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The upsurge in male infertility over the last two decades, possibly due to environmental exposure, has raised significant
interest, particularly boosted by reports from fertility clinics, which showed that chronic diseases and hereditary or other
medical conditions might only partially explain current incidence of male infertility. Both environmental and occupational
settings may have a significant role in exposure to complex mixtures of endocrine disruptors (ED), which play a major
role in fertility disorders. The aim of this review is to give an insight into the current knowledge on exposure settings
which may be associated with male infertility. Our study relied on a systematic search of PubMed, Scopus, and Web of
Science for articles published between January 2000 and September 2020. It showed that some well documented factors
associated with male infertility include smoking, and physiological disturbances or chronic diseases such as obesity and
diabetes, which in turn, may also reflect lifestyle choices and environmental exposures, especially to EDs such as phthalates,
bisphenols, pesticides, and flame retardants. However, the number of studies on the aetiology of male infertility is still
too low in comparison with the size of affected population. Occupational health follow-ups and medical surveillance do
not collect any data on male infertility, even though ED chemicals are part of many technological processes.
KEY WORDS: alcohol; bisphenols; diet; electromagnetic fields; endocrine disruptors; obesity; parabens; phthalates;
pesticides; smoking; spermInfertility is defined as inability to conceive a child after
one year of unprotected intercourse (1). It affects 10–15 %
of all couples and varies between countries and geographic
regions. Men and women contribute equally to the problem,
and often more than one infertility factor is involved (2, 3).
Medical diagnosis of male infertility relies on sex hormone
status assessment and semen analysis that evaluates sperm
count, motility, and morphology, and infertile patients are
advised to take assisted reproductive technology (ART)
treatment to address the issue. Although semen analysis is
performed in clinical and research laboratories across the
world on a daily basis, the cause often remains unknown
and cannot be explained by hormonal and testicular
disorders and genetic factors such as Klinefelter syndrome
(XXY), rearrangements in the AZF gene, and mutations in
other infertility related genes, such as AR, CFTR, NR5A1,
and SRY (4, 5).
Spermatogenesis is a highly complex cyclic process of
haploid spermatozoa maturation from diploid
undifferentiated spermatogonia and can therefore respond
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to everyday stressors – occupational and environmental (6).
As industry bloomed exponentially in recent decades (with
the exception of 2008) and brought many improvements to
everyday life, it also became the source of occupational and
environmental exposure to different chemical compounds
and their mixtures (Figure 1). Those among them that affect
hormonal regulation are usually termed endocrine
disrupting chemicals (EDCs). They can be present in
pesticides, food contaminants, cosmetic products, water,
and air (7).
In males, EDCs affect hypothalamus that stimulates
pituitary gland to secrete gonadotropins – luteinising
hormone (LH) and follicle-stimulating hormone (FSH) –
which regulate spermatogenesis through Leydig cell
androgen secretion and Sertoli cell activation (8). Since
hormones tightly control male reproductive system, EDCs
that act as anti-androgens or mimic oestrogens may interfere
with these mechanisms and have a profound impact on
healthy sperm production (9). However, data on their impact
on human reproductive health are still scarce and
mechanisms not completely elucidated, especially as EDCs
are usually present in different mixtures. A more
straightforward negative correlation has been observed
between disrupted spermatogenesis and lifestyle factors
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Figure 1 Overview of occupational and environmental stressors associated with male infertility

such as alcohol consumption, cigarette smoking, drug use,
and obesity caused by high-energy diet (10). In addition,
periodical exposure to excess heat, noise, vibrations, and
electromagnetic fields may cause accumulation of DNA
damage in sperm and affect fertility (11). Researchers have
also suggested a connection between male infertility and
air pollution, with still unclear conclusions (12). Seasonal
changes and natural disasters could also affect male
reproductive status (13, 14). All this shows that
spermatogenesis and male fertility may depend on many
circumstances created over years of exposure to different
contaminants from the environment combined with genetic
factors.
This review will focus on various occupational and
environmental exposures and their effects on human
spermatogenesis, sex hormone pathways, and overall male
fertility. It will include epidemiological studies trying to

find associations between male infertility and ECDs,
pesticides, metals, air pollution, lifestyle, heat, noise, and
electromagnetic waves but will not include ionising
radiation, as, according to the current occupational radiation
protection regulations, the existing exposure levels do not
represent any fertility risk in men (https://www.iaea.org/
resources/safety-standards).
The review is based on a systematic search of articles
published between January 2000 and September 2020
indexed in PubMed, Scopus, and Web of Science regardless
of the language. It does not include conference abstracts.

OCCUPATIONAL EXPOSURE
The association between occupational exposure and
infertility is still neglected, and studies are rare and lacking
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systematic approach, even in developed countries.
Occupational health protocols for many occupations in
which it is known that technological processes may include
exposure to EDCs do not include any medical examination
or data collection on fertility status (15). A significant input,
however, has been given by infertility clinics, which
actively try to find the cause of infertility, as this might
enhance the efficiency of ART.
Over the last few decades, they have identified several
groups of compounds as potentially associated with male
infertility, although life habits like smoking and alcohol
may significantly mask or interact with the effects of these
compounds present in occupational settings.
Studies of occupational exposure to benzene and its
mixture with toluene and xylene have shown an association
between benzene levels in blood and seminal plasma,
significant genome damage, abnormal sperm count,
motility, morphology (16, 17), disomy X and Y, and
hyperhaploidy, even at low levels (≤1 ppm) (18).
A large Tunisian study (19) with 2122 men who visited
infertility clinics and filled a detailed questionnaire showed
that occupational exposure to pesticides was associated with
a significantly higher risk of asthenozoospermia and
necrozoospermia, while exposure to cement correlated with
a higher risk of oligozoospermia. However, it found no
association between semen impairment and exposure to
solvents, excess heat, or mechanical vibrations. In contrast,
one study (20) showed an association between male
infertility and exposure to solvents and painting materials,
lead, work with computers, shift work and work-related
stress. A large Canadian national study (21) found a
significant decrease in sperm motility in participants
occupationally exposed to high levels of solvents (21), as
did a recent meta-analysis of 272 exposed and 247
unexposed men (22).
Although the consumer use of formaldehyde at
concentrations ≥0.1 % has been prohibited in the EU (23)
due to its carcinogenicity, it is still omnipresent in the
environment and widely used in resin production,
construction, wood processing, textiles, hospitals,
laboratories, and chemical industry and its sales are
expected to reach US$ 34.8 billion by 2026. With this in
mind, continuous efforts are made to limit/control its
occupational exposure (24). In terms of male infertility,
formaldehyde has been shown to significantly lower
progressive and total sperm motility in a dose-dependent
manner (25).
The major problem with pesticides is that exposure may
be both environmental and occupational. It will depend on
technology and timing of pesticide application and farming
type. Pesticides as a group of chemicals which includes
insecticides, herbicides, and fungicides express endocrine
effects from xenoestrogens to aromatase inhibitors.
Sperm analysis in groundnut farmers in Myanmar who
used chlorpyrifos and carbamates, often above recommended
dosages, revealed that 74 % had oligozoospermia in the
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growing season, which was less pronounced (46 %) in the
non-growing season (26). In abamectin-exposed
farmworkers, significantly increased abamectin plasma
levels were associated with significant genome damage and
immaturity of spermatozoa, even though testosterone, LH,
and FSH levels were normal (25). Similarly, exposure of
farmworkers to organophosphate and carbamate pesticides,
which was confirmed by elevated erythrocyte
acetylcholinesterase (AChE) and plasma
butyrylcholinesterase (BuChE), was associated with lower
sperm motility and sperm immaturity without significant
deviations from normal serum testosterone, LH, and FSH
levels (27).
The use of ethylene glycol-based chemicals is common
in many commercial and industrial applications, including
solvents, antifreeze, and coolants. One study (28) reported
occupational exposure to be associated with low motile
sperm count, but the risk diminished after adjustment for
confounders. In vitro, ethylene glycol was reported to
increase oestradiol levels in H295R cells (29). In rats and
mice, ethylene glycol monomethyl ether (EGME) lowered
the expression of spermatocyte-specific genes (30) and germ
cell lineage (31), respectively. In cynomolgus monkeys, it
damaged spermatocytes in the pachytene stage, implicating
miR-34b-5p and miR-449a downregulation in the process
(32).
An increased risk of infertility has been reported in
full-time ﬁreﬁghters (33), as their occupational setting is
associated with exposure to a complex mixture of chemicals,
including those known to be ED such as flame retardants,
polyaromatic hydrocarbons (PAHs), as well as with
hyperthermia, stress, and circadian rhythm disturbances
due to night-shift work. Of special interest is exposure to
per- and poly-fluorinated alkyl substances (PFAS) as the
main constituent of aqueous film-forming firefighting foams
(34). A human stem-cell-based model of spermatogenesis
showed that PFAS lower the expression of markers for
spermatogonia and primary spermatocytes without directly
affecting germ cell viability, which suggests long-term
effects on male fertility through the depletion of the
spermatogonial stem cell pool and abnormalities in primary
spermatocytes (35).
Exposure to phthalates, more specifically di-n-butyl and
di-2-ethylhexyl phthalate, has been shown to lower free
testosterone in workers producing unfoamed polyvinyl
chloride flooring (36). It is interesting, however, that this
study used construction sector workers for control, which
may involve a significant bias, as they also may been
exposed to phthalates. In a study with polyvinyl chloride
(PVC) workers (37), lower sperm motility was associated
with higher urinary phthalate metabolites, sperm apoptosis,
and ROS generation. In a similar occupational setting,
ambient air phthalate levels were positively associated with
DNA fragmentation and negatively with sperm motility
(38).
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In epoxy resin workers occupationally exposed to
bisphenol A exposure was associated with alterations of
sperm LINE-1 hydroxymethylation (39, 40). In another
study, bisphenol A exposure affected gene expression by
affecting DNA hydroxymethylation, which partly depends
on the trimethylation of histone H3 in human spermatogenesis
(41).

ENVIRONMENTAL EXPOSURE
Market globalisation and global mobility of goods and
people have also globalised exposure through goods, canned
or fresh food, and global transport of waste. In addition to
common habits such as smoking and drinking, diet is also
losing national characteristics, and distribution of potential
food contaminants in canned or fresh food has become
global. However, infertility issues associated with
environmental exposure are still neglected by the media
and educational programmes for the general population. In
addition, environmental exposure has become so complex
that it is almost impossible to reliably assess infertility risk.
This is additionally challenging due to inter-individual
differences in susceptibility, age, and unknown transplacental
exposure with possible lifelong effects.

SMOKING
A large number of studies have associated smoking with
poorer sperm quality (42–52) and suggested that quitting
tobacco use and improving general lifestyle would improve
male fertility. Sharma et al. (44) conducted a large metaanalysis of the effects of cigarette smoking and reported
that moderate and heavy smoking affected sperm count,
motility, and morphology. Another study (45) did not find
any significant difference in the effects between those who
smoked more and less cigarettes per day, which suggests
that even mild smoking could impair spermatogenesis.
Furthermore, heavy smoking has been reported to induce
ferroptosis in seminal plasma (46) and to affect sperm
motility (47). Among infertility clinic patients, smokers had
lower ejaculate and seminal vesicle volume than nonsmokers but not lower testosterone (48).
One predictor of genome damage through disease,
environmental exposure and lifestyle is the aberrant
methylation of repetitive elements such as LINE-1 (53).
Normal methylation of different genomic elements is also
important for fertility. One Chinese cohort study found that
hypermethylation of LINE-1 and hypomethylation of the
P16 gene were significantly associated with tobacco
smoking in men with infertility risk (49).
Higher accumulation of ROS, such as superoxide anion
and hydroxyl radicals, in the testes of tobacco smokers
causes oxidative stress to which sperm is sensitive, as its
plasma membrane is rich in polyunsaturated fatty acids
(PUFA) and its cytoplasm deficient in scavenging enzymes

(50). Oxidative stress may also render the acrosome
membrane temporarily permeable to calcium ions that
trigger premature acrosome reaction (51). Antoniassi et al.
(52) have also associated smoking with lower sperm
mitochondrial activity and increased pro-inflammatory
response in accessory glands and the testes.
The testes are also susceptible to cadmium (Cd) and
lead (Pb) from tobacco smoke absorbed by the lungs (54).
Both act as metalloestrogens and have been reported to
accumulate more in the blood and semen of smokers than
non-smokers (55). Higher levels of Cd and Pb are associated
with impaired spermatogenesis and elevated ROS (55).
Moreover, Cd tends to replace zinc (Zn), which is crucial
for normal spermatogenesis (56). In rats, Cd is implicated
in age-dependent dysregulation of hypothalamus-pituitarytesticular axis, which means that Cd exposure can
differently affect spermatogenesis with older age (57).
Nicotine and its metabolite cotinine can also disrupt
spermatozoa parameters in a dose-dependent manner (58).
In an in vitro study (59) nicotine reduced the number of
TM3 Leydig cells, most likely through autophagy, and,
consequently, testosterone synthesis. In vivo nicotine
decreased testosterone levels in serum and impaired the
function of other sex hormones (FSH, LH and prolactin) in
albino rats (60).

ALCOHOL
Alcohol consumption is another lifestyle factor
associated with male infertility but with inconsistent
findings, as reviewed by La Vignera et al. (61). One large
cross-sectional study with 8344 European and USA
participants (62) reported that men who drank alcohol more
frequently had higher serum testosterone levels and that
moderate alcohol intake did not significantly correlate with
semen quality. However, this study did not exclude
confounder effects. The authors concluded that elevated
testosterone may be related to changed metabolism in the
liver and that moderate drinking may not affect men fertility
potential. Hoyer et al. (63) also investigated the relationship
between male alcohol consumption and couple fertility in
an internet cohort study on Danish and North Americans
(63). They found no significant association, except for
slightly lower conception rates among couples in which
men consumed more alcohol.
One Vietnamese study (64), however, reported a
significant correlation between alcohol consumption and
impaired sperm DNA integrity, which was, in turn,
associated with poorer semen quality in infertile men.
Several other studies reported similar findings for drinking
and abnormal semen parameters, especially morphology,
but in combination with smoking (65–67). Smoking and
obesity are confounding factors that often come in
combination with moderate to heavy alcohol consumption
(59) and make alcohol effects impossible to separate unless
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the confounding factors are excluded. One such study with
non-smoking chronic alcoholics (68) reported higher serum
FSH and LH and lower testosterone levels and semen
quality. Studies on alcohol effects on male infertility should
also take into account ethnic differences in response to
alcohol and other EDs (69). Even so, current knowledge
seems to suggest that male infertility is more likely in heavy
drinkers, especially if they are smokers and/or obese.

DIET AND OBESITY
Diet is another important factor that can affect sperm
quality. Overweight and obesity are usually the consequence
of nutrient-poor and sugar and saturated fat-rich diet in
combination with little to no physical activity. The
magnitude of this issue has been clearly illustrated by the
Global Burden of Disease Study of 2013 (70) claiming that
overweight and obesity causes 3.4 million deaths and its
prevalence is in rise in the last few decades.
One study based on a food frequency questionnaire and
nutritional indices (71), associated healthy eating in men
with better sperm quality. Several other studies (72–74)
established an association between Western animal-based,
high-energy diet with lower quality of sperm. Meanwhile,
Mediterranean diet rich in fruits, vegetables, and whole
grains does not necessarily correlate with better sperm
quality, as reports are somewhat conflicting (74–77).
Disregarding the type of diet, the Longitudinal
Investigation of Fertility and Environment (LIFE) study
(78) has associated increased body mass index (BMI) and
waist circumference with poorer sperm quality in men with
unknown fertility status, whereas physical activity had
limited effect.
Because testicular function and spermatogenesis are
under tight hormonal control, they are subject to every shift
in hormonal balance, which, in turn depends on the
regulation of hypothalamus-pituitary-testis (HPT) axis,
proven to be affected by overweight and obesity (79). One
of the mechanisms by which adipose tissue can downregulate
spermatogenesis is aromatase overexpression. Aromatase
converts testosterone to oestrogen, and the amount of
aromatase is proportional to body fat. In other words, body
fat reduces testosterone levels in circulation and the testes.
Oestrogen can further affect the HPT axis by negative
regulatory feedback that downregulates LH and FSH (80).
Furthermore, testicular function may be affected by
other hormones released in response to body fat, such as
leptin released by adipocytes. One study with an interesting
design comparing two obese male groups, one fertile and
one infertile, showed that infertile men had significantly
higher BMI and leptin levels than the fertile group (81). In
contrast, another study (82) did not find any significant
association between leptin and infertility, but this may have
to do with the fact that infertile study participants were not
exclusively obese men. One study (83) also did not find a
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correlation between leptin and the usual sperm parameters
but did find a negative correlation with testosterone, which
may point to its adverse effects on testicular function
through testosterone-dependent deregulation of Leydig cell
steroidogenesis.
There is also the issue of type 2 diabetes and insulin
resistance in obese men. A recent longitudinal study (84)
investigated a potential bidirectional association between
insulin resistance and testosterone levels and showed that
baseline lower testosterone could predict insulin resistance
but not vice versa after adjustment for body composition,
alcohol intake, smoking, hypertension, and diabetes. Other
studies showed that obesity, metabolic syndrome, and type
2 diabetes can lead to lower testosterone levels (85–87).
Obesity can also enhance negative effects of
environmental toxicants such as bisphenol A (BPA) on
spermatogenesis (88). Even though conflicting results have
been reported on the relation between obesity and male
infertility, it is certain that obese men are more prone to
mechanisms that can disrupt spermatogenesis than men
with a normal weight range. Moreover, obesity causes
hormonal deregulation and increases the risk of many other
diseases that may affect male fertility.

PESTICIDES AND FLAME RETARDANTS
Bretveld et al. (89) have given us a very useful and
comprehensive overview of the mechanisms of pesticideinduced reproductive toxicity in men. A number of studies
have established associations between exposure to some
pesticides in everyday life and sperm parameters. This
particularly concerns pyrethroids, used on massive scales
because they are highly toxic to insects and barely toxic to
mammals, for which reason the popular belief is that they
are safe. However, several studies have reported an
association between pyrethroid metabolites in nonoccupationally exposed men and abnormal sperm
morphology, lower sperm counts, and testosterone levels
(90, 91). Several metabolites were also associated with
disrupted sperm DNA integrity, and higher rates of sex
chromosome aneuploidy (90–94). In contrast, two studies
with Japanese student population found no significant
association between pyrethroid metabolites and sperm
quality or reproductive hormones (95, 96).
Another group of pesticides that has been associated
with reproductive toxicity in men are the organochlorine
ones, massively used in the mid-20th century, some of which
were later banned but are still present in the environment
due to their chemical persistency (97). Environmental
exposure to organochlorines p,p’-DDE and lindane was
reported to be associated with lower sperm motility, higher
DNA fragmentation, higher ROS production, and
depolarised mitochondria (98). One study (99) reported the
association between non-occupational exposure to and
p,p’-DDT and lower sperm motility and viability. Another
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(99) associated it with oligozoospermia and
asthenozoospermia. Lower sperm count was also associated
with higher organochlorine hexachlorocyclohexane (HCH)
levels found in semen, especially in azoospermic men with
deletions in the AZF region (100).
Organophosphates are another widely used group of
pesticides that degrade faster in the environment and are
neurotoxic to humans (101). Several classes of
organophosphate pesticides found in urine have been
associated with lower sperm concentration, count, and
motility. One study (102) reported a positive correlation
between urinary organophosphate metabolites and FSH and
LH were in men with elevated gonadotropins. Another study
(103) reported correlation of different organophosphate
metabolites in urine with increased sex chromosome
disomy.
As organophosphates are also used as flame retardants
or plasticisers, their effects were investigated in a large
cohort study (104), which reported no or weak correlation
between their urinary levels and sperm parameters. In
another study (105), only bis(1,3-dichloro-2-propyl)
phosphate showed a stronger association with increased
sperm count in men attending infertility clinic, but the
authors warned that the associations were inconsistent
overall.

PHTALATES

BISPHENOLS

Antimicrobial preservatives such as parabens and
triclosan are common additives in consumer goods. In the
US, 58–99 % of general population have their detectable
concentrations in the urine. As both have endocrine
disrupting properties, both have been investigated for
adverse effects on male fertility. Hydroxylated paraben
metabolites and triclosan have shown significant association
with some semen quality parameters (115, 125). Additionally,
urinary paraben concentrations were reported to be
significantly associated with abnormal sperm morphology,
lower motility and testosterone levels, and XY18 and
chromosome 13 disomy (126, 127). Similar to other
endocrine disruptors, parabens have also been suggested to
play a role in mitochondrial dysfunction (128).

Bisphenol A (BPA) is a precursor in plastic industry that
acts as an endocrine disruptor and xenoestrogen, which can
be found in plastic water bottles, food containers, can
coatings, tooth fillings, cash receipts, and plastic toys (106).
BPA binds to oestrogen receptors less efficiently than
oestradiol but its circulating concentration can be higher
than that of oestradiol. BPA also has an antiandrogen effect,
because it binds to androgen receptors and inhibits normal
androgen response (107). Because of its detrimental effects
on male hormonal pathways, several studies investigated
BPA impact on sperm parameters. Li et al. (108) found a
dose-dependent correlation between higher urinary BPA
levels and lower semen quality. In seminal plasma BPA
levels were also negatively associated with sperm
concentration, count, and morphology in men attending
fertility clinic (109). However, several other studies found
no or only weak, clinically insignificant associations (110,
111). One study (112) indicated higher BPA levels in Italian
men living in a metropolitan area than in those living in a
rural area. Furthermore, there were differences between
fertile and infertile men but without BPA presenting risk
factor for infertility (112). BPA certainly has an impact on
the male reproductive system, but its clinical significance
is unclear.

Phthalate esters can migrate from plastics (such as
polyvinyl chloride plastics, food packaging, and toys) into
cosmetics, solvents, and medicine film coatings (113). Data
on phthalate exposure effects on male infertility are most
often collected at infertility clinics. The disadvantage of
such data collection is that it is not always clear whether
exposure has been environmental or occupational.
Even so, evidence of the association is rather convincing,
such as that between phthalate metabolite levels and
decreased sperm quality (114, 115). Findings reported for
general population are not as consistent. Those reporting
phthalate effects on sperm quality but not on reproductive
hormone levels suggest that phthalates deteriorate semen
quality via ROS production, lipid peroxidation, and
mitochondrial dysfunction (116–121). There where
hormonal effects were reported, more specifically changes
in testosterone to oestradiol ratio, the authors suspected
possible effects on aromatase suppression (122, 123).
One study investigating the effects of environmental
exposure to complex chemical mixtures reported an
interesting finding of a synergistic effect of polychlorinated
biphenyls and monobutyl phthalate on sperm damage (124).

PARABENS

ELECTROMAGNETIC FIELDS
Environmental exposure to electromagnetic fields from
cell phone use, telecommunication towers, and radars has
been a source of public controversy for decades. Research
of its influence on male fertility has also produced some
controversial findings, most likely because studies have
greatly differed in design and experimental conditions. One
recent study (129) has shown a significant association
between living close to a telecommunication tower and
lower sperm volume and between carrying mobile phone
in trouser pockets and lower sperm motility. Similar results
were reported in a meta-analysis of ten in vitro and in vivo
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observational studies (130). One study (131) reported a
significant association between phone use duration and
lower sperm count and concentration. Some studies explain
these effects on sperm quality with disturbances in
mitochondrial function caused by extremely low frequency
electromagnetic fields and the resulting elevated ROS
production (132, 133).
The risk of male infertility is of particular concern
among adolescents who are using cell phones more than
10 h a day (134). However, continuous changes in
technology and application of cell phones make it extremely
difficult to conduct comparable studies on their effects,
especially if we take into consideration the effects of many
other electronic devices used from early childhood and the
specific biological effects of sex and age, all of which create
a complex exposure, much similar to exposure to complex
chemical mixtures, which is why it is difficult to clearly
identify causality between a certain exposure type and its
biological effect.

CONCLUSION
Table 1 summarises our literature review of current
occupational and environmental risks for male fertility.

Male infertility is a serious health condition that affects a
large number of men especially in developed countries. A
large number of chemicals with endocrine disrupting
potential are present in occupational and environmental
settings, usually in the form of complex mixtures.
Phthalates, bisphenols, pesticides, and flame retardants as
the main chemical groups associated with male infertility
risk stand out, but their combined (omni)presence in food,
cosmetics, air, and water, poses a great challenge to
researchers to establish clear causality and association
between exposure to a specific group and male infertility.
Poor sperm quality seems to be accompanied by an
imbalance in the levels of reproductive hormones and high
levels of endocrine disruptors, DNA damage, and epigenetic
and mitochondrial disturbances. However, due to the
diversity of investigated populations, differences in
epidemiological models, and uneven data collection, some
of the results seem to be controversial. Yet, there is enough
solid evidence for concern. Occupational and environmental
exposures significantly contribute to male infertility, but
many more studies with large numbers of participants are
needed to obtain a data corpus reliable enough to determine
effective preventive and/or protective measures and make

Table 1 Types of biochemical, cytological, genetic, and epigenetic disorders in male infertility after occupational and environmental
exposure to stressors
Disorder

Hormonal

Sperm

Mitochondrial

DNA

DNA
methylation

Occupational exposure

References

Environmental exposure

References

(24, 33, 35)

Testosterone ↓
Oestradiol↓
Aromatase ↓
Gonadotropins↑
Aromatase↑
Leptin↑

(38, 39, 42, 43, 46,
47, 58, 115, 116,
119, 120)

Sperm motility ↓
Apoptosis ↑
ROS generation
Sperm count ↓
Asthenozoospermia
Necrozoospermia
Oligozoospermia
Sperm immaturity↑

(14, 17–25, 34, 35)

Sperm count ↓
Sperm motility ↓
Abnormal morphology ↑
Oligozoospermia
Asthenozoospermia
Azoospermia
Apoptosis↑

(6, 7, 25–28, 36, 46,
47, 55, 56, 58, 59,
63, 64, 107, 108,
117–120, 122, 124)

–

–

Disturbances in
mitochondria functionality

(121, 125, 126)

DNA fragmentation
Genome damage
Disomy X ↑
Disomy Y ↑
Hyperhaploidy

(14, 15, 23, 35)

XY18 disomy
Disomy of chromosome 13
Disrupted DNA integrity
Sex chromosome aneuploidy
Deletions in AZF region
Sex chromosome disomy
DNA damage
DNA fragmentation

(11, 24, 48–50,
55, 56, 58, 59,
119–121)

Sperm LINE-1
hydroxymethylation
DNA hydroxymethylation
partially dependent on
trimethylation of H3 in
human spermatogenesis

(36–38)

Hypermethylation of LINE1 and hypomethylation of
P16 gene

(10)

Testosterone ↓
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infertility part of risk assessment in occupational health
surveillance programmes.
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Okolišna i profesionalna izloženost povezana s muškom neplodnošću
Porast slučajeva muške neplodnosti tijekom posljednja dva desetljeća, vjerojatno i zbog izloženosti okolišnim čimbenicima,
izazvao je značajan interes. Izvješća klinika za neplodnost pokazala su da kronične bolesti i nasljedni čimbenici ili neke
zdravstvene smetnje mogu samo djelomično objasniti trenutačnu incidenciju muške neplodnosti. Životni okoliš i radna
okolina mogu imati značajnu ulogu u izlaganju složenim smjesama spojeva s endokrinim djelovanjem (ED), koji su
povezani s raznim poremećajima plodnosti. Cilj je ovoga preglednog rada dati uvid u trenutačno znanje o tipovima
izloženosti koji mogu biti povezani s muškom neplodnošću. Naše se istraživanje oslanjalo na sustavnu pretragu PubMeda,
Scopusa i Web of Sciencea za članke objavljene od siječnja 2000. do rujna 2020. Rezultati su pokazali da je za neke
čimbenike dobro dokumentirana povezanost s muškom neplodnošću, što uključuje pušenje, neke fiziološke poremećaje
te kronične bolesti poput pretilosti i dijabetesa, koji sami po sebi mogu odražavati životne navike i izloženost okolišu,
posebice spojevima s ED-om poput ftalata, bisfenola, pesticida i protupožarnih zaštita. Međutim, broj studija o etiologiji
muške neplodnosti još je uvijek premalen u usporedbi s veličinom zahvaćene populacije. Medicina rada tijekom sistematskih
pregleda ne prikuplja podatke o muškoj neplodnosti premda su spojevi s ED-om prisutni u mnogim tehnološkim procesima.
KLJUČNE RIJEČI: alkohol; bisfenoli; elektromagnetsko zračenje; endokrini poremećaji; ftalati; parabeni; pesticidi;
prehrana; pretilost; pušenje; sperma

