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Understanding the significant impact of preventable factors, such as lifestyle decisions and bad habits like
smoking, on female fertility has received a lot of attention. Pervasive smoking among fertile women is a
serious public health concern. Smoking has well-documented negative impacts on general health, but it also
has significant consequences on fertility. Many women of reproductive age still smoke, despite a wealth of
data elucidating the effects of pregnancy and the health of the fetus as a result of prenatal exposure. This
review attempts to investigate the consequences of smoking on female fertility, specifically focusing on how
it affects the ovaries, oviducts, and uterus through a thorough examination of numerous studies. Important
topics such as ovarian reserve, steroidogenesis, ovulation, controlling the menstrual cycle, oviductal
function, uterine receptivity, and implantation will receive extra focus.
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Introduction And Background

International literature has documented a notable trend over the past 50 years facing an advanced global
loss in human fertility; consequently, a considerable amount of focus has been placed on identifying risk
factors that can be modified by lifestyle and environment that impact human reproductive function. At the
moment, a comprehensively recognized definition of infertility is the failure to attain a clinical pregnancy
after one year of trying as well as unprotected sexual activity [1,2]. Approximately 37% of infertility cases
are attributed to female factors, while 29% are attributed to male factors. The remaining 18% of cases
comprehend a combination of both male and female factors. Genetic factors account for 1% of the causes,
leaving the remaining 16% to be explained by idiopathic infertility, which is diagnosed when there is no
clear cause. Infertility in women can be caused by ovarian, oviductal, and uterine problems [3,4].

It has long been established that leading an unhealthy lifestyle harms one's health. Tobacco use is the chief
preventable risk factor for several diseases that affect people, and it also increases mortality as well as
morbidity [1,3]. The smoking prevalence among adult women is 15.3% overall, with 20.7% of women
smoking between the ages of 25 and 44 [4]. Cigarette smoking among women has become more prevalent
globally in recent times, raising concerns about public health [5]. The findings indicate that friends and
family who smoke, as well as joining the family in smoking, are factors contributing to the rise in smoking
rates among both men and women [6]. While most existing data surrounding the effects of smoking on
female fertility comes from past studies (retrospective), recent years have witnessed a growing concern and
exploration of this topic. This emerging research suggests a significant alliance between smoking, both
active and passive, and lowered fertility in women. Furthermore, evidence indicates a potential link between
prenatal exposure to smoke and an augmented risk of adverse pregnancy outcomes and decreased fertility in
the female offspring later in life [1]. These data suggest that pregnant and fertility-disordered women should
be sent to smoking cessation programs or given advice on quitting smoking [7]. This review discusses the
consequences of smoking on female fertility.

Review
Methodology

This review primarily focuses on the impact of cigarette smoking on female fertility. Articles were sourced
through literature searches on Google Scholar, PubMed (MEDLINE), and WHO websites in January 2024,
using terms like "smoke," "smoking," "smoker," and "cigarette,” combined with terms related to female
reproductive health such as "female fertility,” "female infertility," "reproductive function," "ovary," and
"implantation.” Additionally, relevant references such as experimental, nonexperimental, and literature
reviews were identified by examining citations in pertinent studies. Only previous studies published in
English before January 2024 were considered, with those in other languages being excluded. Various filters,
including full text and free full text, were utilized during the search process.
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Discussion
Smoking and Female Fertility

It has been repeatedly shown that smoking contributes to a broad spectrum of human health issues,
encompassing reproductive irregularities, making it a global health concern [7-9]. Despite the compelling
evidence regarding smoking's harmful effects on female fertility and the impressive antismoking initiatives
spearheaded by healthcare providers, 175 million women globally who are 15 years of age or older currently
smoke, either daily or occasionally [4,10]. Around 4000 different chemical classes, including polycyclic
aromatic hydrocarbons, heavy metals, and alkaloids, all exhibiting reproductive toxicity, are found in
cigarette smoke. As a result, cigarette smoke comprises a complex blend of substances that may have
combined impacts on different components of the reproductive system [11-14]. An extensive review of
research has found a strong link between smoking and reduced fertility. This suggests that smokers may be
up to 60% more likely to encounter infertility analogized to nonsmokers [15]. Strong evidence indicates that
smoking has a variety of distinct effects on the ovary, oviduct, and uterus, among other targets, affecting
numerous components of the female reproductive system [11,16,17]. The consequences of smoking on the
reproductive function in women are depicted in Table 1 [1].

Sr. no. c of the female system Consequences of smoking on the reproductive function in women
1 Ovary Early menopause, poor quality oocytes

2 Steroidogenesis Decreased estrogen and progesterone levels, increased androgens

3 Oviduct Increased ectopic pregnancy, affected oviductal smooth muscles

4 Uterus/implantation Delayed ) uterus

5 Menstrual cycle Increased oli increased heavy bleeding

TABLE 1: Consequences of smoking on the reproductive function in women

Smoking and Ovarian Reserve

The phrase "ovarian reserve" refers to the ovary's ability to produce egg cells that can be fertilized and result
in a successful and healthy pregnancy [18]. Research has shown that women's ovarian reserve can decrease
by about 20% as a result of smoking cigarettes [19]. The correlation between smoking and the inability to
conceive could be partially explained by all of the previously mentioned correlations between smoking and
ovarian or hormonal abnormalities. One factor that unites the previously listed anomalies is polycystic ovary
syndrome, which has been linked to smoking [20]. The cross-sectional study conducted in North Carolina
(2010) is the first study to mainly ascertain how smoking exposure affects levels of anti-Miillerian hormone
(AMH). Reduced levels of AMH were linked to current smoking, indicating a direct correlation between
smoking and ovarian follicular depletion [21]. According to the findings, women who smoke have a negative
correlation with their ovarian reserve, as determined by their follicular phase blood follicle-stimulating
hormone concentrations and how they react to ovarian stimulation during in-vitro fertilization treatment
[22].

Smoking and Steroidogenesis

Certain chemicals found in cigarette smoke have the characteristics of endocrine disruptors. Smokers exhibit
an aberrant endocrine profile after ovarian stimulation in in-vitro fertilization, which is typified by
increased testosterone and decreased estradiol levels. Numerous authors have noted that smoke-related
substances interfere with steroidogenesis, impairing the production of progesterone and estrogen. Cigarette
smoke contains chemicals that can alter hormones in a variety of ways. In addition, some compounds have
been shown to have the opposite impact, such as estrogenic and antiestrogenic effects. Actions on the
distinct phases and targets of steroidogenesis may account for these opposing effects. To fully understand
the effects of cigarette smoke on steroidogenesis, research into the intricacy of the smoke

component's impacts is necessary [11].

Smoking and Ovulation

The biological process known as ovulation occurs when the ovary releases a mature ovum, which travels to
the fallopian tube and remains there until the sperm fertilizes it. Ovulation is harmed by smoking. The
harmful component in cigarettes lowers the levels of progesterone and estrogens, the female hormones.
Consequently, there are fewer mature eggs available for fertilization. It can also destroy and decrease the
quantity of eggs in the ovaries. Smoking can lower the quality of eggs and induce irregular growth after
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fertilization, even if it doesn't kill the eggs. Additionally, smoking can harm the genetic material in eggs,
raising the possibility of miscarriages and birth abnormalities [23].

Smoking and Menstruation

Smoking likely causes oligomenorrhea. The data suggests that the strongest correlation between smoking
and oligomenorrhea occurs in women between the ages of 40 and 49. This finding follows other data
showing how smoking damages the ovaries [20]. The findings of the meta-analysis conducted in China
(2020) provide compelling evidence that smoking cigarettes is substantially associated with a higher
incidence of dysmenorrhea in fertile women [24].

Smoking and Oviduct Function

The oviduct, a tubelike structure that connects the ovary to the uterus, is a component of the female
reproductive tract [25]. According to the findings of the meta-analysis conducted in China (2020), smoking
before and throughout the first trimester of pregnancy slows down the flow of embryos via the oviduct [24].
According to the findings of the retrospectively analyzed study conducted in Spain (2006), smokers have also
been found to have a higher incidence of ectopic pregnancies, and research using animal models has
demonstrated that tobacco use affects tubal or oviductal function [26].

Smoking and Uterus Receptivity

According to the findings of the retrospectively analyzed study conducted in Spain (2006), smoking
cigarettes has a detrimental impact on uterine receptiveness apart from its influence on ovarian function, as
seen by the plenty of reduced conception rate observed in heavy smokers. These results imply that various
modifications are made to uterine function, either mechanically or biochemically. To determine the exact
effect of smoking on uterine receptivity, a retrospective study that ruled out confounding variables such

as smoking's effects on the ovary, oocyte quantity, and quality, embryo quality, as well as oviductal transit
was conducted [26].

Smoking and Implantation

Implantation is the process by which the embryo sticks to the endometrial surface of the uterus, invades the
epithelium, and finally enters the mother's circulation to develop into the placenta [27]. The findings of
original study conducted in the USA (2011) showed that exposure to a mother who is smoking during
pregnancy was linked to earlier implantation, and current smoking was linked to later implantation.
Smokers may experience delayed implantation as a result of tubal transfer or oviductal interruption of ovum
retrieval. According to research on in-vitro fertilization, smoking by mothers may also negatively impact
several other reproductive processes. Smoking has been linked to lower rates of implantation, fertilization,
and ova retrieval as well as an increased chance of miscarriage [28].

Smoking and Conception Delay

According to study published in the USA (2018), there was a positive correlation between the number of
cigarettes smoked daily and the delay in pregnancy. Compared to nonsmokers, smokers had a 54% greater
risk of women reporting conception delays lasting longer than 12 months. The consequences of passive
cigarette smoke exposure alone were only marginally less severe than those of active smoking by either
partner, or both partners' active smoking had negative effects. The majority of research backs up the
conclusion that smokers have greater rates of infertility, lower fecundity, and longer time to conception than
nonsmokers [4].

Smoking and Assisted Reproductive Technologies (ART)

Several observational studies assessed how smoking affected the results of ART or natural female fertility;
most of the research confirmed the evidence of a higher incidence of infertility among smokers. It has been
discovered that passive smoking has the same unfavorable effects on implantation and pregnancy rates as
active smoking [29]. The meta-analysis conducted in the United Kingdom (2008) offers proof that smoking
cigarettes has a markedly detrimental impact on the clinical results of ART. In addition to the clear
indication of a detrimental impact on the rates of live births, miscarriages, ectopic pregnancies, and
fertilization, there is particularly compelling evidence for a lower clinical pregnancy rate among smokers.
Women who are currently smoking and seeking infertility treatment should be shown this research to
increase the success rates of ART. They should also be strongly advised to stop smoking [30].

Smoking and Fecundity

The term "fecundity” describes the capacity to become pregnant and bring a child to term, whereas
"fecundability” quantifies the likelihood of being pregnant each menstrual cycle. For a long time, smoking
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has been the most likely component cause of fecundity. Small dosages of nicotine administered to female
rats cause decreased fertility and smaller-than-expected litter sizes. The first evidence of a smoking
influence on fecundity in human populations dates back to 1983. Smoking was found to lower fecundity in
couples whose infertility had no discernible medical cause [31].

Smoking and Miscarriage

While some evaluations of the literature that have been published since the 1970s have found that smoking
causes miscarriage, the majority have highlighted the inconsistent data about smoking's link to miscarriage.
The relationship between a mother smoking during pregnancy and the risk of miscarriage was validated by
the systematic review and meta-analysis conducted in California (2014), which also demonstrated that the
risk rises with smoking frequency. The findings support the hypothesis that exposure to secondhand smoke
has either no effect or a slight influence on the chance of miscarriage [32].

Smoking and Menopause

One lifestyle factor that may impact the timing of menopause is smoking. According to a systematic review
and meta-analysis conducted in Australia (2014), smokers had a 33% higher chance than nonsmokers of
going through the postmenopausal stage at a given age. From a biological perspective, smoking has been
linked to the synthesis and metabolism of hormones, including gene expression, lowered serum estrogen
levels, elevated 2-hydroxyestrogen concentrations, and increased androgen quantity, all of which have an
antiestrogen effect that causes earlier natural menopause. The results support the conclusions from other
research that an earlier age at natural menopause is associated with current smoking [33]. Women who
smoke experience menopause 1-4 years earlier than women who do not smoke [4].

Effects of Smoking During Pregnancy on Infants

Additionally, studies have indicated that pregnant women who smoke increase the risk of issues in infants,
such as premature delivery, low-birth-weight (LBW) babies, stillbirth, and infant fatalities [34].

Recommendations

Healthcare professionals and public health professionals can support smoking cessation by offering
education, continuous monitoring, and personalized support to individuals striving to quit. Of all the groups
in society, health professionals and public health professionals have the most ability to encourage a
decrease in tobacco usage such as smoking. Professionals in the field can boost the likelihood of successfully
quitting by up to 30% with brief advice and 84% with thorough advice.

Conclusions

While there is thriving interest in understanding how avoidable lifestyle aspects affect female reproductive
function, the impact of smoking remains a contentious issue, with studies yielding conflicting results and
inherent limitations preventing definitive causal conclusions. Exposure to cigarette smoke detrimentally
affects various stages of the reproductive process and components of the reproductive system, including
ovarian reserve, steroidogenesis, ovulation, menstruation, oviduct function, uterine receptivity,
implantation, as well as early placentation. The compounds in cigarette smoke interact with different
aspects of the reproductive system, influenced by individual sensitivities, concurrent exposure to other
toxins, and factors such as timing, dosage, type, and length of susceptibility. Given that women
experiencing infertility are often motivated to quit smoking, healthcare providers should actively encourage
cessation efforts in these patients.
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