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Background: Despite the evidence of declining sperm counts worldwide and the increasing prevalence of male infertility, there has
been limited documentation of the potential causes and risk factors for male infertility. With limited methods of primary treatment of
male infertility, understanding the causes and risk factors will pinpoint specific lines of prevention.

Objective: We reviewed published studies on causes and risk factors for male infertility and identify gaps in the literature enabling
more focused research and innovations.

Design/Setting: The study was a scoping review. The review included studies on the causes and risk factors of male infertility
published in scientific/academic publications. It was not limited to any region or date. The following databases were searched:
Cumulative Index to Nursing and Allied Health Literature, Wiley online, HINARI, Science Direct, PubMed/Medline, Google Scholar,
African Journals Online, and the WHO Repository. In total, 1295 articles were identified. After removing 357 duplicates, 938 articles
were screened, and 71 articles were identified for inclusion, while 60 articles met the inclusion criteria.

Results: Four broad causes and risk factors of male infertility identified were 1) biological/physiological/genetic causes, 2) beha-
vioral/lifestyle risk factors, 3) environmental factors, and 4) socio-demographic risk factors. However, no substantive results on actual
causes under each category were identified, leaving gaps for further research and experimentation.

Conclusion: The results indicate limited knowledge of the actual causes of male infertility in published studies. The gaps in
knowledge that need to be bridged to enable a fuller understanding of the actual causes of male infertility were highlighted.
Keywords: male infertility, causes, risk factors, scoping review, spermatozoa defects

Plain Language Summary

This was a scoping review designed to identify the plausible causes of male infertility based on published evidence and to suggest lines
of new research or interventions to better inform the prevention and primary treatment of male infertility. We identified 60 published
studies from the literature that address the objective of the study. The results of this review permit us to categorize the reported causes
and risk factors of male infertility into four broad causes. These include 1) biological/physiological/genetic causes, 2) behavioral/
lifestyle risk factors, 3) environmental factors, and 4) socio-demographic risk factors. The major biological factors associated with
male infertility identified in this review were genetic factors, uro-genital infections, and varicoceles. The behavioral risk factors
associated with male infertility in this review included smoking, alcohol intake, inappropriate body mass index, sexual behavior, and
exposure to drugs. The major environmental risk factors for male infertility identified in this review were exposures to chemicals,
various pesticides, and mycotoxins. As for socio-demographic factors, increasing age featured as the most common among those
reported in the papers under review. The results of this review indicate that more information is required to confirm specific causes for
male infertility. While some associations have been identified, there is a need to establish causation with purposefully designed studies

such as longitudinal cohort studies or large randomized control trials.
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Introduction
In several publications, defects in spermatozoa due to inadequate numbers (azoospermia/oligospermia), poor motility, and
abnormal structure/morphology have been reported as leading causes of male infertility worldwide.'* Indeed, numerous
publications have reported systematic reductions in sperm counts over the past decades, a situation that accounts for the
increasing contribution of the male factor to the increasing prevalence of infertility worldwide.® The decline in counts and
quality of spermatozoa has been recognized by the World Health Organization, which gave rise to its revision of the criteria
for normal versus abnormal sperm counts to be used by andrology laboratories worldwide.”

Furthermore, male infertility has been described as a form of infertility that is poorly responsive to primary treatment. Reports
indicate that only a small proportion of male factor infertility is resolvable with primary methods of treatment.® By contrast, male
0

factor infertility is mostly resolved with secondary measures, such as artificial insemination,” intra-uterine insemination,'® in vitro

fertilization and embryo transfer,'" intra-cytoplasmic sperm transfer,'? and child fostering/adoption.'*'*

Despite the increasing incidence and the difficulty in treating male infertility, there has been limited documentation of the
leading causes and risk factors for male infertility. Understanding the causes and risk factors will enable the identification of
primary prevention methods, as well as effective methods for the primary treatment of male infertility. Such understanding
may also foster the process of determining innovative secondary and tertiary approaches for dealing with the problem.

Several causes and risk factors have been speculated and/or proven for male infertility and published in the literature.
Some of these include smoking, alcohol intake, drugs, obesity, past or present testicular infections, exposure to
environmental toxins, exposure of the testicles to excessive heat, hormonal disorders, testicular trauma and ejacula-
tory/erectile disorders among several others.'>™'” However, to date, there has been limited documentation of studies that
aggregate and rank these potential causes and risk factors in ways to enable the development of a consensus of the causal
pathway for male infertility, and the identification of simple preventive and treatment strategies. While the identified risk
factors and causes have been more broadly defined, the segregation of patterns of causes and risk factors will enable the
specification of more lines of research and innovations that will pinpoint the actual mechanisms and processes leading to
the current decline being experienced in male fertility.

It is within this context that this scoping review of published studies on the causes and risk factors for male infertility
in the international literature has been conducted. The objectives of the study are twofold: 1) to identify published studies
on causes and risk factors for male infertility and pinpoint the leading causes reported worldwide; and 2) to identify gaps
in the literature relating to the causes and risk factors for male infertility enabling more focused research and innovations.
We hypothesize that climatic and environmental factors would feature as leading causes and risk factors for male
infertility, due to the enormous changes that have taken place in these domains in recent years, with the resulting impact
on sperm production and viability. We believe that this exploratory research will enable the identification of novel
approaches for prevention and the primary treatment of male infertility.

Methods

Study Design

This study is a scoping review of published articles. This design was chosen instead of a systematic review because of the
wide range of studies that have been conducted on the subject.'® The methodological approach developed by Arksey &
O’Malley (2005)"° was followed. It involves five steps: 1) identifying the question, 2) identifying relevant studies, 3)
study selection, 4) charting the data — recording key themes emerging from the literature, and 5) collating, summarising,
and reporting the results. A protocol was developed for the review following the principles of PRISMA Extension for
Scoping Reviews.?’

Eligibility Criteria

The review included studies on the causes and risk factors of male primary and secondary infertility published in
scientific/academic publications. Grey literature was excluded. Quantitative studies of any design, systematic reviews and
meta-analysis, published in English were eligible for inclusion in the review. There was no limitation on the setting and
date of publication as we intended to review a wide range of possible causes and risk factors for male infertility.
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Search Strategy

Following the protocol designed for the review, relevant studies were identified through a database search. The following
databases were searched: Cumulative Index to Nursing and Allied Health Literature (CINAHL), Wiley online, HINARI,
Science Direct, PubMed/Medline, Google Scholar, African Journals Online (AJOL), and the WHO Repository. The
reference lists of the included articles were reviewed to identify additional eligible articles. The search terms were
developed from the existing literature and recommendations from health librarians, and included controlled vocabulary
and keyword terms related to causes, risk factors, and male infertility. The search terms were combined in diverse ways
and used following the peculiarities of each database. Causes and Risks factors: Cause OR causes Predictor OR
predictors OR Risk factors OR risk factor OR determinants OR determinant OR associated factors. Male: Male partners
OR men OR male OR males. Infertility: Infertile OR sterile OR infertility OR sterility OR impotent OR barren. Other
male infertility-related words: Oligospermia OR oligozoospermia OR Aspermia OR Azoospermia; Low sperm count
AND no sperm count OR abnormal sperm OR abnormal semen OR seminal fluid OR semen profile OR impaired semen
OR seminal fluid indices OR semen; Testicular function OR testicular malfunction OR erectile dysfunction OR male
reproductive function OR dysfunction OR malfunction.

Study Selection

A total of 1295 articles were identified from the various databases and reference lists (Figure 1). After removing 357
duplicates, 938 articles were screened. We retrieved and reviewed the abstracts of 550 potentially relevant articles. Two
reviewers independently screened the titles and abstracts of the retrieved publications. After this initial screening, 71
articles were identified for inclusion and their full texts were retrieved. The full text of the 71 articles was screened, and
60 met the inclusion criteria. Disagreements about inclusion and exclusion were resolved through consensus.

Data Extraction and Result Presentation

A Microsoft Excel spreadsheet was used for data extraction. Two reviewers independently extracted data from the
included articles. Extracted data included year of publication, authors, publication title, research objectives, study design,
and findings. A third reviewer checked the extracted data for accuracy and completeness and discrepancies were resolved
by consensus. The results of the review are presented narratively using four broad themes following the Preferred

Records identified through Additional records identified
database searching (n=1204) through other sources (n=91)

! !

Records after duplicates removed
(n=938)

Irrelevant records
removed (n=388)

\ 4

Records excluded
Record screened by abstract and (n=479)

title (n=550)

}

Full text article accessed for
eligibility (n=71)

Full text articles excluded with
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Figure | Framework for the process of inclusion and exclusion of articles.
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Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) Checklist
(see Supplementary Material 2).

Results
Sixty (60) articles were included in the review. The methodological design varied (see Supplementary Material 1). The

majority of the articles were case—control studies (n = 18), review articles (n = 18; 4 were systematic reviews and meta-
analysis), and cross-sectional studies (n = 11). Others were cohort studies (n = 2), prospective studies (n = 3), study/
review of case notes (n = 4), and 4 observational studies. The majority of the articles were from the developing countries
(Supplementary Material 1). The subjects of the articles were categorized into five broad themes as shown in Figure 2.

Most of the studies focused on more than one subject area; thus, the total number of articles per theme is not equal to the
60 articles. More than half of the articles presented findings on behavioral/lifestyle risk factors. See Supplementary
Material 1 for a detailed description of the articles.

Causes and Risk Factors of Male Infertility

The causes and risk factors of male infertility as identified in the reviewed studies are presented using four broad themes:
biological/physiological causes, behavioral/lifestyle risk factors, environmental risk factors, and socio-demographic risk
factors.

Biological/ Physiological Causes

The major causes of male infertility — oligozoospermia, asthenozoospermia, azoospermia, or a combination as identified
in the study — were specific biological or physiological conditions. A 9-year prospective study of 1737 patients in Estonia
categorized the observed primary causal factors into absolute (secondary hypogonadism, genetic causes, seminal tract
obstruction), severe (oncological diseases, severe sexual dysfunction), and plausible causal factors (congenital anomalies
in the urogenital tract, acquired or secondary testicular damage).

In a retrospective review of case notes of all patients who were treated at the Urology Clinic of the Ahmadu Bello
University Teaching Hospital, Zaria, Nigeria, between January 1991 and December 2005 all the patients (537) with
histories of infertility between 2 and 13 years had normal female partners. The major cause of male infertility in this
study was primary testicular insufficiency, which included congenital hypoplastic testes and testicular atrophy resulting
from torsion, cryptorchidism, and post-mumps orchitis.?'

In a case—control study in Southern Nigeria, male infertility was associated with biologically and physiologically
lower sperm concentration (<5 million), poorer sperm motility, and a lower percentage of viable forms of spermatozoa as
compared to fertile men. Infertile men were significantly more likely to have bacterial organisms, such as Staphylococcus
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Figure 2 Themes of the articles by the number of articles.
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aureus, Streptococcus faecalis, Trichomonas vaginalis, and Candida albicans in semen culture than fertile men were. The
study also showed that previous penile discharge, painful micturition, and previous genital ulcer were associated with
infertility in men.?

Similarly, Osazuwa et al >’ reported a higher prevalence of Chlamydia trachomatis antibodies among infertile men
and its relationship with abnormal semen features. C. trachomatis antibodies were identified in 19.5% of the 215 infertile
males in the study. A significant association was observed between C. trachomatis infection and male infertility, and poor
semen characteristics. This study showed that C. frachomatis antibodies were found in all types of seminal infertility,
particularly in oligozoospermia and azoospermia where significant association was observed. Also, a systematic review
and meta-analysis in the Middle East and North Africa reported a high current C trachomatis infection prevalence in
infertile patients.**

Other review articles on the physiological causes of male infertility identified genito-urinary tract infections,
inflammatory testicular or prostate conditions, hormonal imbalance, concurrent medical illnesses, and surgical proce-
dures, such as hernia repairs.'>2>’

In 2016, Jeje et al*® conducted an audit of 70 cases of male infertility in Lagos, Nigeria. The most common pathology of
male infertility identified in the study was varicocele in 53 out of the 70 cases. Of these, 51.4% had bilateral varicocele, and
24.3% had unilateral varicocele. In 30 patients (42.9%), unilateral varicocele occurred alone, in 22 patients, it occurred in
combination with hormonal imbalance, and vas occlusion in 1.4%. Other actiological factors were hormonal imbalance,
vassal obstruction, chromosomal abnormality (XXY), dysfunction (retrograde ejaculation), and idiopathic.

Similarly, Garba-Alkali et al*’
154 semen samples were analyzed. Less than half of the clients (46.8%) had normal semen (normozoospermia), whereas

evaluated the semen profiles of male partners of women attending infertility clinics;

53.2% had abnormal semen profiles. Of the 82 abnormal cases, asthenozoospermia was 41.5%, oligoasthenoteratozoos-
permia 29.3%, azoospermia 19.5%, and oligozoospermia 9.7%, while aspermia was not seen. When the semen samples
were cultured, the majority (85.7%) did not grow any organism. The most common organism in the cultured semen was
Staphylococcus aureus. The semen analysis (normal and abnormal) was statistically related to risk factors of infertility
with the following categories: Inguinoscrotal problems, past penile discharge, past STD treatment, and erectile dysfunc-
tion. Except for alcohol intake, the proportion of abnormal semen was higher for all the categories than normal semen
and the association between risk factors and semen analysis was significant.

In a study of 704 male patients with identifiable male factors contributing to infertility conducted by Idrisa et al*® in
Maiduguri, Nigeria, to determine the extent of the male contribution to infertility, azoospermia, oligozoospermia, and
a combination of oligo/asthenozoospermia or oligo/terato/asthenozoospermia were the most common abnormalities
identified. The most cultured pathogenic organisms recorded in this study were Staphylococcus aureus, Escherichia
coli, and Klebsiella. In the clinical findings, there was no significant finding in about 58% of the patients’ semen, but the
major findings in the seminal fluid of the remaining 42% were varicocoele, herniorrhaphy, hydrocoelectomy, accessory
gland infection, chronic epididymo-orchitis, trauma to the groin, and orchidopexy. Testicular biopsy was done on some
patients because of azoospermia and severe oligozoospermia; the histology results showed obstructive azoospermia,
tubular sclerosis, and seminiferous tubular hyalinization as common. The limitation of this study was that it was only
descriptive and no major hypothesis was tested. These findings were similar to the results of a case—control study in
Lagos by Enwurua et al.*'

In Emokpae et al*?, an inverse relationship was observed between seminal fluid infection and sperm density, motility,
and morphology. A decrease in sperm density, motility, and morphology was associated with an increase in seminal fluid
infection. The pathogenic organisms detected in the semen fluid were S. aureus, E. coli, candida species, streptococcus,
and a mixed growth of S. aureus and E. coli. Similar bacterial growth was identified in Ugwuja et al*?, and a study of 311
men with infertility problems in Zimbabwe by Folkvord et al**.

In a study to examine the seroprevalence of Chlamydia trachomatis infection and its relationship with semen quality
of men undergoing assisted reproduction therapy in Benin, Nigeria, 24% of the 156 patients were seropositive for
C. trachomatis antibody. The authors, however, concluded that C. trachomatis may be an independent risk factor
affecting the quality of semen and male infertility.*>
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Osegbe & Amaku®® conducted a prospective study in Nigeria on the causes of male infertility using 504 patients.
They concluded that the major causes were varicocele, infection, bilateral testicular failure, idiopathic oligospermia,
multifactorial, cryptorchidism, sexual problems, and surgical injury. The organisms isolated in this study were S. aureus,
Trichomonas vaginalis, Proteus mirabilis, Streptococcus faecalis, and enterococcus.

After controlling for multiple risk factors such as testicular volume and a history of STIs, unilateral and bilateral
epididymitis, and history of pathology causing testicular damage, Bayasgalan et al®’ reported that Grade 2 varicocele
were significantly associated with sperm abnormality, and azoospermia. High DNA fragmentation in spermatozoa,
caused majorly by oxidative stress, is a major risk factor in male infertility.*® According to Mahboubi et al*’, varicocele,
a history of hernia surgery, and consumption of ranitidine were significantly associated with male infertility.

In an experiment that investigated the correlation between oxidative stress and incidence of idiopathic infertility and
subfertility in Egyptian men,** there were no significant differences in glutathione-S-transferase (GST) activities in
azoospermic and normospermic patients relative to fertile men, but GST activity was significantly lower in oligospermic
men. Compared to fertile men, the glutathione peroxidase (GPx) activity increased significantly by up to two times in
oligospermic and azoospermic patients, whereas there was a sharp decrease (about three times) for normospermic
patients. There was a significant decrease in superoxide dismutase (SOD) activities in semen samples of oligospermic
and azoospermic men, and an increase in normospermic males compared to fertile patients. The seminal protein contents
significantly increased in oligospermic men but decreased in normospermic men relative to the fertile men.

In a case—control study in South Africa, Leisegang et al*' assessed the effect of metabolic syndrome (MetS) on
testosterone, progesterone and semen parameters. A significantly lower sperm concentration was observed in the MetS
group, as well as total sperm count, total motility, sperm vitality, mitochondrial membrane potential (MMP), free
testosterone, and free progesterone.

Causes associated with Gene/Genotype
Male infertility is associated with genetic risk factors, such as chromosomal abnormalities, microdeletions in the
Y chromosome, gene mutation, and polymorphisms in genes affecting spermatogenesis.** **

A statistically significant difference was observed between the infertile and fertile control groups in sperm count, sperm
motility, serum FSH level, and CAG repeats. In fertile men, CAG repeat length was significantly lower than those of infertile
oligozoospermics and asthenospermics. The authors conclude that long stretches of CAG repeat may be associated with
lower androgen receptor function and with imbalances in sperm production, which may cause male infertility.*’

A case—control study to investigate the role of glutathione S-transferase Mu-1 gene polymorphism (GSTMI) in
a sample of Egyptian males with idiopathic infertility observed a higher frequency of GSTMI null genotype in infertile
men compared to fertile men. Significantly lower sperm concentration and sperm count were observed in patients with
the GSTM1 null genotype compared to patients with the GSTM-positive genotype.*¢

Omran et al*’ investigated the relationship between urinary bisphenol A (BPA) and semen quality. There was
a negative association between total BPA levels, semen quality, antioxidant levels, and a positive correlation with
DNA damage.

Eloualid et al*® related pathogenic c.144delC mutation in the AURKC gene to male infertility in Morocco.

In a case—control study that involved 241 infertile and 115 fertile men to examine the different types of chromodo-
main protein, Y-linked 1 (CDY1) gene deletions, their effect on male infertility and spermatogenesis in Tunisia, and
deletion of CDY 1b were significantly more frequent in infertile patients than in fertile men.*” Their analysis showed that

independent of sperm concentration, deletion of the CDY 1b copy gene was a significant risk factor for male infertility.

Behavioral/Lifestyle Risk Factors
Existing evidence points to cigarette or tobacco smoking, alcohol intake, poor health-seeking behavior among men,
untreated or poorly sexually transmitted infections, sexual promiscuity, overweight/obesity, medication, and coital

frequency as some of the significant behavioural/lifestyle risk factors for male infertility.
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Smoking, Alcohol Intake, STD, Medication

Garba-Alkali et al*® examined the statistical relationship between semen analysis and selected variables. The semen
analysis (normal and abnormal) was statistically related to the following risk factors for male infertility: past STD
treatment, smoking history, and alcohol intake. Except for alcohol intake, the proportion of abnormal semen was higher
for all the categories than normal semen and the association between risk factors and semen analysis was significant.
A significant association was also found for medication used for the treatment of peptic ulcer disease and for HIV/AIDS.
A higher percentage of cases of abnormal semen used medication (14.3%) compared to 7.8% in cases with normal
semen. However, this study tested the significant relationship using chi-square, which was unable to detect and
disaggregate the magnitude of relationship by the categories, as well as show the direction of effect.

Also, a cross-sectional examination of male infertility in southeastern Nigeria pointed to genital tract infection which
the authors associated with sexual promiscuity, and poorly treated sexually transmitted infections as risk factors.>
A large proportion of the men in a study in Zimbabwe had or ever treated sexually transmitted diseases, syphilis,
gonorrhea, chlamydia, chancroids, and other urinary tract/genital tract infections, including unspecified urethritis.>*
Emeghe & Ekeke’' also identified sexually transmitted disease as a risk factor. In a review by Ness et al*?, gonorrhea
and/or chlamydia were identified as possible causes of male infertility. Clinical and pathologic evidence links them to
urethritis and links urethritis to epididymo-orchitis, and epididymo-orchitis is linked to male infertility. Gonorrhoea and
other STIs were significant risk factors for sperm abnormality, and azoospermia in Bayasgalan et al®’.

Cigarette smoking lowers the quality of sperm.>® Okonofua et al** found that male infertility was associated with
a longer duration of smoking and heavy drinking of alcohol. Specifically, the quantity of alcohol intake of (1-2 glasses of
alcohol per day and weekly) were positive predictors of male infertility compared to occasional alcohol intake.
Concerning health-seeking behavior in Okonofua et al, use of referral hospitals and chemists for treatment of STIs,
and use of native medications were reported as possible predictors of male infertility. In a retrospective study conducted
by Benbella et al®* in Morocco, sexually transmitted diseases, tuberculosis, obesity, cigarette smoking, and alcohol
consumption were identified as common infertility risk factors.

In a report of seminal fluid analysis conducted by Meri et al>> for 1438 men, a significant effect of smoking on sperm
motility was found. Among smokers, lower sperm concentration and a higher percentage of abnormal sperms were found
among heavy smokers (20 or more cigarettes per day) relative to non-heavy smokers. Leukocyte infiltration was also
higher in the semen of smokers, particularly heavy smokers. In a systematic review of the relationship between smoking
and male infertility, the majority of the studies reported that smoking significantly decreased sperm production, sperm
motility, sperm normal forms, and sperm fertilizing capacity through increased seminal oxidative stress and DNA
damage; only a few articles reported no significant relationship.’® The analysis of the clinical and seminal data obtained
from 1726 suspected infertile men conducted in South Africa over 6 years found behavioural risk factors, such as
extramarital sexual contact at least once a week, taking of alcohol at least once a week, and a history of smoking as risk
factors for male infertility.”” On the contrary, the duration of smoking had no significant effects on the motility and
morphology of sperm in a study in Iran; however, an increase of 1 cigarette per day decreased sperm motility by 1%.>°

Body Mass Index (BMI)

Abnormal (low and elevated) body mass index (BMI) was identified in many studies as a significant risk factor for male
infertility.”® * Low sperm count and poor spermatozoa motility were associated with abnormal BMI in Oghagbon et al®*.
In Abayomi et al’® semen volume, sperm count, and motility were significantly lower in obese men than men with
normal weight. Egwurugwu et al®® presented a significant positive correlation between body mass index and infertility
among men; as body mass increases, sperm count decreases but progesterone (ng/mL) and oestradiol are positively
correlated with body mass index. The limitation of this study was the use of correlation, which did not specify the BMI
cut-offs and did not control for confounders. In a prospective study of 1000 males attending the infertility clinics
conducted by Amah et al®®, it was observed that men with a BMI greater than 25 kg/m2 had fewer sperm cells per
ejaculate. The mean percentage motility of spermatozoa, sperm cell count, and normal morphology was significantly
lower in infertile men compared to fertile subjects. In another study conducted in Ilorin, Nigeria, to evaluate the level of
seminal fluid and body mass index of infertile men, BMI was significantly associated with infertility. Low and high BMIs
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were associated with abnormal sperm count and motility. The highest mean sperm count and motility (39.35 million/mL)
was found among men with normal BMI (20-24Kg/M Square), relative to those who had low or high BMI.®* Controlling
the effects of sexual dysfunction, overweight and obese men were more likely to be infertile, according to a Norwegian
study.®' Similarly, in a study in Iran, obese men were 3.5 times more likely to have oligospermia than men with normal
BML>

However, BMI was not found to be a significant factor in Garba-Alkali et al*’;

there were more cases with abnormal semen

who had normal BMI (18.5-24.9) than cases with normal semen. According to Alshahrani et al®

, sperm concentration was the
only sperm parameter that was significantly lower in men whose BMI was high compared to normal BMI.
A review showed that hypotestosteronaemia, a hormonal defect in obese men, is the primary mechanism that lowers

their fecundity, and the causes of infertility in overweight and obese men are reversible.*®

Other Behavioural/Lifestyle Factors

Other risk factors for male infertility included excessive intake of antioxidants, previous exposure to drugs, and the use of
native medications, and infections. '3 276769 1licit drugs such as marijuana, cocaine, anabolic—androgenic steroids, opiates
(narcotics), and methamphetamines, psychological stress, caffeine and unhealthy diet were identified as lifestyle risk factors

for male infertility in a review conducted by Durairajanayagam.>® Another significant factor was coital frequency.”’

Environmental Risk Factors

Review articles on the risk factors of male infertility identified exposure to toxic metals, such as lead, zinc deficiency,
pesticides, industrial chemicals, and mycotoxins. Other risk factors for male infertility identified in the reviews included
chemotherapeutic agents, radiation exposure and pharmaceutical agents that act either as direct spermatotoxins or
through a steroidal pathway.'=>2°2

In a study in Lebanon, after adjusting for confounders, exposure to chemical and physical agents in the workplace
such as solvents, pesticides, fuel, cement increased the risk of male infertility two-fold, but metal pollutants were not
significantly related to male infertility.”” In another study conducted in Saudi Arabia, occupational exposure to high
temperature increased the risk of male infertility among bakers.”'

Occupational exposure to pesticides caused testicular dysfunction and male infertility.”* Oliva et al” studied 225
male partners from consecutively recruited couples who presented for infertility treatment in Argentina. After adjusting
potential confounders such as age, BMI, and smoking, a significant association was observed between exposure to
pesticides and solvents and low sperm count. Also, exposure to pesticides increased serum oestradiol concentrations, and
LH concentrations were lower in men who were exposed to solvents compared to the unexposed men.

Indoor spraying of the pesticide DDT [1, 1,1-trichloro-2,2-bis (chlorodiphenyl) ethane] was associated with male
infertility. An assessment of data on seminal parameters of 311 young men in Limpopo, South Africa, by Aneck-Hahn

etal”

points to the effect of DDT exposure on male infertility. Evidence from the study indicates a significant association
between nonoccupational exposure to p, p9-DDT and p, p9-dichlorodiphenyl-dichloroethylene (p, p9-DDE), its meta-
bolite, and the seminal parameters of the young men. Both p, p’-DDT and p, p’-DDE were significantly higher in men
who reside in in-sprayed houses compared to men from non-sprayed houses. Oligozoospermia was significantly
associated with the lipid-adjusted p, p9-DDE, and asthenozoospermia was associated with the lipid-adjusted p, p9-
DDT. The incidence of oligozoospermia and asthenozoospermia increased with higher p, p9- DDE concentration.

In another case—control study by Akinloye et al”> in Nigeria, exposure to cadmium toxicity was significantly
associated with male infertility. Aflatoxin is associated with male infertility. In a case—control study, a higher percentage
of spermatozoal abnormalities was observed in infertile men with aflatoxin in their semen than the fertile men.”® In a
systematic review and meta-analysis of evidence for decreasing sperm count in African population, the authors reported
that infertile men with aflatoxin in their semen showed a 50% higher percentage of spermatozoa abnormalities than the
fertile men (10-15%)°. This suggests that pesticides, industrial chemicals and mycotoxins like aflatoxins may be
implicated in the declining fertility of African men.
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Socio-Demographic Risk Factors

Male infertility was significantly higher among men who had not fathered a child with their present wife or another wife
than those who had.?*> Age was significantly associated with male infertility.”” A systematic review and meta-analysis of
alterations in sperm concentration in the African population from 1965 to 2015 identified age as a risk factor in 13 of the
14 studies. There was a significant decrease in sperm concentration with age.” In Ugwuja et al**, a higher percentage of
semen abnormalities were found in the age group 31-40 years and men aged 40 years and over in Emeghe & Ekeke’'.
The least sperm count and motility were among infertile men who were 30-39 years old in Oghagbon et al®’. Ugwuja
et al submitted that men aged 3140 represent the active reproductive age group who may be harbouring residual
infections acquired before marital life>*.

In Osazuwa et al>*, a significantly higher prevalence of C. trachomatis antibodies was observed in men aged 2029 and 30—
39 years. Abayomi et al’® attempted to establish a synergistic relationship between age and BMI in sperm parameters to
document alterations in volume, liquefaction time, motility, and sperm count at age less than 45 years and at age 45 years and
above. The study observed a significantly higher mean semen volume in men aged <45 years compared with men aged 45 years
and above. Age and abnormal BMI together pose a higher risk of infertility. Also, the highest mean BMI was recorded in the 30—
39 years old group, which recorded the worst spermogram.®> Men who were obese and above 45 years old were nearly 2 and half
times more likely to produce semen <1.5 mL in Abayomi et al’®.

Also, semen abnormalities are more common among civil servants than other professionals. The authors deduced that
the high prevalence of abnormal semen in civil servants could be explained by involvement in some social activities such
as smoking and excessive alcohol consumption that may interfere with semen qualities.®® In another study in Iran,
manual workers were more at risk of infertility than office workers. The authors attributed it to strenuous physical work
and testicular damage and its effect on the quality of sperm. Compared to respondents who had office jobs, varicocele
and hernia were, respectively, 2.4 and 1.6 times more in the manual workers.*’

Discussion

The study was designed to identify the plausible causes of male infertility based on published evidence and to suggest
lines of new research or interventions to better inform the prevention and primary treatment of male infertility. To our
surprise, despite the rising prevalence of male infertility, our results showed limited international publications that
systematically address the causation and risk factors for male infertility. We could identify only 60 published studies from
the international literature that address the objectives of the study, with many addressing only the superficial aspects
without the deeper interrogation of the causal pathway to male infertility. Of greater surprise was that many of the studies
on the causes of male infertility emanated from low- and middle-income countries, with few such studies coming from
high-income countries. This may be due to the use of the widely effective secondary treatment for male infertility in

high-income countries, such as in-vitro fertilization and intracytoplasmic sperm insemination (ICSI),”®"’

which may
preclude the need for investigation of the causes of male infertility in those countries.

The results of this review permit us to categorize the reported causes of male infertility into four broad causes. These
include 1) biological/physiological/genetic causes, 2) behavioural/lifestyle risk factors, 3) environmental factors, and 4)
socio-demographic risk factors.

The major biological factors associated with male infertility identified in this review were genetic factors, uro-genital
infections, and varicoceles. While the role of chromosomal abnormalities such as deletions or additional X-chromosomes
has been well established, it is not well known whether genetic alterations in the presence of normal chromosomal
composition are associated with male infertility. The question as to whether male infertility runs in families has not been
adequately addressed, and if so, the exact genetic or epi-genetic mechanisms that may be associated.

Similarly, while infections of various types as cultured from semen samples were associated with male infertility in
the studies reported, the exact mechanisms through which these infections cause infertility were not fully elucidated.
Merely finding bacterial or chlamydia in semen samples of infertile men is not sufficient to attribute those infections to
male infertility. There has to be research to pinpoint the exact mode of acquisition, the sites of action and the mechanisms
for any associated compromise of male fertility.
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Over the years, varicocele has been reported as a cause of infertility,”*>"*? but several other publications have also
refuted this finding.**®*' Indeed, the role of varicocelectomy as a treatment for male infertility remains a moot point.
There is therefore a need for a randomized control trial, or meta-analysis to confirm the effectiveness of varicocelectomy,
and the exact role of varicocele in the causation of male infertility.

The behavioural risk factors associated with male infertility in this review included smoking, alcohol intake, inappropriate
body mass index, sexual behavior, and exposure to drugs. These risk factors were elucidated in cross-sectional or case—control
studies, which suggest a low level of evidence that supports causation. Studies that are more robust are required to establish
causation, and to determine the possible mechanisms of action. Of interest is that although diabetes mellitus is a metabolic
disease that is associated with increased body mass index, no studies were identified from this study that investigated the
relationship between diabetes mellitus or pre-diabetes and diabetic medications associated with male infertility. This is a gap in
the literature that warrants investigation, especially as diabetes mellitus may be associated with vascular disease that may limit
penile erection and ejaculation.

The major environmental risk factors for male infertility identified in this review were exposures to chemicals, various
pesticides, and mycotoxins. Unfortunately, the evidence for these in the literature is based on limited evidence without
systematic research to substantiate their involvement as causes of male infertility. Also, lacking is the elucidation of the
possible causative pathway through which these toxins may lead to infertility. Based on the increasing use of these chemicals
for household and agricultural purposes in many countries, it is critical that more systematic research is conducted to confirm
possible causes of infertility. Several authors have presented evidence that rising environmental temperatures due to the
prevailing climate changes may compromise the process of spermatogenesis and therefore reduce sperm counts.”"** While
this argument is understandable, there has as yet not been any research purposefully conducted to identify the relationship of
environmental temperature attributable to climate changes to the increasing rate of male infertility.

As for socio-demographic factors, increasing age featured as the most common among those reported in the papers
under review. However, the exact mechanisms through which age mediates declining semen quality is lacking in many of
these publications — a gap that requires more systemic investigation. Additionally, some papers examined the role of
polygamy — a phenomenon that is highly prevalent in African countries, and its association with male infertility. The
question as to whether men in polygamous marriages compared to those in monogamous marriages are more or less
likely to be infertile has not been adequately addressed in the papers reviewed. This is clearly an important gap in the
literature that needs to be further elucidated.

Overall, the results of this review indicate a substantial deficit of information required to confirm specific causes for
male infertility. While some associations have been identified, there is a need to establish causation with purposefully
designed studies. These should consist of longitudinal cohort studies or large randomized control trials that investigate
the effectiveness of interventions that remedy some of the risk factors to determine the extent to which they reduce male
infertility. Interventions such as behavioral changes, reduction of exposures to environmental risk factors and treatment
of infections would be relevant to investigate in clinical trials as primary prevention methods for male infertility.

Additionally, a robust investigation of male infertility would be needed to deplore high-tech and scientific methods,
such as genetic and epigenetic studies, metabolomics, chemical and micronutrient studies, as well as microbiological
studies. Only a scientific clarification of the specific causes of male infertility will help the process of identifying relevant
primary prevention and treatment methods.

Strengths and Limitations
The study reviewed studies published in the English language literature that investigated the causes and risk factors for
male infertility. Publications not based on empirical research were excluded. This enabled the paper to focus on actual
causes rather than those based on anecdotes that are highly prevalent in the literature for male infertility. The fact that
publications from both high-income and low-income countries were reviewed further strengthens the potential impact
and relevance of this study.

The major limitation is the fact that the study was based on a scoping review rather than a systematic review of the
literature. A cursory preliminary assessment showed that there were limited publications that focused on the specific
research question. Different studies that aimed at identifying the causes of male infertility attempted to do so in diverse
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ways — many focused on “prevalence” and “risk factors” rather than causes. The risk factors were identified through
examination of semen parameters only, and in many cases, even the socio-demographic characteristics of the male
participants were not included in the studies. As such, it was difficult to pinpoint studies that addressed the specific
research question posed by this study to enable a more complete assessment. The review was limited to studies published
in English; thus, this limited the scope of the review as publications in other languages were excluded.

Conclusion

The results of this scoping review indicate limited knowledge of the actual causes of male infertility in published studies.
The gaps in knowledge that need to be bridged to have a fuller understanding of the actual causes of male infertility have
been highlighted. We believe that a better understanding of the causes of male infertility will help identify more effective
primary prevention and treatment methods for male infertility.
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