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KEY POINTS
 Fertility relies on a series of time-dependent events, which are regulated by hormones.
These hormones can be altered through exposure of consumed and environmental toxins.
 Reproductive dysfunction and infertility require laboratory evaluation, which involves
serum hormone measurements.
 Infertility can be treatable through various assisted reproductive technologies. These can
involve retrieval of the oocytes and insemination with sperm; however, if oocyte quality itself is disrupted through exposure through toxins, there is little that can be done to
improve the quality.
 There are many toxins, including environmental, prescribed and illicit that can alter reproduction in the parent as well as future generations in a dose dependant manner.
 Currently there are no guidelines on laboratory testing for illicit drugs, alcohol, or environmental toxins in the scope of fertility testing. The best method remains to counsel and
explain to patients at the first visit what impact it may have on their fertility.

INTRODUCTION

Reproduction is a dynamic process involving multiple pathways and signals
throughout the body. If any of these steps are dysregulated, it can potentially lead
to infertility. Many toxins and illicit drugs can impact and alter any part of these pathways, leading to difficulty in conceiving. Drugs such as opiates or cocaine have been
known to disrupt oocyte quality, impacting fertilization and eventual fetal development
and even childhood. Indeed, during in vitro fertilization, one may use genetic screening
to biopsy and test the embryo for any chromosomal abnormalities, but other than that
there is no laboratory test to detect the damage certain toxins may have caused. The
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best and only intervention remains to consult patients at their first prenatal or even a
preconception visit to discourage and eliminate potential exposure to any harmful
toxins, drugs, or alcohol exposure because it may lead to detrimental effects on the
fetus and even into adulthood for the child.
TOXICOLOGY AND REPRODUCTION

Behaviors such as illicit drug use, alcohol consumption, cigarette smoking, and excessive caffeine intake can alter reproductive health and fetal outcomes. Although the association remains loose and unclear, it is thought to be through the derangement of
hormonal homeostasis and deterioration of oocyte milieu. In addition, toxin exposure
to a variety of naturally occurring or man-made chemicals can alter hormone levels,
resulting in an alteration in reproductive potential and possible fertility. Indeed, exposure to these toxins and its consequences are still not well understood, and many
gaps still persist. As of yet, there are no guidelines regarding testing for these substances and at what level if any they can have an impact on reproduction. The optimal
method to prevent any adverse effects on reproduction still remains to advise patients
early on in their care to completely eliminate any substances of abuse and prevent any
exposure to potential harmful toxins.
Illicit Drugs

Approximately 60% to 80% of adults use alcohol, and in addition to that, approximately 10% of adults may suffer from some type of substance use to the point of
addiction.1 In many instances there appears to be even higher rates of substance
abuse as seen with analysis of meconium samples from newborns. Previously published studies, in certain cohorts, showed that neonates were 31% positive for
cocaine, 18% positive for opiates, and 17% positive for cannabinoids, and out of
these, many of them were positive for more than one of these drugs.2,3 It becomes
difficult to point to one drug to precipitate a certain outcome because many patients
are multidrug abusers as noted by the study of meconium. Opiate and cocaine use
while pregnant can lead to neonatal abstinence syndrome, which can persevere for
months and lead to increased risk of neurobehavioral disorders and altered central
nervous system (CNS) function later on.4
In women, the strongest evidence of the adverse impact of cocaine on reproduction
is demonstrated by adverse obstetric outcomes, which include early and late pregnancy loss and placental abruption. Reproductive disturbances in substanceabusing adult women are evidenced by menstrual abnormalities, which predominantly
consist of amenorrhea in heroin abusers.5 On the contrary, the fact that many of these
women who are regular narcotic abusers achieve pregnancy and deliver implies that
the degree of reproductive insult is not enough to prevent the birth of an exposed and
affected baby. However, use of narcotics in women who were on the edge of being
infertile may push them into the infertility zone. Previous work has established that
in adult mammals opiates bind in the hypothalamus and cause inhibition of the secretion of luteinizing hormone (LH), which can lead to mild to moderate gonadal suppression.6,7 Not only that, but these drugs can impact fertility; however, it remains difficult
to attribute a particular outcome to the use of a certain drug. Drug dependence can
lead to varying effects, including malnutrition, increased risk of infectious diseases,
poor health care, and poor pregnancy outcomes. These patients also have increased
risk of physical and verbal abuse, which also affects the probability of successful
fertility and fetal health. People addicted to drugs may be so compromised that the
steps essential for normal reproductive hemostasis will be adversely affected leading
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to reproductive failure. Currently, no specific guidelines have been developed in the
field of reproductive endocrinology and toxicology because it remains very difficult
to attribute a certain level or type of drug to a particular outcome. In addition, there
has been sufficient evidence that addictive substances can pose a significant threat
to the developing fetus and even continue throughout the neonatal period. Many disorders have been described, including but not limited to FAS, intrauterine growth restriction, and neonatal withdrawal syndrome. These insults not only alter the fetus in
utero but also have been known to have a long-term impact on them as children.
Narcotics have a harmful impact on male reproduction as well. They have been
shown to alter hormonal homeostasis through exerting their primary effect on the
hypothalamic-pituitary axis, thus leading to effecting the gonads and sex accessory
organs.8 Narcotics can lead to a decrease in gonadotropin secretion and cause a
stimulatory effect on prolactin secretion; both of these can cause an inhibitory effect
on male sexual function. Previous studies have shown that in some patients, although
hormone levels may remain normal or return to baseline after cessation of opiate use,
semen parameters might still be altered. Men who abuse heroin have been shown to
have asthenospermia and oligospermia.9,10 An in vitro study done using human sperm
and high concentrations of cocaine demonstrated a decrease in kinematics, straight
line velocity, and linearity but no impact on overall sperm motility and fertilizing capability.11 Many men have also claimed that abuse of cocaine leads to increased libido
and sexual responsiveness.12
In animal models, adverse effects of drug use and fertility have been shown through
a significant disturbance of spermatogenesis.6 In addition to the impact of cocaine on
reproductive function and sexual behavior of male rats, there has been some evidence
for detrimental effects of long-term cocaine exposure on spermatogenesis and fertility
in peripubertal male rats.13 Chronic cocaine exposure in female rhesus monkeys also
led to disruption of their menstrual cycles.7 To summarize, the impact of narcotics and
illicit agents such as cocaine on fertility still remain unclear and not well studied on human subjects. However, it is clear illicit drug use by individuals attempting to conceive
is harmful and has consequences to their fertility, although the exact level of impact
remains unknown. Furthermore, whereas the adverse effects of exposure to narcotics
and illicit agents on the fetus are known, the specific future fertility effects of developmental exposure to these offspring remain unexplored. The relationship of selective
agents and their effect on female and male reproductive health as well as general
obstetrics, neonatology, and pediatrics, where applicable, follow.
Alcohol

Extensive evidence has shown that excessive ethanol consumption is harmful to both
nongravid and gravid women in that even small amounts of exposure can adversely
affect the fetus. Alcohol remains the substance most frequently abused by pregnant
women, and fetal alcohol syndrome (FAS) has been well studied as well as
described.14 FAS is characterized by intrauterine growth retardation, facial abnormalities, congenital defects, musculoskeletal abnormalities, and dysfunction of the
CNS.14 Generally speaking, the amount of alcohol consumed will proportionally
impact the fetus. An average daily maternal intake of 3 oz of alcohol is sufficient to
significantly increase the incidence of FAS; however, consumption of less than 1 oz
per day has little or no associated increased risk of FAS.15 When taking into account
birth defects, intake of 6 drinks of ethanol per day leads to a 50% chance of birth defects, or approximately 10 times the normal.16 On the other hand, the impact of alcohol
abuse and fertility remains uncertain. A study did show that if a woman consumed one
or more drinks of ethanol per week, the probability of conception was reduced by
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about 50% in each menstrual cycle. The primary site of action is still not clear; however, acute effects of ethanol appear to be due to hypothalamic impacts.17 Ethanol
can act at the level of the CNS to inhibit LH secretion by the pituitary and therefore
inhibit ovulation.17 There is clear evidence of the reproductive toxicity of ethanol consumption; however, no clear testing guidelines and limitations have been developed. It
is strongly advised to eliminate or cut down as much as possible on alcohol intake
when attempting to achieve pregnancy.
Alcohol has been studied far more than any other substance of abuse. It has been
known to have a feminizing effect on men who abuse alcohol because it is related to
liver dysfunction and leads to reduced hepatic clearance of estrogens.18 In men who
consume lower amounts of ethanol, some effects on sex steroids can still occur.19 It
has been well established not only in male animals but also in humans that chronic
ethanol exposure even at low levels can be associated with lower serum testosterone
levels, increased levels of plasma sex hormone–binding globulin, and higher prolactin,
leading to increased estrogen levels.19 The reduction in plasma testosterone levels
correlate with decreased responsiveness to human chorionic gonadotropin (hCG),
alluding to the possibility that ethanol damages the Leydig cell compartment of the
testis. In a more recent study, significantly reduced plasma concentrations of testosterone, LH, and follicle-stimulating hormone (FSH) were reported in male alcohol
abusers.20 Alcohol can cause significant deterioration in sperm concentration, semen
volume, and sperm quality.20,21 Adverse effects of chronic ethanol consumption on
male fertility have been demonstrated in experimental animals and human studies;
however, no clear correlation has yet been established.
In addition, in animal studies ethanol has been reported to inhibit ovulation and suppress plasma estradiol; progesterone levels are also suppressed. In a nonhuman primate study, female monkeys were given a 7- to 10-oz glass of alcohol a day for up to
6 months and were noted to have disruptions in reproductive function, as demonstrated by amenorrhea, uterine atrophy, decreased ovarian weights, and suppression
of LH levels.22 These clinical findings seemed to mimic the findings in clinical studies
of alcoholic women. Thus, there is clear evidence of the reproductive toxic effects of
chronic alcohol exposure; however, the consequences of moderate alcohol use on
fertility remain unclear. Therefore, the American Society of Reproductive Medicine
states, “The effects of alcohol, marijuana and other recreational drugs have not
been clearly established. Nevertheless, such drug use generally should be discouraged for both men and women, particularly because they have well-documented
harmful effects on the developing fetus.” In addition, because there are no clear guidelines for when and who to test, it is always recommended to discourage such behavior
at the initial fertility consult.
Cannabinoids

Cannabinoids have been extensively studied both in humans and in animal models. It
has been proven that it or its major psychoactive constituent, tetrahydrocannabinol
(THC), causes symptoms of neurobehavioral alterations, interrupts all phases of
gonadal or reproductive function, and is toxic to the fetus. In women who abuse marijuana, they were noted to have shorter menstrual cycles (26.8 days) than those who
did not (28.8 days).23–25 In addition, marijuana users had more cycles that were
anovulatory or had a shorter luteal phase when compared with nonusers. THC
causes suppression of plasma LH levels and appears to be the primary mechanism
by which THC exposure inhibits ovulation. Because gonadotropin-releasing hormone–induced LH secretion is not impacted by exposure to THC, the action of this
drug appears at the hypothalamic axis rather than the actual hypophysial site. The
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antiovulatory effect of THC results from an inhibition of LH secretion that does not
involve the direct blockade of LHRH (LH-releasing hormone). In addition, when evaluating the levels, they did not reveal any statistically significant differences in serum
LH, FSH, estrogen, or progesterone levels between marijuana users and nonmarijuana users even though there were decreased luteal phase progesterone levels.
Of note, serum prolactin levels were reduced, and serum testosterone levels were
noted to be increased in the marijuana users. It has been suggested that the impact
of THC may vary on the hormonal status of women. In menopausal women, THC did
not alter the LH levels; however, in premenopausal women, there was a suppression
of LH levels during the lute phase.26 Although no clear long-term impact on fertility
has been established, it is still recommended to avoid all marijuana use when trying
to achieve pregnancy.
Marijuana use can impact fertility in men by decreasing plasma testosterone
levels with chronic use. In chronic marijuana users, it has been shown that they
have abnormal sperm morphology, including reduced nuclear size, increased
condensation of chromatin, disorganization of acrosomal structure, and absence
of acrosomes.27 A study reported decreased testosterone plasma levels in men
who had been smoking marijuana for 6 months before testing. However, giving
hCG to marijuana users can increase testosterone levels, which indicates a functional Leydig cell response. In addition to this, if the man has a 2-week period of
abstinence following marijuana use, their testosterone levels have been shown
to increase or improve from the suppression caused by this abuse.28 However,
there has been little shown on the impacts of cannabinoids on the male reproductive tract. Changes in testis function have been noted after treatment with
cannabinoids.
In an animal model, more specifically in rats, seminiferous tubule degeneration and
degenerative changes in spermatocytes and spermatids were seen after exposure to
marijuana. In mice that were given THC for only 5 days, there was a dose-dependent
increase in abnormal sperm. In female rabbits, THC administration resulted in inhibition of ovulation.29 In female rats, THC was shown to cause a delay of onset of
puberty and reduce the number of ova.30 Also, it has been shown that marijuana agonists can interfere with implantation of the mouse embryo in vitro. There is sufficient
evidence to show that THC can act directly and impact the ovary. It has been shown
that THC exposure reduces ovarian responsivity to LH in experimental animal
models. THC-inhibited progesterone synthesis was seen in rat luteal cell cultures
in in vitro experiments; however, when this was done in vivo, daily administration
of THC had no effect on plasma progesterone levels or luteal phase length.31 Other
animal studies showed that tolerance develops to the disruptive effects of THC on
the primate menstrual cycle and that despite chronic use of THC, reversible suppressive effects of the drug on the menstrual cycle can occur.32 Long-term exposure of
sexually mature female rhesus monkeys to 3 weekly injections of THC resulted in a
disruption of the menstrual cycle that persisted for several months. The disruption in
the menstural cycle was noted by the absence of ovulation and decreased basal
concentrations of gonadotropin and sex steroids levels in plasma. After several
months, despite continued twice weekly administration with THC, normal cycles
and hormone concentrations were restored. The restoration of a normal menstural
cycle in the setting of regular THC exposure helps to explain the lack of cycle disruption in many women who are chronic users of cannabis. In addition to the impact on
women, it can be safely stated that testicular and ovarian toxicity result with use of
marijuana; however, the impact it has on future fertility remains unknown because
their function does resume after discontinuation.
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Caffeine

Caffeine, although a natural compound, has been noted to have a significantly negative impact on fertility and pregnancy. Once consumed, it can be readily absorbed and
distributed throughout the body. It has been noted in saliva, breast milk, embryos, and
even in the blood of neonates.33 It is known to cause numerous amounts of biologic
effects in the human, including CNS stimulation, increase in heart rate, relaxation of
smooth muscles, and increased secretion of catecholamines. There are data, based
both on animal and human studies, associating caffeine intake with spontaneous
abortion, intrauterine growth retardation, birth defects, and possibly other toxic effects to the fetus. However, the impact of caffeine on other reproductive processes,
including fertility itself, has been a focus of concern, yet there is no clear association.
Biologic credibility for this theory is suggested by information that there are significant
alterations in the reproductive hormone profile of users, that caffeine may hinder
ovulation, and that its intake is positively correlated with sex hormone–binding globulin concentrations.34 The impact of caffeine on human reproduction is proven by reports that show that daily consumption of the typical amount of caffeine found in a cup
of coffee was associated with a 50% decrease in per menstrual cycle conception
when compared with nonusers.35 Women consuming greater quantities of caffeine
had consistently lower pregnancy rates, thus demonstrating a dose-related effect.
The association between ovulatory disorder infertility and consumption of caffeinated
beverages failed to demonstrate any causality relationship between caffeine consumption, impaired ovulation, and decreased fertility.35 Studies on the association
between caffeine and miscarriages showed that an increase in daily caffeine intake
may be associated with an increased risk of recurrent pregnancy loss. It has been
shown by one study that an increased dose of daily caffeine intake of 200 mg or
more during pregnancy increased the risk of miscarriage in the general population independent of pregnancy-related symptoms.36 However, there are conflicting findings
because other sources have failed to demonstrate the correlation between caffeine
and miscarriage. The relationship between caffeine consumption by pregnant women
and risk of miscarriage, low birth weight, preterm delivery, and congenital malformations found no evidence that caffeine consumption at moderate levels has any
discernible adverse effect on pregnancy outcome.37 It is considered that the previous
warning on caffeine consumption and the risk of reproductive hazards were based on
findings that gavage feeding of large doses of caffeine to rats resulted in a particularly
high incidence of facial cleft palate. However, the latest review on the effects of
restricted caffeine intake by mother on fetal, neonatal, and pregnancy outcome in
Cochrane Database System Review found insufficient evidence to confirm or refute
the effectiveness of caffeine avoidance on birth weight or other pregnancy outcomes.36 Lack of scientific evidence showing any association between caffeine consumption and adverse effect on pregnancy outcome led the US Food and Drug
Administration agency to conclude that caffeine, as currently used in foods, does
not carry a health risk. However, the agency continues to recommend that pregnant
women consume caffeine in moderation.
Caffeine could impact male fertility by changing sperm mobility and viability. There
is a decrease in these parameters when consuming more than 699 mg/d of caffeine. In
addition, a recent study showed that caffeinated soda and energy drink intake was
associated with reduced fecundability in men.38 In an animal model, male rats were
shown to have decreased reproductive organ weight, sperm characteristics, LH/
FSH levels, and also testicular cytoarchitecture; however, these effects were reversible after caffeine withdrawal.39
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In summary, the data regarding the effects of caffeine on reproduction in humans
are still conflicting. Although it is not possible to give a clear recommendation on specific amounts that are deemed safe for couples trying to conceive, it would be best to
consume no more than 3 cups of coffee per day. This recommendation should be discussed at the first infertility visit and reassured with the patient because there is no
way to monitor caffeine levels. The American College of Obstetricians and Gynecologists recommends that pregnant women limit consumption to the caffeine equivalent
of 1 to 2 cups of coffee (200 mg of caffeine). Given the high prevalence of caffeine
intake by women of childbearing age, it is clear that further research is required and
guidelines on testing are needed.
Tobacco

Smokers expose themselves and people around them to numerous amounts of
toxins and carcinogens. Cigarette smoke has many carcinogens, including, cadmium, arsenic, butane, ammonia, lead, acetone, carbon monoxide, pesticide residue, polycyclic aromatic hydrocarbons, and formaldehyde.40 The most addictive
component, nicotine, can lead to problems such as vasoconstriction, can cause
decreased tissue oxygenation, remain in blood, urine, saliva, and follicular fluid,
and impact other reproductive functions.41 Previous measurements in the serum
and follicular fluid of cigarette smokers show correlation with decreased pregnancy
rates in women exposed to smoke as compared with nonsmokers. In addition, the
presence of cadmium has also been shown in human ovaries and follicular fluid of
smokers, proving that essential organs responsible for reproduction are exposed
and affected by the products of tobacco smoke in smokers.42 It has been shown
that cigarette smoke can alter reproduction as evidenced by numerous animal and
human studies.
Animal studies have shown that cadmium can impact cellular processes leading
to chromosomal anomalies in both oocytes and embryos which can lead to a
decrease in the number of oocytes, potentially alter embryo development and
thus decreasing fertility. Also, many animal studies have proven that cigarette
smoke leads to an increased rates of follicular destruction and accelerates ovarian
aging leading to premature reproductive failure.43 This reproductive failure has been
proven by human studies showing that women who smoke have an increased loss
of ovarian follicles and decreased ovarian reserve, leading to an earlier menopause44 as well as high basal or stimulated FSH levels signifying decreased ovarian
function. Cigarette smoke has also been shown to decrease human granulosa cell
aromatase production, leading to decreased estrogen levels, which cause the
elevated FSH.45,46 Cigarettes can also alter meiotic maturation of oocytes, which
may cause chromosomal abnormalities and alter fetal health or even cause spontaneous abortions.47 Surveys have shown that it takes smokers longer to conceive
than nonsmokers, as noted with the decrease in fertility with increasing numbers
of cigarettes smoked per day. In utero exposure to cigarette smoke also can result
in a decreased fecundability in the man.48 Smoking cessation products that contain
the same concentrations of nicotine can cause the same sequelae as smoking cigarettes, including risk of low birth weight, overweight offspring, insulin resistance,
and hypertension.49
Women who smoke while being treated with assisted reproduction have decreased
gonadotropin-stimulated estradiol production, resulting in fewer numbers of oocytes
retrieved and resultant embryos, a 50% decrease in implantation and ongoing pregnancy rate.50,51 Spontaneous abortion rates are also increased in these patients.52
In addition, these patients have an increased risk of ectopic pregnancy.53 However,
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this effect is temporary, because past smokers have pregnancy rates similar to nonsmokers after 3 months of quitting.54
Smoking also impacts male fertility, causing decreased volume, sperm density, total
count, and normal forms, although the impact of smoking might not be sufficient
to impact male fertility in a functional capacity.55 Nonetheless, evidence strongly
suggests that cigarette smoking leads to a decrease in fertility and impacts assisted reproductive technology success and outcomes due to ovarian toxicity and
decreased implantation rates. Because of the aforementioned, women pursuing
conception should be advised to avoid exposure to cigarette smoke. Because quitting
completely may be impossible for some smokers, decreasing the amount should be
encouraged. Cessation of smoking is an integral part of preconception counseling
and even at the first prenatal visit. Despite all these facts, no test has been established
or required to test the level of nicotine in a patient’s blood or other body fluids at either
preconception or during pregnancy.
Endocrine Disorders and Toxicology

Polycystic ovarian syndrome (PCOS) is a common disorder characterized by features
of hyperandrogenism, obesity, acanthosis nigrans, possible insulin resistance, and
polycystic or enlarged ovaries on ultrasound. There is no theory behind why one
may be prone to developing PCOS. One possible cause is that environmental contaminants may play a role in the development of PCOS. Environmental toxins have been
noted in follicular fluid, and bisphenol A (BPA) was seen in both the serum and the
follicular fluid with a concentration between 1 and 2 ng/mL fluid.56 Serum BPA concentrations of patients with PCOS were also higher in women with PCOS when
compared to aged matched controls. Interestingly, there is also a positive correlation
between higher BPA and serum testosterone, androstenedione, and dehydroepiandrosterone sulfate, which are androgens and tend to be higher in PCOS patients as
well.57 This may possibly be due to the effect of androgens on the metabolism of
BPA. Although there is strong evidence of higher BPA levels in patients with PCOS,
the exact pathophysiology remains unknown. Further research needs to be conducted
to reveal the underlying relationship between the development of PCOS and role of
environmental toxins. Although patients are advised to limit exposure to environmental
toxins, there are currently no laboratory screening tests nor guidelines to determine
what analytes in particular, and levels of such may be detrimental to reproduction.
Endometriosis, another disease that may cause infertility or potentially subfertility,
is characterized by endometrial glands and stroma outside the uterine cavity. It
causes infertility and affects about 14% of women of all reproductive ages.58 There
are several theories leading to the development of endometriosis, including
coelomic metaplasia, proliferation of a progenitor stem cell, or retrograde menstruation of endometrial cells.59 Despite which theory one looks at, they all are thought
to lead to the implantation and proliferation of ectopic endometrial cells outside the
uterine cavity. Because this disease is estrogen dependent, the role of environmental toxins has gained much attention over the recent years. Several studies
have reported a strong relationship between dioxin in the pathophysiology of
endometriosis.60,61
Several occupations may have an increased risk of infertility due to exposure of
toxins, such as those involved in the agriculture and chemical industries.62 At the initial
visit, it is crucial to ask about occupation and to counsel patients to limit interaction
with any potential harmful toxins. Because there are no currently developed guidelines
or laboratory tests available, counseling remains the best mode of action to improve
reproductive outcomes.
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SUMMARY

Human reproduction depends on a complex series of time-sensitive events. Despite
the crucial and time-dependent integration of these events achieved by hormonal
signaling, exogenous factors do play a role and may dysregulate this process.
Because it remains almost impossible to attribute a single outcome to a single substance, as one may abuse multiple ones such as alcohol and caffeine, the crucial
part lies in the dose and timing of exposures and the mechanism of action of the agent
to determine the insult. It is not uncommon for many reproductive age humans to be
exposed over multiple years to high doses of ethanol, opiates, cannabinoids, nicotine,
and caffeine. However, exposure to environmental toxins still remains low, and the
association of such toxins to reproductive health is still difficult to establish. There
is strong support from data that alcohol, opiates, cannabinoids, cigarette smoke,
and caffeine can negatively impact reproductive homeostasis. To this end, toxicology
testing for established substances (alcohol, opioids, cannabinoids, and other illicit
agents) can provide an objective understanding of a patient’s ingestion and exposure
habits as it relates to general health and fertility counseling, in particular. However,
further research needs to be conducted to establish the levels at which select current
and emerging new agents might start impacting reproductive capabilities and how
toxicology laboratory tests should be incorporated into the workup and management
of an infertile patient.
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