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 Aim. Evaluating the incidence of obesity and its risk factors among Tehranian adults.
Material & methods. In this population-based cohort, non-obese participants, aged ≥20 years, were followed

for development of obesity (Body Mass Index (BMI) ≥30). Incidence density and cumulative incidence rates of
obesity were calculated for each sex. Cox proportional hazard regression was used to determine the association
of potential obesity risk factors including: age, BMI, metabolic syndrome, waist circumference (WC), smoking,
marital status, education, and physical activity.

Result. A total of 7257 participants (3536men) were followed for a median of 8 years. At baseline, mean age,
BMI andWCwere 41.3 ± 14.6 years, 25.1 ± 2.9 kg/m2 (24.9 ± 3 kg/m2 men and 25.2 ± 3 kg/m2 women), and
84.8± 9.8 cm (87.06± 9.2 cmmen and 82.6± 9.9 cmwomen) respectively. During the follow-up, 1345 partic-
ipants (876 women) developed obesity contributing to cumulative incidences of 31.3% (CI: 29.9%–32.7%), 38.1%
(CI: 36.2%–40.1%), and 23.4% (CI: 21.6%–25.3%) for the whole population, women, and men, respectively. Corre-
sponding incidence density rates per 1000 person-yearwere 25.9 (CI: 24.5–27.3), 33.67 (CI: 31.5–36.0), and 18.0
(CI: 16.5–19.7), respectively. Highest incidence rates were observed during their 40s and 20s for women and
men, respectively. Participants with metabolic syndrome, lower educational level, higher BMI and WC, were at
higher risk of obesity development in both sexes.

Conclusion.High incidence of obesity was observed among Tehranian adults with higher incidence of obesity
in women. Different modifiable variables may act as risk factors for obesity development which should be
targeted to control the epidemic of obesity.

© 2015 Elsevier Inc. All rights reserved.
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Introduction

Obesity is one of the biggest challenges that healthcare systems are
facing (Swinburn et al., 2011). Not only it directly contributes to higher
mortality rates (Arnlov et al., 2010), but also it burdens the healthcare
system by acting as a major risk factor for other non-communicable
diseases (Flegal, 2005). Conditions such as diabetes, hypertension,
osteoarthritis, sleep apnea, and certain kind of cancers, are closely relat-
ed to obesity andmay emerge as a consequence of it (Finer, 2011). Costs
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of these diseases are enormous, and can be reduced if obesity is
prevented (Finkelstein et al., 2005).

In 2014, over 600 million adults were overweight or obese world-
wide (WHO, 2012) and the estimated value for 2030 is about 1.12 bil-
lion (Kelly et al., 2008). Middle Eastern countries have a high
prevalence of obesity and Iranian population is facing the burden as
well. Numerous studies have reported the high prevalence of obesity
in Iranian adults (Esteghamati et al., 2010; Hosseinpanah et al., 2009).
However, most prevalence studies are based on cross-sectional data
and lack the ability to demonstrate how theproblemof obesity is chang-
ing over time. Additionally, prevalence studies are unable to answer the
question that who is at higher risks for developing obesity. To answer
this important and relevant question, incidence studies with a cohort
design are needed. By detecting the high-risk groups, incidence studies
can shed some light on the etiology of obesity and as well, make the
prevention efforts more targeted and effective. Although incidence
studies can be more informative than cross-sectional studies, few
studies have been published internationally and nothing has been
published to date in Iran.
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The present study aims to determine the incidence of obesity and its
predicting factors in a representative population of Tehranian adults, by
following the cohort population for a median of 8 years.

Materials and method

Study population

This study is conducted using the data from participants of the Tehran Lipid
and Glucose Study (TLGS), a dynamic prospective population-based study con-
ducted on a representative sample of Tehranian population with the aim of de-
termining prevalence and risk factors of non-communicable diseases. Details of
study protocol are available elsewhere (Azizi et al., 2002, 2009). To summarize,
the TLGS has two major components: (I) phase I, a cross-sectional prevalence
study of non-communicable disease (1999–2001) and associated risk factors;
and (II) prospective follow-up studies at approximately 3-year intervals.
15,005 residents participated in the first examination cycle (1999–2001) and
another 3555 residents were first examined at the second examination cycle
(2002–2005). From this overall 18,560 group, a total of 12,808 participants
aged ≥20 years at baseline were selected for the current study. Participants
with prevalent obesity (N = 2324), body mass index (BMI) b18.5 (N = 219),
pregnancy (N = 108) at baseline and those without any follow-up data (N =
2901) were excluded, leaving 7256 participants who were followed up until
2011.

All participants provided written, informed consent. The protocol of the
present study, which was in accordance with principles of the Declaration of
Helsinki, was approved by the Research Ethics Committee of the Research Insti-
tute of Endocrine Sciences of Shahid Beheshti University of Medical Sciences.

Clinical and laboratory measurements

A trained interviewer collected information using a pretested questionnaire.
Information obtained included baseline demographic information, family histo-
ry of diabetes, past medical history of cardiovascular disease, drug use, and
smoking behavior. Weight was measured with participants minimally clothed
without shoes, using digital scales (Seca 707; Seca Corporation, Hanover, MD,
USA; range 0.1–150 kg) recorded to the nearest 100 g. Height was measured
in a standing position without shoes, using a tape meter that was fixed to a
wall, while shoulders were in a normal alignment. Waist circumference (WC)
wasmeasured at the umbilical level. Two measurements of systolic blood pres-
sure (SBP) and diastolic blood pressure (DBP) were taken using a standardized
mercury sphygmomanometer on the right arm, after a 15-min rest in a sitting
position; the mean of the two measurements was considered as the
participant's blood pressure. Fasting plasma glucose (FPG), high-density lipo-
protein cholesterol (HDL-C) and triglycerides (TG) levels were measured by
previously reported methods (Azizi et al., 2009). BMI was calculated as weight
(kg) divided by square of the height (m2). Physical activity level was assessed
with the Lipid Research Clinic (LRC) questionnaire.

Definition of terms

Metabolic syndrome was defined according to Joint Interim Statement
(Alberti et al., 2006) as the presence of any three out of five following compo-
nents: (1) FBG ≥ 5.6 mmol/l (100 mg/dl) or 2-h blood glucose ≥7.8 mmol/l
(140 mg/dl) or drug treatment; (2) fasting TGs ≥ 1.7 mmol/l (150 mg/dl) or
drug treatment; (3) fasting HDL-C b 1.29 mmol/l (50 mg/dl) in women and
b1.03 mmol/l (40 mg/dl) in men or drug treatment; (4) raised blood pressure
defined as SBP ≥ 130 mmHg, DBP ≥ 85 mmHg or antihypertensive drug treat-
ment; (5) elevated waist circumference (WC) ≥91 cm for women and ≥ 89 cm
for men. Data on physical activity, which have been reported previously, were
obtained using the Lipid Research Clinic questionnaire (Ainsworth et al.,
1993). Heavy physical activity was defined as exercise or physical activity at
least three times a week, moderate physical activity as exercise or physical
activity less than three times a week, and light as those who had no exercise
or physical activity in the past week. Education was classified into 2 groups:
belowdiploma (b12 years education); and diplomaor higher (≥12 years educa-
tion). Marital status was categorized as single (including widowed), and mar-
ried. Obesity was defined as BMI ≥ 30 kg/m2. Overweight was defined as BMI
25–29.9. Higher waist circumference was defined as waist circumference
≥91 cm for men subjects, ≥89 cm for women (Delavari et al., 2009). A current
smoker was defined as a person who smokes cigarettes daily or occasionally.
Statistical analysis

All analyses were conducted separately for men and women. Categorical
variables of the baseline characteristics are expressed as frequencies (%). Com-
parison of baseline characteristics between men vs. women was done using a
Chi-square test.

In this study, as the exact time of obesity incidence was calculated by
interval-censored data method. Interval censoring takes into account the
event happening between two time periods. Considering alternate interval cen-
soring approaches, results were investigated using mid-point censoring,
(Lindsey and Ryan, 1998). Mid-point censoring was set to the mid-point be-
tween the last negative and the most recent positive event time. Endpoints
were considered as the time of incident obesity and censoring was defined as
lost to follow up or end of the follow up.

Cumulative incidence of obesity with 95% confidence intervals (CI) were
calculated for each sex as the number of new cases of obesity over the total
number of subjects in that group minus half of the censored population. The
person-year method was used to obtain obesity incidence rates (IRs); IR is re-
ported as number of cases per 1000 person years. Cox proportional hazard
modeling was used to estimate unadjusted and age adjusted hazard ratios
(HRs) alongwith 95% CIs for baseline groups of age, BMI, physical activity, met-
abolic syndrome, educational level, high waist circumference, smoking status,
and marital status. The proportionality assumption was verified by assessing
the correlation between the Schoenfield residuals and person-days along with
observing log minus log plots (considering different groups as strata variables).
All proportionality assumptionswere generallymetwith exception of the visual
assessment for the outcomeofmarital status inmen; itwas noticed that the two
curves are much closer until almost 2000 days of follow-up, but they diverge
greatly after that. Therefore, we performed an extended Cox model containing
two heavy-side functions with the mentioned time cut-off. The corresponding
model provides two hazard ratios for any time-dependent covariate: one that
is constant above the cut-off time and the other that is constant below it.
All analyses were performed using IBM SPSS for Windows version 20
(SPSS, Chicago, IL, USA) and STATA version 12 SE (STATA Inc., TX, USA),
with a two-tailed P-value of b0.05 considered significant.

Results

In this prospective cohort study, 7257 participants (3536men), with
amean age of 41.3 ± 14.6 years, mean BMI of 25.1± 2.9 kg/m2 (24.9±
3 kg/m2 men and 25.2 ± 3 kg/m2 women), and mean WC of 84.8 ±
9.8 cm (87.06 ± 9.2 cm men and 82.6 ± 9.9 cm women) at baseline,
were followed for a median (interquartile 25–75) of 8 (5–9) years. Base-
line characteristics of study participants are illustrated in Table 1. Signif-
icant differences were observed between the two sexes; women were
less physically active and more often overweight, whereas men had
higher frequencies of being current smokers, or having higher waist
circumference. Metabolic syndrome was more prevalent among men
as well.

During the follow up, 1345 (876women) participants became obese
contributing to a cumulative incidence of 31.3% (29.9–32.7). Total cu-
mulative incidence of obesity was 38.1% (36.2–40.1) for women, and
23.4% (21.6–25.3) for men. Incidence density rate in the whole popula-
tion was 25.9 (24.5–27.3) per 1000 person year. Corresponding inci-
dence density among men and women were 18 (16.5–19.7), 33.7
(31.5–36.0) per 1000 person year, respectively. The highest rate of inci-
dent obesity was observed in women aged 40–49 y (incidence density:
47.5 [95% CI: 41.6–54.3] in 1000 person year), and men aged 20–29 y
(Fig. 1).

When contribution of different candidate predictors for develop-
ment of incident obesity were analyzed, nearly all potential clinical
and demographic risk factors were significantly associated with devel-
oping obesity in both sexes (Tables 2 & 3). However, physical activity
and cigarette smoking status showed no significant associationwith de-
veloping obesity neither among men, nor women. Being married was a
significant predictor of developing obesity in women as well. However,
since proportionality assumptions were not met, marital status among
men participants was analyzed by extended cox, showing higher risk
of developing obesity when subjects were followed less than 5.5 years



Table 1
Baseline characteristics of study participants. Tehran Lipid and Glucose Study 1999–2011.

Characteristic Male
N (%)

Female
N (%)

P-value

Age groups
20–29 732 (20.7) 1076 (28.9) b0.01
30–39 923 (26.1) 1057 (28.4)
40–49 700 (19.8) 692 (18.6)
50–59 520 (14.7) 487 (13.1)
60–69 483 (13.7) 332 (8.9)
≥70 178 (5.0) 77 (2.1)

BMI groups
18.5–21.4 538 (15.3) 496 (13.5) b0.01
21.5–24.9 1160 (33.0) 1113 (30.2)
25–27.4 1068 (30.4) 1090 (29.6)
27.5–29.9 746 (21.2) 986 (26.8)

Physical activity
Heavy 599 (21.7) 845 (27.8) b0.01
Moderate 424 (15.4) 397 (13.0)
Light 1732 (62.9) 1801 (59.2)

Metabolic Syndrome
No 2071 (59.7) 2726 (74.1) b0.01
Yes 1396 (40.3) 955 (25.9)

Educational level
b12 years 2767 (81.2) 2964 (87.0) b0.01
≥12 years 642 (18.8) 442 (13.0)

Abdominal Obesity
No 1874 (53.4) 2876 (78.0) b0.01
Yes 1638 (46.6) 809 (22.0)

Smoking status
Non-smoker 2574 (73.2) 3599 (97.1) b0.01
Current Smoker 944 (26.8) 107 (2.9)

Marital status
Non-married 676 (19.1) 789 (21.2) 0.027
Married 2859 (80.9) 2932 (78.8)

BMI, bodymass index; physical activitymeasured by Lipid Research Clinic (LRC) question-
naire; abdominal obesity: ≥91 cm for male subjects, ≥89 cm for female subjects.
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(age adjusted HR: 1.67, CI: 1.23–2.27), whereas subjects with follow up
≥5.5 years did not show any significant risk (HR: 1.09, CI: 0.73–1.62).
Discussion

This prospective community-based study on a representative
Tehranian urban population (Azizi et al., 2002), shows a high incidence
Fig. 1. Incidence rates of obesity according to age and sex.
of obesity in a median follow-up of 8 years that is more pronounced in
women. Participants with higher BMI or WC, lower educational level,
metabolic syndrome, at baseline, were at higher risk for development
of obesity in both sexes. Men and women showed highest incidence
rate during their 20s and 40s, respectively.

A few studies have addressed the incidence rate of obesity. This rate
may differ in various populations and the findingsmay not be compara-
ble due to disparities in ethnicity, culture, socio-behavioral habits, and
socioeconomic status. Nafziger et al. (2006) reported 10-year obesity in-
cidence rates, in Sweden and U.S. to be 120/1000 and 173/1000, respec-
tively, which is probably lower than our findings, however differences
in statistical methods that was applied should be considered. Further-
more, this study was conducted in high income countries like the US
and Sweden so comparison does not seem absolutely appropriate and
only it ismadedue to literature gap on the subject. Pan et al. (2011) con-
ducted a study on 432,607 subjects in United States, with calculation of
current BMI and 1 year ago BMI based on self-report height andweight.
The overall crude incidences of obesity were reported 4% per year, quite
similar to the cumulative incidence rate of current study when it is di-
vided by median years of follow up (3.91%). Furthermore, they showed
that incidence of obesity decreased significantly with increasing levels
of education which is in line with our findings and extend those of
Monteiro et al. confirming that higher level of education may be associ-
ated with lower risk of developing obesity (Monteiro et al., 2001).

Higher incidence rate of obesity in women is reported by Nemesure
et al. (2008). By following 1790 African origin population of Barbados
for 9 years, incidence rate of obesity was found to be 6.9% (CI: 5.3–8.8)
and 13.1% (CI: 11.0–15.5) for men and women, respectively. Although,
the overall incidence was lower compared to our study, it was higher
among women compared to men which is in agreement with our find-
ings. Similarly, Ortiz-Moncada et al. (2010) by following 1008 Spanish
participants from Barcelona, aged ≥20 years, for 8 years, showed that
the cumulative incidence of obesity was higher in women compared
with men (29.9% vs. 13.1%, respectively). On the other hand, Vasan
et al. (2005) reported, higher incidence of obesity among American
men by looking into the data from the Framingham Heart Study. The
main reason behind these sex differences is not known yet and needs
further investigations; but the higher incidence of obesity in Tehranian
women compared to men may be in part explained by women's high
level of unemployment (Hasani, 2013) which is reported to be associat-
ed with developing obesity (Laitinen et al., 2002). Unemployment may
have caused changes toward more sedentary life style and less physical
activity. Furthermore, It seems that majority of male subjects became
obese in younger ages. Accordingly, we have previously reported that
strongest slope of obesity development occurred between 20 to 50
ages in men, therefore it is not surprising that incidence rate of obesity
declined after 50 years old (Hosseinpanah et al., 2009). However, con-
sidering occurrence of menopause in women – leading to abnormal
fat deposition – decreasing rate of obesity was not observed in older
age groups.

There are some controversies around the impact of sociobehavioral
factors such as marriage and smoking status on obesity development.
While Ortiz-Moncada et al. (2010). found that risk of developing obesity
is higher in married individuals, opposing findings have been published
as well (Cheung, 2000). However, most studies used the baseline mari-
tal status data and neglected the possible changes in marital status
through time. When interpreting the association of marital status with
developing cardio-metabolic risk factors such as obesity, changes in
marital status (e.g. from single to married and vice versa) should be
also considered. Accordingly, transition to married status has been re-
ported to be associated with an increasing trend in BMI among males
and employed females in Tehranian adults (Hosseinpour-Niazi et al.,
2014). Likewise, Relationship between cigarettes smoking and obesity
is investigated by limited prospective studies. Although weight gain is
well documented in subjects who quit smoking (Williamson et al.,
1991), association of smoking and obesity development is not that



Table 2
Hazard Ratios (HR) and 95% Confidence Intervals (CI) of Potential Risk Factors in Relation to Obesity in men. Tehran Lipid and Glucose Study 1999–2011.

Cumulative incidence HR (95% CI) Age adjusted HR Incidence rate (in 1000 person year)

Age
20–29 0.30 (0.25–0.34) 1 23.5 (19.8–28.0)
30–39 0.27 (0.24–0.31) 0.9 (0.7–1.1) 21.1 (17.9–24.8)
40–49 0.26 (0.22–0.31) 0.9 (0.7–1.1) 20.2 (16.7–24.5)
50–59 0.18 (0.14–0.23) 0.6 (0.4–0.8) 13.5 (10.3–17.7)
60–69 0.11 (0.08–0.16) 0.34 (0.2–0.5) 8.5 (5.9–12.2)
≥70 0.1 (0.04–0.15) 0.2 (0.1–0.5) 6.8 (3.2–14.3)

BMI groups
18.5–21.4 0.02 (0.01–0.04) 1 1 1.4 (0.6–3.0)
21.5–24.9 0.07 (0.05–0.09) 3.2 (1.4–7.6) 3.9 (1.7–9.1) 4.6 (3.4–6.3)
25–27.4 0.2 (0.16–0.22) 9.2 (4.0–2.7) 12.0 (5.3–27.2) 13.7 (11.4–16.5)
27.5–29.9 0.6 (0.5–0.6) 37.4 (16.8–83.2) 46.3 (20.8–103.1) 71.4 (63.8–79.8)

Physical activity
Heavy 0.3 (0.24–0.34) 1 1 20.4 (16.8–24. 9)
Moderate 0.24 (0.19–0.30) 0.8 (0.6–1.1) 0.76 (0.56–1.02) 16.2 (12.5–21.0)
Light 0.2 (0.2–0.3) 0.8 (0.7–1.0) 0.8 (0.7–1.0) 17.2 (15.1–19.5)

Metabolic Syndrome
No 0.18 (0.16–0.20) 1 1 13.1 (11.4–15.0)
Yes 0.3 (0.28–0.34) 1.8 (1.5–2.1) 2.4 (2.0–2.8) 26.2 (23.1–29.6)

Educational level
b12 years 0.25 (0.23–0.27) 1 1 19.5 (17.7–21.6)
≥12 years 0.19 (0.16–0.24) 0.8 (0.6–1.0) 0.7 (0.6–0.9) 13.9 (11.0–17.7)

Higher waist circumferencea

No 0.10 (0.08–0.12) 1 1 6.7 (5.5–8.1)
Yes 0.37 (0.34–0.40) 4.2 (3.4–5.2) 5.4 (4.4–6.7) 34.0 (30.6–37.6)

Smoking status
Non-smoker 0.23 (0.21–0.25) 1 1 17.6 (15.8–19.6)
Current Smoker 0.2 (0.2–0.3) 1.1 (0.9–1.3) 1.0 (0.9–1.3) 19.4 (16.3–23.0)

Marital status
Non-married 0.3 (0.2–0.3) 1 1 19.9 (16.4–24.2)
Marriedb 0.2 (0.2–0.2) 1.0 (0.1–1.3)¥ 1.7 (1.23–2.3)¥ 17.6 (15.9–19.5)

0.6 (0.4–0.9)£ 1.1 (0.73–1.6)£

BMI, bodymass index; physical activity measured by Lipid Research Clinic (LRC) questionnaire; abdominal obesity: ≥91 cm for male subjects, ≥89 cm for female subjects; incidence rate:
number of incident obesity cases divided by person-year follow up; cumulative incidence: number of incident obesity divided by total number.

a Participants with waist circumference ≥ 89 cm were considered as presence of higher waist circumference.
b Since proportionality assumptionwas notmet amongmale subjects,marital status were analyzed by extended cox, reporting hazard for subjects whomwere followed less than

5.5 years (¥) and subjects with follow up ≥5.5 years (£).
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well understood. In fact, although some studies noted the higher weight
gain of smokers than non-smokers (Shimokata et al., 1989), other stud-
ies didn't show any association (Kvaavik et al., 2003).

To the best of our knowledge no study has investigated themetabol-
ic syndrome or higher waist circumference as the risk factors for obesity
development. Metabolic syndrome is generally known as the conse-
quence of obesity rather than its risk factor. Yet the causal relationship
between obesity and metabolic syndrome is now facing some contro-
versies. The interaction between BMI and metabolic syndrome is the
main focus of a growing body of evidence. This interaction is investigat-
ed via obesity phenotypes. These phenotypes are defined with different
BMI categories and presence of metabolic syndrome. Among these
phenotypes special attention has been paid to intriguing subgroups of
population who have metabolic syndrome yet they're categorized as
lean or overweight by BMI categories. These subgroups which are
named metabolically obese normal weight (MONW) and metabolically
obese overweight (Hosseinpanah, 2013; Kuk and Ardern, 2009; Lee,
2009; Makoundou et al., 2011; Ruderman et al., 1981, 1998; Succurro
et al., 2008) are found to be at higher risk of developing cardiovascular
disease (Hosseinpanah et al., 2011; Meigs et al., 2006; Romero-Corral
et al., 2010). Since present study is conducted on non-obese subjects,
so the comparison that is made between the obesity incidence rate of
participants with and without metabolic syndrome, actually showed
excess risk of obesity development of the mentioned phenotypes:
MONW and metabolically obese overweight. This finding can actual-
ly partially explain the observed obesity related outcomes in these
non-obese populations. In another words it would be reasonable to
assume that in part, an increased risk of obesity in these non-obese
subgroups might be responsible for occurrence of clinical outcomes
(Hosseinpanah et al., 2011).

Our study has some limitations that deserve comments. First, The
TLGS is a study conducted on Tehranian people, and our results may
not be generalizable to all the Iranian populations, especially the rural
areas. Second, some important risk factors such as, dietary habits, and
socioeconomic status were not taken into account. Third, physical activ-
ity level of subjects was evaluated with qualitative questionnaire LRC,
which, despite its simplicity and being completed using participants'
oral responses, is subjective and may not accurately reflect the activity
levels. Evaluation of physical activity with LRC and the fact that partici-
pants did not keep the same level of physical activity throughout the
study periodmay be the reasons that the current study did not show as-
sociation of higher obesity incidence with less physical activity that has
a well-documented relationship with obesity (Ewing et al., 2014; Fox
and Hillsdon, 2007). However, this study has its strengths as well. It is
one of the few population-based studies with a relative long follow-up
assessing the sex-stratified incidence of obesity and its risk factors and
the first of its kind in the Middle East region. We also used measured
data for anthropometric parameters rather than self-reported data.
The other strength of the study is that we used country-specific cut-
offs for WC in defining higher waist circumference.

In conclusion, our study shows that in a representative adult
Tehranian population, the incidence of obesity is high, with higher
rate among women. Iran as a developing country is experiencing high
prevalence of physical inactivity (Faam et al., 2013) and obesity which
is reported to be about 22.3% (Esteghamati et al., 2009). Moreover
trend of obesity prevalence is rising as well (Barzin et al., 2015;



Table 3
Hazard ratios (HR) and 95% confidence intervals (CI) of potential risk factors in relation to obesity incidence in women. Tehran Lipid and Glucose Study 1999–2011.

Cumulative incidence HR (95% CI) Age adjusted HR Incidence rate (in 1000 person year)

Age
20–29 0.3 (0.2–0.3) 1 21. 8 (18.7–25.3)
30–39 0.4 (0.4–0.4) 1.6 (1.37–1.9) 35.79 (31.8–40.3)
40–49 0.5 (0.4–0.53) 2.0 (1.71–2.4) 47.5 (41.6–54.3)
50–59 0.4 (0.4–0.5) 1.6 (1.34–2.0) 38.5 (32.4–45.9)
60–69 0.4 (0.3–0.4) 1.3 (1.03–1.79) 32.8 (26.0–41.5)
≥70 0.3 (0.2–0.5) 1.1 (0.70–1.9) 30.8 (18.3–52.1)

BMI groups
18.5–21.4 0.02 (0.01–0.04) 1 1 1.0 (0.37–2.6)
21.5–24.9 0.10 (0.08–0.13) 6.6 (2.4–18.0) 7.0 (2.6–19.1) 6. 7 (5.2–8.6)
25–27.4 0.33 (0.30–0.37) 24.9 (9.3–66.6) 27.8 (10.4–74.4) 27.3 (23.9–31.2)
27.5–29.9 0.75 (0.72–0.78) 74.2 (27.9–197.2) 83. 9 (31.6–233.0) 120.5 (111.1–130.6)

Physical activity
Heavy 0.40 (0.36–0.44) 1 1 33.5 (29.2–38.3)
Moderate 0.35 (0.30–0.42) 0.8 (0.7–1.1) 0.85 (0.68–1.06) 35.0 (32.5–37.7)
Light 0.42 (0.39–0.44) 1.04 (0.90–1.19) 1.04 (0.91–1.20) 34.9 (31.9–38.2)

Metabolic Syndrome
No 0.33 (0.31–0.36) 1 1 27.5 (25.3–29.9)
Yes 0.50 (0.46–0.54) 1.7 (1.5–1.9) 1.7 (1.5–2.0) 53.6 (48.0–59.8)

Educational level
b12 years 0.39 (0.37–0.41) 1 1 35.0 (32.5–37.7)
≥12 years 0.28 (0.23–0.34) 0.7 (0.5–08) 0.7 (0.6–0. 9) 22.7 (18.0–28.5)

Higher waist circumferencea

No 0.31 (0.29–0.33) 1 1 25.3 (23.2–27.5)
Yes 0.6 (0.5–0.6) 2.2 (2.0–2.5) 2.4 (2.1–2.7) 71.5 (64.2–79.6)

Smoking status
Non-smoker 0.38 (0.36–0.40) 1 1 33.7 (31.5–36.0)
Current Smoker 0.4 (0.25–0.5) 0.9 (0.6–1.3) 0.88 (0.61–1.27) 32.9 (21.9–49.5)

Marital status
Non-married 0.20 (0.22–0.3) 1 1 21.0 (17.5–25.2)
Married 0.41 (0.39–0.4) 1.7 (1.45–2.1) 1.7 (1.4–2.0) 37.2 (34.6–39.9)

BMI, BodyMass Index; Physical activity measured by Lipid Research Clinic (LRC) questionnaire; abdominal obesity: ≥91 cm for male subjects, ≥89 cm for female subjects; incidence rate:
number of incident obesity cases divided by person-year follow up; cumulative incidence: number of incident obesity divided by total number.

a Participants with waist circumference ≥ 91 cm were considered as presence of higher waist circumference.
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Esteghamati et al., 2010). Juxtaposition of these findings with the find-
ings of present study broadens our knowledge about emerging of obesi-
ty as a public health issue in Iran and underscores the necessity of
health-care plans for prevention of obesity, especially in women, and
also those with higher waist circumference, metabolic syndrome,
lower educational level, and higher level of BMI.
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