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ABSTRACT

Infertility is a disease of the reproductive system. It makes a person unable to have children. It can affect both man
and women. Any dysfunction in the reproductive system may lead to infertility. Infertility in males is observed as one
of the major problem faced by several advanced countries. Over the past several years, a decline in male reproductive
health has been reported. Globally, it has been noticed that the incidences of testicular cancer (TC) and poor sperm
quality is increasing with time. Certain drugs, lifestyle, tobacco, smoking and alcohol all have a short and long term
health effects, including effects detrimental to the production and quality of sperms. In his review we have tried to
through some light on the important factors such as lifestyle factors and environmental factors, that can greatly
influence over all health wellbeing including fertility.
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INTRODUCTION

Infertility 1is a serious health issue, affecting
approximately 8%—12% of couples worldwide. As per the
World Health Organization reports 60—80 million couples
are suffering from infertility every year. Probably
between 15 and 20 million (25%) are in India alone.
According to a report by the World Health Organization,
one in every four couples in developing countries is
affected by infertility.! Infertility is a disease of the male
or female reproductive system defined by the failure to
achieve a pregnancy after 12 months or more of regular
unprotected sexual intercourse.? Facing infertility can be
very difficult for both men and women it is emotionally
stressful for most couples.® Globally, it has been noticed
that the incidences of testicular cancer (TC) and poor
sperm quality is increasing with time. In about 40%
infertile couples male infertility plays a key role in
successful.> Certain drugs, lifestyle, tobacco, smoking
and alcohol all have a range of short and long term health
effects. These include harmful effects for the production

and quality of sperms. Reports reveal that lifestyle
factors, like alcohol intake and cigarette smoking affect
male fertility. This review focuses on key lifestyle and
environmental factors that are associated with male
infertility such as smoking cigarettes, alcohol intake,
psychological stress, advanced paternal age, obesity, and
dietary practices, environmental factors such as
occupational hazards, testicular heat stress, exposure to
endocrine disruptive agrochemical, electromagnetic
radiation from mobile phone use.

LIFESTYLE FACTORS

Some lifestyle factors include alcohol intake and cigarette
smoking, which have been reported to show negative
impact on male fertility. Cigarette smoking and alcohol
intake, both are largely avoidable. They both have a
negative impact on male fertility.* In the areas of in-vitro
fertilization (IVF) and pregnancy, they influence oocyte
production, fertilization rates, pregnancy and pregnancy
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loss, while chronic, low-grade oxidative stress may result
in poor outcomes for some IVF cases.’

Alcohol

A recent study demonstrated significantly inferior semen
quality (sperm analysis parameters) and hormonal
characteristics in daily drinkers as compared to occasional
drinkers.® Other research suggests that alcohol
consumption also impacts on sperm morphology and
sperm count.” Higher cases of teratozoospermia and
oligozoospermia were reported in heavy alcohol
consumers against men who do not consume alcohol.? In
addition, an analysis which included 57 studies found that
alcohol consumption led to a significantly reduced semen
volume.® Heavy drinking may be one factor causing
frequent changes in testicular function. Moderate
consumption of alcohol may affect semen quality more
often than previously thought, whereas high alcohol
consumption may even be associated with serious
disorders of spermatogenesis. Spermatogenesis appears to
gradually decline with increasing levels of alcohol intake.
Partial or complete spermatogenic arrest and Sertoli cell-
only syndrome were more commonly present amongst
heavy drinkers compared to non-drinkers. Chronic
alcohol intake was found to have a detrimental effect on
both semen quality and the levels of male reproductive
hormones.” A positive correlation with daily alcohol
intake was observed amongst alcoholics, with percentage
of cases increasing from mild to heavy alcoholic sub-
groups.3

Tobacco and smoking

Now a day’s cigarette smoking is considered as a major
public health problem.10 A high prevalence of smoking is
observed in young adult males during their reproductive
period.!' It is known to be a potential risk factor for
decreased male fertility.!> One study showed that smokers
had significantly lower semen volume, sperm
concentration, sperm motility, total sperm count, sperm
morphology, free testosterone and follicle stimulating
hormone (p <0.05 respectively), compared with non-
smokers. Smokers were at a higher risk of developing
oligospermia, Asthenozoospermia and Teratozoospermia
(OR=3.1, 4.2 and, 4.7; p<0.05) than non-smokers.!®!?
Cigarette smoking leads an increased exposure to
hazardous substances such as tar, nicotine (which are
highly addictive), carbon monoxide, and heavy metals
(e.g. cadmium and lead).'* A large meta-analysis
involving males from 26 countries/regions concluded that
smoking causes a decline in sperm quality in both fertile
and infertile men.® A 13-17% lower sperm concentration
was reported in male smokers as compared to that of non-
smokers. Cigarette smoking has been found negatively
associated with sperm count, motility, and morphology.
Besides its association with impaired male fertility,
tobacco smoking is also reported responsible for
increased DNA damage, aneuploidies, and mutations in
sperm."

Recreational drugs

Marijuana, cocaine, anabolic androgenic steroids (AAS),
opiates (narcotics), and methamphetamines are examples
of prohibited drugs that exert a negative impact on male
fertility.'® Marijuana is one of the most commonly used
drugs around the world, and it acts both centrally and
peripherally to cause abnormal reproductive function.
Marijuana contains cannabinoids which bind to receptors
located on reproductive organs such as the uterus or the
ductus deferens. In males, cannabinoids have been
reported to reduce testosterone released from Leydig
cells, modulate apoptosis of Sertoli cells, decrease
spermatogenesis, decrease sperm motility, decrease sperm
capacitation and decrease acrosome reaction.!” Marijuana
smoking has been found to lower sperm concentration
and total sperm count amongst youngsters, and this effect
was further amplified when marijuana was used in
combination with other recreational drugs.'® Cocaine is a
highly addictive, strong stimulant drug. Male rats given
high doses of cocaine chronically before mating had
lower pregnancy rates and offspring birth weights. Both
acute and chronic exposure to cocaine disrupted
spermatogenesis and  damaged the  testicular
ultrastructure. Long-term cocaine users were associated
with lower sperm concentration and motility, and a higher
fraction of sperm with abnormal morphology.!® Studies
have reported permanent ill-effect of steroid use on male
fertility.?°

Obesity

Obesity or excess weight is not only linked to increased
risk of chronic diseases but also increases the risk of
reproductive problems.?! The patho-physiology of obesity
has been reported to have negative impact on male
fertility. A study over 1558 younger men having
paramilitary physical activity found that overweight men
had reduced sperm concentration as compared to men
with normal weight.> Overweight and obesity are
associated with excessive fat accumulation, which can be
evaluated using the body mass index (BMI). Overweight
(BMI 25-<30 kg/m?) and obese (BMI <30 kg/m?) males
are associated with a decrease in sperm quality and a
higher risk of infertility. Recent reports suggest that
weight plays an important role in fertility, and controlling
and maintaining an ideal weight may provide a way for
couples to increase their fertility. Men and women who
are underweight or overweight are at risk of changes in
hormone levels which heavily influence their fertility.!? A
systematic review of 30 studies comprising 115158 males
found that paternal obesity was associated with lowered
male reproductive potential. Men who were obese had a
higher percentage of sperm with DNA fragmentation,
abnormal morphology, and low mitochondrial membrane
potential (MMP), and were more likely to be infertile.
Obese men who opt for ART have reduced rates of live
birth per ART cycle.?* Obese men are three times more
likely to exhibit a reduction in semen quality than men of
a normal. There are several studies that demonstrate that
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an increase in BMI is correlated with a decrease in sperm
concentration and motility. 22,2425 Increased DNA
damage in sperm have been reported in over weight
men.2® A relationship also exists between obesity and
erectile dysfunction (ED).?’

Psychological Stress

Stress whether it is physical, social, or psychological has
now become an important issue in the society. Infertility
itself is stressful, due to the societal pressures, testing,
diagnosis, treatments, failures, unfulfilled desires, and
even financial costs.?® Stress and depression are thought
to reduce testosterone and luteinizing hormone (LH),
disrupt gonadal function and ultimately reduce
spermatogenesis and sperm parameters.?’ Reports are
there which show that positive moods have been
correlated with increased chances of delivering a live
baby while higher levels of anxiety increased chances of
stillbirth. Increased stress decreases the fertilization of
oocytes. A study was conducted to evaluate the effects of
psychological stress on reproductive hormones and sperm
quality in the male partner of infertile couples. The level
of psychological stress was assessed using the Hospital
Anxiety and Depression Score (HADS) questionnaire.
27% of the studied subjects were found to have
significant psychological stress. A meta-analysis of 57
cross-sectional studies involving 29914 participants
reported that psychological stress could lower sperm
concentration and progressive motility, and increase the
fraction of sperm with abnormal morphology.® A study
revealed the association between psychological stress in
the form of occupational, life stress, family functioning,
and semen quality. It was found that occupational stress
was negatively associated with semen quality, with a
positive association between stress and percentage of
sperm with DNA damage (Durairajanayagam, 2018).!?
These findings suggest that relationship was found
between psychological stress and sperm concentration,
motility, and morphometry in a study of 157 volunteers
who were enrolled in a prepaid health plan. Investigator
measured psychological job stress and life-event stress by
telephone interview.

Advanced paternal age

Among other factors, fertility is also affected by the age
of an individual. Attempting pregnancy before the age of
30 for women and before 35 for men may provide the
highest chances of successful fertilization. Due to pursuit
of education and other factors, many couples are choosing
to delay child- bearing. Reports are there regarding
fertility concerns for the aging male. Fertility peaks and
then decreases over time in both men and women, thus
the reproductive timeline may be one aspect to consider
when determining the ideal time to start a family. In men,
testosterone levels begin to decrease and hypogonadism
results with increasing age. Semen parameters begin to
decline as early as age 35 (Dunson et al., 2004); semen
volume and motility both decrease and morphology may

become increasingly abnormal.*? After the age of 40, men
can have significantly more DNA damage in their sperm,
as well as decline in both motility (40%) and viability
(below 50%) (n=504, p<0.001). The reproductive
timeline for women is complex. Increasing age increases
a woman’s time to pregnancy. When under the age of 30,
a woman’s chances of conceiving may be as high 71%;
when over 36, it may only be 41%.%2 In addition,
chromosomal abnormalities and aneuploidy may increase
the risk of spontaneous abortion and implantation loss
with increasing age.’!

Advanced maternal age is defined as the age of 35 years,
beyond which there is significantly increased risks of
adverse reproductive outcome for women. A meta-
analysis of 90 studies involving 93839 participants
reported an age-associated decline in semen volume,
sperm total, and progressive motility, normal sperm
morphology along with an increase in DNA
fragmentation.!> These age-dependent changes in semen
quality could probably be attributed to normal
physiological changes in the reproductive tract that occur
with ageing, decreased capacity for cellular and tissue
repair of damage induced by exposure to toxicants or
diseases, and increased chances with age of having
reproductive damage resulting from exogenous exposures
such as smoking or infection.3* The fact that both normal
physiological processes and environmental factors could
be held responsible for the effects of ageing on the male
reproductive system adds to its complexity.3* In couples
undergoing IVF, implantation and pregnancy rates
decreased with increasing paternal age when the maternal
age was between 30-34 years.>

Diet

Diet and nutrition plays an important role in semen
quality. Eating a healthy and varied diet may be a key
part of maintaining good overall health. However, there
are certain vitamins and food groups that could have a
greater impact on reproductive health than others.
Aspects of a male’s diet may have an impact on his
fertility. Consuming a diet rich in carbohydrates, fiber,
folate, and lycopene as well as consuming fruit and
vegetables correlates with improved semen quality.’® A
recent exhaustive systematic review of observational
studies concluded that intake of a healthy, balanced diet
could improve semen quality and fecundity rates amongst
males.3” Vegetables and fruits, fish and poultry, cereals
and low-fat dairy products were amongst the foods
positively associated with sperm quality. However, diets
consisting of processed meat, full-fat dairy products,
alcohol, coffee, and sugar-sweetened beverages were
associated with poor semen quality and lower fecundity
rates.’’

ENVIRONMENTAL FACTORS

Male reproductive system is highly sensitive to
environmental factors that may lead to infertility. Certain
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chemicals including pesticides, herbicides, cosmetics,
preservatives, cleaning materials, municipal and private
wastes, pharmaceuticals and industrial by-products enter
our bodies in a variety of forms. Exposure to these
chemicals contaminants, which are estrogen like
substances and endocrine disruptors, has been found to be
one of the possible factors contributing to the increasing
male infertility.3

Occupational exposure to pesticides

The term “occupational exposure” refers to a potentially
harmful exposure to hazardous chemicals at workplace.
These may be toxic substances just like pesticides and
herbicides. Several studies have demonstrated that human
semen quality has declined over the past decades and
some of them have associated it with occupational
exposure to pesticides. Agricultural chemicals were found
to reduce semen quality in fertile men. Pesticides form a
large group of heterogeneous chemicals, which are used
to kill insects, weed, and fungi.*® Pesticide exposure
mainly occurs through ingestion of contaminated food,
but can also occur through dermal contact and inhalation.
Exposure to pesticides can be assessed using blood, urine
or semen samples as. Timing, combinations of
agrochemicals, duration of exposure, and dose may play
critical roles in pregnancy outcomes. Nevertheless,
several currently used pesticides, especially those having
endocrine disruptive properties, are known to adversely
impair reproductive competence of males working in
laboratories, fields, clinics, or factories.*® Azoospermia
was diagnosed in six factory workers and the suspected
cause was chronically exposed to the chemical 1,2-
dibromo-3-chloropropane (D.B.C.P.).

Exposure to pesticides affects many body organs
including reproductive system. Spermatogenesis, testis
weight and sperm parameters such as, sperm density and
motility, sperm counts, viability, inducing sperm DNA
damage, abnormal sperm morphology affected by
Organophosphoruses.*! Pesticides may directly damage
spermatozoa, alter Sertoli cell or Leydig cell function, or
disrupt the endocrine function in any stage of hormonal
regulation (hormone synthesis, release, storage, transport,
and clearance; receptor recognition and binding).*?
Additionally, pesticides have shown decreased normal
sperm morphology, count, volume and motility.*
Organophosphate exposure also reduced semen volume
and increased pH. Exposure to phthalates decreased
sperm concentration, normal morphology, and motility.*

Occupational exposures to pesticides in parents working
in areas of high pesticide application area may increase
parental risk of adverse reproductive and pregnancy
outcomes poor fertilization, fetal death, stillbirth,
spontaneous abortion, preterm delivery, and congenital
anomalies.*'** There are reports people experienced a
decreased birth rate due to well-known occupational
testicular toxin of Dibromochloropropane. A study
observed Oligozoospermia and Azoospermia in workers

of a DBCP-producing factory. A similar report was
published a year later in Israel about workers in a
pesticide plant who came in contact with the same
material. A research group studied the relation between
occupational fenvalerate exposure and spermatozoa DNA
damage of pesticide factory workers.* Results indicated
that occupational exposure to fenvalerate exposure
induced a significant increase in sperm DNA damage.
Fenvalerate induced a significant decrease in testis
weight, epididymal sperm counts, and sperm motility and
marker testicular enzymes for testosterone biosynthesis.*
A similar study reported epidemiological data showing
increase in prevalence of diseases associated with
endocrine-disrupting chemicals, such as breast, prostate,
and testis cancer, diabetes, obesity, and decreased fertility
over the last 50 years. A study found that men exposed to
dioxins had a greater number of morphologically
abnormal sperm and low linear motility. A research group
reported that increased exposure to polychlorinated
biphenyls (PCBs) was associated with decreased sperm
count, motility, and normal morphology.* Phthalates,
BPA, dioxins, and PCB all were found associated with
decreased semen quality; however, their mechanisms of
action affect different parts of the endocrine system in
relation to semen quality and male reproduction.®

A combination of the Comet and TUNEL assays would
offer more comprehensive information for a better
understanding of sperm DNA damage, and the biological
significance of sperm DNA damage in sperm function
and male infertility. DNA damage may result in cell death
or induction of mutations. In sperm, DNA damage may
carry mutations into the next generation or result in male
infertility. DNA integrity may become more important in
evaluating sperm health for male infertility.**

All these studies suggest that pesticides may impair
semen quality in humans which indirectly affects fertility
in both males amd females.

Occupational heat exposure

It is well known that in most mammals, spermatogenesis
is temperature dependent. This temperature dependence
has been clearly demonstrated by several experimental
studies showing that artificial increases in scrotum or
testicle temperature in fertile men reduce both sperm
output and quality (Thonneau et al). Several studies have
reported a gradual decline in sperm production in men.
Endocrine disrupters as well as lifestyle have been
suggested as risk factors. One lifestyle factor that may
affect human fertility is driving a vehicle for a prolonged
period. Several authors have suggested that driving
position may increase the scrotal temperature. Thus, after
2h of driving, the mean scrotal temperature was increased
by 1.7°C on the left side and 2.2°C on the right side when
compared to the corresponding mean scrotal temperatures
during the walking period (Bujan et al). This study
concluded that occupational heat exposure is a significant
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risk factor for male infertility, affecting sperm
morphology and resulting in delayed conception.*®

Other lifestyle risk factors

Genital heat stress resulting from scrotal hyperthermia is
a substantial risk factor for male infertility. Prolonged
hours of sitting or exposure to radiant heat, varicocele,
and cryptorchidism can all lead to testicular heat stress.*’
Elevated scrotal temperatures lead to spermatogenic
arrest, germ cell apoptosis, oxidative stress, and sperm
DNA damage. Sleep disturbances may possibly have
adverse effects on male fertility, as semen volume was
lower in patients with difficulty in initiating sleep,
including those who smoked or were overweight.*®

Exposure of radiation

Exposure to various kinds of radiation can have lasting
effects in humans. It may also depend upon the amount
and duration of radiation. Radiation in the form of x-rays
and gamma rays can be devastating to the sensitive cells
of the human body, including germ and Leydig cells.
Leydig cells, seminiferous tubules, and spermatozoa are
the main targets of the damage caused by mobile phones
on the male reproductive tract. In particular, cellular
phone exposure reduces testosterone biosynthesis,
impairs spermatogenesis, and damages sperm DNA.*
The damage, depending on the age of the patient and
dose, can result in permanent sterility.’® A study
conducted showed a positive correlation between mobile
phone radiation exposure, DNA-fragmentation level and
decreased sperm motility. There have been a number of
studies demonstrating negative effects of the
radiofrequency electromagnetic waves (RFEMW) utilized
by cell phones on fertility. Cell phone usage has been
linked with decreases in progressive motility of sperm
,decreases in sperm viability, increases in ROS, increases
in abnormal sperm morphology, and decreases in sperm
counts.>"? One meta-analysis reported that mobile phone
exposure is associated with reduced sperm motility and
viability.>® One study evaluating 52 men demonstrated
that men who carried a cell phone around the belt line or
hip region were more likely to have decreased sperm
motility compared to men who carried their cell phones
elsewhere or who did not carry one at all.>*

CONCLUSION

The major lifestyle factors discussed in the present review
are amongst the multiple potential risk factors that could
impair male fertility. This review focuses on key lifestyle
factors that are associated with male infertility such as
alcohol intake, tobacco consumption, cigarettes smoking,
psychological stress, advanced paternal age, obesity, and
dietary practices. Other factors environmental factors
such as occupational hazards, testicular heat stress,
exposure to endocrine disruptive agrochemical,
electromagnetic radiation from mobile phone use are
briefly discussed. This study aims at evaluating the

impact of major lifestyle factors and environmental
exposures to Agrochemical, (pesticides, herbicides) on
semen quality, by reviewing published literature. We
suggest that lifestyle factors and exposure to different
chemicals can greatly influence over all health including
fertility.
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