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Abstract

Introduction Tobacco use is a major health concern worldwide, especially in low/middle-income countries. We
aimed to assess the prevalence of cigarette smoking, waterpipe, and pipe use in Tehran, Iran.

Methods We used data from 8272 participants of the Tehran Cohort Study recruitment phase. Tobacco use was
defined as a positive answer to using cigarettes, waterpipes, or pipes. Participants who did not report tobacco use
during the interview but had a previous smoking history were categorized as former users. Age- and sex-weighted
prevalence rates were calculated based on the national census data, and characteristics of current and former
tobacco users were analyzed.

Results Age- and sex-weighted prevalence of current tobacco users, cigarette smokers, waterpipe, and pipe users

in Tehran was 19.8%, 14.9%, 6.1%, and 0.5%, respectively. Current tobacco use was higher in younger individuals
(35-45 years: 23.4% vs.> 75 years: 10.4%, P<0.001) and men compared to women (32.9% vs. 7.7% P <0.001). The prev-
alence of tobacco use increased with more years of education (> 12 years: 19.3% vs. illiterate: 9.7%, P<0.001), lower
body mass index (< 20 kg/m? 31.3% vs.> 35 kg/m?% 13.8%, P< 0.001), higher physical activity (high: 23.0% vs. low:
16.4%, P<0.001), opium (user: 66.6% vs. non-user: 16.5%, P<0.001), and alcohol use (drinker: 57.5% vs. non-drinker:
15.4%, P<0.001). Waterpipe users were younger (46.1 vs. 53.2 years) and had a narrower gender gap in prevalence
than cigarette smokers (male/female ratio in waterpipe users: 2.39 vs. cigarette smokers: 5.47). Opium (OR=5.557,
P<0.001) and alcohol consumption (OR=4.737, P<0.001) were strongly associated with tobacco use. Hypertension
was negatively associated with tobacco use (OR=0.774, P=0.005).

Conclusion The concerning prevalence of tobacco use in Tehran and its large gender gap for cigarette and water-
pipe use warrant tailored preventive policies.
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Implications

Tobacco use is among the leading risk factors for non-
communicable diseases. Despite various reports from
Iran, few epidemiological studies have described the
prevalence of tobacco smoking in Tehran. We investi-
gated the epidemiology of current and former cigarette
smoking, waterpipe, and pipe use in adult residents of
Tehran who participated in the Tehran Cohort Study.
Among current tobacco users, 1231 (77.0%) were ciga-
rette smokers, 449 (28.1%) were waterpipe users, and
44 (2.8%) were pipe users. Tobacco use was widespread
in younger participants, men, those with higher levels
of education, lower BMI, higher physical activity, and
opium and alcohol users. Waterpipe users were consid-
erably younger and had a lower male/female ratio than
cigarette smokers.

Introduction

Tobacco use is among the leading risk factors for attrib-
utable disability-adjusted life-years and an important
preventable cause of death from non-communicable dis-
eases [1, 2]. Approximately 1.3 billion people worldwide
are tobacco users, of whom over 80% reside in lower and
middle-income countries [3, 4]. Cigarettes are the most
commonly used tobacco product globally, and waterpipe
(also known as hookah, narghile, or shisha) has become
increasingly popular, especially among the young genera-
tions [5]. Evidence suggests that waterpipe use results in
adverse health outcomes similar to or even greater than
cigarette smoking [6-8].

Epidemiological studies have reported a global
decline in smoking prevalence over the past decades [2,
9]. While high-income countries have had more pro-
nounced reductions, the prevalence of tobacco use has
only changed slightly in Iran [10, 11]. Iran is a middle-
income country in the Middle East with high variability
in tobacco use across its different geographical regions.
Tehran, Iran’s capital city, is one of the most heavily-pop-
ulated multi-ethnic urban areas in the Middle East. Few
epidemiological studies have previously investigated the
prevalence of tobacco smoking in Tehran [12, 13]. How-
ever, these studies were limited by district-level sampling,
small study participants, or the inclusion of specific age
groups. Moreover, cigarette smoking was the only type of
tobacco assessed in some of these studies. Hence, there
is a paucity of data on the smoking prevalence of other
tobacco products among adult residents of Tehran. Addi-
tionally, the prevalence of comorbid conditions such as
coronary heart disease has not been evaluated among
tobacco users in Tehran.

To better understand the status of tobacco use in Teh-
ran and its variation within subgroups, this study aimed
to investigate the epidemiology of current and former
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cigarette smoking, waterpipe, and pipe use in adult resi-
dents of Tehran who participated in the Tehran Cohort
Study (TeCS).

Methods

Study design and setting

The present study used data from the recruitment phase
of TeCS, a cohort of adult citizens of Tehran city, the
capital of Iran. The study rationale and protocol have
been published elsewhere [14]. In brief, a systematic
random sampling method was implemented to recruit
households that include adult citizens aged >35 years
from all districts of Tehran. A total of 4215 households,
including 8296 adults aged >35 years, participated in
TeCS between May 2016 and February 2019. The deputy
of research and committee of ethics of Tehran Univer-
sity of Medical Sciences approved the protocol of TeCS
(IRTUMS.MEDICINE.REC.1399.074). All participants
signed a written informed consent to participate.

Study participants and data collection

Data of 8296 individuals aged >35 years who partici-
pated in TeCS were screened for inclusion. Those lacking
information about cigarette, waterpipe, or pipe use were
excluded. Demographic data, level of education, preex-
isting comorbidities, metabolic risk factors, and physical
activity status were obtained through in-person inter-
views using predesigned questionnaires. Participants
were questioned regarding the current or former use of
any type of tobacco product, including cigarettes, water-
pipes, and pipes. Moreover, tobacco smoking behaviors,
including frequency of usage and duration of smok-
ing, were investigated. Anthropometric characteristics,
including height, weight, and body mass index (BMI),
were also assessed.

Definitions
Current cigarette smoking was defined as the self-
reported regular or occasional use of tobacco cigarettes
at the time of the interview. Those who did not report
smoking at the time of the interview but gave a history
of smoking or had quit smoking were defined as former
cigarette smokers. Pack-year was calculated as the num-
ber of cigarette packs smoked per day multiplied by the
duration of smoking in years. Waterpipe and pipe use
(either current or former) were defined as similar to cig-
arette smoking. Current tobacco use was defined as the
current use of any tobacco products mentioned above.
Former tobacco users were those with any previous use
of cigarettes, waterpipes, or pipes in the absence of cur-
rent tobacco use.

Preexisting comorbidities included hypertension, dia-
betes mellitus, dyslipidemia, chronic kidney disease,
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or chronic lung disease (chronic obstructive pulmo-
nary disease or asthma). These data were obtained via
the participant’s self-report or the current use of any
related medications. Coronary artery disease (CAD)
was considered positive in those who provided any
documented evidence of significant coronary artery
lesion or ischemic heart disease based on coronary
artery angiograms, computed tomography angiogra-
phy, myocardial perfusion imaging, or previous history
of coronary revascularization (percutaneous coronary
intervention or coronary artery bypass graft surgery).
Opium consumption was defined as any use of opium
or its derivatives. Alcohol consumption was defined as
drinking alcoholic beverages regularly or occasionally.
Physical activity was categorized as low, intermediate,
and high activity based on a self-explained Likert-scale
questionnaire.

Statistical analysis

Categorical variables were reported as numbers with
percentages, and age as a continuous variable was pre-
sented as mean =+ standard deviation (SD). The Chi-
squared test or Fisher exact test was used to compare
categorical variables between the groups. The variable
age was compared between the 3 groups of tobacco
usage by applying a one-way analysis of variance
(ANOVA) test. Also, the variable age was compared
between the two former and current smoking groups
of various types of smoking using independent samples
t-test. Due to the different age and sex distribution of
our study population compared with the adult popula-
tion of the Tehran, age- and sex-weighted prevalences
were calculated for current tobacco users, cigarette
smokers, waterpipe, and pipe users by utilizing data
from Tehran’s adult population aged > 35 years in the
2016 national census. The proportions of current and
former tobacco use, cigarette smoking, waterpipe, and
pipe use were analyzed and compared between vari-
ous ages, sex, BMI, preexisting comorbidities, behav-
joral risk factors, physical activity, and education levels
to explore variations in the mentioned proportions in
these subgroups. The adjusted association of the vari-
ables with current tobacco use was assessed by apply-
ing a logistic regression model and the associations
were reported through odds ratio (OR) with a 95% con-
fidence interval (CI). All statistical analyses were per-
formed using IBM SPSS Statistics for Windows, v.25.0
(IBM Corp., Armonk, NY, USA). The geographical dis-
tribution of current and former cigarette/waterpipe
users was depicted in the Tehran map using the first
three digits of the postal code using shp2dta and spmap
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modules in STATA release 14.2 (College Station, TX:
Stata Corp LP.).

Results

Among the total 8296 individuals enrolled in TeCS, 24
participants lacked information about cigarette, water-
pipe, or pipe use. Hence, data from 8272 participants
were analyzed in the present study. The study popula-
tion had a mean age of 53.8 +12.74 years, and 54.0% were
women. The baseline characteristics of the total study
population are shown in Supplementary Table 1.

Tobacco use

A total of 1599 (19.3%) participants were current tobacco
users in our study population, and the age- and sex-
weighted prevalence of current tobacco use was 19.8%
(95% CI: 18.0 — 21.6) in Tehran. Among current tobacco
users, 1231 (77.0%) were cigarette smokers, 449 (28.1%)
were waterpipe users, and 44 (2.8%) were pipe users.
Further details on current tobacco users are depicted
in Fig. 1. The prevalence of current and former tobacco
users within baseline characteristic subgroups are shown
in Table 1.

Current tobacco users

Current tobacco users had a mean age of
51.7£12.02 years, and the prevalence of current tobacco
use showed a downward trend with advancing age
(35—44 years: 23.4% vs.>75 years: 10.4%; P<0.001). In
addition, a substantially higher proportion of men were
current tobacco users compared to women (32.9% vs.
7.7%, respectively; P<0.001). Current tobacco use was
higher in those with more years of education (> 12 years:
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Table 1 Baseline characteristics of the study population according to tobacco use status
Characteristic No tobacco use (n=6339 [76.6%]) Former tobacco use (n =334 [4.0%]) Current tobacco use (n=1599 [19.3%]) P-value*
Age, year 539+1274 61.0+£1322 51.7£12.02 <0.001
Age category, year <0.001
35-44 1731 (74.6) 46 (2.0) 544 (234)
45-54 1717 (77.9) 63(2.9) 423(19.2)
55-64 1512(77.1) 73(3.7) 377(19.2)
65-74 922 (75.6) 101 (8.3) 196 (16.1)
>75 457 (80.6) 51(9.0) 59(104)
Sex <0.001
Women 4074 (91.2) 46 (1.0) 346 (7.7)
Men 2265 (59.5) 288 (7.6) 1253(32.9)
Marital status 0.197
Non-married 53(79.1) 5(7.5) 9(134)
Married 6285 (76.6) 328 (4.0 1589 (19.4)
Education, year <0.001
llliterate 499 (85.3) 29 (5.0) 57(9.7)
1-5 672 (80.0) 44(5.2) 124 (14.8)
6-12 3203 (74.5) 170 (4.0) 927 (21.6)
>12 1961 (77.2) 90 (3.5) 490 (19.3)
Body mass index, kg/m? <0.001
<20 148 (65.2) 8(3.5) 71(31.3)
20-249 1532(73.8) 85 (4.1) 458 (22.1)
25-299 2608 (76.2) 146 (4.3) 670 (19.6)
30-349 1434 (79.8) 66 (3.7) 296 (16.5)
>35 564 (82.7) 24 (35) 94 (13.8)
Physical activity <0.001
Low 1135(78.3) 77 (5.3) 237 (16.4)
Intermediate 3712 (78.0) 176 (3.7) 874 (184)
High 1459 (73.0) 80 (4.0) 460 (23.0)
Opium consumption <0.001
No 6245 (80.0) 274 (3.5) 1287 (16.5)
Yes 89(20.2) 58(13.2) 293 (66.6)
Alcohol consumption <0.001
No 6094 (81.3) 247 (3.3) 1158 (15.4)
Yes 231(31.2) 84(11.3) 426 (57.5)
Hypertension <0.001
No 4478 (75.3) 191 (3.2) 1279 (21.5)
Yes 1860 (80.1) 143 (6.2) 319(13.7)
Diabetes mellitus <0.001
No 5319(76.2) 256 (3.7) 1401 (20.1)
Yes 1020 (78.8) 78 (6.0) 197 (15.2)
Dyslipidemia <0.001
No 4211 (75.6) 190 (3.4) 1171 (21)
Yes 2127 (78.8) 144 (5.3) 427 (15.8)
Chronic kidney disease <0.001
No 6287 (76.7) 32339 1591 (194)
Yes 52(73.2) 11(15.5) 8(11.3)
Chronic lung disease 0.009
No 6131 (76.6) 314(3.9) 1555 (19.4)
Yes 202 (75.9) 20(7.5) 44 (16.5)
Coronary artery disease <0.001
No 5800 (77.4) 245(3.3) 1452 (194)
Yes 538 (69.5) 89(11.5) 147 (19.0)

Data are presented as mean = standard deviation for continuous and number (Percentage calculated for rows) for categorical variables

" P<0.05 was considered significant
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19.3% vs. illiterate: 9.7%, P<0.001), higher physical activ-
ity (high: 23.0% vs. low: 16.4%, P<0.001), lower BMI lev-
els (<20 kg/m% 31.3% vs.> 35 kg/m? 13.8%, P<0.001),
alcohol drinkers (drinkers: 57.5% vs. non-drinkers: 15.4%,
P<0.001), and opium users (users: 66.6% vs. non-users:
16.5%, P<0.001). In addition, those with preexisting
comorbidities, including hypertension, diabetes melli-
tus, dyslipidemia, chronic kidney disease, chronic lung
disease, and CAD, had a lower prevalence of current
tobacco use compared to those without these conditions
(Table 1).

Former tobacco users

In our study population, 334 (4.0%) participants were
former tobacco users, resulting in an age- and sex-
weighted former tobacco use prevalence of 3.7% (95%
CIL: 2.9 — 4.7) in Tehran. Former tobacco users were
significantly older than current tobacco users (61.0
vs. 51.7 years, P<0.001), and their prevalence sig-
nificantly increased with advancing age (35-44 years:
2.0% vs.>75 years: 9.0%, P<0.001). Similar to current
tobacco users, a higher percentage of men were former
tobacco users than women (7.6% vs. 1.0%, P<0.001). The
proportion of former tobacco users was fairly similar
across different levels of education (> 12 years: 3.5% vs.
illiterate: 5.0%, P<0.001), physical activity (high: 4.0%
vs. low: 5.3%, P<0.001), and BMI categories (<20 l(g/m2:
3.5% vs. > 35 kg/m% 3.5%, P<0.001). However, there was
an upward trend in the prevalence of former tobacco
users among alcohol drinkers (drinkers: 11.3% vs. non-
drinkers: 3.3%, P<0.001) and opium users (users: 13.2%
vs. non-users: 3.5%, P<0.001). In contrast with current
tobacco users, the prevalence of former tobacco use
was higher among those with preexisting hypertension
(6.2% vs. 3.2%, P<0.001), diabetes mellitus (6.0% vs.
3.7%, P<0.001), dyslipidemia (5.3% vs. 3.4%, P<0.001),
chronic kidney disease (15.5% vs. 3.9%, P<0.001),
chronic lung disease (7.5% vs. 3.9%, P=0.009), and CAD
(11.5% vs. 3.3%, P<0.001) compared to those lacking
these conditions.

Cigarette smoking

A total of 1231 (14.9%) participants were current ciga-
rette smokers, which constituted 77.0% of current
tobacco users in our study. Hence, the age- and sex-
weighted prevalence of current cigarette smoking was
14.9% (95% CI: 13.4 — 16.6) among the adult residents
of Tehran. The median amount of cigarette use was
12.5 (IQR: 5-25) packs/per year. The geographical dis-
tribution of current cigarette smokers was higher in the
North Eastern and some Southern districts of Tehran
(Fig. 2A). The prevalence of current and former cigarette
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smokers within baseline characteristic subgroups is
shown in Table 2.

Current cigarette smokers

The mean age of current cigarette smokers was
53.2411.88 years, and the prevalence of current ciga-
rette smoking had a steady trend with advancing age,
reaching a peak of 16.3% in those aged 55-64 years
(Fig. 3A, Supplementary Table 2). The prevalence of
cigarette smoking was substantially higher in men than
women (26.8% vs. 4.9%), with a male/female ratio of
5.47. Moreover, current cigarette smoking was higher
among participants with more years of education
(>12 years: 14.3% vs. illiterate: 8.1%), lower BMI lev-
els (<20 kg/m?: 29.8% vs. > 35 kg/m?* 9.4%), and higher
physical activity (high: 16.9% vs. low: 14.3%), alcohol
drinkers (drinkers: 44.8% vs. non-drinkers: 11.9%), and
opium users (users: 61.6% vs. 12.2%). Furthermore, par-
ticipants with preexisting hypertension, diabetes melli-
tus, dyslipidemia, chronic kidney disease, chronic lung
disease, and CAD had lower proportions of current cig-
arette smokers than those without these comorbidities
(Table 2).

Former cigarette smokers

A total of 350 (4.2%) participants were former ciga-
rette smokers in our study population. Former ciga-
rette smokers were estimated to have an age- and
sex-weighted prevalence of 3.9% (95% CI: 3.1 — 4.9)
among the adult residents of Tehran. We observed that
former cigarette smoking was highest in Tehran’s North-
ern and North Western districts (Fig. 2B). These individ-
uals had a mean age of 60.6+13.00 years, and a greater
proportion of men were former cigarette smokers
than women (8.2% vs. 0.9%). Former cigarette smokers
were considerably older than current smokers (60.6 vs.
53.2 years), and their frequency increased with advanc-
ing age (35—44 years: 2.1% vs.>75 years: 8.5%) (Fig. 3B,
Supplementary Table 2). There was no difference in the
prevalence of former cigarette smokers within different
levels of education, BMI, and physical activity (Table 2).
However, the prevalence of former cigarette smoking
was higher among alcohol drinkers (drinkers: 12.4% vs.
non-drinkers: 3.4%) and opium users (14.9% vs. non-
users: 3.6%). In contrast with current cigarette smok-
ers, a higher proportion of individuals with preexisting
hypertension (6.1% vs. 3.5%), diabetes mellitus (6.1%
vs. 3.9%), dyslipidemia (5.4% vs. 3.7%), chronic kidney
disease (15.5% vs. 4.2%), chronic lung disease (7.5% vs.
4.1%), and CAD (12.0% vs. 3.5%) were former cigarette
smokers compared to those without these conditions.
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Prevalence of cigarette smokers (%)

18.0-33.3
14.6 - 18.6
12.0-14.6
43-12.0

Prevalence of former smokers (%)

6.1-16.7

39-6.1

2.8-39
0-28

Prevalence of waterpipe smokers (%)

6.7-9.8
5.1-6.7
34-51

0-34

Fig. 2 The geographic distribution of (A) current cigarette smokers, B former cigarette smokers, and (C) current waterpipe users in Tehran
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Table 2 The prevalence of cigarette, waterpipe, and pipe users in the Tehran Cohort Study

Cigarette Waterpipe Pipe
Characteristic ~ Former Current Formeruser (n=44) Currentuser (1=449) Formeruser (n=9) Current user (n1=44)
smoker smoker
(n=350) (n=1231)
Age, year 60.6+13.00 532+£11.88 544+£16.69 46.1+£1091 542+15.86 55.1£12.88
Age category, year
35-44 49 (2.1) 343 (14.8) 19(0.8) 259(11.2) 4(0.2) 10 (0.4)
45-54 67 (3.0) 345(15.7) 5(0.2) 91 (4.1) 1(0.0) 10 (0.5)
55-64 83 (4.2) 319 (16.3) 6(0.3) 65(3.3) 1(0.1) 16 (0.8)
65-74 103 (8.5) 173 (14.4) 6 (0.5) 24(2.0) 2(0.2) 4(0.3)
>75 48 (8.5) 51(9.1) 8(1.4) 10 (1.8) 1(0.2) 4(0.7)
Sex
Women 40 (0.9 219 (4.9) 12 (0.3) 148 (3.3) 0(0.0) 5(0.1)
Men 310(8.2) 1012 (26.8) 32(08) 301 (7.9) 9(0.2) 39(1.0)
Marital status
Non-married 4 (6.0) 5(7.5) 2(3.0) 4(6.1) 0(0.0) 0(0.0)
Married 346 (4.2) 1225 (15.0) 41(0.5) 445 (5.4) 9(0.1)
Education, year
llliterate 26 (4.5) 47 (8.1) 6(1.0) 11(1.9 0(0.0) 1(0.2)
1-5 42 (5.0 100 (12.0) 6(0.7) 29 (3.5) 0(0.0) 1(0.1)
6-12 190 (4.4) 722 (16.8) 21(0.5) 259 (6.0) 2(0.0) 18 (0.4)
>12 92 (3.6) 361 (14.3) 10 (0.4) 150 (5.9) 7(0.3) 24(0.9)
Body mass index, kg/m?
<20 8(3.6) 67 (29.8) 0(0.0) 522 0(0.0) 1(04)
20-24.9 88 (4.3) 384 (18.6) 12 (0.6) 101 (4.9 0(0.0) 11 (0.5
25-29.9 151 (4.4) 500 (14.6) 20 (0.6) 202 (5.9) 7(0.2) 21 (0.6)
30-34.9 71 (4.0) 208 (11.6) 10 (0.6) 107 (6.0) 1(0.1) 5(0.3)
>35 27 (4.0) 64 (9.4) 2(0.3) 33 (4.8) 101 5(0.7)
Physical activity
Low 77 (5.3) 206 (14.3) 11 (0.8) 44 (3.0 2(0.1) 7(0.5)
Intermediate 181 (3.8) 666 (14.0) 26 (0.5) 253 (5.3) 5(0.1) 15(0.3)
High 91 (4.6) 336 (16.9) 6(0.3) 146 (7.3) 2(0.1) 19 (1.0)
Opium consumption
No 283 (3.6) 946 (12.2) 35(04) 414 (5.3) 4(0.1) 35(04)
Yes 65 (14.9) 269 (61.6) 9(2.1) 30(6.9) 5(1.1) 9(2.1)
Alcohol consumption
No 256 (3.4) 888 (11.9) 25(0.3) 308 (4.1) 1(0.0) 29 (0.4)
Yes 91 (124) 330 (44.8) 19 (2.6) 138(18.8) 7(1.0) 14(1.9)
Hypertension
No 210(3.5) 969 (16.4) 28(0.5) 385 (6.5) 6(0.1) 31(0.5)
Yes 140 (6.1) 261 (11.3) 16 (0.7) 64 (2.8) 3(0.1) 13(0.6)
Diabetes mellitus
No 272 (3.9) 1077 (15.5) 40 (0.6) 398 (5.7) 6(0.1) 40 (0.6)
Yes 78(6.1) 153(11.9) 4(0.3) 51(4.0) 3(0.2)
Dyslipidemia
No 206 (3.7) 889 (16.0) 31(0.6) 347 (6.2) 4(0.1) 28(0.5)
Yes 144 (5.4) 341 (12.7) 13 (0.5) 102 (3.8) 5(0.2) 16 (0.6
Chronic kidney disease
No 339(4.2) 1224 (15.0) 44(0.5) 446 (5.5) 9(0.1) 44(0.5)

Yes 11(15.5) 7(9.9) 0(0.0) 3(4.2) 0(0.0) 0(0.0)
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Table 2 (continued)
Cigarette Waterpipe Pipe
Characteristic Former Current Former user (n=44) Currentuser (n=449) Formeruser (n=9) Current user (n=44)
smoker smoker
(n=350) (n=1231)
Chronic lung disease
No 330 (4.1) 1195 (15) 40 (0.5) 438 (5.5) 8(0.1) 43(0.5)
Yes 20 (7.5) 36(13.6) 4(1.5) 11 4.1) 1(04) 1(04)
Coronary artery disease
No 258 (3.5) 1103 (14.8) 39(0.5) 433 (5.8) 8(0.1) 34(0.5)
Yes 92 (12.0) 128 (16.7) 5(0.7) 16 (2.1) 1(0.1) 10(1

Data are presented as mean = standard deviation for continuous and number (percentage calculated for rows) for categorical variables

Waterpipe and pipe use

A total of 449 (5.4%) participants were current water-
pipe users, and 44 (0.5%) participants were current pipe
users in our study. This translates to 28.1% and 2.8% of
current tobacco users in our study being waterpipe and
pipe users, respectively. The age- and sex-weighted prev-
alence of current waterpipe and pipe users in Tehran was
6.1% (95% CI: 3.1 — 7.1) and 0.52% (95% CI: 0.27 — 0.94),
respectively. As regards the geographic distribution, the
Northern districts of Tehran had the least prevalence of
waterpipe use (Fig. 2C). The prevalence of current and
former waterpipe and pipe users within baseline charac-
teristic subgroups is shown in Table 2.

Current waterpipe use

Current waterpipe users had a mean age of
46.1£10.91 years. The prevalence of current waterpipe
use was substantially higher among younger individu-
als and showed a declining trend with advancing age
(35—44 years: 11.2% vs. > 75 years: 1.8%) (Fig. 4A, Supple-
mentary Table 2). A greater proportion of men reported
current waterpipe use compared to women (7.9% vs.
3.3%), and our study’s male/female ratio for waterpipe
users was 2.39. In addition, the prevalence of current
waterpipe use was higher among those with more years
of education (>12 years: 5.9% vs. illiterate: 1.9%), higher
BMI levels (>35 kg/m2: 4.8% vs.<20 l<g/m2: 2.2%), and
higher physical activity (high: 7.3% vs. low: 3.0%), alco-
hol drinkers (drinkers: 18.8% vs. non-drinkers: 4.1%), and
opium users (users: 6.9% vs. non-users: 5.3%). Further-
more, the proportion of waterpipe users was relatively
lower in participants with preexisting hypertension (2.8%
vs. 6.5%), diabetes mellitus (4.0% vs. 5.7%), dyslipidemia
(3.8% vs. 6.2%), chronic kidney disease (4.2% vs. 5.5%),
chronic lung disease (4.1% vs. 5.1%), and CAD (2.1%
vs. 5.1%) compared to those without these preexisting
conditions.

Former waterpipe use

A total of 44 participants were former waterpipe users
in our study. These individuals had a considerably higher
mean age than current waterpipe users (54.4+16.69
vs. 46.1+10.91 years), and the proportion of former
waterpipe users was slightly higher in men compared to
women (0.8% vs. 0.3%) (Fig. 4B, Supplementary Table 2).
There was no difference in the proportion of former
waterpipe users with different levels of education, BMI,
physical activity, alcohol drinkers, opium users, and pre-
existing comorbidities (Table 2).

Pipe users

Participants with current pipe use had a mean age of
55.1+12.88 years, which was similar to those with for-
mer pipe use (Table 2). The age distribution of current
pipe users was relatively steady among all age groups
(3544 years: 0.4% vs.>75 years: 0.7%). However, the
proportion of current pipe users was substantially higher
in men than in women (1.0% vs. 0.1%). Due to the small
number of participants with current and former pipe use,
evaluation of the within-subgroup prevalence of current
or former pipe users was underpowered.

Determinants of tobacco use

Lastly, the adjusted model emerged that age was signifi-
cantly associated with tobacco use, with older individu-
als being less likely to use tobacco (Table 3). Specifically,
the odds of tobacco use decreased by 24.8%, 21.6%,
42.6%, and 64.4% among individuals aged 45-54, 55—64,
65-74, and > 75 years, respectively, compared to those
aged 35-44 years. Additionally, men had 4.3 times
higher odds of tobacco use than women (OR: 4.316,
P<0.001). Interestingly, opium (OR: 5.557, P<0.001)
and alcohol consumption (OR: 4.737, P<0.001) were
strongly associated with tobacco use. Besides, partici-
pants with higher BMI have lower odds of using tobacco,
with statistically significant differences for the 20-24.9
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Fig. 3 Percentage of participants with (A) current and (B) former cigarette smoking based on age and sex

(OR: 0.690, P=0.04), 25-29.9 (OR: 0.584, P=0.002),
and 30-34.9 (OR: 0.603, P=0.007) BMI categories.
Education was not significantly associated with tobacco
use although there was a trend twaord those who had a
6—12 years of education. On the other hand, hyperten-
sion was negatively associated with tobacco use, with
users having 22.6% lower odds than non-users (OR:
0.774, P=0.005). However, physical activity, diabetes

mellitus, dyslipidemia, chronic kidney disease, chronic
lung disease, and coronary artery disease were not statis-
tically associated with tobacco use.

Discussion

This study used data from a large sample of adult resi-
dents of Tehran participating in TeCS. The prevalence
of current tobacco use, cigarette smoking, waterpipe,
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and pipe use in Tehran was 19.8%, 14.9%, 6.1%, and 0.5%,
respectively. Former tobacco users constituted 3.7% of
adult residents of Tehran. Tobacco use was widespread
in younger participants, men, those with higher levels
of education, lower BMI, higher physical activity, and
opium and alcohol users. Waterpipe users were consid-
erably younger and had a lower male/female ratio than
cigarette smokers. Moreover, our findings highlight the

importance of addressing opium and alcohol consump-
tion as risk factors for tobacco use and suggest the need
for targeted interventions to reduce tobacco use among
men and younger individuals.

The 2016 STEPwise approach for the surveillance
of risk factors study showed that 14.1% of the Iranian
population over 18 years old were current tobacco users
[10]. Regarding the mentioned study, the prevalence
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Table 3 Multivariable analysis of risk factors associated with
tobacco use among Tehran cohort study participants

Characteristic® Adjusted OR (95%(Cl) P-value*
Age category, year
35-44 Ref
45-54 0.752 (0.636-0.888) 0.001
55-64 0.784 (0.653-0.942) 0.009
65-74 0.574 (0.456-0.722) <0.001
>75 0.356 (0.250-0.507) <0.001
Male sex 6 (3.737-4.984) <0.001
Being married 1.949 (0.806-4.712) 0.138
Education, year
llliterate Ref <0.001
1-5 1.158 (0.784-1.710) 0.461
6-12 1.389 (0.988-1.954) 0.059
>12 0.980 (0.687-1.398) 0913
Body mass index, kg/m2
<20 Ref 0.014
20-24.9 0.690 (0.484-0.983) 0.04
25-29.9 0.584 (0.412-0.827) 0.002
30-34.9 0.603 (0.419-0.869) 0.007
>35 0.682 (0.447-1.039) 0.075
Physical activity
Low Ref 0.738
Intermediate 1.077 (0.891-1.302) 0.444
High 1.075 (0.870-1.329) 0.504
Opium consumption 5.557 (4.390-7.035) <0.001
Alcohol consumption 4.737 (3.955-5.673) <0.001
Hypertension 0.774 (0.649-0.925) 0.005
Diabetes mellitus 0.903 (0.737-1.106) 0323
Dyslipidemia 0.903 (0.773-1.055) 0.199
Chronic kidney disease 0.801 (0.342-1.877) 061
Chronic lung disease 0.867 (0.588-1.278) 0472
Coronary artery disease 0.896 (0.701-1.145) 0.382

Cl Confidence interval, OR Odds ratio
# P<0.05 was considered significant

2 All variables are included in the multivariable logistic regression model for
calculating the adjusted odds ratios

of tobacco smoking in Tehran province was reported
to be 17.1%. In addition, the Tehran Lipid and Glucose
Study (TLGS) disclosed that the prevalence of tobacco
smoking in adults over 20 years increased from 25.5% to
35.4% among men and 3.4% to 6.8% among women from
1999 to 2011 [15]. Moreover, the Golestan Cohort Study
(GCS), which included 50 045 participants (aged 40-75)
from northeastern Iran, indicated that 17% of the par-
ticipants reported a history of smoking tobacco [16]. As
highlighted by a related study, Iranians’ tobacco smoking
prevalence remained unchanged until 2016 [17]. Based
on the current study, we estimate that one in five adults

Page 11 of 14

were current tobacco users. It is essential to note that
our study population included only adults aged 35 years
and older. Moreover, among Iranian adolescents, the
prevalence of tobacco smoking was estimated at 9% [18].
Therefore, it is important to consider that young adults
and adolescents also use tobacco products, affecting the
overall estimation of tobacco use in the population.

Prior investigations have proposed an age-dependent
trend in the prevalence of tobacco users [2, 19]. Con-
sistently, our results showed that the overall preva-
lence of tobacco use was higher in younger age groups
and declined with advancing age. However, this down-
ward trend was not similar across different products of
tobacco. While this decreasing trend was evident among
current waterpipe users, the high rate of current cigarette
smoking remained relatively similar among those aged
35-75 years. Waterpipe users were almost seven years
younger than cigarette smokers and pipe users. These
findings indicate that while targeting younger individuals
might be reasonable in preventing waterpipe use, control
programs should be implemented for a broader age spec-
trum to tackle cigarette smoking sufficiently. Waterpipe
use is also spreading among the youth [8, 20]. This might
be partially explained by producing flavored tobacco
products over the past years. Evidence suggests that one
session of waterpipe use leads to more nicotine expo-
sure, particulate matter, and carbon monoxide than ciga-
rette smoking [21-23]. Therefore, policymakers should
emphasize educating adolescents and younger adults
about waterpipe use’s harms and adverse effects.

Gender differences in tobacco smoking habits are of
great importance in health policies. The global prevalence
of tobacco use is generally higher in men than women;
however, there is a large variability between the two sexes
across different geographical regions [24]. Epidemiologi-
cal data from European and North American countries
show a slight difference in smoking prevalence between
men and women [25, 26]. On the contrary, there is a
substantial difference in the proportion of tobacco users
between the two sexes in the Middle Eastern populations,
and the prevalence of tobacco use in Middle Eastern
women is considerably lower than in the Western regions
[25-28]. Consistent with these findings, the prevalence
of tobacco use was approximately four-fold in men com-
pared to women in Tehran. Although cigarettes were the
most common product of tobacco smoked among both
sexes, the gap between men and women was more pro-
nounced among cigarette smokers than waterpipe users.
While the proportion of cigarette smokers was almost
five times higher in men than women, the prevalence of
waterpipe use was twice as much in men compared to
women. We hypothesize that these disparities in smoking
behavior between the two sexes in Tehran possibly stem
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from cultural backgrounds that consider cigarette smok-
ing shameful in women. Additionally, this issue was exac-
erbated by a lack of awareness about waterpipe’s harmful
effects, social acceptance of waterpipe usage over ciga-
rettes, the traditional role of waterpipes as a recreational
tool in Iranian society, and inadequate laws limiting the
use of waterpipes in public places [29]. Previous literature
depicted that women, especially those with a university
education and younger age group (15-24 years), were at
the most risk of waterpipe use [30]. Moreover, quitting
may seem more difficult due to social acceptability than
cigarette smoking in this group [31]. Overall, the signifi-
cant gender gap among cigarette and waterpipe users in
Tehran should guide the development of more efficient
smoking cessation strategies.

Multiple studies have shown that lower education
is associated with a higher risk of tobacco use [32-35].
However, adult residents of Tehran with a higher educa-
tion level were more frequently tobacco users, and those
with secondary level education had the highest preva-
lence of cigarette smoking and waterpipe use. Since a
similar pattern was also observed in other local cross-
sectional studies, future studies are demanding to explore
this pattern further and the determinants of tobacco use
among the well-educated Iranian population [36, 37].
Additionally, the proportion of tobacco users was higher
among those with lower BMI and higher physical activ-
ity levels. Moreover, tobacco use was substantially higher
among opium and alcohol users. This is supported by a
previous study suggesting a four-fold increase in the risk
of cigarette smoking among opium users [38]. These
findings accentuate the need for a multi-disciplinary
approach to controlling tobacco use, targeting different
behavioral risk factors.

Former tobacco users were approximately ten years
older than current users. The proportion of former
tobacco smokers increased with advancing age, and a
greater percentage of men reported a history of previous
tobacco use than women. As expected, former cigarette
smoking and waterpipe use was higher in participants
with preexisting comorbidities. These findings suggest
that developing chronic comorbidities later in life (e.g.,
hypertension, diabetes mellitus, dyslipidemia, chronic
lung disease, etc.) might be the main factor that forces
individuals to quit smoking. Subsequently, previous evi-
dence illustrated that diabetes mellitus was significantly
associated with former smoking status, while hyperten-
sion and dyslipidemia diagnoses did not correlate sub-
stantially with quitting smoking [39]. Also, many adults
with documented CAD were current cigarette smokers
compared to those without CAD. These findings accen-
tuate the importance of implementing the MPOWER
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measures the World Health Organization recommended
to facilitate smoking cessation, especially among those
with comorbidities [40].

As opposed to previous studies, we found that older
adults are less likely to use tobacco [10, 41]. However
male gender was independent determinant for tobacco
use, aligning with prior studies [41, 42]. Additionally,
our findings indicated a negative association between
hypertension and tobacco use (P=0.005). This finding
may seem counterintuitive but could be explained by
confounding factors or other underlying mechanisms.
However, further research may be needed to clarify this
relationship in our study population.

Limitations

The main strength of this study is that we provided com-
prehensive data on tobacco smoking in Tehran for the first
time, and our results can be a cornerstone for future stud-
ies and public health plans. However, it also has some lim-
itations. Like every cross-sectional study, non-responders
are a barrier to reporting the actual prevalence of smoking
in Tehran. Since we did not have any data from the non-
responders, it is not possible to report how this group
differed from the participants. Due to the multi-purpose
nature of TeCS objectives, we only asked general ques-
tions about tobacco use status from participating individ-
uals. This was due to time restrictions for data collection
as patients had to be interviewed for multiple question-
naires and anthropometric measurements were taken in
a half-day session. Therefore, we lack some detailed data
on smoking behaviors, such as the age of beginning to
smoke, the number of quit attempts, and quit strategies.
Furthermore, TeCS did not include adults aged <35 years
as it was designed to track the incidence of cardiovascular
diseases and the related risk factors in adults. This might
have affected our estimations, especially for waterpipe use
which is believed to be more popular among the youth.

Conclusion

The prevalence of tobacco use among the adult resi-
dents of Tehran, a heavily-populated metropolis in the
Middle East, is concerning. Although cigarette smok-
ers mainly drove this high prevalence, waterpipe use
also accounted for approximately one-third of tobacco
users. Compared to Western regions, the observed
differences in smoking behavior and epidemiology of
cigarette smokers and waterpipe users in Tehran war-
rant exclusively tailored control programs for smok-
ing cessation. These programs should specifically
consider the large gender gaps observed in the preva-
lence of cigarette and waterpipe users in Middle East-
ern populations.
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