to mg/dL, multiply mmol/L by 88.6. Triglyceride of 159 mg/dL�1.80

vert mmol/L glucose to mg/dL, multiply mmol/L by 18.0. Glucose of 108 mg/dL�6.0 mmol/L.
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The prevalence of different types of obesity by sex and age
roups is depicted in Figure 1. Varying with age and sex
roups, 6% to 9% of children were categorized into the isolated
entral obesity group, 7.5% to 11% into the isolated gener-
lized obesity group, and 14% to 16.5% into the combined
ype group. In both sexes and in all age groups, combined
besity was more frequent than the two other types of
besity; the age group�sex difference was not significant.
In both sexes and in all age groups, the mean value of

otal cholesterol, LDL cholesterol, and triglyceride levels
ere significantly higher in those with combined obesity

han in other participants (Table 2). Mean total choles-
erol level in those participants with normal BMI and
aist circumference was 145.7�31.2 mg/dL (3.79�0.8
mol/L), whereas in those with generalized, central, and

ombined obesity it was 151.2�30.7 mg/dL (3.93�0.8
mol/L), 156.2�34.2 mg/dL (4.06�0.9 mmol/L), and

59.3�35.1 mg/dL (4.14�0.9 mmol/L), respectively
P�0.02). The corresponding figures for LDL cholesterol
evel were 82.4�27.1 mg/dL (2.14�0.7 mmol/L), 86.1�26.4

g/dL (2.24�0.7 mmol/L), 90.4�28.1 mg/dL (2.35�0.7
mol/L), and 95.7�30.4 mg/dL (2.49�0.8 mmol/L), respec-

ively (P�0.01). The mean serum triglyceride level of the
forementioned groups was 94.1�40.7 mg/dL (1.06�0.5
mol/L), 101.7�41.2 mg/dL (1.15�0.5 mmol/L),

12.4�42.5 mg/dL (1.27�0.5 mmol/L), and 119.2�41.34
g/dL (1.35�0.5 mmol/L), respectively (P�0.0001).
The prevalence of dyslipidemia (notably high triglycer-

de and low HDL cholesterol level), high blood pressure
nd metabolic syndrome was higher in those children
ith combined obesity than in those with the other two

ypes of obesity. Furthermore, the prevalence of these
isk factors was higher in those with central obesity than
n those with generalized obesity (Figure 2). The age and
ex-adjusted prevalence of high total cholesterol level was
.4% in participants with normal BMI and waist circum-

igure 2. Age- and sex-adjusted prevalence of different cardiovascula
ranian children who participated in the Childhood and Adolescence S
tudy. High total cholesterol (TC) defined as �200 mg/dL (5.2 mmol/L);
mol/L); low high-density lipoprotein (HDL) cholesterol defined as �40
mol/L) (22), Mets�Metabolic syndrome (27).
erence, 5.7% in those with generalized obesity, 6.2% in d
hose with central obesity, and 16.6% in those with com-
ined obesity. The corresponding figures were respec-
ively 3.2%, 5.9%, 7.3%, and 15.5% for high LDL choles-
erol level; and 22.1%, 24.5%, 26.5%, and 32.6% for low
DL cholesterol level. The prevalence of the metabolic

yndrome in participants with generalized, central, and
ombined obesity was 29.2%, 33.7%, and 34.2%, respec-
ively (P�0.01).

Figure 3 shows that in both sexes and in all age groups,
he likelihood of metabolic syndrome was highest in those
ith combined obesity and lowest in generalized obesity
roup. The age-adjusted comparison had similar results;
mong boys the OR for having metabolic syndrome was
.4 (95% CI 2.9, 3.8) for combined obesity, 2.9 (95% CI 2.5,
.2) for central obesity, and 2.07 (95% CI 1.8, 2.4) for
eneralized obesity; the corresponding figures for girls
ere 3.6 (95% CI 3.01, 4), 3.1 (95% CI 2.7, 3.4) and 2.1

95% CI 1.9, 2.5), respectively.

ISCUSSION
n this study we found that the prevalence of CVD risk
actors and metabolic syndrome was significantly higher
n those children with combined obesity than in those
ith isolated types of obesity. In addition, phenotypically

bese metabolically normal subjects were more prevalent
n the generalized obesity group. These findings comple-

ent some recent observations on adverse health haz-
rds of abnormal central body fat deposition even in
hildhood. Asian populations are facing an epidemic of
hronic disease, notably CVD and diabetes mellitus with
ignificant morbidity and mortality (30). Usually, Asians
re less obese but more susceptible to metabolic disorders
han other ethnicities; they may have larger visceral ad-
pose tissue than whites at similar levels of obesity (31).
thnic differences in body fat distribution of Asians are

ase risk factors according to the type of obesity, based on data from
lance and Prevention of Adult Non-communicable Disease (CASPIAN)
low-density lipoprotein (LDL) cholesterol defined as �130 mg/dL (3.38
L (1.04 mmol/L); high triglycerides (TG) defined as �200 mg/dL (2.26
r dise
urveil
high
mg/d
ocumented not only in adolescents (32), but also in the
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repubertal children (33).Various hypotheses such as
hrifty genotype/phenotype, limbic-hypothalamic, and al-
ered homeostatic mechanisms have been used to explain
he interaction between genetic, intrauterine, and envi-
onmental factors, leading to this concept and its meta-
olic consequences (34). Whatever the concept underlying
his ethnic predisposition, it is suggested that genetically
usceptible individuals develop abdominal obesity and
nsulin resistance when exposed to a Westernized life-
tyle of reduced energy expenditure and increased energy
onsumption.

The prevalence of the metabolic syndrome is high
mong Iranian children and adolescents (17,35). We have
reviously documented significant correlations of C-reac-
ive protein and oxidative stress markers with abdominal

igure 3. Odds ratio (OR) and 95% cofidence interval (CI) of the metabolic
yndrome in Iranian boys and girls by age group and the type of obesity,
ased on data from the Childhood and Adolescence Surveillance and
revention of Adult Non-communicable Disease (CASPIAN) study.
ut not with generalized obesity (36). s

8 January 2008 Volume 108 Number 1
The prevalence of high TG and low HDL cholesterol
evels was high among normal-weight children of our
ommunity. In Western countries, the prevalence of high
otal and LDL cholesterol is reported to be considerably
igher than in our study; this finding confirms the sup-
osed ethnic predisposition to this type of dyslipidemia
mong Asians. In a recent study, 26% and 20% of rural
hildren in the United States had high total cholesterol
nd LDL cholesterol levels, respectively (37). In addition,
genetic–environment interaction might explain such

ifference between communities, and would necessitate
urther studies. Diets high in trans unsaturated fat may
ower HDL cholesterol levels, increase triglyceride levels,
nd interfere with fatty acid metabolism. Our previous
tudy (38) showed an association between the improper
uality of the consumed fat (rich in saturated and trans-
atty acids) and the high prevalence of dyslipidemia in
ranian youth.

There are children and adolescents with CVD risk
actors and metabolic syndrome who are not obese ac-
ording to BMI percentiles. As early as 1981, in their
eview of studies conducted among the adult popula-
ion, Ruderman and colleagues (6) proposed that met-
bolically obese normal weight individuals might be
haracterized by hyperinsulinism and possibly an in-
rease in fat cell size compared to patients of similar
ge, height, and weight and/or to themselves at an
arlier time. Since then, different studies have docu-
ented that being metabolically obese normal weight

s highly prevalent in the general adult population and
hat these individuals probably represent one end of
he spectrum of people with insulin resistance and
etabolic syndrome (7). St Onge and colleagues (8)

uggested that metabolically obese normal weight in-
ividuals are those with a normal or slightly elevated
MI who fulfill the criteria for metabolic syndrome.
hey observed that those individuals in the upper end
nd just above the normal BMI range are more likely to
ave metabolic syndrome compared with those with
ormal BMI. A study by Vikram and colleagues (39)
howed that Asian Indian adults have excess CVD risk
t BMI and waist circumference values considered nor-
al.
Such experience is limited in population-based studies

onducted among youth. Cook and colleagues (23) found
hat nearly 30% of overweight children in the United
tates meet the criteria for metabolic syndrome and
3.2% of at risk for overweight (BMI �85th to �95th)
hildren had at least two and 6.8% had three or more
omponents of metabolic syndrome. Li and colleagues
40) found that 63.1% of normal weight Chinese adoles-
ents and all obese subjects had at least one CVD risk
actor. Although that study focused on the clustering of
isk factors among obese adolescents, the authors found
hat 15.5% of normal weight boys and 18.8% of normal
eight girls had metabolic syndrome (40). This finding of

onsiderably high prevalence of metabolic syndrome in
ormal-weight adolescents complements some recent ob-
ervations of metabolically obese normal weight among
outh.
Our study is not without limitations. As pointed out,

here is no universally accepted definition of metabolic

yndrome and significant debate about this clustering of
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isk factors in adults has only recently started to decline
41). Recently, new criteria for metabolic syndrome among
dolescents were developed that are linked to the Na-
ional Cholesterol Education Program Expert Panel on
etection, Evaluation, and Treatment of High Blood Cho-

esterol in Adults (Adult Treatment Panel III) and the
nternational Diabetes Federation adult criteria and has
sed LMS growth curve modeling for each metabolic syn-
rome component (42) Although this definition improved
ge-appropriate approaches for diagnosing metabolic
yndrome among adolescents aged 12 to 19 years, it was
ot applicable to our younger participants, so we used a
revious definition (23). The cross-sectional nature of this
ata also does not allow us to infer causality but rather
erves to generate and test hypotheses. This sample is
lso of a limited racial background. The other limitation
as that we could not examine the insulin level because
f the high cost of the test for the large number of study
articipants.
The main strength of the study is that to our knowledge

he concepts of metabolically obese normal weight and
henotypically obese metabolically normal among chil-
ren have not been described in the pediatric literature
rom a national sample of children and adolescents. In
ddition, this study had a large sample size, and adds
nformation to the very limited number of published data
rom a nationally representative sample of children and
dolescents living in the Eastern Mediterranean region.
The finding that there seems to be a small percent of

onoverweight children and adolescents who have abnor-
al levels of cardiovascular risk factors suggests that

dditional investigation for cardiovascular risk factors in
t risk for overweight children and those with an ethnic
redisposition to chronic diseases may be warranted.

his project was funded by grant No. TSA03/11 from the
orld Health Organization/Eastern Mediterranean re-

ion and the Iranian ministries for Health and for Edu-
ation.
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