
Background
Tobacco use and exposure to tobacco smoke are major 
risk factors for mortality and disability-adjusted life-
years (DALYs). Smoking has globally accounted for 13% 
of all deaths and more than 7% of all DALYs in 2017. 
Furthermore, more than 25% of all cancer deaths have 
been attributable to smoking.1 The prevalence of tobacco 
smoking has annually decreased by 1.6% globally2 and 
has stagnated in Iran in recent years,3 which is despite 
its adverse effects, far less than the 5.8% goal set by the 
World Health Organization.4 If the current trends persist, 
it is expected that the total number of annual deaths will 

increase and reach 10 million by 2030.5 Therefore, the 
2030 Agenda for Sustainable Development Goals has 
called for a joint action to reduce the current prevalence 
of smoking.6

The prevalence of tobacco smoking and its burden on 
societies are not homogenous at the national and district 
levels and could be affected by social determinants. 
Tobacco smoking imposes the most significant mortality 
and morbidity in low- and middle-income countries.7 
While the prevalence of smoking among women is 
closer to men in high-income countries, there can be a 
wide gender gap in low- and middle-income countries 
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Abstract

Background: The prevalence of tobacco smoking and its burden on societies is not homogenous at 
the national and district levels. This nationwide study aimed to investigate current inequalities in the 
prevalence of smoking at the district level and the association of smoking behaviors with gender, wealth, 
education, and urbanization in Iran.
Study design: A cross-sectional study.
Methods: This study was conducted by analyzing the data of the STEPS survey 2016 with 30 541 participants. 
The small-area estimation method using the Bayesian spatial hierarchical multilevel regression model was 
employed to generate district-level prevalence of all types of smoking by gender. The inequalities between 
the groups by wealth, education, and urbanization were investigated via concentration index.
Results: The prevalence rates of current daily cigarette smoking were found to be at the range of 4.6-40.9 
and 0-4.5 among men and women, respectively. Current daily cigarette smoking was higher in men than 
in women: 19.0 (95% CI: 9.5-28.7) vs 0.7 (95% CI: 0-6.9). Women with lower wealth, education, or 
urbanization were more likely to smoke tobacco or be exposed to secondhand smoking. On the other 
hand, men with higher wealth or education indices were more likely to smoke tobacco. Men with lower 
wealth, education, or urbanization were more likely to be exposed to secondhand smoking.
Conclusion: The smoking behavior varied significantly at the district level in Iran. Gender, wealth, 
education, and urbanization were determinants of smoking prevalence. 
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in this regard.8 On the individual level, there is evidence 
that people’s smoking behavior in urban areas differs 
from that in rural areas.9 Education is reported to 
be a determinant of smoking behavior in societies.10 
Nevertheless, the current inequities and the determinants 
of smoking prevalence on the district level of Iran have 
not been yet investigated. Therefore, defining the social 
determinants of tobacco smoking in Iran is an early step 
towards recognizing the most vulnerable groups and 
taking the necessary nationwide measures for proper 
resource allocations to address the issue. This national 
study aimed to investigate the prevalence of smoking at 
the district level, the existence of current inequities, and 
the association of smoking behaviors with gender, wealth, 
education, and urbanization in Iran.

Methods
Overview
This study was conducted by analyzing the data of STEPS 
survey 2016 with 30 541 participants. The small-area 
estimation method using the Bayesian spatial hierarchical 
multilevel regression model was employed to generate 
district-level prevalence of all types of smoking by gender. 
The inequalities between the groups by wealth, education, 
and urbanization were investigated via Blinder-Oaxaca 
decomposition and concentration index.

Data sources
This study was a systematic analysis of the data of STEPS 
survey 2016, which was a cross-sectional national study 
carried out by the Non-Communicable Diseases Research 
Center (NCDRC), Endocrinology and Metabolism 
Research Institute, Tehran University of Medical Sciences, 
Tehran, Iran. The participants of the STEPS survey 
were selected via multistage cluster sampling and were 
representative of the general population aged  ≥  18 years 
living in all provinces of Iran. A detailed description of 
the study population and the sampling method of the 2016 
version of the STEPS survey has been published.11,12

Variables
Variables included sociodemographic characteristics, 
including gender, education, wealth, governmental 
employment, and complimentary insurance; and smoking, 
including current daily cigarette smoking (CDS), current 
tobacco smoking, ever cigarette smoking, ever tobacco 
smoking, exposure to secondhand smoking, exposure to 
secondhand smoking at home, and past daily cigarette 
smoking. CDS was defined as smoking any number of 
cigarettes daily. Current tobacco smoking was defined 
as the use of any smoked tobacco products, including 
cigarettes, cigars, pipes, or any other smoked tobacco 
products on a daily, non-daily, or occasional basis. The 
main tobacco-containing products used by Iranians are 
cigarettes and water-pipe while chewing tobacco and 
other forms are uncommon.3 Ever cigarette smoking 
was defined as the ever use of any number of cigarettes. 

Ever tobacco smoking was defined as the ever use of any 
smoked tobacco products, including cigarettes, cigars, 
pipes, or other smoked tobacco products. Exposure to 
secondhand smoking was defined as being exposed to 
the smoke of any tobacco products in the last 30 days. 
Exposure to secondhand smoking at home was defined 
as being exposed to the smoke of any tobacco products 
at home in the last 30 days. Past daily cigarette smoking 
was defined as the ex-use of any smoked tobacco products, 
including cigarettes, cigars, pipes, or any other smoked 
tobacco products daily.

Data analysis
The small-area estimation method using Bayesian 
spatial hierarchical multilevel regression was utilized 
to generate district-level prevalence of all types of 
smoking by gender. To study the inequalities between 
the groups, Blinder-Oaxaca decomposition was used 
for linear regression models.13,14 This method is based 
on two regression models, fitted separately for the two 
population groups15 (in this study, the first and fifth 
quintiles of wealth, education, and urbanization indices). 
To calculate the wealth index, principal component 
analysis was applied to derive household wealth index 
based on questions on key dwelling characteristics and 
household ownership, as described in the protocol study 
of STEPS 2016.12 The principal component analysis is an 
approach to statistical analysis in which multiple datasets 
are combined as orthogonal components.16 The wealth 
index was used to divide the population into quintiles, 
whereby the first and fifth quintiles presented the least 
fortunate and wealthiest households, respectively. The 
education index was defined as the mean of successful 
years of schooling, calculated based on the Household 
Income and Expenditure Survey conducted by Statistical 
Center of Iran, Tehran, Iran, in 2016.17 The education 
index was used to divide the population into quintiles, 
in which the first and fifth quintiles presented the least 
and most educated, respectively. The urbanization index 
was defined as the proportion of residents in the urban 
area to the urban and rural areas. It was used to divide 
the population into quintiles, according to which the first 
and fifth quintiles present the least and most urbanized, 
respectively. The concentration index was used to quantify 
the degree of inequality in all types of smoking-related 
to wealth, education, and urbanization. A concentration 
index of zero would indicate no inequality related to 
wealth, education, and urbanization. Negative values of 
concentration index would mean a higher prevalence of 
smoking among people with lower wealth, education, 
or urbanization index. Positive concentration index 
values would indicate a higher prevalence of the type of 
smoking among people with higher wealth, education, or 
urbanization index.18

The results were reported by terms of mean and 
prevalence, with their corresponding 95% uncertainty 
intervals (95% UI). Population derived from the 
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National Population and Housing Census conducted 
by the Statistical Center of Iran in 2016 was considered 
the standard population in the direct age-standardized 
approach to allow comparisons between districts. In 
addition, in this study, the inter-district variation of 
smoking markers was assessed to check homogeneity 
across provinces. The two-sample t test was also used 
to check the significant differences in the prevalence of 
smoking determinants between the least fortunate and 
the wealthiest, the least educated and the most educated, 
and the least urbanized and the most urbanized groups. 
The P values of less than 0.05 were considered significant. 
The statistical analyses and data visualizations were 
carried out using Stata (version 16.0) and R statistical 
packages (version 3.4.3; http://www.r-project.org, RRID: 
SCR_001905).

Results
Responses of 30 541 participants were analyzed. The mean 
age of the subjects was estimated at 44.5 ± 16.3 years, 
which was 44.1 ± 16.0 years in women and 44.9 ± 16.5 
years in men.

Age-standardized smoking prevalence by district
Current daily cigarette smoke
In 196 of the 429 districts, the age-standardized 
prevalence (95% UI) of CDS was higher in men than in 
the national spectrum. The three districts with the highest 
age-standardized prevalence (95% UI) of CDS among 
men were Rabar in Kerman province: 40.9% (23.6-54.7), 
Abbas-Abad in Mazandaran province: 40.3% (26.3-
51.8), and Pasargad in Fars province: 35.3% (21.8-49.7), 
Iran. The three districts with the lowest age-standardized 
prevalence (95% UI) of CDS among men were Dargaz 
in Razavi Khorasan province: 4.6% (0-17.5), Fariman in 
Razavi Khorasan province: 4.6% (0-16.6), and Eyvan in 
Ilam province: 4.7% (0-16.5), Iran. Provinces were sorted 
by the age-standardized prevalence of smoking among 
districts. Among 31 provinces in Iran, Alborz, Ardebil, 
West Azarbayjan, Golestan, North Khorasan, Markazi, 
Qazvin, and Qom had districts with the same level of age-
standardized prevalence and thus had lower heterogeneity. 
Provinces with the most significant variability of the 
district-level age-standardized prevalence of CDS included 
Kerman (5.2-40.9%), Mazandaran (7.3-40.3%), and Fars 
(8.6-35.2%). Provinces that showed the lowest variability 
of the district-level age-standardized prevalence of CDS 
included Golestan (7.9-11.0%), Qazvin (22.3-26.6%), and 
Boushehr (11.6-16.1%).

Among 429 districts, the age-standardized prevalence 
(95% UI) of CDS among 132 districts among women was 
higher than the national age-standardized prevalence. 
The three districts with the highest age-standardized 
prevalence (95% UI) of CDS among women were Dashti 
in Boushehr province: 4.5% (0-14.8), Saravan in Sistan 
and Balouchestan Province: 4.1% (0-19.7), and Kangan in 
Boushehr Province: 3.7% (0-14.7), Iran. The three districts 

with the lowest age-standardized prevalence (95% UI) of 
CDS among women were Razan in Hamedan province: 
0% (0-4.9), Famenin in Hamedan province: 0% (0-7.1), 
and Dalfan in Lorestan province: 0.04% (0-1.3), Iran. 
Among 31 provinces, Boushehr, Qom, and Sistan and 
Balouchestan were the only provinces with districts with 
the same level of age-standardized prevalence and thus 
had lower heterogeneity. Provinces that showed the most 
significant variability of the district-level age-standardized 
prevalence of CDS included Boushehr, where estimates 
ranged from 1.3-4.5%, Sistan and Balouchestan 1.1-4.1%, 
and Markazi 0.5-3.2%. Provinces that showed the lowest 
variability of the district-level age-standardized prevalence 
of CDS included Alborz (0.2-0.7%), Lorestan (0.04-0.5%), 
and Chaharmahal (0.1-0.6%), Iran.

The age-standardized prevalence of current tobacco 
smoke, ever cigarette smoke, ever tobacco smoke, 
secondhand smoking exposure, secondhand smoking at 
home, and past daily cigarette smoke varied significantly 
on a district level (Figures 1 and 2, Supplementary Files 1 
and 2).

All-ages smoking prevalence by gender
The prevalence of smoking among all age groups and 
both genders is presented in Table 1. Men had a higher 
prevalence of current daily cigarette smoke, current 
tobacco smoke, ever cigarette smoke, exposure to 
secondhand smoking, exposure to secondhand smoking 
at home, and past daily cigarette smoke. The prevalence of 
all types of smoking was significantly higher among men, 
except for exposure to secondhand smoking at home.

All-ages smoking prevalence by wealth index
The prevalence (95% UI) of current daily cigarette smoke 
ranged from 7.6% (2.2-16.4) among people with the 
lowest wealth index to 11.7% (6.9-19.1) among those 
with the highest wealth index. The prevalence (95% UI) 
of ever cigarette smoke ranged from 11.9% (5.2-21.3) 
among people with the lowest wealth index to 16.2% 
(10.3-23.7) among those with the highest wealth index. 
The prevalence (95% UI) of past daily cigarette smoke 
ranged from 11.0% (4.7-20.6) among people with the 
lowest wealth index to 15.5% (9.7-23.1) among those with 
the highest wealth index. In contrast, the prevalence (95% 
UI) of exposure to secondhand smoking at home ranged 
from 26.9% (10.2-44.6) among people with the highest 
wealth index to 30.6% (11.5-50.5) among those with the 
lowest wealth index. There were no significant differences 
between the prevalence of current tobacco smoke, ever 
tobacco smoke, exposure to secondhand smoking, and 
wealth index groups. The prevalence of smoking by wealth 
index is presented in Table 2.

The investigation of the gap in women’s exposure to 
secondhand smoking between the first and fifth quintiles 
of the wealth index showed that having complementary 
insurance significantly contributed to the gap between the 
wealthiest and least fortunate (Supplementary File 3).

http://www.r-project.org
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All-ages smoking prevalence by education index
The prevalence (95% UI) of exposure to secondhand 
smoking ranged from 30.1% (11.2- 49.8) among people 
with the highest education index to 35.6% (15.4-56.6) 
among those with the lowest education index. The 
prevalence (95% UI) of exposure to secondhand smoking 
at home ranged from 23.9% (7.2-42.0) among people with 
the highest education index to 30.7% (11.8-50.7) among 
those with the lowest education index. The prevalence rates 
of current daily cigarette smoke, current tobacco smoke, 
ever cigarette smoke, ever tobacco smoke, exposure to 
secondhand smoking, and past daily cigarette smoke were 
not significantly different among various education index 
groups (Table 2).

The study of the gap in the exposure to secondhand 
smoking between the first and fifth quintiles of education 
index among both genders revealed that having 
complementary insurance made a significant contribution 
to the gap between the most and the least educated 
(Supplementary File 4).

All-ages smoking prevalence by urbanization index
The prevalence (95% UI) of current daily cigarette smoke 
ranged from 8.5% (3.1-17.1) among people with the 

lowest urbanization index to 10.5% (5.8-17.6) among 
those with the highest urbanization index. In contrast, the 
prevalence (95% UI) of exposure to secondhand smoking 
ranged from 32.7% (15.0-50.9) among people with the 
highest urbanization index to 35.8% (14.3-58.0) among 
those with the lowest urbanization index. The prevalence 
(95% UI) of exposure to secondhand smoking at home 
ranged from 26.1% (10.0-42.9) among people with the 
highest urbanization index to 30.6% (10.6-51.9) among 
those with the lowest urbanization index. No differences 
were found between urbanization index groups in current 
tobacco smoke, ever cigarette smoke, ever tobacco 
smoke, exposure to secondhand smoking, exposure to 
secondhand smoking at home, and past daily cigarette 
smoke (Table 2).

The examination of the gap in the prevalence of CDS 
between the first and fifth quintiles of the urbanization 
index among both genders showed that the wealth index 
made a significant contribution to the gap between the 
most and the least urbanized (Supplementary File 5).

Determinants of all types of smoking among women and 
men
Wealth, education, and urbanization played varying roles 

Figure 1. Geographical distribution of tobacco smoking among men on district level in Iran in 2016.
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in the prevalence of all types of smoking among men and 
women. The lower wealth index or education index was 
associated with higher smoking or exposure to secondhand 
smoking among women. While men with higher wealth 
or education indexes were more likely to smoke, lower 
wealth and education indexes were associated with higher 
exposure to secondhand smoking. The urbanization index 
had a paradoxical effect on current tobacco smoking 
among women and men; regarding, women with a lower 
urbanization index and men with higher urbanization 
index were more likely to smoke tobacco (Table 3).

Discussion
The results of the study showed that gender, wealth, 
education, and urbanization were all determinants of 
smoking prevalence at the district level in Iran. Wealth, 
education, and urbanization had varying effects on the 
prevalence of all types of smoking among men and women. 
Accordingly, women with lower wealth, education, or 
urbanization were more likely to smoke tobacco or be 
exposed to secondhand smoking. On the other hand, men 
with higher wealth or education index were more likely 
to smoke tobacco. Nevertheless, men with lower wealth, 
education, or urbanization were more likely to be exposed 

Figure 2. Geographical distribution of tobacco smoking among women on district level in Iran in 2016.

Table 1. All-ages prevalence of smoking by gender

Type of smoking by gender All ages prevalence (95% UI) P value

Current daily cigarette smoke 0.001

Female 0.7 (0-6.9)

Male 19.0 (9.5-28.7)

Total 9.8 (4.8-17.8)

Current tobacco smoke 0.001

Female 4.0 (0.8-10.1)

Male 24.5 (13.5-35.8)

Total 14.3 (7.1-22.9)

Ever cigarette smoke 0.001

Female 1.3 (0-6.3)

Male 27.7 (16.5-39.1)

Total 14.5 (8.2-22.7)

Ever tobacco smoke 0.001

Female 7.3 (2.1-15.2)

Male 37.1 (22.4-51.9)

Both 22.2 (12.2-33.5)

Exposure to secondhand smoking 0.001

Female 31.2 (12.8-50.4)

Male 39.5 (18.7-60.7)

Total 35.4 (15.8-55.6)

Exposure to secondhand smoking at home 0.720

Female 29.8 (11.8-48.8)

Male 29.3 (11.1-48.5)

Total 29.6 (11.5-48.6)

Past daily cigarette smoke 0.001

Female 1.1 (0-6.7)

Male 26.5 (15.4-37.7)

Total 13.8 (7.7-22.2)
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to secondhand smoking.
While estimates on current tobacco smoke on the 

province level had a 3-fold range (from 9% to 27%),19 
districts showed much greater variability, particularly at 
the higher end, with a 9-fold range of estimates (from 4.6% 
to 40.9%). Although these findings could shed light on 
the areas with the most significant burden, they highlight 
the necessity of identifying the underlying causes for 
such heterogeneity. The witnessed heterogeneities need 
to be addressed while implementing the tobacco control 
policies in the future.20 The lower prevalence of cigarette 
smoking in some states has been associated with tobacco 
control measures in the United States, where the policies 

are determined by the state government commensurate 
with the states’ current needs.21 However, such conditions 
do not apply to Iran, where the government generally 
makes the policies in Tehran. Therefore, more research is 
needed to investigate such heterogeneities in Iran to pave 
the way for effective policies to bridge the existing gaps.

The higher prevalence of smoking among men is 
similar to reports from high-, low-, and middle-income 
countries.22–24 Despite the accomplishments of the past 
three decades worldwide,25 the reductions in smoking 
prevalence were smaller in women in the last decade than 
in men.23 This could be particularly problematic, with the 
emerging evidence that women are more vulnerable to the 

Table 2. Prevalence of smoking among groups by wealth, education, and urbanization indices

Wealth index
All-ages prevalence 

(95% UI)
P value

Education
index

All-ages prevalence 
(95% UI)

P value
Urbanization

index
All-ages prevalence 

(95% UI)
P value

Current daily cigarette 
smoke

0.001 0.910 0.001

1 7.6 (2.2-16.4) 1 9.6 (4.2-17.9) 1 8.5 (3.1-17.1)

2 9.4 (4.3-17.1) 2 10.0 (4.9-18.0) 2 10.1 (4.9-18.2)

3 9.5 (4.7-17.1) 3 10.0 (5.0-17.9) 3 9.9 (4.8-17.8)

4 11.0 (5.8-19.1) 4 9.9 (5.0-17.8) 4 10.1 (5.1-18.1)

5a 11.7 (6.9-19.1) 5b 9.7 (4.8-17.3) 5c 10.5 (5.8-17.6)

Current tobacco smoke 0.590 0.520 0.270

1 14.3 (5.7-23.9) 1 13.8 (6.1-23.1) 1 13.6 (5.5-23.1)

2 13.4 (6.4-21.8) 2 13.9 (6.8-22.6) 2 14.8 (7.4-23.7)

3 13.7 (6.8-22.1) 3 14.7 (7.5-23.5) 3 14.4 (7.3-23.2)

4 15.0 (8.1-23.9) 4 14.9 (7.8-23.2) 4 14.1 (7.3-22.5)

5 15.0 (8.6-23.0) 5 14.2 (7.5-22.3) 5 14.5 (8.1-22.2)

Ever cigarette smoke 0.001 0.580 0.090

1 11.9 (5.2-21.3) 1 14.4 (7.6-23.3) 1 12.9 (6.2-22.0)

2 14.4 (8.0-22.4) 2 14.8 (8.5-22.7) 2 14.9 (8.6-23.2)

3 14.4 (8.3-22.1) 3 14.6 (8.5-22.5) 3 15.1 (8.7-23.5)

4 15.8 (9.4-23.9) 4 14.6 (8.5-22.8) 4 14.8 (8.6- 22.8)

5 16.2 (10.3-23.7) 5 14.2 (8.1-22.2) 5 14.9 (9.1-22.0)

Ever tobacco smoke 0.500 0.830 0.760

1 22.4 (11.0-34.6) 1 21.9 (11.2-33.9) 1 21.7 (10.6-34.2)

2 21.8 (11.8-33.1) 2 21.8 (12.0-33.2) 2 22.9 (12.9-34.4)

3 22.1 (12.2-33.0) 3 22.6 (12.6-33.9) 3 23.1 (12.9-34.6)

4 22.8 (13.0-34.4) 4 22.9 (12.9-34.1) 4 21.5 (11.9-32.7)

5 21.9 (12.9 - 32.6) 5 21.7 (12.2-32.6) 5 21.7 (12.6-31.8)

Exposure to secondhand 
smoking

0.050 0.001 0.001

1 35.7 (15.2-56.7) 1 35.6 (15.4-56.6) 1 35.8 (14.3-58.0)

2 38.6 (18.6-59.2) 2 36.2 (16.2-56.8) 2 37.0 (17.4-57.3)

3 34.0 (15.1-53.4) 3 37.3 (18.0-57.1) 3 36.0 (16.0-56.5)

4 35.0 (14.9-55.9) 4 37.5 (18.0-57.4) 4 35.3 (16.2-55.0)

5 33.6 (15.1-52.6) 5 30.1 (11.2-49.8) 5 32.7 (15.0-50.9)

Exposure to secondhand 
smoking at home

0.001 0.001 0.001

1 30.6 (11.5-50.5) 1 30.7 (11.8-50.7) 1 30.6 (10.6-51.9)

2 33.6 (14.6-53.5) 2 30.5 (11.7-50.1) 2 31.3 (13.0-50.6)

3 28.3 (10.9-46.5) 3 31.2 (13.2-49.9) 3 30.5 (12.1-49.9)

4 28.4 (10.2-48.0) 4 31.6 (13.3-50.4) 4 29.3 (11.7-47.8)

5 26.9 (10.2-44.6) 5 23.9 (7.2-42.0) 5 26.1 (10.0-42.9)

Past daily cigarette smoke 0.001 0.520 0.120

1 11.0 (4.7-20.6) 1 13.6 (7.1-22.9) 1 12.3 (5.8-21.6)

2 13.7 (7.5-22.1) 2 14.2 (8.1-22.4) 2 14.2 (8.1-22.8)

3 13.7 (7.8-21.6) 3 14.0 (7.9-22.2) 3 14.3 (8.1-22.9)

4 15.1 (8.8-23.5) 4 13.8 (8.0-22.0) 4 14.0 (8.1-22.1)

5 15.5 (9.7-23.1) 5 13.3 (7.5-21.4) 5 14.1 (8.4-21.4)
a Wealthiest.
b Most educated.
c Most urbanized.
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adverse effects of smoking.26 Furthermore, Iranian women 
had higher exposure to secondhand smoking at home. 
Secondhand smoking remains to take its toll on the health 
of non-pregnant and pregnant women.27–29 Consequently, 
more effective interventions and actions are required to 
address active and passive smoking among women.

On the national level, the findings of some studies 
have indicated that daily smoking is more common in 
high-income countries than in low- and middle-income 
countries.22 However, on the district level, a meta-
analysis found an association between higher prevalence 
of cigarette smoking and lower-income levels.30 In this 
study, men with higher and women with lower wealth 
were more likely to smoke. The less fortunate in both 
genders were more prone to exposure to secondhand 
smoking. While taxation is considered among successful 
strategies to reduce inequities in cigarette smoking to the 
benefit of the poor,31 the existing inequalities among the 
target population need to be taken into account prior to 
implementing interventions. It is also worth mentioning 
that such strategies could lose color in a country where 
people with a higher wealth index tend to smoke more 
than those with a lower wealth index. Therefore, future 
research needs to investigate the responsiveness of 
various economic groups of society to price variations 
aimed to discourage people from smoking. Moreover, the 
marketing and branding of tobacco companies, alongside 
the public health measures, need closer evaluation.32

Lower education was associated with higher smoking 

among women and higher exposure to secondhand 
smoking among both women and men. The results of some 
studies have reported the inverse association between the 
level of education and passive smoking.33,34 Nevertheless, 
there is still controversy in the existing literature 
considering education as a determinant of smoking 
behavior. Although passive smoking has been reported not 
to be significantly associated with education,35 the results 
of some studies have indicated an association between 
lower educational levels and increased risk of smoking.36–38 
This could probably be explained by the previous reports 
suggesting that low education is associated with low 
health literacy.39 Higher education is considered a strong 
determinant of smoking avoidance10,40; however, some 
evidence suggests a bi-directional relationship between 
higher education enrollment and smoking.37 Therefore, 
the association between education and smoking needs 
further investigation.

While women with a lower urbanization index 
were more likely to smoke tobacco, men with higher 
urbanization index were more likely to smoke tobacco. 
A review of the Global Adult Tobacco Survey results 
reported that rural residence was associated with a 
higher risk of tobacco smoking.24 The findings of another 
study reported that rural Americans were more likely to 
smoke or be exposed to cigarette smoke than their urban 
or suburban counterparts.41 Similarly, the results of a 
study conducted in China reported that people residing 
in urban areas were less likely to smoke passively than 

Table 3. Concentration index for wealth, education, and urbanization for all types of smoking among women and men

Type of smoking by gender
Concentration index

Wealth index Education index Urbanization index

Current daily cigarette smoke

Female -0.12 (-0.16, -0.08) -0.03 (-0.08, 0.01) 0.01 (-0.03, 0.05)

Male 0.07 (0.06, 0.08) 0.11 (0.09, 0.12) 0.04 (0.03, 0.05)

Total 0.07 (0.04, 0.09) 0.04 (0.01, 0.07) 0.04 (0.01, 0.07)

Current tobacco smoke

Female -0.20 (-0.24, -0.17) -0.13 (-0.18, -0.09) -0.09 (-0.13, -0.05)

Male 0.05 (0.04, 0.06) 0.53 (0.53, 0.54) 0.03 (0.02, 0.03)

Total 0.01 (-0.01, 0.03) 0.20 (0.18, 0.22) 0.01 (-0.01, 0.03)

Ever cigarette smoke

Female -0.06 (-0.09, -0.02) -0.15 (-0.18, -0.11) 0.002 (-0.03, 0.04)

Male 0.05 (0.04, 0.06) -0.04 (-0.05, -0.03) 0.02 (0.01, 0.03)

Total 0.04 (0.01, 0.07) -0.09 (-0.12, -0.07) 0.02 (-0.003, 0.05)

Ever tobacco smoke

Female -0.17 (-0.2, -0.14) -0.40 (-0.44, -0.37) -0.09 (-0.12, -0.06)

Male 0.03 (0.02, 0.04) 0.46 (0.45, 0.47) 0.01 (0.004, 0.02)

Total -0.003 (-0.02, 0.02) 0.03 (0.01, 0.05) -0.01 (-0.03, 0.01)

Exposure to secondhand smoking

Female -0.03 (-0.04, -0.02) -0.97 (-0.98, -0.96) -0.03 (-0.04, -0.01)

Male -0.01 (-0.02, 0.01) -0.63 (-0.64, -0.62) -0.001 (-0.01, 0.01)

Total -0.02 (-0.03, -0.01) -0.80 (-0.81, -0.79) -0.01 (-0.02, -0.003)

Exposure to secondhand smoking at home

Female -0.03 (-0.05, -0.02) -1.18 (-1.19, -1.16) -0.03 (-0.04, -0.01)

Male -0.04 (-0.05, -0.02) -0.84 (-0.86, -0.83) -0.02 (-0.03, -0.01)

Total -0.04 (-0.05, -0.03) -1.01 (-1.02, -1.00) -0.02 (-0.03, -0.01)

Past daily cigarette smoke

Female 0.01 (-0.02, 0.04) -0.12 (-0.15, -0.09) 0.03 (0.0, 0.07)

Male 0.05 (0.04, 0.05) -0.14 (-0.15, -0.13) 0.02 (0.01, 0.03)

Total 0.04 (0.02, 0.07) -0.13 (-0.15, -0.10) 0.02 (-0.01, 0.05)
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in rural areas.35 The pattern of cigarette smoking seems 
to be strongly determined by the domestic factors of 
each society. Environmental advertisements, marketing 
strategies, peer pressure, and pricing strategies vary 
among rural and urban areas.

This was the first nationwide study to report the 
prevalence of all types of smoking at the district level 
in Iran. A better understanding of the patterns of 
geographic variation empowers public health authorities 
and policymakers to target areas with a known higher 
prevalence. The STEPS data 2016 used in this study were 
cross-sectional. Consequently, the causal inferences from 
the results must be interpreted with caution. However, 
the current study design was consistent with the primary 
objective of this study, which was to investigate the 
variability in smoking prevalence across socioeconomic 
and geographic dimensions. It is worth mentioning 
that depending on the statistical tool employed for each 
analysis, there could be slight variations in the reported 
prevalence among study groups. The main tobacco-
containing product used by Iranians is the cigarette. 
Therefore, this study focused only on cigarette smoking, 
and other forms of tobacco products, such as water-
pipe or chewing tobacco, were excluded. Moreover, 
due to the complex nature of smoking, not all possible 
determinants 42 could be included in this study.

Conclusions
There were significant heterogeneities among the 
prevalence of all types of smoking on the district level 
in Iran. It was revealed that the smoking behavior 
varied significantly on the district level. Gender, wealth, 
education, and urbanization were determinants of 
smoking prevalence. It could be suggested that adopting 
legislation and control laws based on district prevalence 
and social determinants of smoking could minimize 
tobacco consumption.

Y.R., R.F., Z.J. H.J., A-A.H.; Data analysis, M.M., A.G., M-R.M., N.A.; 
Data visualization, M.M., M-R.M.; Writing, Original Draft, M.A-K., 
N.F., M-R.M., S-H.G.; Writing, Review, and Editing, M.A-K., F.F., 
N.R., S.A.; Resources, F.F.; Supervision, F.F., All authors have read 
and approved the manuscript prior to submission.

Availability of Data and Materials
The data supporting the findings of this study are available in the 
NCDRC; nevertheless, restrictions apply to the availability of these 
data; therefore, they are not publicly available. Data are, however, 
available from the corresponding author upon reasonable request.

Conflict of Interests
The authors declare that there is no conflict of interest.

Ethical Considerations
This study was approved by the Ethical Committee of Endocrinology 
and Metabolism Research Institute of Tehran University of Medical 
Sciences, under code IR.TUMS.EMRI.REC.1397.026.

Funding
This research was funded by the Ministry of Health and Medical 
Education of Iran with grant No.1397-01-101-2264.

Supplementary files
Supplementary file 1. The prevalence of smoking among provinces 
in Iran.
Supplementary file 2. The prevalence of smoking among districts 
in Iran.
Supplementary file 3. Decomposition of the gap in exposure to 
secondhand smoking at home between the first and fifth quintiles of 
wealth index among women.
Supplementary file 4. Decomposition of the gap in exposure 
to secondhand smoking between the first and fifth quintiles of 
education index among both men and women.
Supplementary file 5. Decomposition of the gap in current daily 
cigarette smoking between the first and fifth quintiles of urbanization 
index among both genders.

References
1.	 Stanaway JD, Afshin A, Gakidou E, Lim SS, Abate D, Abate 

KH, et al. Global, regional, and national comparative risk 
assessment of 84 behavioural, environmental and occupational, 
and metabolic risks or clusters of risks for 195 countries and 
territories, 1990-2017: a systematic analysis for the Global 
Burden of Disease Study 2017. Lancet. 2018;392(10159):1923-
94. doi: 10.1016/s0140-6736(18)32225-6.

2.	 Lozano R, Fullman N, Abate D, Abay SM, Abbafati C, 
Abbasi N, et al. Measuring progress from 1990 to 2017 and 
projecting attainment to 2030 of the health-related Sustainable 
Development Goals for 195 countries and territories: a 
systematic analysis for the Global Burden of Disease Study 
2017. Lancet. 2018;392(10159):2091-138. doi: 10.1016/
s0140-6736(18)32281-5.

3.	 Sohrabi MR, Abbasi-Kangevari M, Kolahi AA. Current tobacco 
smoking prevalence among Iranian population: a closer look 
at the STEPS surveys. Front Public Health. 2020;8:571062. 
doi: 10.3389/fpubh.2020.571062.

4.	 Thirteenth General Programme of Work 2019-2023. [cited 27 
Sep 2020]. Available from: https://www.who.int/about/what-
we-do/thirteenth-general-programme-of-work-2019---2023.

5.	 Chaaya M, Mehio-Sibai A, El-Chemaly S. Smoking patterns 
and predictors of smoking cessation in elderly populations in 
Lebanon. Int J Tuberc Lung Dis. 2006;10(8):917-23.

6.	 United Nations. Transforming our World: The 2030 Agenda 
for Sustainable Development. Sustainable Development 
Knowledge Platform. 2020; [cited 2020 Sep 27]. Available 

•	 Lower urbanization was associated with higher 
current daily cigarette smoking

•	 Women’s low wealth, education, or urbanization 
predicted active/passive smoking

•	 Men’s high wealth or education predicted tobacco 
smoking

•	 Men’s lower wealth, education, or urbanization 
predicted passive smoking

Highlights

Acknowledgments
The authors would like to thank all the participants, researchers, 
and staff of medical universities and the Ministry of Health and 
Medical Education of Iran, which helped conduct the Iran STEPS 
2016 survey. Also, we appreciate the aid of all colleagues in the 
Non-Communicable Diseases Research Center (NCDRC), and 
Endocrinology and Metabolism Research Institute, Tehran University 
of Medical Sciences.

Authors’ Contribution
Conceptualization, F.F., N.R., M.A-K.; Data collection, M.M., N.F., 

https://doi.org/10.1016/s0140-6736(18)32225-6
https://doi.org/10.1016/s0140-6736(18)32281-5
https://doi.org/10.1016/s0140-6736(18)32281-5
https://doi.org/10.3389/fpubh.2020.571062
https://www.who.int/about/what-we-do/thirteenth-general-programme-of-work-2019---2023
https://www.who.int/about/what-we-do/thirteenth-general-programme-of-work-2019---2023


J Res Health Sci, 2022, Volume 22, Issue 1, e00540 9

Smoking prevalence on district level in Iran

from: https://sustainabledevelopment.un.org/post2015/
transformingourworld.

7.	 Jha P. The hazards of smoking and the benefits of cessation: 
a critical summation of the epidemiological evidence in 
high-income countries. Elife. 2020;9:e49979. doi: 10.7554/
eLife.49979.

8.	 World Health Organization. WHO Report on the Global 
Tobacco Epidemic, 2013. 2016; [cited 27 Sep 2020]; Available 
from: http://www.who.int/tobacco/global_report/2013/en/.

9.	 Rezaei N, Farzadfar F. Points to consider regarding tobacco 
hindrance. Arch Iran Med. 2020;23(5):353-5. doi: 10.34172/
aim.2020.25.

10.	 Gage SH, Bowden J, Davey Smith G, Munafò MR. Investigating 
causality in associations between education and smoking: a 
two-sample Mendelian randomization study. Int J Epidemiol. 
2018;47(4):1131-40. doi: 10.1093/ije/dyy131.

11.	 Aryan Z, Mahmoudi N, Sheidaei A, Rezaei S, Mahmoudi Z, 
Gohari K, et al. The prevalence, awareness, and treatment of 
lipid abnormalities in Iranian adults: surveillance of risk factors 
of noncommunicable diseases in Iran 2016. J Clin Lipidol. 
2018;12(6):1471-81.e4. doi: 10.1016/j.jacl.2018.08.001.

12.	 Djalalinia S, Modirian M, Sheidaei A, Yoosefi M, Zokaiee 
H, Damirchilu B, et al. Protocol design for large-scale 
cross-sectional studies of surveillance of risk factors of non-
communicable diseases in Iran: STEPs 2016. Arch Iran Med. 
2017;20(9):608-16.

13.	 Fournier M. Exploiting information from path dependency in 
Oaxaca–Blinder decomposition procedures. Appl Econ Lett. 
2005;12(11):669-72. doi: 10.1080/13504850500191152.

14.	 Borooah VK, Iyer S. The decomposition of inter-group 
differences in a logit model: extending the Oaxaca-Blinder 
approach with an application to school enrolment in India. J 
Econ Soc Meas. 2005;30(4):279-93.

15.	 Jiménez-Rubio D, Hernández-Quevedo C. Inequalities in 
the use of health services between immigrants and the native 
population in Spain: what is driving the differences? Eur J 
Health Econ. 2011;12(1):17-28. doi: 10.1007/s10198-010-
0220-z.

16.	 Rencher AC, Schimek MG. Methods of multivariate analysis. 
Comput Stat. 1997;12(4):422.

17.	 Statistical Center of Iran. Results of 2016 Iranian Population 
and Housing Censuses. 2016; [cited 27 Aug 2020]. Available 
from: https://www.amar.org.ir/Portals/1/census/2016/
Population-and-Household-by-Province-and-Shahrestan.xlsx.

18.	 O’Donnell O, O’Neill S, Van Ourti T, Walsh B. Conindex: 
estimation of concentration indices. Stata J. 2016;16(1):112-
38.

19.	 Varmaghani M, Sharifi F, Mehdipour P, Sheidaei A, Djalalinia 
S, Gohari K, et al. Prevalence of smoking among Iranian 
adults: findings of the national STEPs survey 2016. Arch Iran 
Med. 2020;23(6):369-77. doi: 10.34172/aim.2020.29.

20.	 Azadnajafabad S, Mohammadi E, Aminorroaya A, Fattahi N, 
Rezaei S, Haghshenas R, et al. Non-communicable diseases’ 
risk factors in Iran; a review of the present status and action 
plans. J Diabetes Metab Disord. 2021:1-9. doi: 10.1007/
s40200-020-00709-8.

21.	 Jemal A, Thun M, Yu XQ, Hartman AM, Cokkinides V, Center 
MM, et al. Changes in smoking prevalence among U.S. 
adults by state and region: estimates from the Tobacco Use 
Supplement to the Current Population Survey, 1992-2007. 
BMC Public Health. 2011;11:512. doi: 10.1186/1471-2458-
11-512.

22.	 Ng M, Freeman MK, Fleming TD, Robinson M, Dwyer-
Lindgren L, Thomson B, et al. Smoking prevalence and 
cigarette consumption in 187 countries, 1980-2012. JAMA. 
2014;311(2):183-92. doi: 10.1001/jama.2013.284692.

23.	 Reitsma MB, Fullman N, Ng M, Salama JS, Abajobir A, Abate 

KH, et al. Smoking prevalence and attributable disease burden 
in 195 countries and territories, 1990-2015: a systematic 
analysis from the Global Burden of Disease Study 2015. 
Lancet. 2017;389(10082):1885-906. doi: 10.1016/s0140-
6736(17)30819-x.

24.	 Palipudi KM, Gupta PC, Sinha DN, Andes LJ, Asma S, McAfee 
T. Social determinants of health and tobacco use in thirteen 
low and middle income countries: evidence from Global Adult 
Tobacco Survey. PLoS One. 2012;7(3):e33466. doi: 10.1371/
journal.pone.0033466.

25.	 Kodriati N, Pursell L, Hayati EN. A scoping review of men, 
masculinities, and smoking behavior: the importance of 
settings. Glob Health Action. 2018;11(Suppl 3):1589763. doi: 
10.1080/16549716.2019.1589763.

26.	 Park SJ, Yi B, Lee HS, Oh WY, Na HK, Lee M, et al. To quit or 
not: vulnerability of women to smoking tobacco. J Environ Sci 
Health C Environ Carcinog Ecotoxicol Rev. 2016;34(1):33-56. 
doi: 10.1080/10590501.2015.1131539.

27.	 Tong VT, Dietz PM, Rolle IV, Kennedy SM, Thomas W, 
England LJ. Clinical interventions to reduce secondhand 
smoke exposure among pregnant women: a systematic 
review. Tob Control. 2015;24(3):217-23. doi: 10.1136/
tobaccocontrol-2013-051200.

28.	 Nwosu C, Angus K, Cheeseman H, Semple S. Reducing 
secondhand smoke exposure among nonsmoking 
pregnant women: a systematic review. Nicotine Tob Res. 
2020;22(12):2127-33. doi: 10.1093/ntr/ntaa089.

29.	 Macacu A, Autier P, Boniol M, Boyle P. Active and passive 
smoking and risk of breast cancer: a meta-analysis. Breast 
Cancer Res Treat. 2015;154(2):213-24. doi: 10.1007/s10549-
015-3628-4.

30.	 Casetta B, Videla AJ, Bardach A, Morello P, Soto N, Lee K, 
et al. Association between cigarette smoking prevalence and 
income level: a systematic review and meta-analysis. Nicotine 
Tob Res. 2017;19(12):1401-7. doi: 10.1093/ntr/ntw266.

31.	 Hill S, Amos A, Clifford D, Platt S. Impact of tobacco control 
interventions on socioeconomic inequalities in smoking: 
review of the evidence. Tob Control. 2014;23(e2):e89-97. doi: 
10.1136/tobaccocontrol-2013-051110.

32.	 Biglan A, Van Ryzin M, Westling E. A public health framework 
for the regulation of marketing. J Public Health Policy. 
2019;40(1):66-75. doi: 10.1057/s41271-018-0154-8.

33.	 Lam TS, Tse LA, Yu IT, Griffiths S. Prevalence of smoking and 
environmental tobacco smoke exposure, and attitudes and 
beliefs towards tobacco control among Hong Kong medical 
students. Public Health. 2009;123(1):42-6. doi: 10.1016/j.
puhe.2008.07.016.

34.	 Lee BE, Ha EH. Exposure to environmental tobacco smoke 
among South Korean adults: a cross-sectional study of the 2005 
Korea National Health and Nutrition Examination Survey. 
Environ Health. 2011;10:29. doi: 10.1186/1476-069x-10-29.

35.	 Li Z, Yao Y, Yu Y, Shi J, Liu Y, Tao Y, et al. Prevalence and 
associated factors of passive smoking among women in 
Jilin province, China: a cross-sectional study. Int J Environ 
Res Public Health. 2015;12(11):13970-80. doi: 10.3390/
ijerph121113970.

36.	 Wang Q, Shen JJ, Sotero M, Li CA, Hou Z. Income, occupation 
and education: are they related to smoking behaviors in 
China? PLoS One. 2018;13(2):e0192571. doi: 10.1371/
journal.pone.0192571.

37.	 Latvala A, Rose RJ, Pulkkinen L, Dick DM, Korhonen T, 
Kaprio J. Drinking, smoking, and educational achievement: 
cross-lagged associations from adolescence to adulthood. 
Drug Alcohol Depend. 2014;137:106-13. doi: 10.1016/j.
drugalcdep.2014.01.016.

38.	 Fergusson DM, Horwood LJ, Ridder EM. Show me the child 
at seven II: childhood intelligence and later outcomes in 

https://sustainabledevelopment.un.org/post2015/transformingourworld
https://sustainabledevelopment.un.org/post2015/transformingourworld
https://doi.org/10.7554/eLife.49979
https://doi.org/10.7554/eLife.49979
http://www.who.int/tobacco/global_report/2013/en/
https://doi.org/10.34172/aim.2020.25
https://doi.org/10.34172/aim.2020.25
https://doi.org/10.1093/ije/dyy131
https://doi.org/10.1016/j.jacl.2018.08.001
https://doi.org/10.1080/13504850500191152
https://doi.org/10.1007/s10198-010-0220-z
https://doi.org/10.1007/s10198-010-0220-z
https://www.amar.org.ir/Portals/1/census/2016/Population-and-Household-by-Province-and-Shahrestan.xlsx
https://www.amar.org.ir/Portals/1/census/2016/Population-and-Household-by-Province-and-Shahrestan.xlsx
https://doi.org/10.34172/aim.2020.29
https://doi.org/10.1007/s40200-020-00709-8
https://doi.org/10.1007/s40200-020-00709-8
https://doi.org/10.1186/1471-2458-11-512
https://doi.org/10.1186/1471-2458-11-512
https://doi.org/10.1001/jama.2013.284692
https://doi.org/10.1016/s0140-6736(17)30819-x
https://doi.org/10.1016/s0140-6736(17)30819-x
https://doi.org/10.1371/journal.pone.0033466
https://doi.org/10.1371/journal.pone.0033466
https://doi.org/10.1080/16549716.2019.1589763
https://doi.org/10.1080/10590501.2015.1131539
https://doi.org/10.1136/tobaccocontrol-2013-051200
https://doi.org/10.1136/tobaccocontrol-2013-051200
https://doi.org/10.1093/ntr/ntaa089
https://doi.org/10.1007/s10549-015-3628-4
https://doi.org/10.1007/s10549-015-3628-4
https://doi.org/10.1093/ntr/ntw266
https://doi.org/10.1136/tobaccocontrol-2013-051110
https://doi.org/10.1057/s41271-018-0154-8
https://doi.org/10.1016/j.puhe.2008.07.016
https://doi.org/10.1016/j.puhe.2008.07.016
https://doi.org/10.1186/1476-069x-10-29
https://doi.org/10.3390/ijerph121113970
https://doi.org/10.3390/ijerph121113970
https://doi.org/10.1371/journal.pone.0192571
https://doi.org/10.1371/journal.pone.0192571
https://doi.org/10.1016/j.drugalcdep.2014.01.016
https://doi.org/10.1016/j.drugalcdep.2014.01.016


J Res Health Sci, 2022, Volume 22, Issue 1, e0054010

Abbasi-Kangevari et al 

adolescence and young adulthood. J Child Psychol Psychiatry. 
2005;46(8):850-8. doi: 10.1111/j.1469-7610.2005.01472.x.

39.	 van der Heide I, Wang J, Droomers M, Spreeuwenberg P, 
Rademakers J, Uiters E. The relationship between health, 
education, and health literacy: results from the Dutch Adult 
Literacy and Life Skills Survey. J Health Commun. 2013;18(Suppl 
1):172-84. doi: 10.1080/10810730.2013.825668.

40.	 Sabado MD, Haynie D, Gilman SE, Simons-Morton B, Choi K. 
High school cigarette smoking and post-secondary education 
enrollment: longitudinal findings from the NEXT Generation 

Health Study. Prev Med. 2017;105:250-6. doi: 10.1016/j.
ypmed.2017.09.025.

41.	 Vander Weg MW, Cunningham CL, Howren MB, Cai X. 
Tobacco use and exposure in rural areas: findings from the 
Behavioral Risk Factor Surveillance System. Addict Behav. 
2011;36(3):231-6. doi: 10.1016/j.addbeh.2010.11.005.

42.	 Poorolajal J, Mohammadi Y, Soltanian AR, Ahmadpoor J. The 
top six risky behaviors among Iranian university students: a 
national survey. J Public Health (Oxf). 2019;41(4):788-97. doi: 
10.1093/pubmed/fdy204.

https://doi.org/10.1111/j.1469-7610.2005.01472.x
https://doi.org/10.1080/10810730.2013.825668
https://doi.org/10.1016/j.ypmed.2017.09.025
https://doi.org/10.1016/j.ypmed.2017.09.025
https://doi.org/10.1016/j.addbeh.2010.11.005
https://doi.org/10.1093/pubmed/fdy204

