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Abstract
Background: smoking is a strong confounder associated with cardiovascular diseases (CVD) and many of the associated risk factors. This
study aims to investigate the association between the risk factors of CVD across different level of smoking including former smoker, current
smoker and never smokers.

Methods: This is a cross-sectional analysis of the �rst phase data from the Prospective Study of Non-Communicable Diseases in Ravansar
(RaNCD), on 10063 adults aged 35 to 65. The smoking status was divided into three groups of current smokers, former smokers, and never
smokers, and the smoking intensity was categorized into light, moderate, and heavy. Individuals with a history of myocardial infarction,
cardiac arrest, and coronary artery diseases, or those who took CVD medications were considered as a cardiovascular patient. Covariates
were identi�es via Logistic regression.

Findings: CVD odds in 50-65 age group in current smokers 2.75 times (1.62-4.67:95%CI) the 35-49 age group, in former smokers 1.74(1.04-
2.90:95%CI) and in never smokers 2.16(1.83-2.56:95%CI). In women, CVD odds was greater compared to men in current smokers and never
smokers. In current smokers, hypertension, diabetes, and dyslipidemia, increased the odds of CVD by OR=7.87 – P<0.0001, OR=1.47 – P=0.23,
and OR=1.81 – P<0.0001, respectively. In former smokers, hypertension (OR=14.15, P<0.0001) and diabetes (OR=2.74, P=0.0001) signi�cantly
increased the odds of CVD. On the other hand, vigorous physical activity in former smokers was a protective factor against CVD (OR=0.53,
P<0.0001). In heavy smokers, odds of CVD was higher by OR=1.97 – P<0.0001 for those with overweight or obesity.

Conclusion: Smoking was signi�cantly association with the risk factors of CVD and the association between smoking and the risk factors of
CVD was signi�cantly differ across different levels of smoking. 

Introduction
Cardiovascular diseases (CVD) are one of the world’s leading causes of mortality, imposing considerable economic and social costs on
societies. According to the World Health Organization, CVD have been one of the leading causes of mortality in the past 15 years, been
introduced as the world’s leading cause of mortality as of 2016. The latest Global Burden of Disease study has estimated that in 2016, CVD
has brought about the deaths of 17.6 people across the globe, an approximate rise of 14% compared to 2006 (1, 2). Similar to most Western
Asian countries, CVD is the leading cause of mortality in Iran, responsible for % 46 of all the deaths in 2015. What’s more, prevalence of CVD
risk factors is high in West Asia, including Iran. The average cholesterol level and body mass index (BMI), as two important risk factors, in
both sexes, and hypertension in Iranian women, are higher than the world’s average (3).

Owing to the signi�cance of CVD, identi�cation of its potential risk factors can mitigate its prevalence and the social burden induced by it.
Numerous CVD risk factors are recognized, most important of which is hypertension, lipid disorders, family history, obesity, and unhealthy
lifestyle, entailing physical inactivity and smoking (4–6).

The signi�cance of smoking as the most important risk factor of many chronic diseases, like CVD, is undoubtable (3, 7). Numerous cross-
sectional studies, including a prospective study on Chinese men has shown that smoking is a potential CVD risk factor, which combined with
hypertension, can increase the risk of CVD (2, 8, 9). The data analysis obtained from three prospective studies in Japan shows that quitting
smoking – regardless of the smoking period or cigarettes per day – reduced the risk of CVD-induced mortality (10). Moreover, the prevalence
of smoking, along with other risk factors, is on the rise in Iran (11). As reported by a nation-wide study on Iranian adults, the prevalence of
smoking in Iran is 12.5% (23.4% in men and 1.4% in women), with an average 13.7 cigarettes per day (12). The �ndings of a meta-analysis in
2013 maintain that one �fth of Iranian men and 2 to 3% of women have a daily habit of smoking, which signi�cantly rises from age 30 (11).
From a different viewpoint, when dealing with the problems associated with smoking in societies, the adverse effects of smoking is
considerable on the health systems and societies in general, using up 1.5 to 6.8% of the national healthcare budget and 0.22 to 0.88% of the
gross domestic product, annually (13).

The study by Jibin Tan et al. showed that CVD risk in smokers with hypertension was higher than non-smokers(2). The effect size of other
CVD risk factors can be affected when accompanied across different levels of smoking (former, current and never smokers), or even the
subgroups associated with the intensity of abuse (light, moderate and heavy smokers). Furthermore, CVD risk factors may have different
impacts in different societies and especially across different ethnicities and races. The present study is one of the �rst studies carried out on
a considerable population of Iranian Kurds. First, we hypothesized that cigarette smoking would be signi�cantly correlated with the risk
factors of CVD. Second, we hypothesized that the association between cigarette smoking and the risk factors of CVD would signi�cantly
differ across different levels of smoking.

Methods
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Study Population

This is a cross-sectional analysis of the �rst phase data from the Prospective Study of Non-Communicable Diseases in Ravansar (RaNCD), as
part of the Prospective Epidemiological Research in Iran (PERSIAN) currently being carried out on different ethnic groups, by the coordination
of Iranian Ministry of Health and Medical Education, with the full description and methods printed elsewhere (14). Ravansar is a city in
Kermanshah province. With a population of roughly 50 thousand, Ravansar is a Kurdish city in Kermanshah. Uniformity in terms of ethnic
diversity, ease of access, and relative stability of population in terms of migration, were the major reasons for selecting the city, as one of the
Persian cohort sites in Iran. A more detailed version of RaNCD has already been published (15).

The RaNCD inclusion criteria included the age range of 35-65 years, being a permanent resident of Ravansar region (the town of Ravansar
and all the adjacent villages), being an Iranian national, and consent to participate. All the participants of Ravansar cohort study, a total of
10063 individuals, entered this study. The exclusion criteria were unwillingness to participate, living in Ravansar less than 9 months per year,
new residents of the region (less than one year), those who were unable to refer to prospective studies center in Ravansar, those with mental
disorders, physical disabilities, blindness, deafness, amnesia or any acute psychological disorder which rendered communication and
interview impossible.

Data Collection Instrument

Before the study begins, trained interviewers went door to door to both introduce the study and invite eligible individuals to participate. One
day prior to the interview, the participants were contacted and reminded of their appointments. All the interviews were conducted by trained
individuals at the study-speci�c clinic location.

The participants’ demographic data like age, sex, marital status, years of education, place of residence (urban/rural), and narcotics and
alcohol use, was registered online on speci�cally-designed electronic data collection forms.

Questionnaires were used to evaluate the smoking status. The participants were categorized into three groups of current smokers, former
smokers, and never smokers. The participants recognized as current smokers, smoked 1 to 100 cigarettes per day. Participants who did not
smoke regularly or for some time during the past year, yet had smoked more than 100 cigarettes in their life, were classi�ed as former
smokers. Never smokers were de�ned as those who never smoked or had smoked less than 100 cigarettes in their life. In terms of the number
of cigarettes per day, the current smokers were further divided into light smokers (1 to 9 cigarettes a day), moderate smokers (10 to 19
cigarettes a day), and heavy smokers (20 cigarettes or more a day).

The socio-economic status of the participants entailed a combination of economic welfare, education, and place of residence. As for
education, the participants were divided into 5 groups according to the years of education. In terms of the place of residence, the individuals
were divided to the two groups of urban and rural residents. Last but not least, the variable of socio-economic status was created through a
combination of the said variables (welfare, education, and place of residence) and divided the participants into �ve groups.

In order to investigate the physical activity of the participants, the physical activity questionnaire designed for the PERSIAN cohort study was
employed. Said questionnaire included 22 questions targeting different daily activities of individuals around-the-clock, the answers to which
were recorded by hour or minute per day. The questionnaire’s data was eventually extracted as met/hour per day and utilized.

Individuals with a fasting blood sugar of equal to or higher than 126 mg/dL, or those taking blood sugar lowering medication were diagnosed
with Type 2 Diabetes. Participants with a systolic value of equal to or higher than 140 and a diastolic value of 90 mmHg, or those taking
blood pressure lowering medication were diagnosed with hypertension.

Blood lipid disorders, in the present study, was de�ned as disorders in the serum levels of lipid pro�le indicators, including one or more of the
following items: LDL>130 mg/dl, HDL<45 mg/dl, TG>200 mg/dl, Total Cholesterol>200 mg/dl, or taking lipid-lowering medication, like
Amlodipine, Atherostatin, Clo�brate, Feno�brate, Gem�brozil, Lovastatin and Simvastatin.

Individuals with a record of hospitalization or treatment for one or more cardiovascular disease, like cardiac arrest, myocardial infarction, and
coronary artery disease, or otherwise took CVD medication, were considered as having a cardiovascular disease, following RaNCD protocol.

Identical to the protocol of Ravansar prospective study, the participants signed an informed consent.

Data Analysis

Pursuant to the study objectives, the data analysis was carried out using Stata 14.2 (StataCorp, College Station, TX, USA). The CVD
prevalence with a 95% Con�dence Interval in all the study groups was presented in terms of smoking and for the different levels of
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independent variables. To investigate the factors affecting CVD, and considering the binomial distribution of the study outcome (presence or
absence of CVD), logistic regression was employed to offer the odds ratio. P values less than 0.05 were considered signi�cant.

Findings
The present study was conducted on 10063 participants aged 48.10 ± 8.25, comprising 4773 (47.43%) males, 8026 (80%) never smokers,
1178 (11.74%) current smokers, and 829 (8.26%) former smokers. Nearly half the smokers (48.80%) were heavy smokers and roughly a third
of the participants (33.90%) were light smokers, smoking 1 to 9 cigarettes a day.

Among former smokers, CVD prevalence was greater in the 50-65 age group compared to the 35-49 age group (16.5% vs. 5.8%). CVD
prevalence in current smokers of both age groups was higher than that of former smokers.

For all three smoking statuses, CVD prevalence was greater in individuals with low physical activity, rather than those with moderate or
vigorous physical activity. CVD prevalence of individuals with a BMI of more than 25 was higher than those with a BMI of less than 25 kg/m2,
in all the three smoking statuses. In current smokers, CVD prevalence was 33% for diabetic and 18% for non-diabetic participants. In former
smokers as well, CVD prevalence was higher in diabetic rather than non-diabetic participants (Table 1).

Adjusted regression model shown, CVD odds in 50-65 age group in current smokers 2.75 times (1.62-4.67:95%CI) the 35-49 age group, in
former smokers 1.74(1.04-2.90:95%CI) and in never smokers 2.16(1.83-2.56:95%CI). In women, CVD odds was greater compared to men in
current smokers and never smokers. Hypertension, diabetes, and lipid disorders increase CVD odds in current smokers by 7.87 (5.17-11.98:
95% CI), 1.47 (0.85-2.55: 95% CI), and 1.81 (1.18-2.78), respectively. Among former smokers, hypertension and diabetes increased the CVD
odds by 14.15 (8.69-23.03: 95% CI) and 2.74 (1.39-5.39: 95% CI).

In current smokers, obesity and overweight (BMI≥25) increased the CVD odds. Vigorous physical activity in former smokers was a protective
factor against CVD by 0.53 (0.28-0.97: 95% CI). However, for current smokers, the protective function of physical activity was not signi�cant.
The odds ratios of non-smokers show that factors like being female, older age, hypertension, diabetes, and lipid disorders, per se, regardless
of the smoking effects, increased CVD odds (Table 2).

Table 3 shows the odds ratio for a risk of CVD in current smokers based on smoking intensity. The CVD odds in 50-65 year-old individuals
with ≤20 cigarettes a day was 2.41 times (1.52-3.87: 95% CI) the 35-49 year-olds. In heavy smokers, risk of CVD was 1.97 times greater (1.18-
3.28: 95% CI) in those with overweight or obesity (BMI≥25). As for light and moderate smokers, odds ratio of CVD risk factors in the group
with a BMI of ≥25 was higher than those with normal weight, which was not signi�cant.

Table 1 - Frequency and prevalence of cardiovascular diseases in the subgroups of smoking

 
 

Table 2 - Adjusted Regression Model to Calculate the Odds Ratio of Cardiovascular Diseases
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Variables Categories  Never smoker Former smoker Current smoker Total

n (%) Prevalence
(CI 95%)

n (%) Prevalence
(CI 95%)

n (%) Prevalence
(CI95%)

Prevalence
(CI95%)

Gender Men 3026(63.6) 9.2(8.2-
10.2)

660(13.9) 8.8(7.0-
10.3)

1071(22.5) 16.6(14.0-
19.7)

10.1(9.2-
10.9)

Women 5000(94.8) 16.0(15.0-
10.2)

169(3.2) 30.8(2.3-
4.1)

107(2.1) 31.9(25.3-
39.3)

16.8(15.8-
17.9)

Age group 35-49 4999(30.6) 6.6(5.9-
7.3)

298(5.1) 5.8(4.2-
7.8)

657(11.1) 8.4(5.7-
12.1)

6.6(5.9-
7.2)

50-65 3027(74.2) 24.7(23.2-
26.7)

531(13.1) 16.5(13.5-
19.9)

521(12.8) 26.2(22.6-
30.1)

23.8(22.5-
25.1)

Location Rural 3191(77.9) 13.5(12.4-
14.7)

354(8.6) 8.8(6.7-
11.4)

547(13.4) 18.4(7.0-
10.3)

13.8(12.9-
14.7)

Urban 4835(88.4) 13.4(12.4-
14.4)

475(8.0) 12.1(9.7-
14.8)

631(10.6) 20.8(17.4-
24.7)

13.3(12.3-
14.4)

Marital status Married 7148(79.0) 13.5(12.8-
14.3)

785(8.7) 10.3(8.6-
12.2)

1115(12.3) 18.9(16.4-
21.9)

13.6(12.9-
14.3)

Single/widow 878(89.1) 12.5(10.5-
14.9)

44(4.5) 14.3(7.5-
25.3)

63(6.4) 34.1(21.6-
49.3)

13.7(11.7-
16.1)

Alcohol
consumption

Yes 244(38.4) 10.6(7.3-
15.2)

124(19.5) 7.9(5.2-
11.7)

114(87.8) 16.1(10.6-
23.7)

13.8(13.1-
14.5)

No 7782(82.8) 13.5(12.7-
14.2)

124(19.5) 11.3(9.4-
13.5)

267(42.1) 20.4(17.6-
23.5)

10.5(8.4-
13.2)

Body mass
index 

<25 kg.m2 2192(73.9) 9.8(8.6-
11.1)

254(8.6) 7.3(5.3-
9.9)

517(17.4) 11.0(7.7-
15.5)

9.5(8.5-
10.6)

≥25 kg.m2 5780(82.7) 14.7(13.8-
15.6)

564(8.1) 12.4(10.1-
15.81)

645(9.2) 23.7(20.4-
27.4)

15.2(14.4-
16.1)

Calorie intake <2500 kcal
per day

2199(86.7) 18.3(16.7-
19.9)

153(6.1) 16.8(12.1-
22.9)

184(7.3) 31.3(24.5-
39.2)

19.0(17.5-
20.6)

≥2500 kcal
per day

5803(77.7) 11.6(10.8-
12.4)

675(9.1) 9.2(7.6-
11.2)

991(13.4) 17.1(14.4-
20.1)

11.8(11.1-
12.5)

Hypertension Yes 1250(79.5) 54.8(52.0-
57.5)

193(12.3) 52.7(44.0-
61.2)

129(8.2) 53.3(46.2-
60.3)

54.5(52.0-
56.9)

No 6760(80.1) 54.8(52.1-
57.5)

633(7.5) 52.7(44.1-
61.2)

1048(12.4) 53.4(46.3-
60.3)

6.1(5.5-
6.5)

Diabetes Yes 626(76.6) 3.4(3.1-
3.7)

88(10.8) 29.5(20.9-
40.1)

103(12.6) 33.0(24.5-
42.6)

33.2(30.1-
36.5)

No 7349(80.3) 11.7(11.1-
12.5)

1080(11.8) 9.1(7.5-
10.9)

723(7.9) 18.0(15.3-
20.9)

11.9(11.3-
12.6)

Hyperlipidemia Yes 3340(75.6) 18.4(17.1-
19.7)

416(9.4) 12.6(10.3-
15.4)

664(15.1) 25.2(21.3-
29.6)

18.2(17.1-
19.3)

No 4634(83.5) 9.9(9.8-
10.8)

410(7.4) 7.9(5.9-
10.7)

503(9.1) 14.4(11.3-
18.1)

10.1(9.3-
19.3)

Physical
activity

Low 2129(77.1) 16.48(14.9-
18.12)

259(9.4) 13.90(10.7-
17.8)

374(13.5) 25.09(20.2-
30.7)

16.9(15.6-
18.4)

Moderate 4399(85.3) 13.43(12.4-
14.5)

337(6.5) 11.21(8.5-
14.6)

419(8.1) 20.5(16.5-
25.1)

13.7(12.8-
14.7)

Vigorous 1494(70.8) 9.10(7.7-
10.7)

233(11.1) 6.51(4.4-
9.5)

384(18.2) 12.9(9.1-
17.8)

9.1(7.9-
10.4)
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Variables Categories  Never smoker Former smoker Current smoker

Odds Ratio (95% CI)

Gender Men 1 1 1
Women 1.95(1.59-2.39) 2.68(1.33-5.42) 1.43(0.84-2.44)

Age group 35-49 1 1 1
50-65 2.16(1.83-2.56) 1.74(1.04-2.90) 2.75(1.62-4.67)

Socioeconomic Status Class 1 1 1 1
Class 2 1.08(0.84-1.35) 1.81(0.84-3.89) 0.97(0.52-1.80)
Class 3 1.01(0.78-1.29) 1.50(0.70-3.19) 0.60(0.30-1.19)
Class 4 1.26(0.98-1.61) 1.34(0.59-3.04) 0.97(0.50-1.86)
Class 5 1.17(0.89-1.55) 1.62(0.73-3.58) 0.7(0.39-1.59)

Alcohol consumption No 1 1 1
Yes 1.40(0.84-2.34) 0.90(0.49-1.66) 1.81(0.95-3.42)

Body mass index  <25 kg.m2 1 1 1
≥25 kg.m2 1.03(0.82-1.22) 1.13(0.68-1.87) 1.97(1.18-3.28)

Calorie intake <2500 kcal per day 1 1 1
≥2500 kcal per day 0.89(0.74-1.06) 0.86(0.46-1.59) 0.68(0.41-1.13)

Physical activity Low 1 1 1
Moderate 0.80(0.65-0.95) 0.61(0.36-1.06) 0.74(0.46-1.20)
Vigorous 0.73(0.55-0.93) 0.53(0.28-0.97) 0.62(0.34-1.13)

Diabetes Yes 1 1 1
No 1.89(1.50-2.38) 2.74(1.39-5.39) 1.47(0.85-2.55)

Hyperlipidemia Yes 1 1 1
No 1.79(1.51-2.08) 1.41(0.84-2.34) 1.81(1.18-2.78)

Hypertension Yes 1 1 1
No 13.86(11.76-16.33) 14.15(8.69-23.03) 7.87(5.17-11.98)

 
Table 3 - Adjusted regression model for calculating the odds ratio of cardiovascular diseases in current smokers

Variables Categories No of cigarettes per day among current smokers

 1-9 10-19 ≥ 20

Odds Ratio (95% CI)

Gender Men 1 1 1
Women 4.99(2.42-10.26) 2.81(0.77-9.60) 0.84(0.37-1.89)

Age group 35-49 1 1 1
50-65 1.67(0.84-3.32) 2.39(0.69-8.24) 2.41(1.52-3.87)

Socioeconomic Status Class 1 1 1 1
Class 2 1.35(0.59-3.85) 0.57(0.10-2.81) 1.37(0.70-2.65)
Class 3 1.06(0.41-2.74) 0.71(0.18-2.89) 0.97(0.50-1.89)
Class 4 1.55(0.62-2.69) 0.44(0.07-2.33) 1.32(0.63-2.62)
Class 5 2.40(0.91-6.30) 2.52(0.37-6.43) 0.82(0.39-1.72)

Alcohol consumption No 1 1 1
Yes 1.22(0.42-3.55) 1.69(0.43-6.59) 1.78(0.94-3.37)

Body mass index  <25 kg.m2 1 1 1
≥25 kg.m2 1.38(0.74-2.59) 0.65(0.23-1.87) 2.06(1.27-3.34)

Calorie intake <2500 kcal per day 1 1 1
≥2500 kcal per day 1.35(0.69-2.63) 0.30(0.11-0.85) 0.68(0.39-1.19)

Physical activity Low 1 1 1
Moderate 0.72(0.38-1.34) 1.42(0.48-4.18) 0.63(0.38-1.03)
Vigorous 0.71(0.31-1.60) 0.97(0.35-3.70) 0.45(0.26-0.78

Diabetes No 1 1 1
Yes 1.26(0.53-2.98) 4.48(1.16-17.20) 2.28(1.32-32.92)

Hyperlipidemia No 1 1 1
Yes 1.55(0.84-2.67) 1.41(0.53-3.73) 1.65(1.1-2.59)

Hypertension No 1 1 1
Yes 15.75(8.88-15.76) 17.44(6.38-47.71) 7.59(4.82-11.68)

 
*Adjusted in terms of age, sex, socio-economic status, alcohol use, body mass index, physical activity, diabetes,
hypertension, lipid disorder
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Discussion
Smoking was signi�cantly association with the risk factors of CVD and the association between smoking and the risk factors of CVD was
signi�cantly differ across different levels of smoking. In diabetic patients, hypertension and lipid disorder, smoking can increase odds of CVD.
In the other hand, vigorous physical activity and a normal body mass index are among the factors which can reduce CVD odds in smokers.

According to the present study, light and moderate smokers (0-19 cigarettes a day) had a greater CVD risk compared to heavy smokers (≥20
cigarettes a day). Furthermore, for light, moderate, and heavy smokers, hypertension was an important factor of CVD. A prospective study with
a 15-year follow-up maintained that there is a signi�cant association between the simultaneity of smoking and hypertension and a risk of
CVD. Also, a study by Jibin Tan et al. showed that in participants with hypertension, the risk of death was slightly higher for individuals who
smoked 0-19 packs of cigarettes a year, than those who smoked 20 packs per year (2). As reported by a prospective study, the CVD-induced
risk of death is higher in individuals who smoke 0.1 to 9 packs of cigarettes per year, compared to those who smoked 10 to 19 and ≥20 packs
of cigarettes per year (16), which is similar to our results.

Diabetic individuals are at a higher CVD risk and the associated mortality compared to non-diabetic individuals (17, 18), As smoking is a
reported risk factor of diabetes and CVD (19, 20), the coexistence of smoking and diabetes can increase the risk of CVD (20). As seen in the
�ndings of the present study, for current smokers, the CVD prevalence was 33% in diabetic and 18% in non-diabetic participants. Similarly, for
light, moderate, and heavy smokers, the risk of CVD was higher in diabetic rather than non-diabetic participants.

An analysis of smoking subgroups showed that the risk of CVD in participants with diabetes and hypertension was higher in former smokers
than current smokers, which conforms to the results of the study by Mi Hee Cho (20). An acceptable justi�cation for this �nding requires
prospective studies entailing all the aspects of the participants’ lives, including lifestyle, degrees of stress and anxiety before and after
quitting smoking, nutrition, and body composition.

In the present study, the risk of CVD in current smokers with a lipid disorder was higher compared to participants with normal lipid pro�les. A
study by Parsa et al. reported that CVD-induced deaths in smokers with desirable blood cholesterol was considerably higher than non-
smokers (21). Based on the foregone �nding, smoking, not only can cause cardiovascular diseases as an independent risk factor, but also,
combined with other risk factors, like lipid disorders, can increase CVD risks. The approval of the foregone shall require further prospective
studies and studies investigating the interactions of smoking.

Considering the fact that the sample size was not identical in the three subgroups of smoking, to ensure the validity of odds ratio results, the
authors conducted the analysis on 1000 random samples from the never smoker population, which revealed that the population difference
was ineffective. One of the limitations of the present study is its cross-sectional nature, rendering it unable to show the causal relations
between the variables. A large sample size was one of the strengths of the present study. Having been obtained from a prospective study, the
results are highly reliable. Another point of strength of the present study is the adjustment of most of the recognized confounding factors
including age, sex, physical activity, socio-economic status, body mass index, energy intake, and chronic diseases.

Conclusion
Smoking was signi�cantly association with the risk factors of CVD and the association between smoking and the risk factors of CVD was
signi�cantly differ across different levels of smoking. In diabetic patients, hypertension and lipid disorder, smoking can increase odds of CVD.
Instead, vigorous physical activity and a normal body mass index are among the factors which can reduce CVD odds in smokers.

Smoking is a modi�able risk factor for chronic diseases, including cardiovascular diseases, correcting it, therefore, can to a large extent help
prevent and control cardiovascular diseases. Quitting or reducing smoking will lessen the CVD-induced burden and mortality.
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