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Trends in cardiovascular disease risk factors in
children and adolescents: Tehran Lipid and Glucose
Study
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ABSTRACT Studies have shown that cardiovascular risk factors, such as obesity, blood lipid levels, start early
in childhood and some are on the rise in children. Data on trends are important in order to identify if there is
a problem. This study, part of the Tehran Lipid and Glucose Study, determined and compared the prevalence
of overweight and its associated risk factors in 2 555, 1329 and 1158 Tehran children and adolescents in 2000,
2003 and 2006 respectively. The participants were categorized into age groups 3-6, 7-12 and 13-17 years. Body
mass index measurements were taken and blood pressure, fasting blood glucose, cholesterol and triglycerides
measured. Overall the prevalence of obesity in Tehran children and adolescents increased significantly from
2000 to 2006 while blood pressure and serum lipid concentrations decreased. The causes for the decreased
blood pressure and serum lipid concentrations should be evaluated. The increased prevalence of obesity in
Tehran children and adolescents is of concern and requires monitoring.

Tendances des facteurs de risque des maladies cardiovasculaires chez I'enfant et I'adolescent : étude sur le
glucose et les lipides réalisée a Téhéran

RESUME Des études ont démontré que les facteurs de risque cardiovasculaires tels que I'obésité et une
hyperlipidémie s'installaient de maniere précoce dans I'enfance et certains étaient en augmentation chezI'enfant.
Des données sur les tendances sontimportantes afin de repérer I'émergence d'un probleme. Le présent essai fait
partie de |'étude sur le glucose et les lipides réalisée a Téhéran. Il vise a déterminer et comparer la prévalence du
surpoids et des facteurs de risque associés chez 2 555, 1329 et 1158 enfants et adolescents de Téhéran en 2000,
2003 et 2006 respectivement. Les participants ont été répartis par tranches d'age de 3 a6 ans, de 7 a12 ans et de
13 a17 ans. Des évaluations de l'indice de masse corporelle ont été réalisées et la pression artérielle, la glycémie
ajeun, le taux de cholestérol et des triglycérides ont été mesurés. Globalement, la prévalence de I'obésité chez
I'enfant et I'adolescent a Téhéran a nettement augmenté entre 2000 et 2006 alors que la tension artérielle et
les concentrations sériques de lipides ont diminué. Les causes de la diminution de la pression artérielle et des
concentrations sériques de lipides doivent étre évaluées. La prévalence accrue de |'obésité chez |'enfant et de
l'adolescent a Téhéran est préoccupante et appelle une surveillance.
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Introduction

The increasing prevalence of obesity in
recent years is a serious concern world-
wide, in both developed and developing
countries [1]. It is estimated that over
22 million children worldwide under
the age of S years are overweight [2].
Occurring simultaneously with increas-
ing numbers of overweight and obese
children is an increase in the prevalence
of metabolic syndrome, which consists
of a set of risk factors for cardiovascular
disease [3]. In a study involving obese
children, the prevalence of metabolic
syndrome was 35% in the obese group
and 44% in the severely obese group [4].

In developed countries, the increase
in cardiovascular risk factors is inversely
related to socioeconomic status; how-
ever, in developing countries, where
changes are occurring in welfare and
nutritional status, this is reversed [5,6].
A study, conducted in America using
national surveys from 1963 to 2002
in children 817 years old, found that
high blood pressure and pre-high blood
pressure in children and adolescents
were on the rise [ 7]. In addition to gen-
eral obesity, as described by body mass
index (BMI), the increase in abdominal
fat, based on waist circumference, is a
better index for metabolic disorders and
cardiovascular risk factors in all ages [8].

During the period 1993-1999 in
the Islamic Republic of Iran, the obesity
prevalence in children and adolescents
doubled [9]. In a study performed in a
group of females 1417 years old, over-
weight and obesity rates were 21.9%
and 5.3%, respectively [10]. In a study
involving children 7-12 years old, more
than 12% showed waist circumferences
above the 90™ percentile [11]. Another
study conducted in children between
10-19 years old in Tehran city reported
a metabolic syndrome prevalence of
10.19% [12].

The Islamic Republic of Iran ex-
perienced a nutrition transition in the
past decade and there was a lack of

information on changes in cardiovas-
cular risk factors in children and ado-
lescents over this period of time in our
capital city (Tehran). Therefore the
aim of this study was to compare car-
diovascular risk factors in children and
adolescents in 2000, 2003 and 2006 in
Tehran.

This study was conducted as a part of
the Tehran Lipid and Glucose Study,
and the details have been published

previously [13]. This consisted of was

3 cross-sectional studies over 3 time
periods: 2000, 2003 and 2006 in which
2555, 1329, 1 158 children and ado-
lescents (3—17 years old) participated
respectively. Briefly, the children and
adolescents recruited were residents of
district No. 13 of Tehran (one of the
22 districts of the city) and were under
the coverage of three medical health
centres. A total of 15 005 individuals
aged 3 years and over were selected us-
ing multistage cluster random sampling
method. All members of each family,
including those not having risk factors,
were invited for baseline measurements
to be followed every 3 years. The age
distribution and socioeconomic status
of the population in district No. 13 is
representative of overall population of
Tehran.

In each phase of the study, a
questionnaire was completed, which
included past medical record, family
history of noncommunicable diseases,
amount of physical activity and cigarette
smoking, A short physical examination
was performed which included height
and weight measurements to calculate
body mass index (BMI), waist circum-
ference and blood pressure measure-
ments. Weight was measured without
shoes and with just underwear. Height
measurements were performed using a
standard method [13]. Waist circum-
ference was measured about the naval,
and the hip circumference was also

recorded at the highest point of the hip
with a meter measuring tape. BMI was
calculated by dividing the weight (kg)
by height squared (m?). Blood pressure
was recorded in a sitting position after
1S minutes of rest in two S-minute in-
tervals. These measurements were done
with a standard mercury sphygmoma-
nometer on the right arm, and the mean
of the two-recorded measurements was
used for comparison.

A venous blood sample was taken
from each subject in a sitting position
between 07:00 and 09:00 following
12—14 hours of fasting. Total cho-
lesterol and triglyceride levels were
measured by an enzymatic method and
chromatography (Kit Pars Test, Islamic
Republic of Iran) was measured after
lipoprotein precipitations containing
apolipoprotein-B. LDL was calculated
with the Friedewald formula [14]. Glu-
cose was measured by an enzymatic
assay and with chromatography by a
glucose oxidase method. Inter- and
intra-assay coefhicients of variation were
2.2% for glucose, 2% and 0.5% for total
cholesterol and 1.6% and 0.6% for tri-
glycerides, respectively.

The methods for clinical and labora-
tories measurements were the same in

the 3 phases of the study.

Definitions

Overweight and obesity were defined
according to the international percen-
tile in each sex for 2-18 years [15].
Cholesterol concentrations of > 200
mg/dL were considered high and those
of 170-200 mg/dL were considered
borderline high. LDL concentrations
> 130 mg/dL were considered high
and those 110130 mg/dL considered
borderline high. Triglyceride levels >
150 mg/dL and HDL levels < 35 mg/

dL were considered abnormal [ 16].

Statistical analyses

Subjects were divided into three age
groups (3-6, 7-12, and 13-17 years
old) in each of the 3 study phases.

The mean and standard deviation of
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each variable were calculated for each
temporal period for all participants
and in each age group for both sexes.
ANOVA was used to compare the
variable means in the defined time
periods and between different age
groups and sexes. If the ANOVA test
was significant, a multiple comparison
test was used to evaluate the groups.
P < 0.05 was considered statistically
significant.

In 2000, 2003, and 2006, 2 555, 1 329,
1 158 children participated in the study

respectively. Their mean ages and the
number of subjects in each age group
are shown in Table 1.

Changes in cardiovascular risk
factors for girls and boys are shown in
Tables 2 and 3 respectively. BMI sig-
nificantly increased from 2000 to 2006
in both genders in the 13—17 years age
group. Waist circumference increased
significantly in all age groups for boys
in 2006, compared with 2000. Blood
pressure decreased significantly in all
age groups of girls from 2000-2006.

Table4 shows the data on the abnor-
mality in risk factors in the 3 intervals in
the study. The overweight prevalence in
boys in the 1317 years age group was

greater compared to the other groups in

all 3 periods.

An abnormal waist circumference
was defined as being greater than the
70% percentile for that gender and
age. The boys in all age groups showed
increased waist circumferences in the
second and third periods; however, no
increases were observed in the girls in
any age group.

In 2000, total cholesterol values
were high in 41% of the boys. Of these,
27% had cholesterol values between
170 and 200 mg/dL, and 14% had cho-
lesterol values > 200 mg (P = 0.0001).
In 2003, 27% of the boys had increased
cholesterol levels, 20% of whom had
values between 170 and 200 mg/dL and
7% had values > 200 mg (P = 0.01). In
2006, 23.8% of the boys had increased
cholesterol levels, of whom 17.8% had
values between 170 and 200 mg/dL and
6.0% had values > 200 mg (P=0.01)

In 2000, 48.7% of the girls had high
cholesterol levels, of whom 17.8% had
levels between 170 and 200 mg/dL
and 29.9% had levels > 200 mg In 2003,
32.7% of the girls had high cholesterol
levels, of whom 23.6% had levels be-
tween 170 and 200 mg/dL and 9.1%
had levels > 200 mg (P = 0.0001). In
2006, 32.4% of the girls had increased
cholesterol levels, 23.6% of whom had

Table 1 Age distribution of children in the 3 periods of study

Age group (years) No.
3-6 430
7-12 1030
13-17 1095
3-6 204
7-12 485
13-17 640
3-6 172
7-12 456
13-17 530

Mean age (SD) (years)
2000
4.8 (1.0)
9.8(1.7)
15 (1.4)
2003

2006

SD = standard deviation.
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levels between 170 and 200 mg/dL and
8.8% hadlevels >200mg/dL (P=0.01).

The high triglyceride levels in both
boys and girls decreased significantly
during the 3 periods. In 2000, LDL lev-
els were high in 37.2% of the boys in all
age groups, of whom 23.4% had levels
between 110 mg/dL and 129 mg/dL
and 13.8% had levels > 130 mg/dL. In
2003, LDL levels in 21% of the boys
were between 110 mg/dL and 129 mg/
dL and in 13.8% they were higher than
130 mg/dL (P = 0.04). In 2006, LDL
levels were high in 26.3% of boys, of
whom 15.4% had levels between 110
mg/dL and 129 mg/dL and 10.9% had
levels > 130 (P = 0.006). In 2000, LDL
in 24% of the total number of girls was
between 110 mg/dL and 129 mg/dL
and in 17.4% it was > 130 mg/dL. In
2003, LDL in 21.6% of the girls was
between 110 mg/dL and 129 mg/dL
and in 14.7% was > 130 mg/dL (P=
0.01); In 2006 these figures were 13.2%
and 9.0% respectively (P=0.001).

Discussion

This study showed that indices of gen-
eral and abdominal obesity increased
but blood pressure and lipidaemia de-

creased in children and adolescents in
Tehran, Islamic Republic of Iran, which
is undergoinga nutrition transition. This
study is the first epidemiological survey
the countryto compare the cardiovascu-
lar risk factors among children in 6-year
intervals. The findings are important
because Iran has undergone some rapid
changes in recent years in the following
categories: nutritional status and physi-
cal activities in children and adolescents,
reproduction and mortality rates, and
urbanization status. Overweight and
obesity can help predict cardiovascular
disease development in the future. Ad-
ditionally, high waist circumference (as
an index of abdominal obesity) and de-
creased HDL increase the risk of non-
communicable diseases in adulthood,
which can be triggered at a lower age.
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Table 2 Cardiovascular risk factors in Tehran girls aged 3-17 years in 2000, 2003 and 2006, by age group

No.

2000
Mean (SD)

No.

2003
Mean (SD)

2006
Mean (SD)

Age group 3-6 years

SBP (mm/Hg) 205 973(0.8) 95 876 (1.1) 0.0001 68 88.3(1.4) 0.9 0.0001
DBP (mm/Hg) 204 66.8(0.7) 95 56.8 (1.1) 0.0001 68 58.7 (1.1) 0.9 0.0001
BMI (kg/m?) 213 15(0.1) 93 15.3(1.7) 0.5 66 15.6 (0.2) 0.9 0.1
WC (cm) 132 51.4(0.4) 61 0.87(0.6) 0.9 46 51.4(0.6) 0.9 0.9
WC/HC ratio 132 0.86(0.004) 61  0.87(0.006) 04 46 0.86(0.007) 0.4 0.9
FBS (mg/dL) 175 82(0.6) 83 83(0.8) 0.9 66 80.5(0.9) 0.2 0.8
Total chol (mg/dL) 175 173 (2) 83 165 (3.3) 0.1 66 167 (3.6) 0.9 0.5
Triglycerides (mg/dL) 175 89(2.7) 83 83.5(3.7) 0.6 66 78.8 (3.4) 0.9 0.1
HDL-chol (mg/dL) 169 44.4(0.7) 81 414 (1) 0.09 63 46.4(1.4) 0.01 0.5
LDL-chol (mg/dL) 169 111 (1.9) 83 108 (3) 0.9 60 105 (3.5) 0.9 04
Age group 7-12 years
SBP (mm/Hg) 507 101(0.4) 249 95(0.5) 0.0001 223 92.7(0.7) 0.03 0.0001
DBP (mm/Hg) 507 7(0.4) 249 64.4(0.5) 0.0001 223 60.8(0.6)  0.0001 0.0001
BMI (kg/m?) 509 17 (0.001) 243 175(0.2) 0.2 224 18(0.2) 0.2 0.001
WC (cm) 509 60.4(0.4) 242 61(0.6) 0.9 224 61.2(0.6) 0.9 0.9
WC/HC ratio 509 0.82(0.002) 242  0.82(0.003) 0.9 224 0.80(0.003) 0.001 0.001
FBS (mg/dL) 500 87(0.3) 244 88.4(0.4) 0.06 231 86.8(0.4) 0.1 0.9
Total chol (mg/dL) 500 176 (1.5) 244 166 (1.9) 0.001 231 163 (2) 0.5 0.0001
Triglycerides (mg/dL) 500 105(2.2) 244 106 (3.4) 0.9 231 98.2(3) 0.2 0.1
HD-chol (mg/dL) 499 45(0.5) 243 42(0.6) 0.001 230 45.5(0.7) 0.001 0.9
LDL-chol (mg/dL) 499 109 (1.4) 243 103 (1.7) 0.02 218 96.2(1.7) 0.02 0.02
Age group 13-17 years
SBP (mm/Hg) 570 105 (0.4) 329 101(0.6) 0.001 250 100 (0.6) 0.8 0.0001
DBP (mm/Hg) 570 72(0.3) 329 69 (0.5) 0.001 250 66.3(0.5) 0.001 0.0001
BMI (kg/m?) 569 21(0.1) 317 21.6 (0.2) 0.006 245 221(0.2) 04 0.006
WC (cm) 569 71(0.3) 317 72.5(0.5) 0.9 245 70.8(0.5)  0.07 0.9
WC/HC ratio 569  0.76(0.002) 317  0.78(0.003) 0.001 245 0.75(0.003) 0.0001 0.
FBS (mg/dL) 573 877(0.3) 324 879(0.4) 0.004 254 85.7(0.4) 0.003 0.004
Total chol (mg/dL) 573 170 (1.2) 324 153 (1.4) 0.001 254 154 (1.7) 0.9 0.3
Triglycerides (mg/dL) 573 113 (2.5) 324 102 (2.6) 0.03 254 103 (3.4) 0.9 03
HDL-chol (mg/dL) 573 42.9(0.4) 324 39.4(0.4) 1 253 43(0.6) 0.0001 0.9
LDL-chol (mg/dL) 571 154 (1) 324 93.7 (1.3) 0.001 243 90.4(1.5) 0.3 0.0001

?Comparison between 2000 and 2003; *Comparison between 2003 and 2006, ‘Comparison between 2000 and 2006.

SPB = systolic blood pressure; DBP = diastolic blood pressure; BMI = body mass index; WC = waist circumference; HC = hip circumference; FBS = fasting blood sugar;
Chol = cholesterol; HDL-chol = high-density lipoprotein cholesterol; LDL-chol = low-density lipoprotein cholesterol.

Although unexpected, favourable
changes in blood pressure and serum
lipid concentrations were observed in
this study, despite increases in general
and abdominal obesity. These results
are probably due to the national pro-
gramme that is designed to decrease
salt and lipid consumption. This pro-
gramme consists of consumption of
more unsaturated fat and replacement

oflipid oil for solid oil and educating the
public on proper nutrition, exercise and
diet through the media. None of these
subjects were receiving anti-hyperten-
sive or anti-lipid drug treatments.

The high prevalence of low HDL
is probably due to specific genetic
backgrounds as it has been previously
reported in Iranian adults [12]. High
prevalence of low HDL has also been

reported in other Middle Eastern coun-
tries, such as Turkeyand Oman [17,18].
Along with genetic background, what is
eaten in childhood, such as diets with
high levels of solid hydrogenated oils
that contain transacids and/or saturat-
ed fats, can also cause HDL cholesterol
and triglyceride increases [ 19].

An NHANES study found that the

overweight prevalence increased from
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Table 3 Cardiovascular risk factors in Tehran boys aged 3-17 years in 2000, 2003 and 2006, by age group (Tehran Lipid and

Glucose Study)
2000
No.

Mean (SD)

Age group 3-6 years

SBP (mm/Hg) 380 98.7(0.5) 196 88.6(0.7) 0.001
DBP (mm/Hg) 378 67.8 (0.4) 196 59(0.7) 0.001
BMI (kg/m?) 414 15(0.09) 195 15.3(0.1) 0.01
WC (cm) 246 51(0.3) 17 52(0.4) 0.03
WC/HC ratio 114 0.87(0.004) 56 0.89(0.006)  0.01
FBS (mg/dL) 330 61.8 (0.5) 175 83(0.6) 0.8
Total chol (mg/dL) 330 171(1.5) 175 161(2.3) 0.001
Triglycerides (mg/dL) 330 86.5(1.9) 175 80 (2.3) 0.005
HDL-chol (mg/dL) 317 45(0.5) 175 41(0.7) 0.9
LDL-chol (mg/dL) 317 107 (1.4) 175 103 (2) 0.004
Age group 7-12 years
SBP (mm/Hg) 996 102 (0.3) 474 96 (0.5) 0.001
DBP (mm/Hg) 996 70(0.3) 474 64.3(0.4) 0.001
BMI (kg/m?) 1005 16.8 (0.1) 460 174.(0.1) 0.001
WC (cm) 1005 59(0.2) 459 61.8 (0.4) 0.001
WC/HC ratio 496 0.84(0.002) 217 0.89(0.02) 0.001
FBS (mg/dL) 980 875(0.2) 466 89 (0.3) 0.9
Total chol (mg/dL) 980 174 (1) 466 164 (1.3) 0.001
Triglycerides (mg/dl) 978 100(l5) 466  100(24)  0.004
HDL-chol (mg/dL) 972 46.5(0.3) 465 42.5(0.4) 0.9
LDL-chol (mg/dL) 969 107 (0.9) 463 101(1) 0.004
Age group 13-17 years

SBP (mm/Hg) 1069 106 (0.3) 631 103 (0.4) 0.001
DBP (mm/Hg) 1069 71.9(0.2) 631 68.4(0.3) 0.001
BMI (kg/m?) 1073 21(0.1) 616 21.4(0.1) 0.001
WC (cm) 1073 71(0.3) 616 74.4(0.4) 0.001
WC/HC ratio 504 0.82(0.003) 299 0.85(0.003)  0.001
FBS (mg/dL) 1061 90(0.3) 618 89.6 (0.5) 0.005
Total chol (mg/dL) 1061 167 (1) 618 152 (1 0.001
Triglycerides (mg/dL) 1061 114 (2) 618 105 (2)) 0.005
HDL-chol (mg/dL) 1056 42.5(0.3) 618 38.6(0.3 0.6
LDL-chol (mg/dL) 1048 101(0.8) 616 93(1) 0.001

2006
Mean (SD)

162 89.1(0.8) 0.9 0.0001
162 58.5(0.6) 0.9 0.0001
159 16.3(0.8) 0.1 0.06
12 52.4(0.4) 0.9 0.001
66 0.91(0.005) 0.1 0.0001
153 82.4(0.6) 0.9 0.2

153 160 (2.4) 0.9 0.004
153 76 (2) 0.8 0.07
148 46 (0.8) 0.001 0.9
142 99 (2.2) 0.3 0.02
437 93(0.5) 0.001 0.0001
437 61(0.4) 0.001 0.0001
439 17.8 (0.1) 0.5 0.2
439 62.4(0.5) 0.9 0.0001
215 0.88(0.006) 0.9 0.003
440 87(0.3) 0.001 0.9
440 161(1.3) 04 0.0001
440 91(1.9) 0.01 0.01
439 46.8(0.5) 0.001 0.0001
420 95 (1) 0.004 0.0001
509 102.7 (0.5) 0.9 0.02
509 66.7 (0.3) 0.005 0.0001
513 22(0.2) 0.02  0.0001
513 75(0.5) 0.7 0.0001
268  0.86(0.004) 0.04  0.0001
519 87(0.3) 0.001 0.1

519 151 (1.2) 0.9 0.0001
519 103 (2.4) 0.9 0.1

517 41.8 (0.4) 0.001 0.2
490 88 (1) 0.01 0.0001

“Comparison between 2000 and 2003; *Comparison between 2003 and 2006, ‘Comparison between 2000 and 2006.

SD = standard deviation.

SPB = systolic blood pressure; DBP = diastolic blood pressure; BMI = body mass index; WC = waist circumference; HC = hip circumference; FBS = fasting blood sugar;
Chol = cholesterol; HDL-chol = high-density lipoprotein cholesterol; LDL-chol = low-density lipoprotein cholesterol.

4% to 6% in 1976-1980 and to 16%
in 1999-2002 [20,21]. In this study,
high blood pressure, low HDL cho-
lesterol and triglycerides were raised
in children who were overweight but
there was no relationship between
overweight, total cholesterol and LDL
cholesterol [22].

In a study conducted in Korea in
3-yearintervals for children 1018 years
old, overweight prevalence increased
from 5.4% to 11.6%. Triglyceride lev-
els were significantly increased in the
second period, and the LDL, HDL,
and blood pressure measurements

improved [23]. In our study, waist

circumference and body weight sig-
nificantly increased during the three
defined periods. These findings are simi-
lar to a study performed in the United
States in children ages 2-17 years and
from the third period of NHANES to
2000. The BMI and waist circumfer-

ence increased, but triglyceride and
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Table 4 Frequency of abnormal of risk factors for cardiovascular disease among Tehran children and adolescents aged 3-17

Variable

Fasting blood sugar >100 mg%

2000

No. (%)

2003
No. (%)

years in 2000, 2003 and 2006, according to sex (Tehran Lipid and Glucose Study)

Pa

2006
No. (%)

Pb

PC

Boys 1) 46 (4.1) 0.01 46 (7.6) 0.001 0.1

Girls 82(3.7) 36 (3.30) 0.1 31(4.8) 0.1 0.1
Total cholesterol > 170 mg%

Boys 462 (41.1) 166 (27.3) 0.001 134 (23.8) 0.01 0.0001

Girls 608 (48.7) 213 (32.7) 0.0001 179 (32.4) 0.04 0.01
LDlI-chol > 110 mg%

Boys 204 (37.2) 560 (34.8) 0.04 482 (26.3) 0.006 0.001

Girls 167 (41.6) 427(36.3) 0.01 325(22.2) 0.0001 0.0001
Triglyceride >150 mg%

Boys 148 (13.2) 63(10.3) 0.001 43 (7.6) 0.0001 0.0001

Girls 190 (15.2) 80 (12.2 0.07 62 (11.2) 0.006 0.0001
HDI-chol < 35mg%

Boys 844 (76.5) 370(60.9) 0.001 446 (80) 0.0001 0.0001

Girls 931 (75) 402 (62) 0.08 540 (80.4) 0.1 0.3
Overweight

Boys 148 (29.8) 102 (39.1) 0.001 97 (43.5) 0.1 0.001

Girls 188 (37.7) 101 (41.3) 0.7 104 (49.7) 0.05 0.001
Obese

Boys 73 (15.5) 38(13.2) 0.6 54(23.3) 0.001 0.001

Girls 42(8.8) 34(15.2) 0.001 31(15) 0.1 0.001
WC increase > 70% percentile

Boys 149 (78) 135 (89) 0.001 171(86) 0.2 0.01

Girls 200 (49) 127 (64) 0.001 91 (51) 0.01 0.1

?Comparison between 2000 and 2003; *Comparison between 2003 and 2006, ‘Comparison between 2000 and 2006.

SD = standard deviation.

LDI-chol = low-density lipoprotein cholesterol; HDL-chol = high-density lipoprotein cholesterol; WC = waist circumference.

glucose levels, which are associated with
obesity, decreased during this time. To-
tal cholesterol, LDL cholesterol, HDL
cholesterol, and haemoglobin A1C
showed no differences between the two
periods [24].

It is now known that BMI does not
show the body lipid percentage and
is not a good prognostic factor for
determining cardiovascular disease in
children; therefore, waist circumference
is used for estimating abdominal fat
[25]. In our study, waist circumference
was an important factor for develop-
ing metabolic syndrome; however, the
waist-to-hip ratio was not. Our study is
in accordance with previous studies that
showed high waist circumference as an
important characteristic in metabolic

syndrome in children and adolescents
[10].

There are some limitations in our
study. As a cross-sectional study, the
causative factors could not be evalu-
ated and the length of the follow-up was
short. Additionally, one cannot predict
the future changes that may occur in
this population as adults. It should also
be noted that the most recent data per-
tain to about 6 years ago and changes
in life style have continued since then
which may affect the risk factors evalu-
ated. There is a need therefore to follow
up on the children and adolescents who
were included in TLGS in the future.

To conclude, this study showed
increasing prevalences of general and
abdominal obesity in Tehran children

and adolescents. These increases may
cause serious public health problems
in this country. The causes of blood
pressure and serum lipid concentration
decreases should be further evaluated.
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