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SMOKING AND INFERTILITY

Introduction

Approximately 30% of reproductive age women and 35% of reproductive age men in the United
States smoke cigarettes, as do an increasing percentage of adolescent and teenage girls. This
despite costly and long-standing national campaigns to limit their use. The percentage of
cigarette use worldwide varies from culture to culture, but in many areas the percentage of
reproductive age individuals who voluntarily, and then by habit - expose themselves to the
recognized hazards of cigarette smoke is considerably higher than in the United States, and the
campaigns against its use considerably less visible.

Given the high prevalence of smoking and the documented variety of deleterious health effects,
C. Everette Koop, MD, the former U.S. Surgeon General had appropriately labeled smoking "the
chief single avoidable cause of death in our society and the single most important health issue of
our time.” (1) Specifically addressing the adverse effects of smoking on reproductive health in
the introduction to a Seminars in Reproductive Medicine issue devoted to a review of the this
subject (2), Dr. Koop summarized the available data in stark terms:

"Women who smoke have decreased fertility.

The risk of spontaneous abortion is higher for pregnant women who smoke...

Babies born to smokers weigh, on average, 200 grams less than babies born to
comparable women who do not smoke, with low birth weight being an important
predictor of infant mortality"

In addition to smokers who inhale the bevy of toxic, carcinogenic and mutagenic substances
known to be prevalent in cigarette smoke, many nonsmokers are regularly exposed by inhalation
of ‘sidestream’ smoke from burning cigarettes and / or from ‘passive’ smoke exhaled by
smokers. A recent study (3) documented cotinine, a major metabolite of nicotine, to be found in
dose dependent concentrations relative to the number of cigarettes smoked in 100% of the
follicular fluids of infertility patients undergoing in vitro fertilization oocyte retrieval. One
hundred percent (100%) of women known to be exposed to passive smoke in the home also had
follicular fluid cotinine detected, albeit at lower concentrations. What was as alarming was that
84% of women reporting themselves as non-smokers and with a non-smoking partner also had
detectable levels of cotinine in their follicular fluids. These women were exposed
environmentally, with all but one working outside the home. As the authors, who had previously
reported the ovarian toxin heavy metal cadmium in the follicular fluid of smoking infertile
patients (4), state regarding these women, “this constitutes an unsolicited hazard to their health
and is an argument for smoke free public areas and workplaces”(3).

Given the wisdom of Dr. Koop’s comments regarding smoking overall and reproductive health in
particular and Dr. Zenzes’ concerns regarding patients undergoing in vitro fertilization, what is it

1



that is known about the effects of cigarette smoking on female and male fertility?; what is the
evidence for a causal relationship between smoking and infertility?; can practitioners provide this
information to those already undergoing therapy for infertility (and thereby increase their
likelihood of success in stopping smoking and subsequently conceiving)?; and, more importantly,
how can this information serve health professionals and the public in the prevention of infertility
in younger citizens currently smoking or those contemplating beginning?

The Association of Cigarette Smoking with Female Infertility and the Evidence for

a Causal Relationship

A number of comprehensive reviews of the literature have been published (2,5,6,7) summarizing
the cumulative data supporting an association between cigarette smoking and diminished female
fecundity. The impact of cigarette smoking on early spontaneous abortion has been an important
addition to these reviews on fertility, with the increase in pregnancy loss and ectopic pregnancies
attributable to smoking adding to the overall adverse reproductive impact of this habit (2). It has
led Joffe (8) to describe smoking as the foremost reproductive poison of the 20th Century - and,
might we add, perhaps the 21st. In addition, evidence linking cigarette smoking to diminished
fertility in the male has been reviewed (2, 9)

Additional publications have led to more recent systematic reviews. The first was by Hughes
(10) reviewed evidence of cigarette smoking impairing natural and assisted fecundity; the second
by Augood (11) performed a meta-analysis on the critically reviewed relevant literature available
to date. Both have taken the compelling evidence linking cigarette smoking to impaired
reproduction and reviewed how this evidence contributes to a case for causality. (It should be
mentioned that the list of references found in these two articles (10,11) serve as a more complete
compendium of the currently available literature on this subject than those listed following this
document.)

Augood (11) carefully screened the literature available from Medline and Embase databases from
1966 through late 1997 and found twelve studies meeting the strict criteria for inclusion in their
meta-analysis. The authors review each article in detail and in summary, including many
excluded from the meta-analysis. They also review the inherent limitations and inherent
strengths in the use of the meta-analysis itself. Their results include,

"The overall odds ratio (OR 95% CI) of infertility in smoking relative to non-smoking
women across all studies in the meta-analysis was 1.60 (Cl 1.34-1.91). In cohort studies
the OR for conception delay over one year in smoking versus non-smoking women was
1.42 (Cl1 1.27-1.58), in case control studies the OR of infertility versus fertility in smokers
relative to non-smokers was 2.27 (Cl 1.28-4.02). These results are strongly supportive of
an association between active cigarette smoking and infertility (italics mine). The narrow
Cl and the 95% confidence limits indicate the summary OR is a precise estimate of the
effect and that the results are unlikely to have arisen by chance...Overall 10,928 exposed
women and 19179 unexposed women were entered into these analyses...Most of the
studies excluded from the meta-analysis also support the above conclusions: infertility
rates are higher in smokers compared to nonsmokers, fecundability rates are reduced,
time to conception is increased....In some studies the effects on fertility were only seen
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for smoking more than 20 cigarettes per day, though there was a trend for all levels of
smoking."

To make the case for causality between cigarette smoking and an adverse effect on female
fertility, higher standards need be met than establishing even the statistically significant
association reviewed by Augood's meta-analysis. This higher standard these same authors
provide (11):

Strength: The strength of the association between smoking and increased infertility,
although significant, is not overwhelming in most studies.

Consistency: The consistency of the association is very good thoughout almost all
studies.

Dose Response: A number of individual studies show a dose response effect. (12,13,14).
In 1996 Bolumar (15) reported an important association between female cigarette use and
diminished fecundity at even 1/2 pack use per day, an association they report consistent despite
using different study groups from eight countries and using a variety of methods of data
collection. A return to normal fecundity in ex-smokers was reported from the Oxford Family
Planning Association study (16). This fact or reversibility, besides its importance in supporting a
dose response relationship between smoking and infertility, is an important educational tool in
the prevention of infertility in supporting current smokers to stop.

Specificity: The specificity of the association is not strong, and the possibility that
confounding variables such as life-style choices remains unresolved, especially when reviewing
cigarette smoking's relationship to tubal factor infertility and other life-style issues associated
with both smoking and tubal infertility.

Temporal Sequence: Most studies are retrospective and therefore cannot prospectively
evaluate individual fertility prior to and then after starting to smoke. The one prospective study
following smokers and non-smokers until pregnancy could evaluate when the influence of
smoking on fertility that was found took effect.

Biological Plausibility: Experimental data on animals support a biological plausibility
of smoking's effect on the ovary, oocytes, and the reproductive tract (17). Chemicals in cigarette
smoke increase the rate of follicular destruction and accelerate the loss of reproductive function
(18) Smoking also affects meiotic maturation in oocytes resulting in abnormal diploid
complement (19). Ovarian toxicity in humans is supported by finding of various known toxins in
the ovary and or follicular fluid of smokers (2,3), and of the documented dose response effect on
earlier age of menopause in women who smoke of up to 1 to 4 years (18,20,21,22). Smoking
accelerates the development of diminished ovarian reserve as evidence by the Clomiphene
Citrate Challenge Test and may be one reason for reduced fecundity in smokers since those
smokers with normal ovarian reserve were found to have normal responses to ovarian stimulation
(23,24). Cooper also found a diminished ovarian reserve based on markedly statistically
significant higher mean basal FSH levels, particularly in younger women smokers. Smokers also
required more gonadotropins for ovarian stimulation in in vitro fertilization cycles, had a higher
number of canceled cycles, fewer oocytes retrieved in those cycles not canceled, more cycles
with failed fertilization and a lower overall clinical pregnancy rate. This is one of several studies
documenting diminished success in Assisted Reproduction among smokers compared to non-
smokers. (10,25,26,27). Cooper found that basal FSH levels were 66% higher in active smokers
compared to non-smokers and 39% higher in passive smokers than non-smokers (25).
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Augood estimates that, if the conclusion for a causal relationship between cigarette smoking and
female infertility is accepted, then the population-attributable risk percentage for smoking is
13%. In other terms, based on the meta-analysis risk estimate of 1.6 and smoking rate of 25% of
the female reproductive age population (in Great Britain in 1996), up to 13% of female infertility
Is caused by cigarette smoking (11).

Summary
The available biologic, experimental and epidemiological data support a substantial increase in

female infertility attributable to cigarette smoking. Stopping smoking in many women not
already in earlier menopause and not permanently effected with tubal factor infertility returns the
potential for fertility. Ex-smokers have fecundity similar to that of women who have never
smoked, often when they quit even within a year of starting to try to conceive (28). The adverse
effects of sidestream and passive smoking are notable and add to the urgency of addressing not
only those who smoke in campaigns aimed at prevention of infertility, but those with whom they
live and work or share the environment.

Those couples already suffering from infertility need to know that continuing to smoke
adversely effects the success of therapy. In particular regarding Assisted Reproductive
Technology (e.g. in vitro fertilization therapy), ovarian reserve, ovarian response to
stimulation, the number of oocytes retrieved and fertilized, and the pregnancy rates are
reduced in smokers compared to non-smokers (10,26.27). The Odds Ratio (95% CI, random
effect model) calculated using Hughes meta-analysis (10) plus two more recent studies
(26,27) for pregnancies per number of IVVF treatment cycle in smokers versus non-smokers
was 0.66 (0.49-0.88). The pregnancy rate in in vitro fertilization treatment cycles was thus
reduced in smokers by 34%. (11). The deleterious effect of smoking becomes more
detectable in older women undergoing therapy (29).

To add significant weight to the evidence in the literature, the most recently published study
by Hull (31), using a large population-based sample of pregnant women, has concluded that
smoking can significantly delay time to conception. This important study is the first large
scale population based study to demonstrate that smoking negatively effects fertility,
independently of other factors. Active smoking was associated with failure to conceive within
6 or 12 months with increase delay correlated to increase number of cigarettes smoked per
day. The percentage of women experiencing conception delay for over 12 months was
54% higher for smokers compared to non-smokers. Exposure to passive smoke further
increased the odds against a woman conceiving within 6 months. The investigators studied
data from nearly 15,000 pregnancies. They determined time to conception, and in addition to
smoking assessed factors such as parental age, ethnicity, education, employment, housing, the
mother’s Body Mass Index (BMI) and alcohol consumption. Smoking by the mother, the
father, or other exposure to tobacco smoke were all associated with a longer time to
conception. Active smoking by the man or the woman both had effects, and the impact of
passive smoking was only slightly smaller than active smoking by either parent. While
clearly, anyone interested in having children should not be smoking, even exposure to second
hand smoke must be avoided. (31)



While smoking’s adverse effects on female fertility and on infertility therapy have been
reviewed, the well known negative effects of smoking on pregnancies and neonatal well being
need also to be emphasized. Smoking is clearly associated with an increase in spontaneous
miscarriage (10), with bacterial vaginosis (which is associated with late pregnancy miscarriage),
with preterm labor (6,7), risk of multiple pregnancy (32) and with delivery of low birth weight
infants at added risk of neonatal morbidity and mortality (30, 6). On top of the estimated 60%
increase in female infertility, all of these adverse reproductive effects add substantially to the
burden of adverse reproductive events on the prospective mothers, mothers and infants.

To the adverse effects of cigarette smoking on female fertility and pregnancy outcome must also
be added the adverse effects of cigarette smoking by males on their own fertility (6,7,9,33), and
on their partners through passive and sidestream smoke (4). Several studies over many years
have evaluated the effect of smoking on semen parameters, especially density, motility and
morphology. Summarized by Rosenberg (2), these studies collectively demonstrate a reduction
in sperm density, motility and possibly morphology. The reduction in sperm count averaged
22%, and showed a dose response, with increased cigarette smoking correlating to a greater
reduction in sperm count. What is more difficult to discern than an adverse effect on semen
parameters, however, is the effect of smoking on male fertility. Few studies have or can address
this adequately, especially since their partner’s smoking habits and their partner’s fertility
confound the data collected. The difficulty is compounded by the fact that while the sperm
counts, motility and or morphology are often reduced compared to non-smokers, they often
remain within the normal range. The actual fertilizing capacity of the sperm, perhaps a better
measure of fertilizing potential than count, motility and morphology, is quite difficult to assess
and has not been addressed. These limitations aside, given the effect of passive and side-stream
smoking on their partners, and the potential adverse effect on male fertility based on semen
parameters and the myriad of known detrimental general health effects, boys and men must be
strongly encouraged not to smoke. This is particularly true if they are part of a couple having
difficulty conceiving or maintaining pregnancy, and especially if they have marginal semen
parameters on semen analysis (2, 9).

Taken in toto, the adverse effects on female and male fertility and pregnancy outcome add to our
burden and responsibility to provide the source documents, information and initiative to the
public and to health care providers regarding these risks. If this imperative to educate needs
more emphasis, it can come from an abstract presented in Toronto at the 1999 Annual Meeting of
the American society of Reproductive Medicine by Roth et al (34). This abstract detailed the
results of a questionnaire given to health professionals about knowing the risks associated or
caused by cigarette smoking:

SMOKING RISK KNOWLEDGE OF RISK
Lung Cancer > 85%
Respiratory / Heart Disease > 85%
Osteoporosis 30%



Miscarriage 39%

Early Menopause 17%
Ectopic Pregnancy 30%
Infertility 27%

Again, the most sobering part of this data is that this lack of knowledge about infertility,
miscarriage, ectopic pregnancy and early menopause comes from health care providers, not the
lay public. Clearly there is a need for education both of health care professionals at all levels and
the public about the reproductive health risks caused by cigarette smoking. This information
may help those seeking to conceive and carry a healthy full-term infant to do so by imploring
them to stop, especially those already having difficulty conceiving or maintaining a pregnancy.
And for those not currently seeking to conceive but with wishes and dreams for the future, if they
are in need of yet one more health risk to add to the panoply of reasons to discontinue their habit
or never start, this information and data may be most useful in the prevention of infertility.

Respectfully submitted to the Prevention of Infertility Committee by:
Robert J. Stillman, MD
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