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Abstract: The process-of-male reproduction is intricate, and
various medical conditions-have the potential to disrupt
spermatogenesis. Moreover, infertility in males can serve as
an indicator of-potential future health issue. Numerous
conditions with systemic implications have been identified,
encompassing genetic factors (such as Klinefelter Syn-
drome), obesity, psychological stress, environmental factors,
and others. Consequently, infertility assessment-presents an
opportunity for comprehensive health counseling, extend-
ing-beyond discussions about reproductive goals. Further-
more, male infertility has been suggested as a harbinger of
future health problems, as poor semen quality and a diag-
nosis of-male infertility are associatedwith an increased risk
of hypogonadism, cardiometabolic disorders, cancer, and
evenmortality. This review explores the existing-literature on
the relationship between systemic illnesses andmale fertility,
impacting both clinical-outcomes and semen parameters. The
majority of the literature analyzed,which compared gonadal

function with genetic, chronic, infectious or tumoral dis-
eases, confirm the association between overall male health
and infertility.
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Introduction

Male fertility is influenced by different factors that play
together. Evaluation of male fertility could be an opportunity
to improve a man’s overall health beyond his immediate
reproductive goals serving as a surrogate biomarker for
overall health [1–4]. The aim of this review is to-shed light-
on the potential-link between male infertility and-health
problems. This way, correct-counseling provides the op-
portunity to treat some diseases in advance before their
onset (Figure 1).

Materials and methods

Male fertility is influenced by a myriad of factors spanning genetic,
environmental, and lifestyle domains. The intricate interplay of these
factors underscores the complexity of male reproductive health. We
conduct a research on pubmed of all the existing literature (mostly
review articles) on male fertility and his influence on overall men’s
health, using as key words ‘male infertility’ ‘hypogonadism’, ‘overall
health biomarkers’.

Genetic factors

Genetic factors play a significant role, out of the 25,000 genes found in
the human genome, about 10 % are associated with reproduction [5].
Nonetheless, these genes likely intersect with pathways in various cell
types and organ systems, potentially explaining why many genetic
defects result in clinical phenotypes encompassing infertility among
other symptoms. Klinefelter syndrome stands as the most prevalent
chromosomal anomaly inmales, characterized bywell-defined clinical
manifestations which bring to gonadal dysfunction [6–8].

Another group of recognized genetic causes of gonadal disfunction
overall azoospermia and severe oligozoospermia involves Y chromo-
some microdeletions, particularly those within the azoospermia factor
(AZF) region [9].
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The influence of genetics continues to expand. DNAmismatch repair
(MMR)mechanismsare crucial for preserving spermatozoaDNA integrity
and are pivotal in spermatogenesis [10]. Mutations in MMR-related genes
such asMLH1, MLH3, PMS2,MSH4, andMSH5 have discernible impacts in
humans, leading to severe oligozoospermia or non-obstructive azoo-
spermia [11].MMRmutations havealsobeen identified in individualswith
Lynch syndrome [12], although they are not currently part of the standard
assessment for infertile males. As our understanding of the genetic
foundations of spermatogenesis advances, it may broaden the scope of
genetic screening for men presenting with infertility.

Infactious factors

Infectious agents also pose a significant threat to male fertility: Infec-
tious causes of male infertility vary from testicular injuries to systemic
infectious disease that damage the testis, with injury mechanisms
ranging from inflammation to vasculitis, endocrine disruption, or direct
tissue damage. Additionally, systemic infections can induce febrile
illness, directly impairing spermatogenesis. Infections may manifest at
the testicular site or distally in the spermatic tract, such as the prostate
or urethra. Sexually transmitted infections (STIs) may be asymptomatic
in men but are acknowledged to cause infertility.

Mumps orchitis is a classic infectious cause of male infertility,
which was more prevalent prior to the availability of a vaccine in 1988.
The virus, an RNA virus of the paramyxovirus genus, spreads from
human reservoirs through direct contact and airborne droplets [13].

Human papillomavirus (HPV), among the most common STIs in
both genders, is linked with male infertility, with an estimated preva-
lence of HPV DNA within the semen of infertile men at approximately
16 % [14]. Infertile men harboring HPV DNA in semen exhibited reduced
motility, abnormal morphology, and elevated DNA fragmentation in-
dexes [15, 16]. Women inseminated with spermatozoa containing HPV
DNA experienced a four-fold decrease in clinical pregnancies compared
to those inseminated with HPV-negative spermatozoa [17].

The implications of other infections are less elucidated. Chlamydia
trachomatis, an STI symptomatic in only up to 50 % of men, has been
detected in fresh testicular biopsy samples from infertile men, indi-
cating a possible role in disrupting spermatogenesis [18].

Obesity

As behavioral factor influencing the gonadal function there
is the obesity. The obesity epidemic has garnered recogni-
tion as a public health crisis and is linked with various
chronic diseases, including coronary artery disease, dia-
betes, and non-alcoholic fatty liver disease [19]. The mech-
anism through which obesity and heightened adiposity
contribute to these conditions is intricate and not entirely
clear, with proposed pathways primarily involving insulin
resistance, chronic inflammation, and neurohormonal acti-
vation [20]. Meta-analyses investigating the correlation be-
tween body mass index (BMI) and semen parameters have
revealed an inverse relationship between BMI and semen
volume, total sperm count, and sperm concentration [21, 22].
Moreover, obesity has been associated with azoospermia,
with an odds ratio of 2.04 (95 % confidence interval [CI] 1.59–
2.62) [22]. Obesity play a role in lowering testosterone
causing biochemical androgen deficiency [23, 24]. On the
other hand increasing daily steps count shows to elevates
serum testosterone levels [25]. Unfortunately, bariatric sur-
gery in obese men has not demonstrated significant im-
provements in semen parameters even after 24 months of
follow-up [26].

Figure 1: Interplay between male gonadal function and overall male health.
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Environmental factors

Moreover, environmental factors can also influence male
fertility through exposure to pollutants. Air pollutionmay be
linked to elevated concentrations of carbon monoxide, sul-
fur dioxide, ozone, and particulate matter. Of particular
concern is particulatematter in the air due to the presence of
trace elements and potential endocrine disruptors. Ambient
air pollution has been associated with various conditions,
ranging from chronic cardiopulmonary diseases tomortality
[27]. Not surprisingly, exposure to air pollution has been
correlated with impairments in semen parameters as well.
Hammoud and colleagues analyzed 1699 semen analyses of
men seeking artificial insemination and correlated the re-
sults with particulate air pollution levels over a 5-year
period. They observed that elevated indices of air pollution
levels were associated with decreased sperm motility 2–
3 months post-exposure, suggesting a detrimental impact on
spermatogenesis [28]. A study of Czech Republic citizens
residing in areas with higher concentrations of sulfur coal
usage for industrial and home heating purposes found a
significant increase in sperm DNA damage during periods of
peak air pollution levels [29]. Interestingly, neither study
identified a significant difference in sperm counts.

Bisphenol A (BPA) is a potent endocrine disruptor exten-
sively used as a raw material for manufacturing consumer
products, ranging from canned goods to plastic containers [30].

Phthalates are a class of synthetic chemical additives
commonly usedasplasticizers in consumerproducts, including
food packaging materials and personal hygiene products like
shampoos [31]. Most of the human exposure is associated with
dietary ingestion from contaminated food and beverage
products. Phthalate exposure is widespread: a 2004 NHANES
study analyzing 2540 urine samples from the 1999–2000 cycle
detected phthalate metabolites in over 75% of samples [32].
Phthalates have also been found in human blood, sweat, and
breast milk, highlighting the ubiquity of exposure [33].

Phthalates and their metabolites have demonstrated
hormone-disrupting properties and are linkedwith increased
serum estradiol concentrations [34].

Pesticides can infiltrate the body via direct skin contact
or inhalation, particularly among those in the agricultural
sector, or through dietary intake, which is the predominant
route for the majority of individuals. Historically, the pesti-
cide most extensively associated with male infertility is
1,2-dibromo-3-chloropropane (DBCP), a soil fumigant and
nematocidal agent utilized in the USA from 1955 until 1977,
following which its use was halted in the USA due to health
apprehensions [35]. An initial study conducted in 1977 on
DBCP factory workers unveiled that among 25 men, 14
exhibited azoospermia or oligozoospermia, a phenomenon

observed solely in individuals employed at the factory for
more than 3 months [36]. Additional pesticides like ethylene
dibromide, malathion, and paraquat have also been linked
to diminished sperm counts among exposedworkers [37, 38].

Moreover, cannabis can negatively influence the levels
of testosterone [39, 40].

Understanding the multifactorial nature of male infer-
tility is crucial for developing effective prevention and
treatment strategies. The intricate relationship betweenmale
infertility and diverse health outcomes has been extensively
explored across numerous epidemiological studies. This
comprehensive investigation tries to shed light on the multi-
faceted nature of male infertility, revealing its potential as a
significant predictor and marker for various health condi-
tions beyond its immediate reproductive implications.

Male infertility and cardiovascular
disorders

In many men, serum testosterone levels gradually decrease
with age, and several studies have shown that decreasing
testosterone levels increase cardiovascular risk [41, 42]. Sub-
clinical hypogonadism may also lead to an increased cardio-
vascular risk and mortality related to cardiovascular events
[43, 44]. Many authors have also highlighted that male infer-
tility can be a marker for future cardiovascular risks. It is
noteworthy that varicocele represents a risk factor for infer-
tility and occurs in about 15% of healthymen and is associated
with about 35% of infertility. In an observational study, the
authors demonstrated that the presence of varicocele was
associated with a higher cardiovascular risk compared to the
control group. Two other studies have shown that infertility is
associated with a higher number of cardiovascular events [45].

Male infertility and cancer risk

While it has been well established that the treatment of
many types of cancer has a negative impact onmale fertility,
male infertility may be associated with certain types of
cancer. The mechanisms behind this process are still not
fully understood. For example, one cause of male infertility
is associated with the malfunctioning of the MLH1 gene, and
mutations in this gene are associated with Lynch syndrome
[8, 11]. However, the mechanism linking infertility to po-
tential cancer development remains unclear. Eisenberg et al.
2013 analyzed the impact of infertility on cancer risk and
demonstrated that infertile men have a higher risk of
developing cancer. And azoospermic men have a higher risk
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of developing cancer [46]. Eisenberg also demonstrated in a
2015 study that infertile males have a higher risk of devel-
oping non-Hodgkin lymphoma [47]. The association between
semen quality and cancer development remains uncertain
due to the heterogeneity of studies in the literature. Hanson
et al. demonstrated that only oligospermia was associated
with all types of cancer, unlike men with azoospermia who
did not have a significantly higher risk of developing cancer
[48]. Some studies analyze an overall risk of cancer devel-
opment while others focus on types of cancer related to the
genitourinary tract. Regarding the development of tumors of
the genitourinary tract, Hanson et al. demonstrated the
relationship between male infertility and the development
of testicular tumors. In the aforementioned study, the
authors showed that infertile men had a high risk of devel-
oping testicular cancer compared to the control group [48].
Furthermore, several studies have shown that the condition
of infertility itself can be a risk factor for the development of
prostate cancer [49], and urological cancers in general
[50–52], although further studies are needed due to the
heterogeneity of the results.

Male infertility and chronic diseases

Chronic diseases are a heterogeneous group of diseases
related to aging and lifestyle habits. It has been observed that
lifestyle habits such as smoking, high BMI, alcohol or drug
abuse are associated with various types of chronic diseases
such as metabolic syndrome, liver, and chronic kidney fail-
ure. These same conditions are also associated with infertility
and alteration of semen quality [4, 8]. A study conducted by
Ventimiglia et al. showed that infertile patients have more
comorbidities (cardiovascular, pulmonary, liver, DM disor-
ders) than fertile men [53]. Although these studies indicate a
potential correlation between infertility and the development
of chronic diseases, the causal link of the condition has not yet
been fully demonstrated, and further studies are therefore
needed. Giovannone et al. shows a correlation between
hyperhomocysteinemia (when levels exceed 15 μmol/L, in
terms of disruption in the metabolism of homocysteine) and
erectile function. Assuming that it could be considered as an
early predictor of erectile dysfunction, this would demon-
strate a link between male infertility and general metabolic
health [54].

Male infertility and autoimmune disorders

A link betweenmale infertility and autoimmune disorders is
described by Glazer et al. who reported a higher incidence of

multiple sclerosis in males with infertility [55]. A lower, but
statistically significant link was also found between male
hypogonadism and psoriasis, systemic lupus erythematosus,
Grave disease and thyroiditis.

Male infertility and overall mortality

Although the data are partial and require further confir-
mation, some studies have shown a potential association
between infertility and an increased risk of premature
mortality [56–58]. A Danish study conducted by Jensen et al.
evaluated a large cohort of patients who underwent infer-
tility analysis, the study showed that the risk of mortality
was inversely proportional to sperm concentration and
quality, with a level of at least 40 million per mL associated
with a higher risk of overall mortality [59]. An American
study by Eisenberg MI et al. showed that men with sperm
anomalies had a twofold risk of overall mortality compared
to the control group represented by men without sperm
anomalies [60]. Obviously, further studies are needed to
draw more statistically relevant conclusions, but these
studies, in their simplicity, represent the first evidence
associating infertility with an increased risk of mortality.

Conclusions

This small review of existing literature suggests that there is
an association between male infertility and overall somatic
health. In fact, much of the literature associate infertility
with an increased cardiovascular risk, and similarly, infer-
tile men appear to have a higher risk of chronic diseases
despite sociodemographic factors. However, the association
between infertility and cancer varies depending on the type
of cancer examined, leading to results that at least seemingly
appear to be in contrast. In any case, the general literature
agrees that overall testicular function is an indicator of
general health. This condition also allows us to follow men
who develop infertility early to ensure proper counseling for
the development of future pathologies. This assertion is of
critical importance as infertile men represent a rather
young population for whom preventive programs for the
development of chronic pathologies can be implemented.

Discussion

The correlation between male infertility and male malig-
nancies, as well as chronic cardiovascular conditions and
overall-mortality, suggests promising findings. However,
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these results remain exploratory, indicating the necessity for
further prospective studies with extended follow-up periods
and additional clinical data. This underscores the impor-
tance of understanding the underlying mechanisms-linking-
male infertility and this health conditions, including genetic,
epigenetic, developmental, and lifestyle factors.
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