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Couple’s infertility in relation to male smoking in a
Chinese rural area

Fen Yang'*, Lin Li***, Jian-Ping Chen', Xiao-Qin Liu', Chun-Li Zhong?®, Yuan Yang?®, Yan-Feng Ren*,
Wei Yuan', Hong Liang', Mao-Hua Miao'

Smoking is a well-known risk factor of reproductive health. However, the effect of paternal smoking on fertility has been less
extensively examined. We conducted a cross-sectional study in a mountainous area of South-West China to assess the effect of
male smoking on couples’ fertility. A total of 8200 couples aged 18-49 years in the study area were invited to participate in the
study. An in-person interview was performed to collect demographic characteristics of the couples, and husbands’ life style factors
including smoking and drinking habits. Information on time to pregnancy (TTP) was collected retrospectively. Infertility was defined
as failure to achieve clinical pregnancy after regular unprotected intercourse for 212 months. Logistic regression model was used
to estimate the association between male smoking and infertility. A total of 7025 couples were included in the final analysis. After
adjusting for potential confounders, the couples were more likely to suffer from infertility if the husbands smoked (adjusted odds
ratio [aOR] =1.28, 95% Cl: 1.08-1.52) before the first pregnancy. After the analyses were performed according to husbands’
smoking duration, an increased risk started at a relatively longer smoking duration of 5-10 years (aOR =1.58, 95% Cl: 1.26-1.99)
and a stronger association (aOR = 3.34, 95% Cl: 2.45-4.56) was observed in the group of 210 years. Similar patterns were found
for the number of cigarettes smoked per day and the total amount of cigarettes smoked. From our findings, we conclude that male

smoking may have an adverse impact on couples’ infertility.
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INTRODUCTION

Infertility, one critical component of reproductive health, has been
defined as failure to achieve clinical pregnancy after regular unprotected
intercourse for 12 months or more."! The prevalence of infertility
has been increasing globally, and the number of couples affected by
infertility has reached 48.5 million in 2010.?

Smoking is a well-known risk factor of reproductive health.’-
Given a large number of smokers worldwide as well as the reproductive
toxicity induced by cigarette smoking in animal studies,® there have
been growing concerns that smoking may lead to reduced fecundity
in human. Currently, available evidence suggested a causal association
between maternal smoking and reduced fertility.”'' However, the effect
of paternal smoking on fertility has been less extensively examined,
although the well-established association between male smoking
and semen quality makes this effect biologically plausible.>** Some
investigators reported that paternal smoking had an adverse effect on
fecundity,'*"*-*' but this was not confirmed by others.??-* Furthermore,
those studies showing no association between male smoking and
fecundity lacked sufficient sample size or detailed information on
male smoking.?**** Therefore, we conducted a population-based
study in a remote mountainous area of China to assess the effect of
male smoking on fertility.

METHODS

Study population and subjects

From November 2011 to August 2012, a cross-sectional study
was conducted in Sandu Shui Autonomous County of Guizhou
province, which is in a mountainous area of South-West China,
with a predominantly rural population. A total of 8200 couples
aged 18-49 years who had been married for more than 12 months
were invited to participate in the study and 7846 couples were
enrolled (response rate: 95.7%). After an exclusion of 645 couples who
did not answer the key questions, 96 couples who had been trying to
have a baby for <1 year until the initiation of our investigation, and 80
couples who were remarried, a total of 7025 couples were included in
this study. The study was approved by Ethics Committees of Shanghai
Institute of Planned Parenthood Research, and written informed
consent was obtained from all participants.

Data collection

An in-person interview was performed by trained interviewers.
Participated couples provided information on their sociodemographic
characteristics, including dates of birth, nationalities, educational levels,
and current occupations. The husbands were asked about their smoking
and drinking habits. We defined smoking as consuming at least 1
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cigarette per day for more than 6 months and drinking as consuming
alcohol beverages (beer, wine, and liquor) at least once a week for more
than 6 months. Detailed information on smoking including current or
previous smoking, age at starting smoking, the number of cigarettes
smoked per day, and the duration of smoking (recorded as years) was
obtained from those who smoked.

Wives’' reproductive histories were also collected, including whether
they have been pregnant and the outcome of each pregnancy. Those
who had been pregnant were asked “How many months did it take you
to conceive for each pregnancy?” with an answer list of <6 months,
6-11 months, 12-24 months, and >24 months. Those who had never
been pregnant were asked to record the number of months since they
had been trying to conceive. We defined infertility as waiting time to
pregnancy (TTP) 212 months of the first pregnancy for those who had
got pregnancy and time of trying to conceive =12 months for those
who had never been pregnant. In the current study, we used the first
pregnancy of each couple for identification of infertility because the
later pregnancies had more chances of suffering from confounding.”
Wives™ age at menarche and regularity of menstrual cycle were also
collected.

Statistical analysis

All statistical analyses were performed using SAS software (version 9.1,
SAS Institute Inc., Cary, NC, USA). All P values were calculated by
two-sided tests and were considered statically significant if P < 0.05.

Infertility rates were calculated according to sociodemographic
characteristics. Logistic regression model was used to estimate odds
ratio (OR) and its 95% confidence interval (CI) of infertility associated
with husbands’ smoking after adjustment for potential confounders
including wives’ age at planning pregnancy, education level, and age
at menarche, as well as husbands’ occupation and drinking status.
The confounders were chosen because of their potential influence
on infertility, as indicated elsewhere.”® Chi-square test for trend was
used to examine the dose-response relationship between husbands’
smoking and infertility, according to the duration of smoking, number
of cigarettes smoked per day, and the total amount of cigarettes.

To reduce the confounding effect of age on the association between
male smoking and infertility, we restricted the analysis to couples who
had their first pregnancy before 30 years old since their fecundity was
less variable. We also performed subgroup analyses among couples
whose first pregnancy ended with live birth, as well as those with live
birth and TTP <24 months, who were assumed to be in good health
status, to attenuate the impact of individual’s health condition that
may cause infertility. To eliminate the influence of drinking alcohol on
infertility, we repeated the above analysis in those with nondrinking
husbands.

RESULTS

In the current study, there were 52 couples who had never conceived, of
the remainders, 5131 (73.58%) couples spent <6 months to get pregnant,
1093 (15.67%) couples waited for 6-12 months and others (10.74%)
spent more than 12 months. There were 2689 (38.3%) husbands who
had smoked before their wives conceived, and 801 (11.40%) couples
who were infertile. A majority of couples (85.4% for wives and 65.2%
for husbands) married before 25 years old. Most of the couples are of
Shui nationality (57.8% for wives and 59.2% for husbands), followed
by Bouyei (23.8% for wives and 26.0% for husbands), Miao (11.9% for
wives and 10.9% for husbands), Han nationality (5.4% for wives and
3.6% for husbands), and others. Most of the couples (75.7% for wives
and 70.4% for husbands) worked as farmers and had an education
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level of elementary school or middle school (91.1% for wives and
85.0% for husbands).

Table 1 shows the infertility rate according to characteristics of
the couples. Couples with Nationality of Miao, with education level
of preschool, or with wives’ marriage age 231 years had slightly higher
infertility rates. We observed a trend that infertility rate increased
with age at menarche. A higher infertility rate was also observed
among couples with husbands smoking or drinking before their wives
became pregnant (13.8% and 14.3%, respectively) when compared
with those with husbands who did not smoke or drink (9.9% and
9.9%, respectively). In addition, the infertility rate of the couples with
husbands never smoking at home (15.1%) was slightly higher than
those with husbands smoking at home (13.9%).

Table 2 shows the risks for infertility of couples according to
husbands’ smoking characteristics. After adjusting for potential
confounders, the couples with smoking husbands were more likely to
suffer from infertility than those with nonsmoking husbands (OR = 1.28,
95% CI: 1.08-1.52). When the analyses were performed by husbands’
smoking duration, an increased risk started at a relatively longer
smoking duration of 5-10 years (aOR = 1.58, 95% CI: 1.26-1.99) and
a stronger association (aOR = 3.34, 95% CI: 2.45-4.56) was observed
in the group of >10 years. Similar patterns were found for the number
of cigarettes smoked per day and total amount of cigarettes smoked.
The increased risks started at groups of 11-20 cigarettes smoked per
day (aOR = 1.46, 95% CI: 1.20-1.78) and 600-2000 packs totally
smoked (aOR = 1.35, 95% CI: 1.09-1.68), and stronger associations
were observed in the groups of 220 cigarettes per day (aOR =1.71,95%
CI: 1.01-2.70) and >2000 packs totally smoked (aOR = 2.41, 95% CI:
1.88-3.07). There were clear trends of increased risk of infertility with
increased smoking years (P for trend <0.001), number of cigarettes
smoked per day (P for trend <0.001), and the total consumption of
cigarettes (P for trend < 0.001).

When we repeated the above analyses by restricting to couples
who had their first pregnancy before 30 years old, the trend that
infertility rate increased with increasing consumption of cigarettes
persisted and the odds ratio of infertility for each sub-category
of smoking characteristics did not essentially change (Table 3).
Similar results were observed when we restricted the analysis to
couples whose first pregnancy ended with live births, as well as to
those with live births and TTP <24 months. We also did a subgroup
analysis after excluding those who had never been pregnant (52
women) and found similar results. To further examine whether the
observed association also existed among those with nondrinking
husbands, we repeated the above analysis after excluding the couples
with drinking husbands. Despite a markedly reduced sample size,
the associations between male smoking and couples’ infertility
persisted (data not shown).

DISCUSSION

In the current study, we found that husbands’ smoking was associated
with couples’ infertility. We also observed a dose-response relationship
that the associations increased with the increasing years of smoking,
number of cigarettes smoked per day, and the total consumption of
cigarettes.

Previous studies also reported similar association between male
smoking and delayed conception,'**** while in other studies male
smoking appeared to have little or no impact on fertility.>** Dunphy
et al** examined the relationship between male smoking and fecundity
in 330 couples attending an infertility clinic for the first time and found
that the couple’s fecundity was unrelated to the number of cigarettes



The impact of male smoking on couples’ infertility
F Yang et al

Table 1: The infertility rate in relation to the characteristics of the couples

Wives n Infertility (%) Husbands n Infertility (%)
Nationality Nationality
Shui 4058 11.6 Shui 4155 11.8
Miao 839 13.7 Miao 765 13.1
Bouyei 1675 9.7 Bouyei 1826 10.2
Han 379 11.9 Han 249 9.2
Others? 69 10.1 Other 27 3.7
Missing 5 Missing 3
Marriage age (year) Marriage age (year)
18-20 1720 11.5 15-20 746 12.1
21-25 3705 10.9 21-25 3708 11.5
26-30 800 10.0 26-30 1909 10.8
>31 127 14.2 >31 472 10.4
Missing 673 Missing 190
Education Education
Preschool 1370 14.2 Preschool 389 13.6
Elementary school 2888 11.7 Elementary school 2417 12.9
Middle school 2138 9.5 Middle school 3115 10.0
High school and above 620 10.7 High school and above 1044 11.3
Missing 9 Missing 60
Occupation Occupation
Agriculture 5300 11.1 Agriculture 4902 10.8
Migrant workers 891 13.8 Migrant workers 1084 14.5
Professional 381 13.1 Professional 585 12.1
Commerce and service 431 8.6 Commerce and service 397 9.6
Missing 22 Missing 57
Age at menarche (year) Smoking®
<13 1746 8.1 Yes 2689 13.8
14 1878 11.1 No 4336 9.9
15 1921 12.4 Drinking®
16 821 14.3 Yes 2490 14.3
>17 659 14.7 No 4520 9.8
Missing 15
Smoking at home
Yes 2616 13.9
No 53 15.1
Missing 20

20thers: other nationalities living in this study area, such as Tong, Yao nationality and so on; ®Smoking: smoke at least 1 cigarette every day for more than 6 months; °Drinking: drink at

least once a week for more than 6 months, include beer, red wine, distillate spirits

smoked by the male partner. However, the clinic-based study design
restricted the validity of the results. Besides, another study found
cigarette smoking intake did not differ between 42 subfertile men and
121 fertile men.?® Nevertheless, the small sample size and incomplete
information of cigarettes consumption may have limited power to
examine the association. Baird and Wilcox* also suggested that TTP
was not affected by the husband’s smoking. Another study conducted
by Bolumar et al.2 also found no association between paternal smoking
and fertility among more than 4000 couples. Whereas the information
about male smoking habits in the above two studies were collected from
female partners, and besides, detailed data regarding the amount and
duration of male smoking were not analyzed in both studies.

The associations we observed in the current study were supported
by previous studies on smoking and semen quality and sperm DNA
damage. Although the results have not been consistent, most studies
reported male smokers had lower semen quality in terms of the
conventional semen characteristics (sperm concentration, semen
volume, total count, motility, and morphology) compared with
nonsmokers.>'?"'% And lowered semen quality has been found to

be associated with infertility.***! Besides, a number of studies have
observed severe sperm DNA damage in male smokers, which could be
another cause of infertility, since DNA fragmentation might prevent
oocyte fertilization or embryo development.**-*> However, before any
conclusion can be made, we should take the effect of maternal active
and passive smoking into account. We did not collect information
on female smoking in the study. In China, very few women (2.4%)
smoked, especially in women at reproductive age (15-24 years, 0.7%;
25-44 years, 1.6%),* therefore, the observed association was less likely
to be explained by female active smoking. Increased male smoking is
likely to be associated with increased passive smoking exposure of the
female partner. Hence the observed association could be due to either
the effect of male smoking or his partner’s passive smoking, or both.
However, the couple’s infertility rate increased with the duration of
husband’s smoking before their first pregnancy, which indicated the
risk of infertility associated with the husband’s smoking could not be
totally explained by the wife’s passive smoking. Moreover, one recent
study found, among women with no history of active smoking, passive
smoking appeared to have little effect on fecundability.”” Besides, in
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Table 2: ORs of infertility among couples according to hushands smoking characters
n Infertility (%) cOR 95% Cl aOR’ 95% Cl
Smoking
No 4336 9.9 1 - 1 -
Yes? 2689 13.8 1.45 1.25-1.69 1.28 1.08-1.52
Duration of smoking* (years)®
<2 378 7.9 0.78 0.53-1.15 0.71 0.48-1.06
2-5 811 12.5 1.29 1.03-1.63 1.13 0.88-1.45
5-10 840 15.6 1.68 1.36-2.07 1.58 1.26-1.99
>10 286 26.9 3.35 2.53-4.43 3.34 2.45-4.56
Number of cigarettes* (per day)
1-10 1176 11.1 1.14 0.93-1.40 1.05 0.84-1.31
11-20 1357 15.6 1.68 1.41-2.01 1.46 1.20-1.78
>20 141 19.9 2.25 1.47-3.45 1.71 1.09-2.70
Total amount of cigarettes* (packs)°
1-600 658 9.1 0.91 0.69-1.21 0.82 0.61-1.11
600-2000 1089 14.1 1.49 1.22-1.81 1.35 1.09-1.68
>2000 564 22.3 2.61 2.09-3.26 2.41 1.88-3.07
iThe husbands smoked before their wives become pregnant; °Years: the time between the onset of the husband’s smoking and the wife’s first pregnancy; °Packs: 20 cigarettes per pack;
dAdjusted for the wives’ age at planning pregnancy and education level, age at menarche, the husbands’ occupation and drinking habit; *Missing data: 374 husbands did not report duration
of smoking, 15 husbands didn’t report number of cigarettes consumed, and total amount of cigarettes consumed was missing in 378 husbands. cOR: crude odds ratio; Cl: confidence
interval; aOR: adjusted odds ratio; OR: odds ratio
Table 3: ORs of primary infertility among couples whose first pregnancy were before 30 years old
n Primary infertility (%) cOR 95% Cl aOR? 95% Cl
Smoking
No 4231 9.3 1 - 1 -
Yes? 2588 12.5 1.39 1.19-1.62 1.25 1.05-1.49
Duration of smoking* (years)®
<2 375 7.7 0.81 0.55-1.21 0.73 0.49-1.09
2-5 807 12.4 1.37 1.09-1.74 1.20 0.94-1.55
5-10 815 15.1 1.73 1.39-2.15 1.69 1.33-2.14
>10 222 19.4 2.33 1.65-3.31 2.52 1.74-3.67
Number of cigarettes” (per day)
1-10 1141 10.0 1.08 0.89-1.34 1.00 0.79-1.27
11-20 1297 14.3 1.63 1.35-1.96 1.45 1.18-1.79
>20 135 17.8 2.10 1.36-3.30 1.63 1.01-2.65
Total amount of cigarettes* (packs)®
1-600 652 8.7 0.93 0.70-1.24 0.84 0.62-1.14
600-2000 1069 13.7 1.54 1.25-1.88 1.42 1.13-1.77
>2000 498 18.7 2.23 1.74-2.86 2.17 1.66-2.85
aThe husbands smoked before their wives become pregnant; °Years: the time between the onset of the husband's smoking and the wife's first pregnancy; °Packs: 20 cigarettes per pack;
dAdjusted for the wives’ age at planning pregnancy and education level, age at menarche, the husbands’ occupation and drinking habit; *Missing data: 369 husbands did not report duration
of smoking, 15 husbands did not report number of cigarettes consumed, and total amount of cigarettes consumed was missing in 369 husbands. cOR: crude odds ratio; Cl: confidence
interval; aOR: adjusted odds ratio; OR: odds ratio
the rural area of China, most of the wives’ passive smoking occur at  likely to be confounded by unmeasured environmental risk factors
home,* thus the expected infertility rate would be higher for couples  originated from pollution.
with husbands smoking at home than those with husbands never Our findings should be interpreted in the light of limitations. First,
smoking at home. However, we observed similar infertility rateamong ~ TTP was retrospectively collected to define couples’ infertility, which
the two groups. Thus, a male-mediated effect of smoking on fertility =~ may introduce recall bias. However, women have remarkably accurate
in the present study is reassuring. long-term recall of TTP, on a group basis.*** A previous study found
This study had the advantage of being population-based with  that TTP data obtained retrospectively was virtually identical to that
a relatively large sample size, which ensured the statistical power  obtained concurrently, with a median duration of recall of 14 years.*’
and provided an opportunity to adjust for a number of potential ~ Thus, the recall bias on infertility was probably minimal in the current
confounders. We had collected detailed information on male study.Second, it is possible that smoking habit was under-reported since
smoking, such as number of cigarettes smoked per day, the starting  itis known to be unhealthy. However, infertility data were obtained from
age of smoking, and years of smoking, so that we could analyze the  the wives while smoking information was obtained from the husbands,
dose-response relationship between male smoking and infertility.  and the participants were not informed of the objectives of the present
Furthermore, our study was conducted in a remote mountainous area  study. Thus, the misclassification on smoking information was most
where the industry is less developed. Therefore, our findings wereless  likely to be nondifferential which often bias the risk estimates toward
Asian Journal of Andrology @



null. Third, there may have been confounding from factors that we
did not measure (e.g., other medical history or carcinogens exposure,
etc.). Couples with medical history may tend to reduce their smoking,
so the nonsmoker group may falsely include more couples who suffer
from subfertility. This differential misclassification would bias the risk
estimates towards null. Besides, our study was conducted in an area where
the industry is less developed, and residents had few chances to expose
to carcinogens. Therefore, our findings were less likely to be confounded
by unmeasured carcinogens exposure and other environmental risk
factors. Fourth, the study was conducted in one remote mountainous
area in China, where the distribution of demographic characteristic and
lifestyle factors were somewhat distinct from the general population.
It should be cautious to generalize the findings to other populations.

CONCLUSIONS

Our study provides evidence that male smoking had an adverse impact
on fertility. Therefore, it seems advisable to encourage the male to quit
smoking before the attempt to conceive.
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