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Abstract

Purpose Obesity is a chronic low-grade inflammatory condition with increasing global prevalence and is associated with
cardiovascular diseases. In this study, we aimed to investigate the prevalence of obesity in the Tehran cohort study (TeCS)
population.

Methods We used the data collected by systematic random sampling during the recruitment phase of TeCS. The data com-
prised 4215 households from all districts of the Tehran metropolis, from which 8296 adults aged > 35 years participated
between May 2016 and February 2019. Sociodemographic data, medical history, laboratory tests, and anthropometric meas-
urements were gathered from the participants. Participants with missing data were excluded from the final analysis. Finally,
the data was analyzed using SPSS version 23, and distribution maps were created by Stata 14.2.

Results A total of 8211 participants (53.9% women) with an average age of 53.7 +12.6 years were studied. The age-weighted
prevalence of overweight and obese among women was (37.5% [95% confidence interval (CI): 34.5, 40.6] and 35.5% [95%
CI: 32.6 -38.6]) compared to men (47% [95% CI: 43.6, 50.3] and 22.9% [95% CI: 20.1 -25.8]). The prevalence of substantially
increased risk of metabolic complications (SIRMC) based on waist circumference (WC) and waist-to-hip ratio (WHR) was
49.2% (95% CI: 46.3 -52.2) and 75.5% (95% CI: 72.7 -78.1) respectively.

Conclusions The prevalence of obesity in Tehran (29.3%) was much higher than in previous reports, particularly among
older people, women, and socioeconomically underdeveloped districts. After age 55, more than 80% of women had SIRMC
compared to 30% of men.
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Introduction

General obesity is a chronic inflammatory disease that
affects 13% of adults worldwide and is defined by a body
mass index (BMI) of 30 kg/m [2] or more [1]. Central obe-
sity, characterized by high waist circumference (WC) and
waist-to-hip ratio (WHR), has a prevalence of 41.5% [2].
Obesity is associated with an increased risk of metabolic
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Key Messages

e According to the Tehran Cohort Study, the age and sex-
weighted prevalence of obesity in Tehran was 29.3%.

e Obesity prevalence was remarkably higher in older people,
women, and socioeconomically underdeveloped districts of
Tehran.

o After age 55, more than 80% of the women had a substantially
increased risk of metabolic complications compared to 30% of the
men.

Extended author information available on the last page of the article

Published online: 23 December 2023

complications and cardiovascular death by both definitions
[3, 4]. In 2021, high BMI accounted for 1.95 million car-
diovascular disease deaths and 3.7 million total deaths, con-
tributing to 1560 disability-adjusted life-years (DALYs) per
100,000 persons [5].

The increasing trends in obesity observed nation-
wide [6-9] and worldwide [2] can be attributed to high
caloric intake and physical inactivity, which are related to
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socioeconomic status and demographic factors [10]. In the
Middle East, the prevalence of obesity and overweight was
estimated to be 21% and 33%, respectively [11]. Previous
studies in Iran found a prevalence of 22.7% for obesity,
which is almost double the global rate [12]. Nevertheless,
data on the prevalence of obesity in Tehran, the capital and
largest city of Iran, are insufficient. Therefore, we aimed to
determine the prevalence of obesity, overweight, and central
obesity and their associated factors in the Tehran Cohort
Study (TeCS).

Methods

We used the recruitment phase data of TeCS for this analy-
sis. We designed TeCS, a multidisciplinary cohort study,
to determine Tehran's cardiovascular disease (CVD) trends.
The details of the TeCS have been discussed in a previously
published article [13]. However, in summary, a random sam-
ple was systematically selected based on the postal codes
from all districts of Tehran. Then, the telephone numbers
were derived for them to contact the residing households.
We finally included adult citizens of Tehran (> 35 years of
age) living in 4215 households (8296 adults) between May
2016 and February 2019. Participants with missing BMI,
WC, or WHR were excluded in the present analysis. The
Ethics Committee of Tehran University of Medical Sciences
approved TeCS (IR.TUMS.MEDICINE.REC.1399.074). All
participants provided written informed consent at the begin-
ning of the study.

Data collection

We used the TeCS database for this study. Demographic
data included age, tobacco use (never, former smoker, and
current smoker), opium use, alcohol use, physical activity
level (classified as low, moderate, and high), marital sta-
tus (single, married, and other), ethnicity (Fars, Azari, and
other ethnicities), and education. Metabolic complications
recorded in this study were hypertension, diabetes, hyper-
lipidemia, and chronic kidney disease (CKD). Baseline
laboratory parameters determined from fasting blood sam-
ples included high-density lipoprotein (HDL), low-density
lipoprotein (LDL), total cholesterol (TCH), triglycerides
(TG), fasting blood sugar (FBS), and creatinine (Cr). The
anthropometric characteristics were weight, height, waist
circumference (WC), hip circumference (HC), body mass
index (BMI), and waist-to-hip ratio (WHR).

Definitions

Height was measured in centimeters while participants stood
straight without shoes. Weight was measured in kilograms
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using a standard digital scale with an accuracy of 0.5 kg
while participants wore minimal clothing. A trained nurse
measured WC midway between the bottom of the last pal-
pable rib and the top of the iliac crest and (HC) at the widest
part of the buttocks according to World Health Organization
guidelines [3] (WHO). WC (cm) and HC (cm) were meas-
ured while subjects stood straight with arms at their sides,
feet close together, and weight evenly distributed on both
feet [3]. BMI was calculated by dividing weight in kilograms
by the square of height in meters.

WHR was determined by dividing WC by HC. Over-
weight was defined as a BMI of 25 to 30 kg/m?, and obesity
as a BMI >30 kg/m?. Central obesity with an increased risk
of metabolic complications was defined as WC>94 cm in
men and >80 cm in women [3]. In addition, central obe-
sity with a substantially increased risk of metabolic com-
plications (SIRMC) was defined as WC> 102 cm in men
and > 88 cm in women or WHR >0.90 in men and > 0.85
in women.

We adhered to the established criteria set forth by the
World Health Organization and International Diabetes Fed-
eration to define type 2 diabetes mellitus and assess glyce-
mic control [14]. Type 2 diabetes mellitus was identified
through self-reporting of a previous diagnosis by healthcare
providers, current use of glucose-lowering medications, or
a fasting plasma glucose (FPG) of > 126 mg/dl. Impaired
fasting glucose (IFG) was determined by an FPG of 100 to
125 mg/dl without a previous diagnosis or current medica-
tion use. We followed the 2018 ESC/ESH guideline criteria
to assign participants to different BP groups. Hyperten-
sion was diagnosed if any of these conditions were pre-
sent: 1) SBP of 140 mmHg or more or DBP of 90 mmHg
or more, 2) self-reported history of hypertension confirmed
by healthcare providers, or 3) current use of BP-lowering
medication [15]. We used self-reported data to categorize
the participants into current, former, or never smokers of
tobacco cigarettes, waterpipes, or pipes. Current smokers
were those who smoked regularly or occasionally at the time
of the interview. Former smokers were those who had a his-
tory of smoking or had quit smoking and did not smoke at
the time of the interview. Never smokers were those who
had never smoked any tobacco product [16]. Hyperlipidemia
was determined by either a) having a history of or current
diagnosis or treatment for hyperlipidemia, or b) having total
cholesterol levels of > 200 mg/dL, low-density-lipoprotein
cholesterol levels of > 130 mg/dL, or triglyceride levels
of > 150 mg/dL. Chronic kidney disease is characterized by
either kidney damage or a persistently low estimated glo-
merular filtration rate (¢GFR) of less than 60 ml/min/1.73 m
for three months or longer, regardless of the underlying
cause. The study measured opium and alcohol use by asking
participants if they had consumed any products containing
opium or its derivatives or any alcoholic products in the last
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year. Participants' education levels are based on the school
grades passed, i.e., illiterate, elementary school (1-5), high
school (6-12), and diploma (> 12). Physical activity levels
were assessed using a questionnaire asking participants to
rate their activity on a low to high scale [13].

Statistical analysis

Continuous variables were described as mean with standard
deviation (SD) when normally distributed, whereas nonnor-
mal variables were reported as median with 25th and 75th
percentiles. Categorical variables were expressed as the fre-
quency with percentage. When comparing two groups, an
independent t-test or Mann—Whitney U-test was used to ana-
lyze continuous variables, and when comparing more than
two groups, a one-way analysis of variance test (ANOVA)
or Kruskal-Wallis test was used. The chi-square test was
used to compare categorical variables between groups. The
age- and sex-weighted prevalence and associated 95% con-
fidence interval (CI) were also provided for obesity indices
using the population of Tehran in the 2016 census. In addi-
tion, the prevalence of obesity indices was stratified by age
and sex groups.

Finally, the association of demographic characteristics and
metabolic complications with general and central obesity was
demonstrated using logistic regression analysis. Adjusted
odds ratios (aOR) and 95% ClIs were reported for this analy-
sis. The distribution of obesity prevalence in Tehran districts
was presented using the first three digits of the participants'
zip codes with the shp2dta and spmap modules of Stata soft-
ware, version 14.2 (College Station, TX: Stata Corp LP.). All
other analyses were performed using IBM SPSS Statistics for
Windows, version 23 (Armonk, NY: IBM Corp.).

Results

After excluding 85 participants with incomplete data, 8211
participants with an average age of 53.7 + 12.67 years were
studied. Women comprised 53.9% of the total participants
and 65.4% of the obese population (P <0.001). In addition,
339 patients were excluded from the analysis of laboratory
data because they did not comply with the prescribed fast-
ing time.

Body mass index

Based on BMI, 3426 (41.7%) were overweight, and 2479
(30.1%) subjects were obese. Low physical activity was
more common in obese than overweight and normal par-
ticipants (P <0.001). The frequency of illiterates was sig-
nificantly higher among obese compared to overweight

and normal-weight participants (P <0.001). Moreover,
the prevalence of hypertension, diabetes, and hyperlipi-
demia was significantly higher among obese participants
(P <0.001). Other baseline characteristics of the popula-
tion based on BMI are shown in Table 1.

Waist circumference

Based on WC, 2035 (24.7%) subjects were at an increased
risk of metabolic complications, and 4243 (51.5%) had
SIRMC. The average age of WC-SIRMC participants was
higher when compared with normal and increased risk
groups (P <0.001). In addition, low levels of physical
activity, illiteracy, and metabolic complications, except
CKD, were significantly more prevalent in WC-SIRMC
compared to WC-increased risk and normal participants.
Other variables compared between normal, increased risk,
and WC-SIRMC groups are displayed in Table 2.

Waist-to-hip ratio

Analysis based on WHR showed that 6154 (76.4%) par-
ticipants had SIRMC. Similar to BMI and WC-SIRMC,
the mean age of WHR-SIRMC was significantly higher
than the normal risk group (P <0.001). Additionally, a
higher frequency of metabolic complications, lower physi-
cal activity, and illiteracy were seen in WHR-SIRMC com-
pared to normal risk participants (P <0.001). Other vari-
ables and their comparison between SIRMC and normal
risk are shown in Table 3.

Age and sex-weighted prevalences

The age and sex-weighted prevalence was 42.2% (95% CI:
39%-45.4%) for overweight and 29.3% (95% CI: 26.4%-
32.3%) for obesity (Table 4). In addition, 37.5% (95% CI:
34.5%-40.6%) of the women and 47% (95% CI: 43.6%-
0.3%) of the men had a BMI > 25. In contrast, obesity
(BMI > 30) was more common in women (35.5%; 95% CI:
32.6%-38.6%) than in men (22.9%; 95% CI: 20.1%-25.8%).

The age- and sex-weighted prevalence rates of WC-
SIRMC and WHR-SIRMC were 49.2% (95% CI: 46.3%-
52.2%) and 75.5% (95% CI: 72.7%-78.1%), respectively
(Table 4). Based on WC, 67.9% (95% CI: 65.1%-70.6%)
of women had SIRMC compared to 30.1% (95% CI: 27%-
33.3%) of the men; however, the prevalence of men with
WHR-SIRMC was higher at 80.6% (95% CI: 77.9%-83.1%)
compared to women at 70.5% (95% CI: 67.7%-73.1%).
Table 4 summarizes age- and sex-weighted prevalence rates.
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Table 1 Demographic and clinical characteristics of the population based on BMI

Total N=8211 BMI <25 Overweight n=3426 Obese P value missing
n=2306 n=2479
Demographics
Age category <0.001 0
3544 2308 (28.1%) 772 (33.5%) 982 (28.7%) 554 (22.3%)
45-54 2196 (26.7%) 542 (23.5%) 923 (26.9%) 731 (29.5%)
55-64 1955 (23.8%) 469 (20.3%) 833 (24.3%) 653 (26.3%)
65-74 1205 (14.7%) 322 (14%) 478 (14%) 405 (16.3%)
75+ 547 (6.7%) 201 (8.7%) 210 (6.1%) 136 (5.5%)
Age, mean (SD) 53.7 (12.67) 53.3 (13.89) 53.4 (12.42) 54.6 (11.74) <0.001 0
Gender <0.001 0
Female 4424 (53.9%) 1141 (49.5%) 1661 (48.5%) 1622 (65.4%)
Male 3787 (46.1%) 1165 (50.5%) 1765 (51.5%) 857 (34.6%)
Tobacco use <0.001 7
Never 6286 (76.6%) 1680 (73%) 2608 (76.2%) 1998 (80.6%)
Past smoker 329 (4%) 93 (4%) 146 (4.3%) 90 (3.6%)
Current smoker 1589 (19.4%) 529 (23%) 670 (19.6%) 390 (15.7%)
Opium consumption 435 (5.3%) 164 (7.2%) 176 (5.2%) 95 (3.8%) <0.001 32
Alcohol use 739 (9%) 236 (10.3%) 332 (9.7%) 171 (6.9%) <0.001 39
Physical activity level <0.001 66
Low 1407 (17.3%) 325 (14.2%) 486 (14.3%) 596 (24.2%)
Moderate 4743 (58.2%) 1285 (56.3%) 2017 (59.4%) 1441 (58.4%)
High 1995 (24.5%) 673 (29.5%) 893 (26.3%) 429 (17.4%)
Marital status 0.203 3
Single 65 (0.8%) 21 (0.9%) 24 (0.7%) 20 (0.8%)
Married 7947 (96.8%) 2214 (96.1%) 3326 (97.1%) 2407 (97.1%)
Other 196 (2.4%) 69 (3%) 75 (2.2%) 52 (2.1%)
Ethnicity 0.013 6
Fars 3999 (48.7%) 1142 (49.6%) 1635 (47.8%) 1222 (49.3%)
Azari 2435 (29.7%) 630 (27.3%) 1043 (30.5%) 762 (30.8%)
Other 1771 (21.6%) 532 (23.1%) 745 (21.8%) 494 (19.9%)
Education category <0.001 6
Tlliterate 565 (6.9%) 136 (5.9%) 215 (6.3%) 214 (8.6%)
1-5 835 (10.2%) 171 (7.4%) 323 (9.4%) 341 (13.8%)
6-12 4279 (52.2%) 1119 (48.6%) 1797 (52.5%) 1363 (55%)
>12 2526 (30.8%) 876 (38.1%) 1089 (31.8%) 561 (22.6%)
Metabolic complications
Hypertension 2288 (27.9%) 399 (17.3%) 906 (26.5%) 983 (39.7%) <0.001 3
Diabetes status <0.001 140
Normoglycemic 4526 (56.1%) 1532 (67.6%) 1886 (55.9%) 1108 (45.6%)
IFG 2066 (25.6%) 459 (20.3%) 898 (26.6%) 709 (29.2%)
Diabetic 1479 (18.3%) 275 (12.1%) 589 (17.5%) 615 (25.3%)
Hyperlipidemia 2670 (32.5%) 553 (24%) 1139 (33.3%) 978 (39.5%) <0.001 4
CKD 66 (0.8%) 16 (0.7%) 24 (0.7%) 26 (1%) <0.001 0
Lab data
HDL 44.8 (12.44) 47.4 (13.34) 43.7 (12.11) 43.8 (11.67) <0.001 339+
LDL 113.2 (33.95) 110.1 (32.77) 114.2 (34.48) 114.8 (34.1) <0.001 339
TCH 172.5 (40.12) 168.5 (38.2) 173.3 (40.95) 175.1 (40.43) <0.001 339
TG 124 (88, 175) 99 (72, 145) 130 (92, 181) 141 (101, 193) <0.001 339
FBS 97 (90, 107) 94 (88, 102) 97 91, 107) 100 (93, 113) <0.001 339
Creatinine 0.8 (0.7, 0.94) 0.8 (0.69, 0.93) 0.81 (0.7, 0.96) 0.8 (0.7, 0.93) <0.001 18

@ Springer



Journal of Diabetes & Metabolic Disorders

Table 1 (continued)

Total N=8211 BMI <25 Overweight n=3426 Obese P value missing
n=2306 n=2479
Anthropometric
WHR 0.9 (0.07) 0.9 (0.07) 0.9 (0.07) 0.9 (0.07) <0.001 198
WC 96.3 (11.71) 85.9 (8.69) 95.9 (7.87) 106.4 (9.88) <0.001 28
HC 105.2 (9.84) 96.6 (6.26) 104.1 (5.75) 114.5 (9.03) <0.001 184

CKD: chronic kidney disease; WHR: waist-to-hip ratio; WC: waist circumference; HC: hip circumference; HDL: high-density lipoprotein; LDL;
low-density lipoprotein; TCH: total cholesterol; 7G: triglyceride; FBS: fasting blood sugar; IFG: impaired fasting glucose. Categorial variables

are displayed as n (%), and continuous variables as mean (SD)

+ Patients who did not fast for at least 8 h before the blood tests were excluded

P <0.05 was considered as significant and P-value for these variables are shown in bold

Age and sex stratification

Overweight prevalence in both sexes decreased as the age
of the population increased, whereas obesity prevalence
increased in women, peaking in the 65-74 age group (Fig. 1
and Table S1). Similarly, the prevalence of WHR-SIRMC
increased in both sexes with older age (Fig. 1 and Table S1).
The WC-SIRMC in women showed a similar trend, peaking
after 55 years, while WC-SIRMC in men fluctuated slightly,
with around 30% prevalence in all age groups.

Distribution maps

Overweight prevalence showed a mixed pattern in dif-
ferent regions of the Tehran metropolis, with Western
districts (Range: 35.6%-43%) generally showing a lower
prevalence than the rest (35.6%-50.5%). In contrast, obe-
sity was less prevalent in the Northern areas (17.2%-
28.1%, Fig. 2). Tehran's Northwest districts also had
the lowest prevalence of WHR-SIRMC (71.9%-77%) vs
(71.9%-87.5%) in other areas. The prevalence of WC-
SIRMC was higher in Tehran's central districts than in
other regions (47.4%-59.3%, Fig. 2).

Adjusted association

In the adjusted model, male sex was associated with a lower
prevalence of general obesity and central obesity based on
WC-SIRMC. On the other hand, in the WHR-SIRMC analy-
sis, male sex was linked with a higher rate of central obesity
(Table S2). Moreover, higher levels of physical activity and
higher education were associated with lower rates of general
and central obesity. Finally, metabolic complications, like
hypertension and diabetes, were seen with a higher frequency
in obese participants.

Discussion

In the current study, we determined the prevalence of
overweight (42.2%) and obesity (29.3%) and its associ-
ated metabolic complications in Tehran using data from
TeCS. The analysis showed that the WC-SIRMC and
WHR-SIRMC were 49.2% and 75.5% respectively. A pre-
vious cross-sectional study on Iranian adults > 18 years
old in 2016 estimated the prevalence of obesity at 22.7%
(95% CI: 22.2%-23.2%) and overweight/obesity at 59.3%
(58.7%-59.9%) [12]. In another cross-sectional study
performed in the Tehran metropolis in 2011 (HEART-2
study), the prevalence of overweight and obesity was 34.6%
and 13.1%, respectively [17]. The population in the men-
tioned studies comprised adults > 18 years old, whereas we
included adults > 35 years old. These investigations showed
that participants under 35 generally have a lower BMI [12,
17]. Nevertheless, in age groups older than 35, the preva-
lence of obesity was still higher in the current investigation
compared to the HEART-2 study. The data for the current
cohort was collected after 2016, and the prevalence of obe-
sity has been on an upward trend in recent decades, con-
firmed in regional and global studies [8, 18, 19]. This trend
may have contributed to the higher obesity prevalence in our
study. On the other hand, the prevalence of overweight was
approximately similar between the two studies.

Obesity prevalence was almost twice in women compared
to men in all age groups, except 35 to 44 years, in which
the prevalence was roughly identical. In contrast, being
overweight was slightly more common in men compared to
women in all age groups. These findings align with previous
studies, which reported women may have a greater risk of
obesity than men [17, 18, 20]. Differences in cultural roles,
fat storage distribution, ability to mobilize stored fat, and
insulin sensitivity may explain the discrepancy between the
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Table 2 Demographic and clinical characteristics of the population based on WC

Total N=8225 Normal Increased risk® n=2035 Substantially P value missing
n=1947 increased risk®
n=4243
Demographics
Age category <0.001 0
35-44 2315 (28.1%) 703 (36.1%) 641 (31.5%) 971 (22.9%)
45-54 2193 (26.7%) 490 (25.2%) 577 (28.4%) 1126 (26.5%)
55-64 1957 (23.8%) 389 (20%) 406 (20%) 1162 (27.4%)
65-74 1210 (14.7%) 236 (12.1%) 274 (13.5%) 700 (16.5%)
75+ 550 (6.7%) 129 (6.6%) 137 (6.7%) 284 (6.7%)
Age, mean (SD) 53.7 (12.67) 51.9 (13.25) 52.7 (12.74) 55 (12.21) <0.001 14
Gender <0.001 0
Female 4433 (53.9%) 549 (28.2%) 800 (39.3%) 3084 (72.7%)
Male 3792 (46.1%) 1398 (71.8%) 1235 (60.7%) 1159 (27.3%)
Tobacco use <0.001 7
Never 6295 (76.6%) 1285 (66.1%) 1466 (72.1%) 3544 (83.5%)
Past smoker 329 (4%) 91 (4.7%) 105 (5.2%) 133 (3.1%)
Current smoker 1594 (19.4%) 567 (29.2%) 462 (22.7%) 565 (13.3%)
Opium consumption 437 (5.3%) 178 (9.2%) 125 (6.2%) 134 (3.2%) <0.001 32
Alcohol use 738 (9%) 266 (13.7%) 211 (10.4%) 261 (6.2%) <0.001 36
Physical activity level <0.001 65
Low 1416 (17.4%) 225 (11.7%) 254 (12.6%) 937 (22.2%)
Moderate 4746 (58.2%) 1054 (54.7%) 1181 (58.5%) 2511 (59.6%)
High 1998 (24.5%) 649 (33.7%) 583 (28.9%) 766 (18.2%)
Marital status 0.734 3
Single 63 (0.8%) 16 (0.8%) 13 (0.6%) 34 (0.8%)
Married 7961 (96.8%) 1878 (96.5%) 1969 (96.8%) 4114 (97%)
Divorced 198 (2.4%) 52 (2.7%) 52 (2.6%) 94 (2.2%)
Ethnicity 0.092 6
Fars 4001 (48.7%) 951 (48.9%) 987 (48.5%) 2063 (48.6%)
Azari 2444 (29.7%) 556 (28.6%) 581 (28.6%) 1307 (30.8%)
Other 1774 (21.6%) 438 (22.5%) 465 (22.9%) 871 (20.5%)
Education category <0.001 6
Illiterate 569 (6.9%) 66 (3.4%) 93 (4.6%) 410 (9.7%)
1-5 831 (10.1%) 130 (6.7%) 155 (7.6%) 546 (12.9%)
6-12 4288 (52.2%) 982 (50.5%) 1035 (50.9%) 2271 (53.5%)
>12 2531 (30.8%) 767 (39.4%) 749 (36.9%) 1015 (23.9%)
Metabolic complications
Hypertension 2301 (28%) 323 (16.6%) 460 (22.6%) 1518 (35.8%) <0.001 3
Diabetes status <0.001 140
Normoglycemic 4529 (56%) 1297 (67.7%) 1178 (59%) 2054 (49.2%)
IFG 2071 (25.6%) 410 (21.4%) 515 (25.8%) 1146 (27.5%)
Diabetic 1485 (18.4%) 208 (10.9%) 303 (15.2%) 974 (23.3%)
Hyperlipidemia 2678 (32.6%) 427 (22%) 596 (29.3%) 1655 (39%) <0.001 4
CKD 67 (0.8%) 14 (0.7%) 15 (0.7%) 38 (0.9%) 0.699 0
Lab data
HDL 44.8 (12.45) 45.1 (12.59) 43.5(12.42) 45.3 (12.36) <0.001 353
LDL 113.2(33.97) 108.6 (32.09) 113 (34.55) 115.5 (34.31) <0.001 353
TCH 172.5 (40.17) 165.4 (37.69) 171.3 (40.61) 176.3 (40.59) <0.001 353
TG 124 (88, 175) 101 (72, 151) 123 (88, 175) 135 (97, 184) <0.001 353
FBS 97 (90, 107) 95 (89, 102) 97 (90, 106) 99 (92, 112) <0.001 353
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Table 2 (continued)

Total N=8225 Normal Increased risk® n=2035 Substantially P value missing
n=1947 increased risk®
n=4243
Creatinine 0.8 (0.70, 0.94) 0.86 (0.74, 0.97) 0.84 (0.72, 0.98) 0.77 (0.68, 0.9) <0.001 32
Anthropometric
WHR 0.9 (0.07) 0.9 (0.08) 0.9 (0.07) 0.9 (0.06) <0.001 212
BMI 28 (4.82) 23.7 (2.96) 26.4 (2.76) 30.7 (4.52) <0.001 14
Weight 76.1 (14.65) 67 (11.17) 74.2 (11.83) 81.1 (15.05) <0.001 14
Height 164.7 (10.43) 167.8 (9.22) 167.1 (10.35) 162.2 (10.36) <0.001 14

CKD: chronic kidney disease; WHR: waist-to-hip ratio; HDL: high-density lipoprotein; LDL: low-density lipoprotein; TCH: total cholesterol;
TG: triglyceride; FBS: fasting blood sugar; IFG: impaired fasting glucose. Categorial variables are displayed as n (%), and continuous variables
as mean (SD). a. Central obesity based on WC-increased risk of metabolic complications; b. Central obesity based on WC-SIRMC

P <0.05 was considered as significant and P-value for these variables are shown in bold

sexes regarding obesity [21]. According to a comprehen-
sive systematic review of the Iranian population, the upward
trends in prevalence rates of obesity and BMI since 1990 are
concerning and need an immediate call for action in terms of
adult population weight-reducing strategies [22].

The prevalence of WC-SIRMC was much higher in
women than in men. After 55 years, more than 80% of the
women belonged to the WC-SIRMC group compared to 30%
of the men. On the contrary, the WHR analysis suggested
that central obesity was more prevalent in men than women
(81% vs. 71%). This discrepancy was also apparent in the
adjusted model. The male sex showed aORs of 1.93, 0.54,
and 0.25 for WHR-SIRMC, BMI > 30 and WC-SIRMC,
respectively. The difference between the results of WC and
WHR can be explained by the tendency of WC measure-
ment to underestimate central obesity prevalence in men and
overestimate it in women [23]. WHR may also incorrectly
be in the normal range in obese women because of high hip
circumference [24]. Regardless of the measurement method
used, the prevalence of central obesity was higher in Teh-
ran's adult population compared to other areas of the world
[25, 26]. A 2020 meta-analysis estimated the global preva-
lence of central obesity at 41.5% (95% CI: 39.9%-43.2%),
much lower than our estimate [2]. In this meta-analysis,
central obesity prevalence was higher in older adults and
women, similar to our findings [2].

Low education level was associated with a higher fre-
quency of all obesity indices in the current study. This is
consistent with the previous findings on Tehran's adult
residents, in which no formal education and only primary
school education were shown to be associated with a higher
prevalence of obesity compared to high school education
or associate degree [17]. Similarly, a meta-analysis in Iran
showed that low educational and socioeconomic levels are
associated with a higher prevalence of obesity [27]. Another
systematic review by Cohen et al. suggested that the asso-
ciation between education level and obesity depends on the

country's level of development [28]. Inverse associations
are usually observed in more developed countries, whereas
positive associations are more common in less developed
countries [28].

Low physical activity was another factor linked with higher
general and central obesity rates in our study. This associa-
tion demonstrated a dose—response relationship in the adjusted
model, with high physical activity showing lower aORs than
moderate physical activity. This finding is alarming as physi-
cal inactivity prevalence is high among Iranians. In 2016, it
was estimated that 54.7% of the Iranian adult population had
insufficient physical activity (IPA), an increase from the 39.1%
reported prevalence in 2011 [29]. Iran had the highest IPA after
Colombia compared to other middle-income countries [30].

As expected, metabolic complications such as diabetes,
hyperlipidemia, and hypertension were more common in
the overweight/obese population. Moreover, the association
between hypertension and diabetes with general and central
obesity was independent of other possible confounders, such
as age and sex. Previous reviews have shown that obesity
is a major risk factor for cardiovascular diseases [31-33].
Several studies found that higher waist circumference is an
independent predictor of higher diastolic and systolic blood
pressures [34-36]. Moreover, some studies have even sug-
gested that anthropometric measures in obese patients can be
used to predict the risk of hypertension or diabetes [37, 38].
Similarly, general and central obesity have been associated
with a higher risk of hypercholesteremia [39] and obstruc-
tive sleep apnea [40]. Therefore, focusing on strategies to
combat obesity, especially central obesity in the Tehran
metropolis, can also aid in reducing cardiovascular diseases
and their complications.

The geographical analysis of obesity prevalence in Tehran
showed that southern and central districts had a higher preva-
lence of all obesity indices than other areas. It has been dem-
onstrated that Tehran's south and southeastern regions are soci-
oeconomically underdeveloped [41]. Lower socioeconomic
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Table 3 Demographic and
clinical characteristics of the
population based on WHR
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Total N=8049 Normal risk n=1895 Substantially P value missing
increased risk®
n=6154
Demographics
Age category <0.001 0
3544 2277 (28.3%) 813 (42.9%) 1464 (23.8%)
45-54 2160 (26.8%) 538 (28.4%) 1622 (26.4%)
55-64 1910 (23.7%) 338 (17.8%) 1572 (25.5%)
65-74 1179 (14.6%) 149 (7.9%) 1030 (16.7%)
75+ 523 (6.5%) 57 3%) 466 (7.6%)
Age, mean (SD) 53.6 (12.61) 48.8 (11.32) 55.1 (12.62) <0.001 0
Gender <0.001 0
Female 4335 (53.9%) 1221 (64.4%) 3114 (50.6%)
Male 3714 (46.1%) 674 (35.6%) 3040 (49.4%)
Tobacco use <0.001 7
Never 6161 (76.6%) 1491 (78.7%) 4670 (76%)
Past smoker 321 (4%) 45 (2.4%) 276 (4.5%)
Current smoker 1560 (19.4%) 358 (18.9%) 1202 (19.6%)
Opium consumption 428 (5.3%) 109 (5.8%) 319 (5.2%) 0.329 31
Alcohol use 721 (9%) 170 (9%) 551 9%) 0.98 37
Physical activity level <0.001 62
Low 1381 (17.3%) 221 (11.8%) 1160 (19%)
Moderate 4654 (58.3%) 1094 (58.3%) 3560 (58.3%)
High 1952 (24.4%) 562 (29.9%) 1390 (22.7%)
Marital status <0.001 0
Single 58 (0.7%) 14 (0.7%) 44 (0.7%)
Married 7795 (96.8%) 1801 (95%) 5994 (97.4%)
Divorced 196 (2.4%) 80 (4.2%) 116 (1.9%)
Ethnicity 0.026 3
Fars 3897 (48.4%) 883 (46.6%) 3014 (49%)
Azari 2405 (29.9%) 559 (29.5%) 1846 (30%)
Other 1744 (21.7%) 452 (23.9%) 1292 (21%)
Education category <0.001 2
Illiterate 561 (7%) 45 (2.4%) 516 (8.4%)
1-5 816 (10.1%) 108 (5.7%) 708 (11.5%)
6-12 4210 (52.3%) 1033 (54.5%) 3177 (51.6%)
>12 2460 (30.6%) 709 (37.4%) 1751 (28.5%)
Metabolic complications
Hypertension 2238 (27.8%) 323 (17%) 1915 (31.1%) <0.001 3
Diabetes status <0.001 139
Normoglycemic 4446 (56.2%) 1362 (72.7%) 3084 (51.1%)
IFG 2028 (25.6%) 342 (18.2%) 1686 (27.9%)
Diabetic 1436 (18.2%) 170 (9.1%) 1266 (21%)
Hyperlipidemia 2616 (32.5%) 451 (23.8%) 2165 (35.2%) <0.001 4
CKD 64 (0.8%) 7 (0.4%) 57 (0.9%) 0.017 0
Lab data
HDL 44.8 (12.4) 47.8 (12.7) 43.8 (12.16) <0.001 337
LDL 113.2(33.92) 110.5(31.82) 114 (34.5) <0.001 337
TCH 124 (88, 175) 102 (74, 149) 131 (94, 182) <0.001 337
TG 97 (90, 107) 94 (88, 100) 99 (91, 110) <0.001 337
FBS 0.8 (0.7,0.94) 0.77 (0.68, 0.89) 0.81 (0.7, 0.96) <0.001 16
Creatinine 0.8 (0.7,0.94) 0.84 (0.72,0.98) 0.77 (0.68, 0.9) <0.001 32
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Table 3 (continued)

Total N=8049 Normal risk n=1895 Substantially P value missing
increased risk®
n=6154
Anthropometric
BMI 28 (4.8) 26.2 (4.86) 28.5 (4.64) <0.001 36
Weight 76.1 (14.49) 70.9 (13.05) 77.7 (14.54) <0.001 8
Height 164.7 (10.45)  164.6 (9.55) 164.8 (10.71) 0.458 8

CKD: chronic kidney disease; WHR: waist-to-hip ratio; HDL: high-density lipoprotein; LDL: low-density
lipoprotein; TCH: total cholesterol; 7G: triglyceride; FBS: fasting blood sugar; /FG: impaired fasting glu-

cose. Categorial variables are displayed as n (%), and continuous variables as mean (SD). a. Central obesity
based on WHR-SIRMC

P <0.05 was considered as significant and P-value for these variables are shown in bold

Table 4 The age and sex-
weighted prevalence of obesity
indices based on the 2016
Tehran census results

prevalence % (95% CI) Total Female Male

BMI (overweight) 42.2(39,45.4) 37.5 (34.5, 40.6) 47 (43.6, 50.3)
BMI > 30 (obese) 29.3 (26.4, 32.3) 35.5 (32.6, 38.6) 22.9 (20.1,25.8)
Central obesity (WC)? 49.2 (46.3,52.2) 67.9 (65.1,70.6) 30.1 (27, 33.3)

Central obesity (WHR)®

75.5(72.7,78.1)

70.5 (67.7,73.1)

80.6 (77.9, 83.1)

WHR: waist-to-hip ratio; WC: waist circumference; BMI: body mass index; a. Central obesity based on
WC-SIRMC; b. Central obesity based on WHR-SIRMC
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’\‘\\ 5
'Wx 850.0%

30.0% —____‘___/\
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8
2
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—a—Female

— F 0.0 —— M ale
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50.0% 90.0%
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Fig.1 Prevalence of overweight (A) and obesity (B) based on age and sex groups; Prevalence of central obesity based on waist circumference
(C) and waist-to-hip ratio (D)
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Prevalence of overweight (%)
50.6-58.1
43.1-50.5
35.6-43.0
28.1-35.5
B)

Prevalence of obesity (%)
39.1-50
282-39.0
172-28.1
63-17.1

D)

Prevalence of central obesity based on waist circumference (%)

71.4-833
59.4-713
474-59.3
355-4713

Prevalence of central obesity based on waist-to-hip ratio (%)
82.3-875

77.1-822
71.9-77.0
66.7-71.8

Fig.2 Prevalence of overweight (A) and obesity (B) in different districts of Tehran; Prevalence of substantially increased risk of metabolic com-
plications based on waist circumference (C) and waist-to-hip ratio (D) in different districts of Tehran

status may result in lower education levels and poor diet, put-
ting the population at risk of obesity [41]. A 2017 study in
Tehran also reported other health outcomes to be worse in
lower-income and education districts of the city [42].

Limitations

A major limitation of the current study was that we only investi-
gated adults above 35 years of age. Thus, the overall prevalence
of obesity/overweight and central obesity in the total popula-
tion of Tehran may be different; however, the provided find-
ings can still demonstrate the obesity prevalence in a high-risk
population for cardiovascular diseases, which is generally over
35 years old. In addition, any causal inferences between obesity
and risk factors should be made with caution due to the study's
cross-sectional design. Finally, data about physical activity
level was self-reported and may be influenced by recall bias.

@ Springer

Conclusion

The increasing prevalence of general and central obesity
in Tehran, especially among older people, women, and
socioeconomically underdeveloped districts, is an alarm
sign that requires immediate implementation of adult
population weight-reduction strategies to prevent a further
increase in severe cardiovascular events.

Abbreviations ANOVA: Analysis of Variance; BMI: Body Mass Index;
CI: Confidence Interval; CVD: Cardiovascular Disease; DALYs: Dis-
ability-Adjusted Life Years; FBS: Fasting Blood Sugar; HC: Hip
Circumference; /PA: Insufficient Physical Activity; OR: Odds Ratio;
SD: Standard Deviation; SIRMC: Substantially Increased Risk of Meta-
bolic Complications; 7eCS: Tehran Cohort Study; WC: Waist Circum-
ference; WHO: World Health Organization; WHR: Waist-to-Hip Ratio
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