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Abstract
Objective: Some recent studies have shown stablity or declining trends in obesity
while others still report increasing trends. The present study aimed to investigate
the trends of obesity and abdominal obesity in Tehranian adults during a median
follow-up of 10 years.
Design: Prospective cohort study.
Setting: Community-based data collection from the Tehran Lipid and Glucose
Study (TLGS).
Subjects: Participants from four phases of the TLGS from 1999 to 2011 (n 10 368),
aged ≥20 years.
Results: The crude prevalence of obesity and abdominal obesity increased from
23·1 % and 47·9 % at baseline to 34·1 % and 71·1 % at the end of follow-up,
respectively. Generalized estimating equation (GEE) models were used to analyse
the correlated data and calculate the relative risks (RR). Risks of obesity and
abdominal obesity increased over the whole study period for men (RR= 1·62; 95 %
CI 1·49, 1·76 and RR= 1·46; 95 % CI 1·41, 1·52, respectively) and women
(RR= 1·24; 95 % CI 1·19, 1·29 and RR= 1·22; 95 % CI 1·18, 1·27, respectively).
These rising trends were observed in all subgroups regardless of age, marital status
and educational level.
Conclusions: Trends of obesity and abdominal obesity are increasing in Tehranian
adults during a decade of follow-up in both genders and in all study subgroups.
These results underscore the still growing obesity epidemic in the capital of Iran,
calling for urgent action to educate people in lifestyle modifications and the need
for effective preventive and educational strategies on obesity.
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Obesity as a major health issue is closely related to morbidity
and mortality from non-communicable diseases(1). In recent
decades the prevalence of obesity has been growing rapidly
worldwide, turning it into an epidemic(2). Studies show that
the prevalence of obesity in the Eastern Mediterranean
region is one of the highest in the world(3) and Middle East
countries are among the leading ones in terms of mean
BMI(4). Although recently some studies have reported
stability or leveling off in trends of obesity in the USA
and some other countries(5–7), this does not constitute a
cessation of the epidemic, and longitudinal studies still
report increasing obesity trends in the adult population of
most countries worldwide(8–12). Furthermore, the increasing

rate of obesity is a major concern in most developing
countries and they require special attention in this regard(13).

Most studies investigating obesity trends are based on
cross-sectional survey data(14–16). Cross-sectional studies
and synthetic cohorts (i.e. linking age groups across cross-
sectional data at different time points) that are often used
for these purposes lack the ability to show the dynamics
and these data may not be comparable over time(12,17).
Despite these limitations, sufficient longitudinal data are
generally not available and more longitudinal studies are
needed to overcome these obstacles.

In addition to genetic and lifestyle factors, many
sociodemographic and socio-economic indices are closely
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related to obesity. Cross-sectional literature abounds on
unequal prevalence of obesity in subgroups of age, gender,
marital status, income, education level and cigarette
smoking(3,18). A significant relationship is also proposed in
most studies assessing the temporal trends of obesity in
different subgroups of socio-economic status(19–21). How-
ever, some other studies suggest that socio-economic status
has exerted minimal influence on changes in BMI over time
and it seems that because of the obesogenic environment,
these associations, though important, may have been
weakened over past decades(11,22).

We previously reported an increasing trend of obesity
and abdominal obesity in both genders in the first three
phases of the Tehran Lipid and Glucose Study (TLGS) with a
median follow-up of 6·6 years(23). Considering the need for
updated longitudinal data, the present study was designed
to determine the trends of obesity and abdominal obesity
in different subgroups of Tehranian adults over a 10-year
follow-up using generalized estimating equations (GEE).

Materials and methods

Study participants and design
The TLGS was designed to determine the risk factors of
non-communicable diseases among the Tehranian urban
population and to develop population-based measures to
prevent and improve these risk factors(24). The design of the
TLGS included four components: phase I, a cross-sectional
prevalence study of cardiovascular risk factors; and phases
II, III, and IV, prospective ongoing follow-up studies for
10 years. A multistage, stratified, cluster random sampling
technique was used to select 15 005 people, aged 3 years or
older, and under coverage of three medical health centres
from district 13 of Tehran, the capital of Iran. The district is
located in the centre of Tehran and the distribution of
age and other demographic factors in its population is
representative of the overall population of Tehran and is
compatible with that in the Iranian population. All members
of each family, including those without risk factors, were
invited for baseline measurments during phase I of the
study and were followed in subsequent phases. The inter-
val between every two assessments was approximately 3·6
years: phase I, 1999–2001; phase II, 2002–2005; phase III,
2006–2008; and phase IV, 2009–2011. Details of the study
have been published elsewhere(24). From this population,
only individuals ≥20 years old were selected from phase I
and were followed to phase IV. Data on 10 368 participants
(mean age of 43·5 years) in phase I, who had at least one
further measurement in later phases, were used for analysis
in GEE clusters that compensated for the absent information
in each phase.

Measurements and definitions
Information regarding age, sex, smoking, marital status
and educational level was collected using standard

questionnaires. Smoking was defined according to WHO
guidelines(25). In our questionnaire, smoking was categor-
ized into yes/no groups; ‘yes’ defined participants who
smoked cigarettes (daily or occasionally or ex-smokers) and
‘no’ defined non-smokers. Marital status was categorized
as married and non-married (including widowed and
divorced). Educational level was defined based on last
official educational degree achieved by the individual and
was categorized as primary and secondary level, high school
level and university level.

Weight was measured using a digital electronic weighing
scale (Seca 707, range 0·1–150 kg; Hanover, MD, USA) with
an accuracy of up to 100 g (the machine was regularly
checked for precision after every ten measurements) and
height was determined using a tape meter stadiometer
according to standard protocols. Waist circumference (WC)
was measured by trained personnel at the level of the
umbilicus using an unstretched tape meter, without any
pressure to body surface, and was recorded to the nearest
0·1 cm. Instruments and methods used for anthropometric
measurements were the same at baseline and follow-ups.
BMI was calculated as weight in kilograms divided by the
square of height in metres (kg/m2). Obesity was defined
as BMI ≥ 30·0 kg/m2 and subcategories of obesity were
defind as follows: class I as 30·0 ≤ BMI < 34·9 kg/m2;
class II as 35·0 ≤ BMI < 39·9 kg/m2; and class III as
BMI ≥ 40·0 kg/m2(26). WC of ≥89 cm in men and ≥91 cm in
women were considered as cut-off points for abdominal
obesity, based on national cut-offs(27); although other WC
cut-offs also exist for different Iraninan populations, we used
the ones proposed by Delavari et al.(27) since they are the
only ones representative of the whole nation, with the
largest sample size and are widely used in similar studies.

Statistical analysis
All continuous variables are expressed as means and stan-
dard deviations, and categorical covariates are expressed as
percentages. ANCOVA and logistic regression tests were
used to compare age-adjusted differences between the two
sexes within each phase for continuous and dichotomous
variables, respectively.

Tests of interactions were checked considering time
trends and obesity/abdominal obesity for subgroups
of age, marital status, smoking and educational level.
If the interaction terms were significant, the results were
analysed and reported in those subgroups separately.
Considering that the responses were dependent, the GEE
model with auto-regressive working correlation structure,
through log-link function with binomial errors, was used
to estimate the relative risk of responses in the age, marital
status and educational level subgroups(28). Relative risks
(RR) and 95 % confidence intervals were computed. In the
present study, obesity and abdominal obesity were con-
sidered as responses, separately.

All analyses were performed using the statistical soft-
ware packages SPSS version 16 and SAS version 9·1 for
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Windows; the significance level was set at P< 0·05
(two-tailed).

Results

The GEE analysis was performed on data of 10 368 partici-
pants (4397 males) aged ≥20 years from phase I, who had
the information required in at least one of four study
phases. The number of crude observations was 10 368,
6246, 6663 and 6217 in phases I, II, III and IV, respectively.
The baseline characteristics of those who were lost to
follow-up in phase IV were compared with those who
remained in the study; there were no clinically significant
differences between these two groups regarding age, sex,
BMI, marital status and educational level (data not shown).

Basic characteristics of participants in phases I and IV of
the study are presented for men and women separated
into different age groups (Tables 1 and 2). In the whole
study population, the crude prevalence of obesity and
abdominal obesity increased from 23·1 % and 47·9 % at
baseline to 34·1 % and 71·1 % at the end of follow-up,
respectively. The crude prevalence of obesity increased
from 14·4 % at baseline to 23·1 % in phase IV for men and
from 29·5 % to 42·0 % for women. There was also an
increase, at the end of follow-up, in the prevalence of
abdominal obesity from 52·8 % at baseline to 78·1 % for
men and from 44·4 % to 66·1 % for women. Sex-specific
mean BMI and WC values, and also prevalences of obesity
and abdominal obesity in each phase of the study, are
presented in Table 3.

The RR for obesity and abdominal obesity in different
subgroups and in each phase are presented in Tables 4
and 5 for men and women, respectively. Sex-specific tests
of interaction were statistically significant for subgroups
of age, marital status and educational level (P< 0·001
for all), but not for smoking. Evaluating the trends
using GEE showed that risk of obesity and abdominal
obesity increased in both sexes. The total age-adjusted
RR for obesity were 1·18, 1·23 and 1·36 in phases II, III
and IV compared with baseline, and corresponding
values were 1·21, 1·19 and 1·34 for abdominal obesity.
Compared with baseline, an increase of 62 % and 46 % in
the risk of obesity and abdominal obesity was observed
in men at the end of the follow-up, respectively. The
risk of obesity and abdominal obesity also increased by
24 % and 22 % in women, respectively. The highest
increase in risk of obesity and abdominal obesity was
observed in the 20–39 years age group for men (105 %
and 74 %, respectively) and also for women (53 %
and 79 %, respectively). Non-married men and married
women were at increased risk of obesity compared with
their counterparts regarding marital status. Regarding
educational level, the highest increase in obesity and
abdominal obesity was observed in those with high school
educational level in both men and women (except
for abdominal obesity in men that was higher in those
with university educational level). At the end of the
study, there was also an increasing trend of obesity and
abdominal obesity in all subgroups of age, marital status
and educational level, when compared with baseline
values.

Table 1 Basic characteristics of study participants at baseline and the end of the study by age group (men), Tehran Lipid and Glucose Study
(TLGS), 1999 to 2011

Phase I (baseline) Phase IV (end of follow-up)

Variable
20–39 years
(n 1999)

40–59 years
(n 1469)

≥60 years
(n 929)

Total
(n 4397)

20–39 years
(n 463)

40–59 years
(n 1244)

≥60 years
(n 866)

Total
(n 2573)

BMI (kg/m2)
Mean 25·2 26·4 26·1 25·8 27·5 27·7 26·7 27·3
SD 4·3 3·8 3·9 4·1 4·6 4·0 4·0 4·2

WC (cm)
Mean 88·4 92·4 93·5 91·0 97·0 98·1 97·8 97·8
SD 11·8 10·2 10·7 11·2 11·5 10·5 10·4 10·6

Obesity* (%) 12·7 16·4 14·9 14·4 24·2 25·3 19·1 23·1
Abdominal obesity* (%) 44·4 57·6 61·1 52·8 73·2 80·3 77·5 78·1
Smoking (%)
Smoker 36·6 48·6 42·1 41·8 52·2 52·2 41·3 48·5
Non-smoker 63·4 51·4 57·9 58·2 47·8 47·8 58·7 51·5

Marital status (%)
Married 61·8 98·6 97·4 81·6 80·1 95·7 95·4 92·8
Non-married 38·2 1·4 2·6 18·4 19·9 4·3 4·6 7·2

Educational level (%)
Primary and secondary 8·3 27·4 63·8 24·7 3·5 12·2 49·2 22·2
High school 54·7 36·5 15·2 41·5 9·3 15·9 16·1 14·7
University 37·0 36·1 21·0 33·8 87·2 71·9 34·7 63·1

WC, waist circumference.
Values are expressed as mean and standard deviation or as percentages.
*Obesity, BMI≥ 30·0 kg/m2; abdominal obesity, WC≥ 89 cm(27).
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Discussion

To our knowledge, the present study is the first one on
trends of obesity and abdominal obesity in the region with
a decade of follow-up. Our results showed an overall
increase in trends of obesity and abdominal obesity in
both genders and different study subgroups in the urban
adult Tehranian population over a 10-year follow-up.
Using a GEE model, the overall risk of obesity and
abdominal obesity increased by 36 % and 34 % at the end

of study, respectively. This increase was more dramatic in
younger age groups and in men.

Most studies addressing obesity trends are based on
cross-sectional data and, in contrast to longitudinal studies,
lack the ability to genuinely represent the dynamics of the
problem over time periods. The trends of obesity vary
worldwide and the literature shows conflicting results.
Data from developing countries and the Middle East
indicate that increasing trends of obesity are still a major
health problem in these areas(13). In concordance with our

Table 2 Basic characteristics of study participants at baseline and the end of the study by age group (women), Tehran Lipid and Glucose
Study (TLGS), 1999 to 2011

Phase I (baseline) Phase IV (end of follow-up)

Variable
20–39 years
(n 2963)

40–59 years
(n 2138)

≥60 years
(n 870)

Total
(n 5971)

20–39 years
(n 798)

40–59 years
(n 1805)

≥60 years
(n 1041)

Total
(n 3644)

BMI (kg/m2)
Mean 25·5 29·5 28·4 27·3 27·4 30·2 30·9 29·8
SD 5·5 4·7 4·9 5·5 4·7 5·0 18·7 10·7

WC (cm)
Mean 82·6 93·7 95·7 88·9 88·5 96·3 100·9 95·8
SD 11·4 11·4 10·8 12·7 10·7 11·5 11·1 12·1

Obesity* (%) 18·3 42·4 35·7 29·5 23·3 46·3 49·2 42·0
Abdominal obesity* (%) 23·7 59·5 69·1 44·4 39·6 68·7 82·8 66·1
Smoking (%)
Smoker 3·4 6·6 6·8 5·0 7·3 8·0 6·6 7·4
Non-smoker 96·6 93·4 93·2 95·0 92·7 92·0 93·4 92·6

Marital status (%)
Married 76·3 88·3 61·5 78·4 89·6 87·1 58·2 79·4
Non-married 23·7 11·7 38·5 21·6 10·4 12·9 41·8 20·6

Educational level (%)
Primary and secondary 11·8 53·3 87·0 32·2 4·3 26·0 74·9 31·4
High school 56·4 23·2 6·1 40·8 9·7 21·7 12·6 16·8
University 31·8 23·5 6·9 27·0 86·0 52·3 12·5 51·8

WC, waist circumference.
Values are expressed as mean and standard deviation or as percentages.
*Obesity, BMI≥ 30·0 kg/m2; abdominal obesity, WC≥ 91 cm(27).

Table 3 Prevalence and trends of obesity and abdominal obesity for Tehranian adults, Tehran Lipid and Glucose Study (TLGS), 1999
to 2011

Men Women

Phase I Phase II Phase III Phase IV Phase I Phase II Phase III Phase IV

Age (years)
Mean 44·7 49·0 50·3 53·1 42·4 46·5 48·3 50·9
SD 14·7 14·7 14·1 13·9 13·5 13·4 13·0 12·8

BMI (kg/m2)
Mean 26·0 26·7 27·1 27·3 27·7 28·8 28·9 29·8
SD 4·0 4·0 4·1 4·2 5·0 4·8 4·9 10·7

WC (cm)
Mean 90·9 95·1 96·4 97·8 88·9 92·0 91·2 95·8
SD 11·2 10·5 10·3 10·6 12·7 12·5 12·8 12·0

Obesity* (%) 14·4 18·8 21·0 23·1 29·5 37·9 37·4 42·0
Class I 85·6 85·5 84·6 83·0 74·7 72·8 68·7 66·9
Class II 12·3 12·3 12·7 13·2 20·9 22·3 24·3 24·6
Class III 2·1 2·2 2·7 3·8 4·4 4·9 7·0 8·5

Abdominal obesity† (%) 52·8 67·8 73·7 78·1 44·4 54·7 50·8 66·1

WC, waist circumference.
Values are expressed as mean and standard deviation or as percentages.
*Obesity, BMI≥ 30·0 kg/m2; class I, 30·0≤BMI< 34·9 kg/m2; class II, 35·0≤BMI< 39·9 kg/m2; class III, BMI≥ 40·0 kg/m2.
†Abdominal obesity: WC≥ 89 cm in men and ≥91 cm in women(27).
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results, numerous studies have reported an increasing
trend of obesity in different parts of the world either in
cohort studies(9–12) or by comparing multiple cross-
sectional surveys over time(15,16,29). In Iran, Esteghamati
et al.(30) showed increasing secular trends of overweight
and obesity among Iranian adults over an 8-year period,
during which the overall prevalence of obesity increased
from 13·6 % in 1999 to 22·3 % in 2007 with an OR of 1·08
per year(30). However, the latter study compared data from
three independent cross-sectional studies with different
urban and rural populations, and possibly with different
socio-economic backgrounds. Interpreting and extrapolat-
ing these kinds of data face multiple limitations since it does
not represent a longitudinal trend in a single representative
population. On the other hand, several studies have repor-
ted stability or levelling off in trends of obesity specifically
in Europe and the USA(6,7,31). Although concerns about
generalizability of both categories of these studies exist, the
different composition of study populations, variations
in socio-economic status and also implementation of pre-
ventive strategies in some countries could partly explain
these differences. It is also noteworthy that interpretation of
these studies is largely dependent on the type of statistical

method applied, choice of statistical models and con-
sideration of possible publication biases as well(5).

Together with the epidemic of general obesity (measured
by BMI), the prevalence of abdominal obesity (measured
by WC) is also increasing, however with different pat-
terns(10,32). It is suggested that abdominal obesity is a better
indicator for risk of type 2 diabetes, CVD and all-cause
mortality, so addressing this index in obesity studies is
important(33). Our results indicated a higher prevalence of
abdominal obesity compared with obesity, and this is in
agreement with previous TLGS data and the current litera-
ture(23,32). Low physical activity, sedentary lifestyle, changes
in diets and higher energy intake are suggested to play key
roles in this shifting trend towards abdominal obesity(34). In
our study, the prevalence of obesity and abdominal obesity
followed an increasing trend in the last 10 years; this trend
was more dramatic in men and the youngest age group
(20–39 years), a finding in agreement with previous reports
in Tehran which had stressed the alarming rates in men and
younger age groups(23,35). Regarding abdominal obesity,
our results were in contrast to those of another study con-
ducted in northern Iran reporting a slight decline in trends
of abdominal obesity in an urban male and female

Table 4 Relative risks of obesity and abdominal obesity in different study subgroups in phases I to IV* (men), Tehran Lipid and Glucose
Study (TLGS), 1999 to 2011

Phase II Phase III Phase IV

Phase I RR 95% CI RR 95% CI RR 95% CI

Total
Obesity 1 1·23† 1·15, 1·22 1·46† 1·36, 1·57 1·62† 1·49, 1·76
Abdominal obesity 1 1·30† 1·26, 1·35 1·40† 1·36, 1·46 1·46† 1·41, 1·52

Age
20–39 years
Obesity 1 1·38† 1·24, 1·55 1·73† 1·53, 1·95 2·05† 1·78, 2·36
Abdominal obesity 1 1·41† 1·32, 1·50 1·59† 1·47, 1·71 1·74† 1·62, 1·88

40–59 years
Obesity 1 1·21† 1·09, 1·34 1·38† 1·24, 1·53 1·48† 1·33, 1·66
Abdominal obesity 1 1·27† 1·21, 1·34 1·35† 1·28, 1·42 1·43† 1·35, 1·51

≥60 years
Obesity 1 1·05 0·95, 1·16 1·12 0·98, 1·26 1·18† 1·03, 1·34
Abdominal obesity 1 1·21† 1·15, 1·28 1·28† 1·20, 1·36 1·27† 1·19, 1·35

Marital status
Married
Obesity 1 1·22† 1·14, 1·30 1·42† 1·32, 1·52 1·55† 1·43, 1·69
Abdominal obesity 1 1·27† 1·23, 1·32 1·34† 1·30, 1·39 1·40† 1·35, 1·46

Non-married
Obesity 1 1·10 0·82, 1·45 1·34 1·00, 1·85 1·95† 1·36, 2·81
Abdominal obesity 1 1·36† 1·18, 1·57 1·63† 1·38, 1·91 1·68† 1·42, 2·00

Educational level
Primary and secondary
Obesity 1 1·15† 1·01, 1·31 1·31† 1·15, 1·51 1·30† 1·12, 1·52
Abdominal obesity 1 1·17† 1·11, 1·24 1·21† 1·14, 1·29 1·22† 1·14, 1·31

High school
Obesity 1 1·50† 1·20, 1·88 1·69† 1·33, 2·14 1·92† 1·51, 2·44
Abdominal obesity 1 1·35† 1·22, 1·49 1·40† 1·27, 1·54 1·48† 1·34, 1·62

University
Obesity 1 1·29† 1·15, 1·45 1·56† 1·38, 1·76 1·80† 1·58, 2·05
Abdominal obesity 1 1·36† 1·27, 1·46 1·51† 1·41, 1·61 1·59† 1·48, 1·70

RR, relative risk; WC, waist circumference.
*Obesity, BMI≥ 30·0 kg/m2; abdominal obesity, WC≥ 89 cm in men and ≥91 cm in women; marital status, married and non-married (including widowed and
divorced); Phase I was considered as the reference category.
†All comparisons are adjusted for age and P< 0·05 is considered statistically significant.

Rising trends of obesity and abdominal obesity 2985

https://doi.org/10.1017/S1368980015000269 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980015000269


population between 2006 and 2010(36); however, that
study was based on two cross-sectional data sets that face
problems for comparing the trends, used different WC
cut-offs (north American and European cut-offs of 102 cm
and 88 cm in men and women, instead of national cut-offs)
and the results were an exception when compared with
other similar studies in Iran. Furthermore, Tehran is a
metropolitan city with different levels of population diver-
sity and environmental risk factors compared with smaller
towns in the country. Similar to ours, several studies have
reported that the prevalence of abdominal obesity is
growing using a cohort design(10,37) or multiple cross-
sectional surveys(32,38). Niu et al.(37) used longitudinal data
from the China Health and Nutrition Survey (CHNS) from
1997 to 2009 and reported that the prevalence of abdominal
obesity increased from 17·3 % to 39·4 % during a 12-year
follow-up; in that study abdominal obesity (WC ≥ 90 cm
for men and ≥80 cm for women) was more prevalent in
Chinese women at baseline, but the increasing trends were
observed in both genders and all age groups. On the other
hand, Tanamas et al.(10) showed in a 12-year longitudinal
study that the mean BMI and WC increased in Australian
adults and most prominently in those who were younger at
baseline; the incidence of obesity and abdominal obesity

also increased in both sexes, but was more prominent in
women. The root causes behind these sex differences are
unclear and need more investigations; but the higher trends
of abdominal obesity in Tehranian men compared with
women may in part be because, in recent years: women’s
awareness of their health and body has increased; women
are getting more educated and involved in social activities;
and last but not least, most of the public educational pro-
grammes have targeted women, somehow overlooking the
male population. These factors may have implemented
changes in Tehranian women’s diet and lifestyle in recent
years. Despite the increasing trend of abdominal obesity
observed in most related studies, comparing these results in
various populations is problematic because definitions and
cut-off points for diagnosing abdominal obesity, and also the
nature of the data used (cohort v. multiple cross-sectional),
vary in different studies.

Socio-economic status and factors like smoking, educa-
tional level and marital status are regarded as important
variables associated with obesity, particularly in women;
however, these associations are complex and dynamic(18,39).
In our study, the rates of obesity and abdominal obesity
increased during the study period in all subgroups, regard-
less of age group, educational level and marital status,

Table 5 Relative risks of obesity and abdominal obesity in different study subgroups in phases I to IV* (women), Tehran Lipid and Glucose
Study (TLGS), 1999 to 2011

Phase II Phase III Phase IV

Phase I RR 95% CI RR 95% CI RR 95% CI

Total
Obesity 1 1·15† 1·11, 1·19 1·14† 1·09, 1·18 1·24† 1·19, 1·29
Abdominal obesity 1 1·12† 1·09, 1·16 1·01 0·97, 1·04 1·22† 1·18, 1·27

Age
20–39 years
Obesity 1 1·35† 1·25, 1·46 1·35† 1·24, 1·46 1·53† 1·38, 1·68
Abdominal obesity 1 1·24† 1·13, 1·36 1·09 0·98, 1·22 1·79† 1·61, 2·00

40–59 years
Obesity 1 1·15† 1·10, 1·20 1·12† 1·07, 1·18 1·23† 1·16, 1·29
Abdominal obesity 1 1·17† 1·12, 1·22 1·01 0·96, 1·06 1·26† 1·20, 1·32

≥60 years
Obesity 1 1·15† 1·08, 1·23 1·20† 1·12, 1·29 1·32† 1·22, 1·42
Abdominal obesity 1 1·08† 1·03, 1·14 1·08† 1·02, 1·14 1·19† 1·13, 1·26

Married
Obesity 1 1·16† 1·12, 1·20 1·11† 1·07, 1·16 1·23† 1·17, 1·29
Abdominal obesity 1 1·12† 1·08, 1·17 0·99 0·95, 1·03 1·22† 1·17, 1·28

Non-married
Obesity 1 1·07 0·97, 1·17 1·13† 1·02, 1·24 1·14† 1·02, 1·27
Abdominal obesity 1 1·12† 1·03, 1·22 1·07 0·98, 1·18 1·21† 1·10, 1·33

Educational level
Primary and secondary
Obesity 1 1·15† 1·09, 1·21 1·20† 1·13, 1·27 1·29† 1·21, 1·38
Abdominal obesity 1 1·19† 1·13, 1·24 1·12† 1·06, 1·18 1·24† 1·18, 1·32

High school
Obesity 1 1·59† 1·38, 1·83 1·49† 1·29, 1·72 1·63† 1·40, 1·90
Abdominal obesity 1 1·69† 1·49, 1·93 1·49† 1·29, 1·70 1·87† 1·64, 2·13

University
Obesity 1 1·34† 1·26, 1·43 1·36† 1·27, 1·45 1·47† 1·36, 1·60
Abdominal obesity 1 0·92 0·83, 1·01 0·77 0·70, 0·85 1·14† 1·04, 1·25

RR, relative risk; WC, waist circumference.
*Obesity, BMI≥ 30·0 kg/m2; abdominal obesity, WC≥ 89 cm in men and ≥91 cm in women; marital status, married and non-married (including widowed and
divorced); Phase I was considered as the reference category.
†All comparisons are adjusted for age and P<0·05 is considered statistically significant.
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although the extent was different. Similar to our results,
several studies have reported that during the epidemic,
obesity prevalence increased in all subgroups and socio-
economic indicators exerted minimal effect on these growing
trends(11,40). Recently, in a large sample of Chinese adults, Du
et al.(38) reported that the increasing trends of obesity and
abdominal obesity exist in all population subgroups of age,
sex and education. Also Prättälä et al.(19) reported differences
in BMI increase at various educational levels according to
outcome, but similar to us they also reported that the
increasing trend is present at all educational levels. Although
Torrance et al.(41) found that obesity trends varied with
educational level and smoking, more recent evidence sug-
gests that the association between these factors and obesity
has been weakened in recent decades, concurrent with the
dramatic increase in obesity prevalence(11,22). In our study
women with high school educational level had the highest
trend of obesity and abdominal obesity and the trend was
less dramatic in the higher educational level. However, in
men this pattern was more complex and those with higher
educational levels had higher trends of obesity and abdom-
inal obesity. These findings are in line with most studies
on education and obesity that show an inverse association
in women, but inconclusive and complex associations in
men(19,42). It is supposed that women with higher education
are more concerned about their body shape and how they
look compared with men(42), so they may more actively
engage in healthy eating and weight-control programmes.
Regading marital status we found that married women and
unmarried men had higher rates of obesity and abdominal
obesity in our follow-up. Most studies show that marriage
and weight gain are positively associated; however, these
associations may differ based on gender, ethnicity and other
socio-economic factors(43,44). In Iranian women, marriage
may be accompanied with less concern about body shape,
less physical activity and also childbearing; all may affect
their body weight in the long term(43). On the other hand,
Iranian men may have different dietary patterns and less
healthy diets before marriage; lack of support from a spouse
may also lead to less concern about body shape in unmar-
ried men. However, one should also consider the dynamic
nature of factors like marriage and educational level and the
role of other environmental and socio-economic factors in
interpretation of these findings. Since we used baseline
information of participants in the present study we cannot
conclude on these subjects or test the aforementioned
hypotheses.

Lack of physical activity is another culprit in the obesity
epidemic. Studies show that both leisure-time physical
activity and occupational physical activity can be inversely
associated with obesity(45). Lifestyle patterns are changing
and with modernization, the global trend is towards a
decrease in physical activity that also plays an important
role in trends of obesity and abdominal obesity(46). Taken
together, it seems that the dynamic roles of lifestyle
changes and different socio-economic factors form a

complex network to affect obesity trends. Modern life with
advances in the food industry, easier and faster access to
larger food volumes and also major lifestyle changes are
making the world we live in more and more ‘obese-
friendly’ and this obesogenic environment is a major
contributor to the obesity epidemic.

The present study has several strengths and limitations.
Being the first large population-based study in Iran and the
Middle East with a 10-year follow-up is the main study
strength. We also used measured values for weight, height
and WC in order to diagnose obesity and abdominal
obesity as opposed to self-reported measures, which
could lead to underestimation of BMI and obesity(47). The
other strength of the study is that we used country-specific
cut-offs for WC in defining abdominal obesity. We
also used GEE as a more flexible and robust model for
handling longitudinal data, allowing us to use all available
data and better dealing with missing values. Regarding
limitations, we did not take into account some factors like
physical activity, dietary habits and economic status in our
study. Furthermore, TLGS is a population-based study on
Tehranian residents and although Tehran is a metropolitan
city with a wide range of population variety, these data
may not be representative of all the Iranian population.

Conclusion

In conclusion, our study shows that in a representative adult
Tehranian population, the trends of obesity and abdominal
obesity are fast increasing in both men and women and in
different social groups. Moreover, the dramatic increase of
obesity and abdominal obesity in men and younger age
groups merits special consideration. These alarming trends
challenge current health priorities to provide urgent and
effective prevention and education strategies targeting the
whole population, not just a specific educational level or
social group.
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