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ABSTRACT

Introduction: Obesity is a growing public health problem in both developed and developing societies. The aim
of this cross-sectional study was to estimate the prevalence of overall obesity determined by body mass index
(BMI) and abdominal obesity identified by waist circumference(WC) percentiles, waist to hip ratio(WHR) and
waist to height ratio (WHtR), in adolescent girls attending high school in Tabriz, Iran. Methods: A sample of
985 girls was selected by stepwise random sampling from five districts of Tabriz. Weight, height, WC and hip
circumferences ( HiC) of the subjects were measured and BMI, WHR and WHtR were calculated. Overweight and
obesity were defined according to International BMI Cut-Off Points for adolescents. WC >90th percentile, WHR>0.80
and WHtR=0.50 were categorized as abdominal obesity. Results: The prevalence rates of obesity and overweight
were 2.8% and 16.4%, respectively. Abdominal obesity defined by WC percentiles, WHR, and WHtR were seen in
3.2%, 4.0%, and 18.2% of subjects, respectively. WHtR determined the highest prevalence of abdominal obesity
in subjects compared to WC and WHR. WC, WHR, and WHtR were significantly related to BMI. Conclusions:
Overall obesity and abdominal obesity are substantially prevalent in the studied adolescent girls. Further
studies are needed to identify risk factors for the obesity in our studied population. Findings emphasize the
importance of establishing community-based interventions in order to prevent the development of adolescent
obesity and its complications in adulthood.
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INTRODUCTION

Chronic  non-communicable diseases such as Overweight and obesity are among important medical

cardiovascular diseases and diabetes are the leading
cause of death worldwide.! According to World Health
Organization estimates, by the year 2020, non-
communicable diseases will account for approximately
three-quarters of all deaths in the developing world.?
Obesity is a major risk factor for chronic diseases
and plays a central role in the “insulin resistance” or
“metabolic syndrome”, which includes hyperinsu-
linemia, hypertension, hyperlipidemia, type 2 diabetes
mellitus, and an increased risk of atherosclerotic
cardiovascular disease.?
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problem between adults, children and adolescents
in developed and developing countries.“® The
prevalence of childhood obesity has increased over the
last two decades.” Urbanization, unhealthy diets, and
increasingly sedentary lifestyles have contributed to
increase the prevalence of childhood obesity,
particularly in developing countries.® Previous studies
indicated that the process of atherosclerosis starts at
an early age and is already linked to obesity and other
components of the metabolic syndrome in childhood.®
Increasing obesity prevalence among children and
adolescents is one of the most important public health
problems.*

According to the first results of the Iranian national
study conducted by Motlagh et al., 2.6% and 11.1% of
high-school students (14-18 years) were overweight
and at risk for overweight based on the body mass
index (BMI) status, respectively.10 The prevalence of
weight disorders was significantly different in different
districts.”® In another study by Mirhosseini et al. in
Mashad, Iran, 14.6% and 3.4 % of adolescent girls
were classified as overweight and obese, respectively.
Enlarged waist circumference (WC) greater than 80
cm, was seen in 9.5% of subjects."
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WC has been shown to correlate well with intra-
abdominal fat mass,” and abdominal obesity is
considered as an independent predictor of several
risk factors and morbidity.’>"> Therefore, early
identification and treatment of children or adolescents
with central adiposity is very important due to
metabolic complications.*™

Considering that adiposity generally tracks from
childhood into adulthood, and is associated with
adult health outcomes, and with attention to the
scarcity of studies of the subject in our country,
the present study has been carried out in order to
estimate the prevalence of overall obesity and
abdominal obesity by commonest anthropometric
measurements such as: BMI, waist-to-hip ratio
(WHR),WC and waist-to-height ratio (WHtR) in
Iranian adolescent girls attending high school in
Tabriz, the capital of east Azerbaijan, in northwest
Iran.

METHODS

The ethical committee of Tabriz University of Medical
sciences approved the study protocol. In this
cross-sectional study, a sample of 985 girls (14 to
17 years old) was selected from among high-school
students in Tabriz, Iran by a two-stage stratified
random-sampling technique. Written consent was
obtained from the students and their parents.
Information on general characteristics was obtained
by interview. Subjects with a history of disease,
including diabetes, heart disease, kidney disease,
gastrointestinal disease, or use of any medication,
were excluded from the study. Data were gathered
by two trained nutritionists. One of the nutritionists
interviewed the subjects and measured their
weight and height, and the other performed
waist and hip measurements.

Body weight was measured using calibrated beam
scales (Seca, Germany) and was recorded to the near-
est 0.5 kg. The subjects were measured barefoot
wearing light clothing. Height was measured using a
mounted tape (nonelastic) with the subject’s arms
hanging freely at her sides and was recorded to the
nearest 0.5 cm. BMI was calculated as the weight in
kilograms divided by the height in meters squared.
Underweight, healthy weight, overweight, and
obesity were defined according to the International
BMI cut-off points for adolescents. Overweight for
girls aged 14 to 14.9, 15 to 15.9, 16 to 16.9, and 17
to 17.9 years is defined as BMI > 23.66 to < 28.87, >
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24.17 to < 29.29, > 24.54 to < 29.56, and > 24.85 to <
29.84, respectively. Obesity is defined as BMI > 28.87,
> 29.29, > 29.56, and > 29.84, respectively. These
cutoffs are based on BMI percentiles but use data
pooled from six large, nationally representative
surveys. 67

WC was measured at the minimum circumference
between the iliac crest and the rib cage over light
clothing, and hip circumference (HiC) was recorded
at the maximum circumference over the buttocks,
using a nonelastic flexible tape measure, without any
pressure to the body surface in a standing position.
Measurements were recorded to the nearest 0.1 cm.
Abdominal obesity was diagnosed when the WC:x
the age -and sex -specific 90th percentile for this
population,'®' or WHR> 0.80 or WHtR>0.50.%

Statistical analysis was performed with SPSS for
Windows, version 11.5. The results were considered
statistically significant if p <0.05.The chi-square
test and Pearson's coefficient analysis were used to
determine the relationship between WC, WHR,
and WHtR and BMI status. Correlation between
anthropometric measurements and age were also eval-
uated by Pearson's coefficient test.

RESULTS

Table 1 shows the mean of weight, height, BMI, WC,
HiC, WHR, and WHtR of the study population according
to age groups. Mean age of subjects was 15.67 *
1.01 years. Pearson’s correlation coefficient analysis
showed no significant correlation between any
anthropometric measures and age.

Table 2 shows the distribution of subjects based on
BMI, WC, WHR, and WHtR status. The prevalence
rates of obesity and overweight were 2.8% and 16.4%,
respectively. According to WC, WHR, and WHtR
classifications, 13.2%, 14%, and 18.2% of subjects
had abdominal obesity, respectively.

There were significant relationship between WC,
WHR, and WHtR and BMI status of subjects by the
chi-square test, as WC, WHR, and WHtR increased
with increasing BMI (X 2=436.67, P= .001; X?=122.19,
P=.001 and X?=446.23, P= .001, respectively). In
Pearson's correlation coefficient analysis, there were
also significant positive correlations between WC,
WHR, and WHtR and BMI (r=.86, p=.001; r=.50, p=.001
and r=.87, p=.001, respectively; data not shown).



Table 1. Descriptive characteristics of subjects

Age (y) Weight (kg) Height (cm)  BMI(kg/m2)  WC (cm) HiC (cm) WHR WHtR
Mean (s.d) Mean (s.d.)  Mean (s.d.)  Mean(s.d.) Mean (s.d.) Mean (s.d.)  Mean (s.d.)
14-14.9 (n=143)  53.29 (9.20)  158.89 (5.83) 21.11(3.52) 69.96 (8.70)  91.61(7.48) ~ 0.76 (0.07) ~ 0.44 (0.06)
15-15.9 (n=283)  53.78 (10.2)  159.66 (5.71) 21.07 (3.7)  70.25(8.70)  92.39(7.48)  0.76 (0.05)  0.44 (0.05)
16-16.9 (n=311)  54.70 (10.12) 159.22 (5.81) 21.56 (3.67) 71.01 (8.20)  93.53(7.20)  0.76 (0.5  0.45 (0.05)
17-17.9 (n=248)  54.69 (9.32)  159.47 (5.2)  21.35(3.67) 70.75(8.43)  94.09 (6.98)  0.76 (0.05)  0.44 (0.05)
Total (n=985) 54.23 (9.82)  159.36 (5.64) 21.35(3.67) 70.75(8.43)  93.06 (7.2) 0.76 (0.05)  0.44 (0.05)

Table 2. Distribution of subjects based on overall obesity and abdominal obesity by BMI category

Abdominal obesity*

WC Percentiles WHR WHtR

BMI n(%) <90th 290th <0.80 >0.80 <0.5 20.50
classification n (%) n(%) n(%) n(%) n(%) n(%)
Underweight 47 (4.8) 47 (100) 0 (0) 45 (95.70) 2 (4.3) 47 (100) 0 (0)
Normal 748(75.9) 726 (97.1) 22 (2.9) 683 (91.3) 65 (8.7) 702 (93.9) 46 (6.1)
Overweight 162(16.4) 81 (50) 81 (50) 108 (66.7) 54 (33.3) 57 (35.2) 105 (64.8)
Obese 28 (2.8) 1 (3.6) 27 (96.4) 11 (39.3) 17 (60.7) 0(0) 28 (100)
Total 985 (100) 855(86.8) 130(13.2) 847 (86) 138 (14) 806 (81.8) 179 (18.2)

X2=436.67 X2=122.19 X?=446.23

P=0.001 P=0.001 P=0.001

*Abdominal obesity: waist circunmference>90th for age and sex; WHR>0.80; WHtR>0.50, WC:
Waist circumference, WHR: waist to hip ratio, WHtR: weight to height ratio

Volume 12 Number 1, June 2013



IMJM

DISCUSSION

The prevalence rates of obesity and overweight were
2.8% and 16.4%, respectively (Table 2). These results
were similar to those of our previous study on high
school girls in Tabriz, in 2001.2' The national survey
conducted in Iran, among 21,111 school students aged
6-18 years in 2003-2004, showed that according
to US Centers for Disease Control and Prevention ( CDC)
and International Obesity Task Force (IOTF) cut offs,
the prevalence of obesity was 4.5 % and 2.9 % and
the rates for overweight were 8.82 % and 11.3%,
respectively.' The prevalence of obesity in our studied
subjects was similar to the study mentioned above;
however, the prevalence of overweight was higher
than that of study.

In a study among Mexican adolescent girls, based on
CDC cutoffs, the prevalence of overweight and obesity
were 21% and 9%, respectively.?? Among adolescent
(male & female) aged 11-17 years in Greece, the
prevalence of overweight and obesity were 19.1% and
3.2%, respectively.?? Among girls aged 13-18 years in
India, the age-adjusted prevalence of overweight was
15.8%,%* and within Tunisian adolescent girls was found
to be 16%.% In studies among Egyptian adolescent
girls,? Saudi Arabian youths over 12 years of age? and
adolescent girls in the United Arab Emirates,* using
the CDC cutoffs for BMI, 18% & 8% , 13.8% & 20.5 %,
and 14% & 9% of subjects were overweight and obese,
respectively. Based on IOTF cutoffs, the overall obesity
in Bahrain girls aged 12-17 years were 18%,%in Qatar,
18.9 % & 4.7%* and in Turkey 10.6 % & 2.1% of
adolescent girls were overweight and obese,
respectively.®® In Dalian, China, 10.4% of girls aged
9-16 were overweight based on CDC cutoffs for BMI.3'

Comparison of our results with studies in other countries
shows that the prevalence of obesity and overweight
in Tabriz high school girls is lower than some other
countries such as Mexico and Greece,?*?* and that
of some developing countries, including Bahrain and
Qatar.2? However, the prevalence of overweight in
our studied subjects was higher from countries such
as China and Turkey,*3" and was somewhat similar to
rates in India and Tunisia.?*?* In addition to the overall
obesity, WC is a useful measure of the abdominal
obesity that is more closely related to cardiovascular
risk and metabolic syndrome than overall obesity.3?
BMI fails to distinguish between muscle and fat, and
seems therefore, a poor proxy for central fatness.™

According to the results (table 2), 13.2%, 14.0%, and
18.2.0% of subjects had abdominal obesity, based on
WC, WHR and WHtR classifications, respectively. In a
study by Esmaillzadeh et al. on 1623 girls aged 10-19
years in Tehran (capital city of Iran), the prevalence of
abdominal obesity was 10.1% based on WC categorized
by age and sex specific 90" percentile for their
population.? In another study performed in Mashhad,
Iran, 9.5% of adolescent girls aged 15-17 years had
WC>80 cm.11The rate of abdominal obesity in our
studied population is higher than above studies. No
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other published data are available about abdominal
obesity in Iranian adolescent girls.

Abolfotouh et al. showed prevalence of abdominal
obesity in % 16.1 %, 4.5 % and 16.7% in 1500 Egyptian
males and females aged 11-19 years according to WHR,
WC and WHtR, respectively.” McCarfhy HD and Ashwell
M reported WHtR exceeded the 0.50 in 11.7% of
adolescent girls aged 11-16 years in UK children in
1997.% In 279 Swedish girls aged 15.6 + 0.4 years,
high-risk waist circumference was detected in 30.1%
of subjects.

Children from different populations vary in their
rate of proportional growth and in fat patterning.'?3*
Ethnicity is one of the important factors influencing
body-fat distribution via heterogeneity in total mass
and composition of skeletal muscles, subcutaneous
and intra-abdominal adipose tissue, and bone. Less
skeletal muscle mass and pelvic skeleton dimensions
are seen in Asian, particularly those who suffered
childhood malnutrition, and may affect waist and
hip circumferences.®® Several epidemiologic studies
in Asian population have shown that Asian, including
Chinese, Taiwanese, Indians and Koreans have higher
amounts of body fat at lower BMIs and waist
circumferences than do Western populations such as
US whites and blacks, perhaps leading to the greater
prevalence of cardiovascular disease risk factors
at lower BMIs in Asian populations than in Western
populations.3¢

In our sample (table 2), the majority of obese and
overweight subjects had an abdominal obesity. WC,
WHR, and WHtR were related strongly to BMI. WC
and WHtR had the highest relationship with BMI. The
percent of abdominal obesity based on WHtR in our
study, also showed the highest prevalence comparing
to WC or WHR (table 2). WHtR has been proposed as an
alternative, conveniently age-independent measure of
cardiovascular risk. It might be a better predictor of
risk for cardiovascular disease than BMI or WC for the
following reasons (1) WHtR is more highly correlated
with visceral fat mass- and clustering of cardiovascular
risk factors in children- and adults (2) WHtR may be
a more accurate tracking indicator of fat distribution
and accumulation by age, because it accounts for the
growth in both WC and height over age, particularly in
children and adolescent; and (3) the value of WHtR is
free of measurement units and is in a close agreement
between males and females at each age group. Thus,
WHtR may be a potentially useful surrogate measure
for abdominal obesity across different age, gender, or
racial/ethnic subpopulations.37-3®

Our results are of particular concern, because visceral
adiposity, measured by WC and WHtR, increases the
risk for obesity- associated morbidity and mortality in
children and adults.® In a national study by Motlagh
and et al. an increased trend in the prevalence of
Cardiovascular disease risk factors, especially
dyslipidemia and overweight among Iranian children
and adolescents was reported.™
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Over the past decades, there has been increasing
evidence that the structure of dietary intakes and the
prevalence of obesity around the developing world
have been changing at an increasing rapid pace.®
Countries of the Middle East are believed to have
the highest dietary energy surplus among developing
countries. Iran, among other countries of the Eastern
Mediterranean Region, has undergone a rapid transition
in patterns of nutrition. This follows the rapid change
in fertility and mortality patterns and increasing
urbanization, which has led to considerable imbalance
in food composition favoring low-nutrient diets and
over-consumption among more than one-third of
households.™ Increases in energy intake, portion sizes,
sweetened beverage intake, and declines in sufficient
vigorous physical activity, despite declines in sedentary
behaviors (e.g. hours of television viewing) likely
contributed to obesity in children and adolescents
in different populations.® We did not evaluate such
lifestyle behaviors, so they are considered as limitations
of our study. Other studies are needed to demonstrate
causality of risk factors on obesity in our community.

As a conclusion, our study provides evidence showing
a substantial prevalence of overall and abdominal
obesity in adolescent girls of our community.
Measurement of BMI, WC and especially WHtR may
help to identify adolescent girls with risk factors
for chronic disease in adulthood. It is suggested to
establish surveillance programs and preventive
strategies in studied population to reduce the likely
medical and psychological costs of the increase in
obesity in young people. Findings emphasize the need
to encourage healthy lifestyles, particularly healthy
nutrition and increasing physical activity for adolescent
girls.
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