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Abstract
Introduction: The effects of smoking on decreasing the chance of fertility in women
have been acknowledged but some aspects, such as smoking behavior, are currently
unclear. The present study aims to evaluate the relationship between smoking traits and
infertility in women through a comparative study with fertile women. Methods: This
case-control study was conducted on 350 women (177 infertile and 173 fertile) in MarchMay 2014. Sampling was performed in two phases. Demographic and reproductive data
were collected by questionnaires- for demographics and the Fagerstrom Test for
Nicotine Dependence (FTND)). The total score of questionnaires was ten. The
participants were divided into 3 groups: “Low Nicotine” dependency (0-4), “Moderate
Nicotine” dependency (5) and “High Nicotine” dependency (6-10). To examine the
relationship between smoking and infertility, both the chi-square test and logistic
regression tests were used. Results: Tobacco use in infertile women was greater than
that for fertile women (23.7% vs. 16.1%, respectively, P = 0.012); in fact, 16.7% of
tobacco consumers had high nicotine dependency. Medium and low nicotine
dependency were seen in 5.6% and 77.8% of tobacco consumers, respectively. Positive
history of smoking increased the odds of being infertile (OR 2.88; 95% CI: 1.56- 4.92)
and risk for infertility was associated with low nicotine dependency (OR 3.12; 95% CI
1.16-8.09).
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Conclusion: Low and high nicotine dependency increased the risk of infertility.
Considering the physical, mental, social and economic effects of infertility in society, the
negative effects of smoking on fertility should be considered and/or included in the
training package for health service providers.
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Introduction
Infertility as a phenomenon is sometimes curable and sometimes incurable,
leading to negative emotional impact on couples (Delpisheh et al., 2007;
Direkvand-Moghadam et al., 2015; Direkvand-Moghadam et al., 2016; Sezgin et
al., 2016). To date, about 10-15% of all couples suffer from infertility (Sarvari et
al., 2010). An increased prevalence of infertility around the world has caused
worry in the general population. Efforts have been made to evaluate the factors
affecting pregnancy outcomes (Sépaniak et al., 2006). Tobacco use is considered
a high-risk behavior. Indeed, 30% of females and 35% of males of reproductive
age in the United States are addicted to tobacco smoking (The Practice
Committee of the American Society for Reproductive Medicine, 2008). In fact,
primary infertility and history of primary infertility have been reported in 3.6%
and 1.7% of tobacco smokers, respectively (Delpishe et al., 2014).
A single cigarette contains 400 chemical compounds, some of which are toxic
and carcinogenic. Nicotine, carbon monoxide, tar, arsenic, ammonia and
hydrogen cyanide, are the ingredients in cigarettes, which additional can
contribute to heart and lung injury. These substances have a great impact on the
human reproductive system (Cooper and Moley, 2008). So far, several studies
regarding the impact of tobacco on human fertility have been carried out;
however, conflicting results have been reported.
Some of these studies have reported a negative impact of smoking on male and
female fertility (Dechanet et al., 2011; Oyeyipo et al., 2011). Indeed, smokers are
more likely to have fertility problems than non-smokers. If a user smokes for
many years or smokes many cigarettes per day, the risk for fertility problems
increases (Amirkhani et al., 2014; Kim et al., 2015). However, other studies have
reported that there is no significant relationship between smoking and fertility
outcomes in humans (de Jong et al., 2014).
Smoking causes damage to DNA and leads to reduced sperm quality and
induction of male infertility (Ernst et al., 2012). Passive smoking also causes a
decrease in sperm motility and interference in sperm acrosome function (Arabi
and Moshtaghi, 2005). One study reported that tobacco exposure during
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pregnancy can cause long-lasting effects in the reproductive system (Håkonsen
et al., 2014). One such effect is the increase in ovarian dysgenesis in women who
are exposed to tobacco during their fetal period (Uzumcu et al., 2012).
Additionally, chemicals in cigarette smoke may accelerate follicular depletion in
smokers and fetal exposure to cigarettes (which can reduce testosterone levels
in girls) (Delpisheh et al., 2008; Strohsnitter et al., 2008).
The impact on reducing the age of menopause onset may be due to the
decrease of vitamin and mineral absorption (Hatch et al., 2011). According to
one study, tobacco use likely increases infertility by 1.6-fold (Hatch et al., 2006).
Berthiller and colleagues, however, reported that fertility did not decline in both
male and female passive smokers (Louis et al., 2011; Oyeyipo et al., 2013).
In light of the inconsistent results of some studies in relation to the impact of
tobacco use on fertility, the aim of this study was to investigate the relationship
between cigarette smoking behavior and infertility in women. The Fagerstrom
Test for Nicotine Dependence (FTND) was used to evaluate multifactorial factors
comprising two or more distinct factors.

Materials-Methods
Patients
This case-control study was conducted on 350 women (177 infertile and 173
fertile) from March-May 2014. Sampling was conducted as a two-stage form. The
first step was carried out by using the cluster sampling procedure; 6 private
health centers were selected in different areas of Ilam City, Iran. Afterward, the
samples were chosen by simple random sampling method. We calculated
sample size (n) from the formula for case control studies (below) and by default
prevalence from a previous study (Moosazadeh et al., 2013), where is the z-score
of 0.475 (1.96), is the prevalence of smoking in infertile women, and refers to no
prevalence of smoking in infertile women.

n=

2 × z 2 (1− α ) + z 2 (1− β )
2

Log(OR )2 × P(P − P1 )

Variable definitions
In the current study, women were divided into two groups: fertile and infertile
(current primary infertility, current secondary infertility, and never been pregnant).
According to the World Health Organization (WHO) report, the cumulative
consumption of 100 cigarettes (or similar cases using hookah or pipes) during
one’s life span can be used as a criterion for being considered a smoker in this
study. Thus, individuals who smoked 100 cigarettes or used hookah/pipes were
placed in the “smokers” group.
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Inclusion and exclusion criteria
Inclusion criteria for selection of cases were married women with both primary
and secondary infertility. In this study, infertility was defined as married women
with unprotected sexual intercourse for 12 months or more without pregnancy.
Primary infertility was defined as infertility occurring in women without any
previous pregnancy, and secondary infertility was defined as infertility in women
that occurred after previous completed pregnancy. We excluded all menopausal
women, those with any detectable anatomical abnormalities affecting their
fertility, and those with non-signed informed consent forms. Control subjects
were selected from the population at random but stratified based on age.
Questionnaire
We used the Fagerstrom Test for Nicotine Dependence (FTND) questionnaires
for data collection. FTND is a standard instrument for assessing the intensity of
physical addiction to nicotine (Heatherton et al., 1991). In this study, FTND was
used to determine the amount of nicotine dependency in the case and control
groups. This test has 6 questions, including the time of igniting the first morning
cigarette, the best consumed cigarette during the day (i.e. best time to
consume), the mean number of cigarettes smoked daily, the smoking manner
during illness leading to hospitalization, and smoking in prohibited places. The
scores of this test was 10. Based on the obtained scores, participants were
divided into 3 groups which were classified as “Low Nicotine” dependency (0-4),
“Moderate Nicotine” dependency (5), and “High Nicotine” dependency (6- 10).
The demographic questionnaire contained questions about age, education,
occupation of the woman (and her husband), social-economic status, duration of
marriage, the type of contraception methods, age of first pregnancy, history of
previous pregnancies, the period of time trying to have a child, and the cause of
infertility.

Ethical considerations
This study was undertaken with approval from the Ethical Committee of Ilam
University of Medical Sciences in Iran (code: ir.medilam.rec.1395.135). Informed
consent was obtained from all participants before enrollment in the study.

Statistical analysis
The standard deviation (SD) was used to describe the data frequency, percent
and mean. The association between infertility and smoking with qualitative
variables was determined by using X2, Fisher Exact test and Monte Carlo
methods. Logistic regression model was applied to compute the odds ratio (OR)
with 95%confidence interval (95% CI). A P-value less than.05 was considered to
be significant.
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Results
In this case-control study, 350 female subjects (including 173 fertile and 177
infertile women) were enrolled. The mean age of fertile and infertile women
were 20.79 ± 3.51 and 19.65 ± 2.79 years, respectively, with no significant
difference (P = 0.157). Of the subjects, 70 (20%) participants had the experience
of smoking at least once in their life. The experience of tobacco use in infertile
women was greater than in fertile women (23.7% versus 16.1%, respectively; P =
0.012). The experience or attitude towards smoking for the fertile and infertile
groups are presented in Table 1.

Table 1. Experience of study subjects toward Smoking

History

Groups

Total
N (%)

Fertile N (%)

Infertile N (%)

Positive

28(16.1)

42(23.7)

70(20)

Negative

145(83.9)

135(76.3)

280(80)

P-Value*

0.012

* was determined by X2

Table 2. Relation of smoking and Fagerstrom Test variables in study subjects
Fertile

Variables

Cigarettes smoked
daily
(Number per day)

Age at first smoking
experience

When is the best time
for smoking? (Attitude)

Infertile

P-Value*

N

%

N

%

1-5

2

16.7

4

17.4

0.015

6-30

0

0

6

26.1

<0.001

31-60

5

41.7

5

21.7

1.0

>60

5

41.7

8

34.8

0.043

1-10

10

76.9

16

66.7

0.674

11-20

2

15.4

5

20.8

0.035

21-30

0

0

2

8.3

-

31

1

7.7

1

4.2

1.0

Morning

4

30.8

16

69.6

0.024

Other times

9

69.2

7

30.4

0.031

During illness

4

30.8

8

27.6

0.005

More in morning

3

23.1

7

25.9

0.833

* was determined by X2, Fisher Exact test and Montecarlo methods
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In Table 2, the smoking habits of the fertile and infertile groups were broken
down into the following components: number of cigarettes smoked daily, age at
first smoking experience, the best time to smoke during the day. Indeed, 26.1%
of infertile women smoked 6-30 cigarettes daily; this number was significantly
higher than for fertile women (p= < 0.001). This difference was also observed
with 1-5 and 31-60 daily cigarettes but to a lower degree.
Among the smokers, 66.7% of infertile and 76.9% % of fertile women obtained
the first experience of smoking at the age of <10 years old but this difference
was not significant (p=0.674). When we compared infertile and fertile groups
with regards to the best time to smoke during the day, the results indicated that
infertile women smoked in mornings more than fertile women (p=0.024).
The results of the Fagerstrom Test are shown in Table 3. “Low Nicotine”
dependency was found to be more frequent in all study subjects than was
“Moderate Nicotine” or “High Nicotine” dependency. Moreover, low nicotine
dependency was significantly greater in infertile women (p=0.012).

Table 3. Nicotine dependency based on Fagerstrom Test variables in study
subjects
Dependency

Groups

P-Value*

Fertile N (%)

Infertile N (%)

Low

10(90.9)

14(77.8)

0.012

Moderate

1(9.1)

1(5.6)

1.0

High

0 (0.0)

3 (16.7)

0.001

* was determined by X2

Thus, the significant factors that predicted infertility are: smoking in the morning
hours of the day, low dependency compared to moderate and high dependency,
and positive history or experience of smoking (Table 4). A positive history of
smoking increased the odds of being infertile (OR 2.88; 95% CI: 1.56- 4.92).
Regarding the time of the first cigarette smoked during morning hours, it was
found that for women who smoke their first cigarette immediately after morning
wake-up, their infertility risk was 5.14 times more than that of other women (95%
CI: 1.17-22.48). The risk for infertility is associated with low nicotine dependency
(OR 3.12; 95% CI: 1.16-8.09).
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Table 4. Logistic regression analysis of factors associated with infertility in
smoker and nonsmoker women
Factors

S.E

OR (CI 95%)*

P-Value

Constant

-0.251

0.50

2.12(1.77-16.15)

0.002

Smoking in morning
hours

1.63

0.75

5.14(1.17-22.48)

0.030

Low dependency

2.72

1.03

3.12(1.16- 8.09)

0.043

Positive history of
smoking

3.18

0.98

2.88(1.56- 4.92)

0.008

*Colculated by univariat logistic regression model

Discussion
This cross-sectional study aimed to examine the relationship between cigarette
smoking behavior and infertility in women. Based on the results, 16.7% of
tobacco consumers have high nicotine dependency. Moderate and low nicotine
dependency was reported in 14.7% and 82.7% of tobacco consumers,
respectively. The results showed that 20% of the participants in the study have
mentioned a history of tobacco cigarette experience at least once. Despite the
various harms that smoking causes to the health of the community, one-third of
the world's population over 15 years old permanently smoke cigarettes
(Sépaniak et al., 2006; Strohsnitter et al., 2008). The results of our current study
also showed that the rate of nicotine dependency in infertile women was greater
than that for fertile women.
The intake of nicotine has a dose-related effect which lead to delays in
fertilization via effects on hormone production in females and early menopause
(which reduces the length of fertility). The possibility of spontaneous abortion
with pathologic mechanisms as a result of cigarette smoking is another
dangerous outcome in female smokers (Weigert et al., 1999). Studies have
shown that high levels of nicotine can induce cellular apoptosis of ovarian
follicles, resulting in increased infertility in women consuming tobacco (Harlev et
al., 2015; Uzumcu et al., 2012). On the other hand, other ingredients in
cigarettes can affect the anatomy and function of the uterine tubes, causing
increased infertility in tobacco consumers (Oyeyipo et al., 2014). However, in
contrast to our findings, one study reported no significant relationship between
smoking and fertility (Oyeyipo et al., 2013).
Based on the results of our study, most infertile women declared that the best
consumed cigarettes occurred in the morning period. Our analysis reveals that
infertile women have a great dependency on nicotine. Moreover, based on our
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results, 16% of infertile women have mentioned extreme dependency to
nicotine, while none of the fertile women reported extreme dependency to
nicotine. A laboratory study analyzed the impact of the different concentrations
of nicotine on fertility in rats and showed that nicotine had a dose-dependent
effect on fertility power (Louis et al., 2011).
There were some limitations in our study. Firstly, interpretations from this study
should be considered with caution since the data was derived from selfreporting items on the questionnaires. Secondly, recall bias is a factor for most
case-control studies; it was for our study as well. Finally, our study was limited to
only those subjects who passed the selection criteria.

Conclusion
In summary, nicotine dependency increases the risk of infertility. In light of the
effects of infertility on the physical, mental, social and the economic aspects in
the community, training on the negative effects of tobacco consumption on
fertility should be included in the educational packages designed for health care
providers.
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OR: Odds ratio
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