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Summary

Over the past half-century, global fertility rates have declined, with the Western Pacific Region (WPR) experiencing a
particularly notable drop. A recent World Health Organisation-commissioned report identified the WPR as exhib-
iting the highest infertility prevalence at 23.2%, compared to the global average of 17.5%. While the drivers of this
decline are complex, one key contributor is male infertility, yet it remains under addressed in research and policy. In
this paper, we synthesise current evidence on male infertility with a focus on the WPR. Specifically, we explore
environmental, biological, and demographic correlates of male infertility, examine molecular mechanisms regu-
lating sperm function and assess the impact of lifestyle interventions. Our findings highlight significant gaps in
regional evidence, advocating for targeted research and culturally tailored interventions to enhance preconception
male health within the WPR. Based on this synthesis, we propose preventive strategies and evidence-based rec-
ommendations to improve male preconception health in the region.
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Introduction

Over the past half-century, global fertility rates have
experienced a marked decline, an undercurrent masked
by the growing global population attributed to de-
mographic momentum (i.e., population growth con-
tinues despite families having fewer children).' This
trend is exemplified within the Western Pacific Region
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(WPR), a demographically diverse and rapidly evolving
landscape, where advanced economies such as Japan,
Australia, and China are experiencing some of the
world’s lowest fertility rates, while others in Southeast
Asia and the Pacific Islands (e.g., Cambodia and Papua
New Guinea) maintain higher, yet declining, total
fertility rates (TFR).? Collectively the population of the
WPR has surged from approximately 0.8 to nearly 2
billion over the past six decades (Fig. 1la),” despite a
progressive decline in the annual population growth to
around 0.5% (Fig. 1b).? This trend is reflected in a par-
allel decline in the average number of births by a woman,
from 5.9 to 2.3 over the same time period (Fig. 1c); a TFR
that is fast approaching the replacement levels of 2.1
children needed to maintain a stable population.'

While the drivers of such fertility decline are unde-
niably complex, one of the key contributors is male
infertility, a pathology that is responsible for approxi-
mately half of all cases of couple infertility.** Indeed,
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Fig. 1: Overview of the population and fertility rates in the Western Pacific Region (WPR). Data were sourced from the World Bank Group from
the WPR nations, graphs display (a) the total population (in billions) and (b) population growth rate (annual %). (c) Fertile rate (births per
women) from WPR are graphed over time and the second y-axis incorporates findings from Levine et al.* on global sperm concentrations
(millions/mL) from 1973 to 2018. (d) Correlation plot of fertility rate against the prevalence (accessibility) of contraceptives, across decades of

four WPR nations (source: World Bank, 2025).”

defective sperm function ranks as the largest single,
defined cause of human infertility.* Although this key
public health concern is gradually gaining the attention it
merits, it still represents an under addressed pathology
in both research and policy domains. Simultaneously,
societal and behavioural changes, particularly the
increased adoption of contraceptives, have contributed to
declining fertility rates across several WPR nations
(Fig. 1d).? These patterns reflect delayed family planning,
with couples increasingly postponing childbearing into
later reproductive years. This trend is relevant to male
fertility, as advancing paternal age is associated with
reduced sperm quality, increased DNA fragmentation,
and a higher risk of adverse offspring outcomes.”* Par-
allel to these demographic shifts, seminal work by Levine
et al.*® has documented a concerning acceleration of
global declines in sperm production in recent decades. It
follows that the concentration of sperm cells within an
ejaculate has fallen from 101.2 to 35.3 million/mL be-
tween 1973 and 2018; amounting to —2.64% per annum
post-2000 (Fig. 1c).

Infertility, as defined by the World Health Organi-
zation (WHO), is the inability to achieve pregnancy
after at least 12 months of regular unprotected inter-
course and affects approximately one in six couples
globally.’ Despite its high prevalence, the responsibility
of infertility is disproportionately placed on women,
who bear the majority of the health, emotional and
financial burdens.""> This gendered imbalance is
sharply illustrated by Sharp et al.,"*'* who highlight that
within the field of developmental origins of health and
disease (DOHaD), maternal health is referenced nearly
20 times more often than paternal health in the scien-
tific literature. This is partly rooted in entrenched cul-
tural norms surrounding masculinity, which frame
help-seeking and vulnerability as signs of weak-
ness.'*!° This imbalance has profound implications, for
not only does it limit scientific understanding of
paternal contributions, but it also shapes clinical pri-
orities and funding allocations. Recent studies have
begun to dismantle this imbalance, now implicating
paternal lifestyle behaviours, such as smoking, poor
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diet, heat exposure, physical activity and obesity, in
altering the epigenetic cargo of sperm. These lifestyle
behaviours not only have the potential to negatively
impact a male’s fertility status but also exert influence
over early embryonic development and offspring
health”*; alluding to a form of male-mediated trans-
generational inheritance. Such insights necessitate a
re-evaluation of paternal health not merely as a
contributor to conception, but as an active determinant
of child health outcomes.

Male infertility is not a singular disease but rather a
multifactorial syndrome encompassing genetic, envi-
ronmental, behavioural, and socio-demographic com-
ponents. Genetically, at least 120 gene-disease
relationships have been validated for male infertility,”
yet 60-70% of cases remain idiopathic (defined as fail-
ure to conceive after standard fertility evaluation has
excluded identifiable genetic, hormonal or anatomical
causes’) due to limitations in clinical genetic
screening. In fact, despite these advances, only ~4% of
cases currently have an established genetic cause,”
highlighting a substantial knowledge gap of what
combination of factors are driving infertility in these
60-70% of idiopathic cases? Environmental factors also
play a significant role, with exposure to persistent
organic pollutants, endocrine-disrupting chemicals (e.
g., PFAS, BPA), air pollution, and agricultural pesti-
cides now prevalent in daily life, and notably elevated in
certain WPR subregions, all correlated with male
reproductive pathologies.”** Compelling epidemiolog-
ical and pre-clinical evidence has increasingly linked
these exposures to reduced sperm quality and testicular
dysgenesis.””~*' Concurrently, shifts in increasing age at
which men choose to father children, alongside lifestyle
factors, such as dietary shifts, rising obesity rates,
smoking, and inactivity, compound these risks, partic-
ularly in densely urbanised areas.”*°

This review synthesises emerging trends in male
infertility with a regional focus on the Western Pacific.
Specifically, we examine environmental, biological, and
demographic correlates of male infertility, explore mo-
lecular mechanisms regulating sperm function, eval-
uate the effectiveness of lifestyle behaviour
interventions, and provide a roadmap of preventive
strategies and evidence-based recommendations for
improving male preconception health.

Methods

Search strategy

We conducted a comprehensive review of the existing
literature to identify key evidence relating to male
infertility, particularly in the context of lifestyle and
environmental factors influencing sperm quality and
fertility outcomes. Databases searched included
PubMed and Google Scholar, covering studies pub-
lished from 2000 until May 2025. The search was not
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limited to English language publications, thereby
capturing regional and international evidence within
the WPR nations. Despite this, the use of English-
language search terms means that studies published
exclusively in other languages may not have been
captured. Search terms included combinations of “male
infertility”, “sperm  parameters”, “preconception
health”, “lifestyle behaviours”, “diet”, “physical activity”,
“psychological stress”, “environmental factors”, “endo-
crine-disrupting chemicals”, and “Western Pacific Re-
gion”. Relevant studies included randomised controlled
trials (RCTs), systematic and scoping reviews, meta-
analyses, cohort studies, and seminal narrative re-
views. Studies were excluded if they did not specifically
provide explicit clinically meaningful outcomes such as
sperm parameters, pregnancy, or live birth rates.

Correlates and drivers of male infertility
Male infertility phenotypes
A recent WHO commissioned report highlighted the
WPR as exhibiting the highest infertility prevalence at
23.2%, compared to the global average of 17.5%." Clin-
ically, male infertility phenotypes are largely defined
through descriptive diagnoses based on semen analysis,
encompassing azoospermia (complete absence of
sperm), oligospermia (low sperm count), asthenozoo-
spermia (poor sperm motility), and teratozoospermia
(abnormal sperm morphology). Frequently, patients
present with combined phenotypes, such as oligoasthe-
noteratozoospermia (OAT syndrome), reflecting multi-
faceted disruptions in sperm quality and quantity.””
Notably, the quality of human sperm cells is generally
considered to be much lower than that of most other
mammalian species. Indeed, normozoospermic ejacu-
lates from healthy donors are characterised by as few as
~4% sperm that display normal morphology, 42%
motility and ~54% viability.”** Additionally, hormonal
imbalances, particularly involving testosterone deficiency
and dysregulation of follicle-stimulating hormone (FSH)
and luteinising hormone (LH), also represent crucial
drivers of male infertility.” Elevated FSH levels
commonly indicate impaired spermatogenesis, whereas
low testosterone may signify broader hypogonadism,
reflecting deeper endocrine dysfunction. However,
despite significant advances in our understanding of
male infertility, >70% of cases remain classified as
idiopathic or unexplained.” In fact, only about 4% of
cases have an established genetic link,” although recent
concerted efforts have identified over 100 high-
probability genes associated with male infertility. This
raises the question of what combination of factors are
driving infertility in the remaining 70% of cases? (See
section: Mechanisms/mediators)

Increasing rates of global infertility are fuelling un-
precedented demand for couples to circumvent these
issues through Assisted Reproductive Technologies
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(ART) such as in vitro fertilisation (IVF) and intra-
cytoplasmic sperm injection (ICSI). Over the past 15
years the WPR has witnessed a marked increase in ART
uptake, with numbers of ART cycles nearly doubling in
Japan,” Australia and New Zealand.”*' In Australia and
New Zealand, nearly two-thirds of all cycles of ART are
now ICSI, regardless of underlying infertility issue.*
This ever increasing uptake of ART has given rise to
the concept of an “ART paradox” or the “infertility
trap”,” whereby diminished evolutionary selection
pressures may perpetuate infertility-linked genetic var-
iants within the population, building an inevitable de-
pendency in subsequent generations."* These
complexities combine to present a compelling case for
additional research into the largely unknown aetiologies
underlying male infertility.*

Behavioural and lifestyle factors
The impact of behavioural and lifestyle factors (i.e., diet,
physical activity, sleep, substance use, and psychologi-
cal stress) on male fertility has received increasing
recognition, particularly given the significant propor-
tion of unexplained infertility cases.

Unhealthy dietary patterns characterised by high con-
sumption of processed foods, sugars, saturated fats, and
low nutrient density are frequently associated with reduced
semen quality and hormonal disruption.** Conversely,
traditional dietary practices rich in whole foods, fibre, an-
tioxidants, and micronutrients typically support improved
spermatogenesis and hormonal balance.**

The WPR encompasses diverse cultures, religions,
political systems, socioeconomic contexts, lifestyles,
and environmental factors, resulting in greater varia-
tion in dietary patterns and other lifestyle behaviours
compared with other regions.”® Over the past 30 years,
dietary intakes in the WPR have shifted considerably.
Positive changes include increased consumption of oils,
fruits and vegetables, alongside reductions in sodium,
saturated fats and trans fats.” These trends align with
several features of the Mediterranean diet, one of the
most extensively studied dietary patterns, which is
associated with a range of health benefits,’” including
improved semen quality.”” At the same time, however,
there has been an increase in the consumption of foods
with detrimental effects on semen quality,” such as
processed foods and sugar-sweetened beverages.*

Obesity, increasingly prevalent worldwide, is notably
detrimental to male fertility, impairing sperm parame-
ters,” inducing hormonal imbalances (e.g., testosterone
and oestrogen levels),”* and contributing to systemic
inflammation and oxidative stress.” A contributing
factor to obesity is low physical activity, with activity
levels in WPR having declined over the past 30 years,”
which mirrors global trends.”® In contrast those who
maintain a physically active lifestyle exhibit improved
sperm quality including increased count, motility, and
morphology, as well as favourable hormonal levels

(increased testosterone, FSH and LH) compared to
those of a sedentary nature.”** However, prolonged or
excessive exercise may mitigate these positive benefits
reflected in hormonal imbalances.*

Other lifestyle factors such as alcohol and tobacco
consumption are widely recognised as detrimental to
male reproductive health. Smoking is robustly associ-
ated with decreased sperm concentration, motility, and
morphology, as well as impacting hormones.”* Inter-
estingly, recent work with infertile men who cease to
smoke for 3 months observed a marked improvement
across these sperm parameters,” although further
studies are required. Alcohol consumption, particularly
in excess, is associated with increased testosterone
levels,” reduction in sperm concentration and
morphologically normal spermatozoa.”” Over the past
30 years, alcohol use has increased while smoking has
declined across the WPR. Nevertheless, both smoking
rates and alcohol consumption in the WPR remain
higher than the global average.”

Sleep is an often overlooked, yet critical lifestyle
factor influencing male fertility. Sleep deprivation has
been associated with reduced sperm concentration and
motility,** along with increased markers of oxidative
stress.” Given rising rates of sleep disturbance and
shift work in urbanised WPR populations,” further
investigation into sleep quality as a modifiable deter-
minant of reproductive health is warranted.

Lastly, an increasingly recognised factor in repro-
ductive success is psychological stress.” Psychological
stress prevalence is rising globally and disproportionally
impacts younger people.”® Chronic stress negatively af-
fects male fertility via the hypothalamic-pituitary-gonadal
(HPG) axis, notably through increased release of
gonadotropin inhibitory hormone (GnIH). GnIH sup-
presses gonadotropin-releasing hormone (GnRH),
reducing LH, FSH, and testosterone production,
impairing spermatogenesis and sperm quality.” With
rapid urbanisation in WPR, elevated stress levels are
observed,””” stressing the need for targeted interventions
focusing on psychological well-being as an essential
component of holistic reproductive healthcare strategies.

Environmental factors
Our ever-changing world influences our reproductive
health, with exposure to pollutants, occupational haz-
ards, and broader climatic changes emerging as critical
considerations for male infertility across the WPR.”>”
Exposure to endocrine-disrupting chemicals (EDCs),
including per- and poly-fluoroalkyl substances (PFAS),
bisphenol A (BPA), phthalates, pesticides, and heavy
metals, is increasingly recognised for their deleterious
effects on male reproductive function.*® EDCs interfere
with sex hormones (notably testosterone),*”” impairing
spermatogenesis through abnormal sperm morphology,”
sperm DNA damage” and motility.”** The WHO/UNEP
2017 report on endocrine-disrupting chemicals has
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highlighted the growing international concern about
EDCs, reinforcing the urgent need for improved regula-
tory interventions, frameworks and public health policies
aimed at reducing exposure to these substances.” The
report highlights policy initiatives in several WPR nations
including Japan, South Korea, and Australia. South
Korea’s K-REACH, Regulation on the Registration and
Evaluation of Chemical, requires registration and evalu-
ation of chemical substances, but currently does not
include a specific framework for identifying or managing
EDCs. In Australia, the National Industrial Chemicals
Notification and Assessment Scheme (NICNAS) oversees
chemical risk management for all new chemicals except
industrial chemicals. Additionally, the NICNAS lacks a
dedicated classification system for EDCs and relies pri-
marily on international assessments. As noted in the
WHO/UNEP report, these frameworks often lack clear
criteria for EDC identification, rely on external data, or
remain at early stages of development, pointing to the
need for more robust, harmonised approaches in the
WPR.#

Occupational factors, particularly prevalent in certain
industries within the WPR, significantly impact male
fertility. Heat stress, common in industrial, mining, and
agricultural work, negatively affects spermatogenesis by
elevating testicular temperatures, thereby compromising
sperm quality and production.®* Exposure to industrial
chemicals, radiation and even electromagnetic fields
further compounds fertility risks, with hormonal
disruption, increased sperm DNA damage and
decreased sperm motility.** Occupational health pol-
icies must prioritise protective measures and exposure
mitigation strategies to safeguard reproductive health.

Lastly, climate change introduces additional
stressors to male fertility through rising environmental
temperatures and increased frequency of heatwaves,**
potentially exacerbating scrotal heat stress and nega-
tively influencing sperm quality and epigenetic
cargo.'”"”? Preliminary evidence indicates a concerning
correlation between rising temperatures and declining
semen parameters,”** suggesting that global warming
may increasingly pose significant reproductive risks.
Understanding these climate-related impacts and
developing adaptive strategies are critical in managing
future reproductive health outcomes.

The intersection of behavioural, lifestyle, and envi-
ronmental factors underscores the complexity of
addressing male infertility comprehensively. Public
health strategies that integrate dietary guidance, phys-
ical activity promotion, mental health support, sub-
stance misuse prevention, and environmental
protection will be crucial in addressing the multifaceted
nature of infertility in the WPR.

Socio-demographic factors

Socio-demographic factors play an increasingly impor-
tant role in shaping male fertility outcomes across the
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WPR, where economic development, urbanisation, and
shifting cultural norms are altering reproductive
behaviours.

Paternal age is a well-recognised factor influencing
male fertility. As men age, sperm parameters, including
volume, motility, and morphology, tend to decline.”
Advanced paternal age is also associated with
increased rates of de novo mutations, DNA fragmen-
tation, and epigenetic alterations in sperm.® These
changes have been linked to changes in the sperm
epigenome® and a higher risk of adverse reproductive
outcomes, including reduced embryo quality,”® miscar-
riage,” and increased risk of cancer and neuropsychi-
atric disorders in offspring.”*

Economic and cultural influences further shape
fertility trends.” Globally and in many WPR countries,
rising costs of living and prolonged education or career
development have delayed the average age of first
childbearing.” In settings where traditional family size
preferences are still strong, these shifts may create
tensions between cultural expectations and biological
limitations.'™ Access to fertility services also remains
highly variable across the region. While countries such
as Australia, Japan, and South Korea offer subsidised or
regulated access to ART (60-70%),"" many Pacific Is-
land nations and lower-income countries lack equitable
access to fertility care due to cost, limited infrastructure,
and sociocultural stigma.'*>'*

Together, these socio-demographic pressures may
contribute to increased rates of infertility, particularly
when delayed childbearing intersects with lifestyle and
environmental risk factors. Addressing these challenges
will require regionally tailored strategies that improve
access to fertility education and services, support family
planning autonomy, and acknowledge the complex
interplay between age, culture, and reproductive health.

Mechanisms/mediators

Although not specific to the Western Pacific Region,
understanding the biological mechanisms underlying
male fertility, from spermatogenesis to transit of the
epididymis, is essential to contextualise regionally
prevalent exposures and guide future research and
interventions.

Spermatogenesis

The male gamete endures a tortuous journey en route
to the formation of a highly specialised spermatozoon,
which is capable of engaging in production interactions
with an oocyte to initiate the process of fertilisation. The
maturation of the sperm cell (i.e. spermatogenesis)
begins in specialised niches located within the basal
compartment of the seminiferous tubules of the testes,
wherein a sub-population of the resident spermatogo-
nial stem cells (SSC) are stimulated to commence dif-
ferentiation into progenitor spermatogonia.'” Once
committed to this pathway, progenitor cells then
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undergo successive waves of mitotic divisions, ampli-
fying their numbers and producing differentiating
spermatogonia possessing the attributes necessary for
entry into the meiotic phases of the spermatogenic cy-
cle. Here, differentiating spermatogonia undergoes two
rounds of meiotic divisions leading to the production of
haploid spermatids bearing half the chromosome
number and a distinct genetic profile to that of their
parent cells. The spermatids so formed then commence
a complex sequence of cytodifferentiation events
collectively referred to as spermiogenesis. This final
phase of spermatogonial differentiation encompasses
sweeping changes in sperm cell morphology and in-
ternal architecture including extreme structural
condensation of the paternal chromatin, the formation
of an acrosomal vesicle adorning the anterior region of
the sperm head, development of the flagellum and
associated motility apparatus, and the shedding of
excess cytoplasm along with the majority of the organ-
elles that typify their somatic cell counterparts.'** One of
the notable consequences of this dramatic cellular
remodelling is that the mature sperm cell lacks the
capacity for de novo gene transcription or protein
translation. Thus, the functional maturation that en-
sues as spermatozoa descend through the extra-
testicular regions of the male reproductive tract (i.e.
epididymis; discussed below) is reliant on the external
milieu they encounter within this microenvironment.'*

The passage of spermatozoa through the successive
phases of spermatogenesis is tightly regulated by an
inordinately complex array of molecular signals
including hormones, growth factors, and transcription
factors. Among the key hormones, testosterone (pro-
duced by Leydig cells) and follicle-stimulating hormone
(FSH; secreted by the pituitary gland) are noteworthy
for their crucial roles in promoting spermatogonial
proliferation and differentiation, and stimulating Ser-
toli cells support of spermatogenesis, respectively.'*
The reciprocal action of growth factors such as glial
cell line-derived neurotrophic factor (GDNF) and
fibroblast growth factor (FGF) is also held to be essen-
tial for SSC maintenance and differentiation. Thus,
while GDNF promotes SSC self-renewal and prevents
premature differentiation, FGF signalling contributes
to the proliferation and differentiation of spermato-
gonia. Such signals work, at least in part, via the
regulation of a suite of transcription factors that, in
turn, coordinate the spatial and temporal expression
patterns of the thousands of genes necessary for sup-
porting spermatogenesis.' Indeed, although knowl-
edge of the processes that control human
spermatogenesis lags well behind that of laboratory
model species, recent studies have shown that the
successive phases of human spermatogenesis are
controlled by a complex network of molecular pathways
involving in excess of 4000 genes.'” Ongoing efforts to
curate the function of the multitude of resultant gene

products hold the promise of delivering diagnostic
criteria with which to dissect the mechanistic basis of
various forms of spermatogenic compromise, male
infertility and men’s health more broadly.”®® However,
despite these advances, clinical application of genetic
findings remains limited. As highlighted by Tiittel-
mann et al.,” routine genetic testing, including karyo-
type analysis, Y-chromosome microdeletion screening,
and CFTR genotyping, yields a definitive diagnosis in
only ~4% of unselected infertile men, rising to ~20%
in azoospermic cohorts. This underscores the current
gap between molecular insights and clinical
implementation.

Notably, studies exploiting these resources have
shown that, beyond intrinsic regulatory factors, sper-
matogenesis is also acutely sensitive to various forms of
contemporary paternal exposures including those
associated with environmental, occupational, and life-
style hazards; all of which have the potential to impact
sperm quality and male fertility."*'"* Among the key
insults capable of perturbing the fidelity of spermato-
genesis are those that impede the thermoregulatory
capacity of the scrotum, including the practice of
wearing tight underwear and/or occupations that
necessitate extended periods of seated activity, such as
desk jobs or those in the transport industry."" However,
this situation can be further exacerbated by seasonal
variations in ambient temperature, with numerous
studies linking summer months with attendant re-
ductions in sperm quality."? Such findings are of
particular concern in the Western Pacific Region,
wherein the adverse consequences of anthropogenic-
driven climate change have already begun to give rise
to more extreme weather events, including longer and
hotter summers and an increased prevalence and in-
tensity of heat waves.'”* By way of illustration, climate
records provide evidence that the average number of
consecutive days of heat stress has increased from 2
days per heat stress event from 1960 to 1999, to 4 days
from 2000 to 2008 in regions such as southern
Australia.®

In accounting for the adverse impacts of thermal
stress on male reproduction, it is noteworthy that the
male reproductive tract features numerous anatomical
and physiological adaptations that permit optimal
sperm production to proceed at temperatures that are
generally 2-6 °C below that of core body temperature.'!
Key among these is the descent of the testicles into a
scrotum and sophisticated countercurrent blood flow
networks, which creates a substantial temperature
gradient between the body and testes. However, this
thermoregulation system is not infallible and when
even subtle excursions in scrotal temperature arise,
they can elicit pronounced negative impacts on the
germinal epithelium. These impacts include endocrine
dysregulation, elevated levels of oxidative stress and an
attendant rise in apoptosis, DNA damage, epigenetic
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changes, and abnormalities of spermiogenesis within
the developing germline.””'"" These effects combine to
reduce rates of sperm production, damage the integrity
of the paternal genome and epigenome (see below), and
sperm cell function more broadly. Together, these
adverse consequences of thermal stress contribute to
reduced male fertility and an increased risk of paternally
derived pathologies in the offspring of exposed men.

Although the negative consequences of thermal
stress are well documented, similar outcomes have also
been reported in response to an ever-increasing spec-
trum of paternal exposures, having been correlated with
negative impacts on semen quality; most often reflected
in reduced sperm count and quality. Such exposures
are broadly grouped under environmental (e.g. persis-
tent organic pollutants, endocrine disruptors, PFAS,
BPA, phthalates, pesticides, heavy metals), occupational
(e.g. chemicals, radiation), and lifestyle hazards (e.g.
diet and nutrition, substance use, sedentary behaviour,
physiological stress, sleep deprivation, paternal age at
conception)."* Beyond perturbation of hormonal levels,
a common legacy of these exposures is an elevation in
oxidative stress. Defined as an imbalance between the
production of reactive oxygen species (ROS) and a cell’s
antioxidant defences, oxidative stress is recognised as
an underlying aetiology in the majority (i.e., >80%) of
male infertility cases diagnosed as idiopathic.'” Such
stress can arise through diverse sources, but all lead to a
synonymous pathway that drives sperm towards
dysfunction. This commonly manifests in oxidative le-
sions of the sperm nucleic acid, lipid and protein con-
tent, which, in turn, promote collateral damage in the
form of DNA fragmentation, peroxidative damage of
cellular membranes, and cellular dysfunction. It follows
that oxidative stress is directly responsible for an
extensive range of infertile pathologies, including
defective sperm motility and sperm-egg recognition,
the latter of which ranks among the most common
causes of clinical IVF failure.”® Although sperm cells
are vulnerable to oxidative stress at all stages of their
development, as discussed below, this issue becomes
particularly acute after the cells leave the protective
environment of the testes and begin their descent
through the epididymis.

Role of the epididymis

Notwithstanding the high degree of morphological
specialisation attained during spermatogenesis, the
sperm cells that leave the testes remain functionally
incompetent, not only lacking the ability to swim in a
progressive manner but also the potential to engage in
the cascade of oocyte interactions that culminate in
fertilisation.'” In the absence of de novo gene tran-
scription or protein translation, the attainment of these
key functional attributes rests with the exposure of
sperm cells to the microenvironment they encounter
within the lumen of the epididymis. This complex
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milieu is generated by the combined secretory and
absorptive activity of the lining epithelial cells and
comprises a diversity of inorganic ions, proteins, lipids
and nucleic acids.'” Together, such factors drive the
remodelling of the molecular composition of the sperm
cell and ultimately confer both motility and fertilisation
competency to these cells. There is growing apprecia-
tion that the scale of these changes, encompassing the
loss, gain and post-translational modification of several
thousand proteins,'”” necessitates the existence of effi-
cient mechanisms of macromolecular exchange be-
tween the epididymal epithelial cells and maturing
sperm cells. Current research suggest that this inter-
cellular communication nexus involves extracellular
vesicles (EVs) secreted by the epididymal epithe-
lium."*" Against this dynamic backdrop, while testic-
ular defects remain a central focus of clinical
investigation, it is increasingly evident that disruptions
to epididymal signalling, particularly through EV-
mediated transfer of proteins and small non-coding
RNAs (sncRNAs), can impair the acquisition of sperm
motility and fertilisation capacity.'®'**"?' This insight
raises the possibility that epididymal dysfunction may
account for a substantial fraction of the >70% of
infertility cases currently deemed idiopathic,” repre-
senting a critical yet overlooked component in both the
diagnosis and treatment of male reproductive failure.
Notably, beyond their rich lipid and proteomic
cargo, epididymal EVs have also been implicated in the
delivery of a complex array of sncRNA cargo to sperm
cells."® Moreover, there is compelling evidence that
sncRNA payload relayed by epididymal EVs to recipient
sperm is dramatically altered in response to a range of
paternal exposures including those described above.'™®
Whilst we are only just beginning to appreciate the
implications of such epigenetic changes it is evident
that sperm-borne sncRNAs are delivered to the oocyte
at the time of fertilisation. Thereafter, sperm sncRNAs
have Dbeen reported to influence the stability and
translational efficiency of maternal transcripts prior to
activation of the zygotic genome, and thus alter the
trajectory of embryo development and downstream
offspring health.'”>** Whilst the notion that parental
experiences exert influence offspring traits indepen-
dently of the inherited genetic code is not a new
concept, until recently these responses have largely
been attributed to maternal contributions encountered
by the foetus in utero.”'> However, this dogma has
been challenged by mounting evidence that environ-
mental exposures can alter ejaculate characteristics, and
in particular the sperm sncRNA profile.” Among the
first studies to report on this phenomenon, Gapp and
colleagues used a pre-clinical mouse model to demon-
strate that exposure of male pups to early life trauma
not only led to alterations in sperm sncRNA profiles,
but also behavioural changes in the offspring of
exposed males.””  Furthermore, causality was
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established via recapitulation of equivalent offspring
phenotypes after microinjection of total RNA from the
sperm of traumatised male mice into fertilised oo-
cytes.’” The ensuing decade has borne witness to a
rapid growth in the number of studies reporting the
ability of various forms of paternal stressors (including
diet, psychological stress, alcohol, environmental
toxins, cigarette smoke, inflammation, and even exer-
cise), to modify sperm sncRNA profiles leading to
readily observable inter/transgenerational phenotypic
changes in offspring.”® In the subset of studies
focusing specifically on the timing and mechanistic
basis of these changes, many have converged on the
premise that these occur during epididymal
transit,"”'#21* possibly through a common mechanism
of dysregulating glucocorticoid receptor expression and
signalling in epididymal epithelial cells.?*** If this
mechanism applies broadly, it suggests that somatic
cells in the epididymis have the potential to act as
environmental sensors, adjusting their physiology in
response to diverse paternal exposures and selectively
packaging sncRNAs into epididymosomes for delivery
to sperm and subsequently the embryo. Importantly,
the epididymis provides a protected environment for
such modifications, as sperm are transcriptionally and
translationally inactive upon entering, making them
resistant to direct epigenetic changes. This, in turn,
lends support to the notion that the extended period of
sperm transit and storage in the epididymis may facil-
itate the passing of environmental cues to the male
gamete.'”® Whilst we have yet to fully appreciate the
connotations of modifying the epigenetic signature of
maturing spermatozoa, this phenomenon nevertheless
encourages a systematic appraisal of the impact of
paternal exposures on the health of future generations.

It is increasingly clear that many of the molecular
mechanisms underlying male fertility are directly
modulated by lifestyle behaviours. For example, alcohol
consumption increases testosterone levels,” impairs
Leydig cell morphology,' alters seminiferous tubules'
and increases ROS generation in the testes'” and
epididymis.”” Smoking introduces toxicants such as
cadmium and polycyclic aromatic hydrocarbons, which
induce oxidative stress, lipid peroxidation and reduced
sperm motility.”**"** High fat diets can compromise
mitochondrial function,* important for the energetic
demands of the motility but also the epigenetic content
of the fertilising sperm.' Obesity exacerbates hormonal
imbalances through increased aromatase activity and
oestrogen production, as well as systemic inflammation
and disruption of the HPG axis."””'** These behaviours
do not act in isolation but often converge to influence
shared biological pathways, including oxidative stress,
inflammation, mitochondrial dysfunction, and epige-
netic modification, which collectively impair sper-
matogenesis and reduce sperm quality. Sedentary
behaviour further compounds these effects by altering

energy metabolism and testicular function.”” Under-
standing how lifestyle factors modulate these molecular
mechanisms is essential to guide targeted interventions
and reproductive health strategies, particularly in high-
risk populations within the WPR.

Lifestyle behaviour interventions for male

preconception health

As outlined above, observational data from cohort
studies have demonstrated strong associations between
lifestyle and behavioural factors such as diet, physical
activity, sleep, weight management, substance use,
mental health and male fertility outcomes. In this
context, interventions targeting these lifestyle behaviours
may be particularly timely and important for male pre-
conception health. This section provides a narrative re-
view of lifestyle behaviour interventions for improving
male fertility outcomes across the literature, and where
possible a focus within the WPR. Emphasis is placed on
evidence derived from high-quality study designs,
including systematic reviews, meta-analyses and rando-
mised controlled trials (RCTs), which provide the
strongest evidence for intervention effectiveness.

Dietary interventions
Diet plays a crucial role for male fertility.* While dietary
interventions for male reproductive health are limited, a
recent systematic review explored the influence of the
Mediterranean diet on seminal quality.”” The Mediter-
ranean diet is widely studied due to the associated ben-
efits for prevention and management of many chronic
diseases."**'*? It is characterised by high intakes of plant-
based foods (e.g., fruit and vegetables) and whole grains,
a moderate intake of animal products (e.g., eggs, dairy,
poultry), and low intakes of red and processed meat."*!
The review by Piera-Jordan et al.*? identified 10
studies but only two were RCTs. The first RCT'"
involved 137 men who were residing in Italy and
were randomly assigned to a 4-month Mediterranean
diet intervention combined with moderate physical ac-
tivity (The FASt trial). At the end of the program, there
was a statistically significant increase in total sperm
motility (+3.3%) and progressive motility (+3.8%) in the
intervention group when compared with control.
However, no significant between-group differences
were observed for sperm concentration, volume or
morphology. Furthermore, it is unclear whether the
independent effects of intervention can be attributed to
the Mediterranean diet, given that physical activity was
also included as part of the intervention. The second
RCT™** involved 119 men who were residing in Spain
and were randomly assigned to either a Western-style
diet enriched with 60 g of nuts per day (nut group) or
a Western-style diet avoiding nuts (control group) for 14
weeks. At the end of the program, there were statisti-
cally significant improvements in several sperm
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parameters: total sperm count (mean change: 5.89%
versus —21.72%), total sperm motility (mean change:
3.41% versus 0.00%), progressive motility (mean change:
3.78% versus 1.70%), immotile sperm (mean
change: —3.41 versus —-0.92) and vitality (mean change:
3.42% versus —0.20%) in the intervention group when
compared with control. However, no significant between-
group differences were observed for sperm concentration,
non-progressive motility or normal morphology cells.
Overall, the review by Piera-Jordan et al.”” concluded that
more research is needed to better understand the asso-
ciation between diet and semen quality.

To the best of our knowledge, only one RCT has
examined the effects of dietary habits on semen quality
within the WPR,'* namely Japan, investigating the ef-
fects of tomato juice on male infertility. The 12-week trial
involved 44 infertile Japanese men and found a signifi-
cant increase in sperm motility at 6 weeks only
(5.87% =+ 3.26 versus —3.24% = 3.35) for the group taking
tomato juice (190 g/day containing 30 mg lycopene)
compared with the control group (avoiding lycopene-rich
foods containing tomatoes). However, this was not sus-
tained at 12 weeks and no significant improvements
were observed in any routine sperm parameters.

Pharmacological and nutrition supplement
interventions

Oxidative stress is recognised as key contributor to male
infertility."** It occurs when there is an imbalance be-
tween reactive oxygen species (ROS) and the body’s
antioxidant defences,'”” leading to abnormal sperm pa-
rameters and increased sperm DNA fragmentation.'*
Consequently, the use of antioxidants to mitigate
excessive oxidative stress is considered a potential
treatment option for male infertility. However, a recent
Cochrane Review of 90 RCTs'* which explored the
effectiveness of antioxidants for male subfertility found
the evidence in this area to be ’low’ to "very low’ quality.
Despite these limitations, a meta-analysis was con-
ducted to assess the impact of antioxidant therapy in
men on pregnancy and live birth rates. The findings,
based on 20 RCTs involving 1706 men, indicated that
antioxidants may improve clinical pregnancy rates in
partners (OR 1.89, 95% CI: 1.45 to 2.47) compared to
placebo or no treatment, with minimal observed het-
erogeneity (I* = 3%) and overall low-quality evidence.
Translating these findings to practical terms, if the
baseline clinical pregnancy rate with no treatment is
15%, antioxidant therapy could potentially raise this to
between 20% and 30%.

Similarly, antioxidants may lead to increased live
birth rates (OR 1.43, 95% CI: 1.07 to 1.91) based on data
drawn from 12 RCTs involving 1283 men from very
low-quality evidence with observed heterogeneity
(I* = 44%). This suggests that if the baseline chance of
live birth rate is 16%, antioxidant therapy may raise this
to between 17% and 27%. However, this finding was
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based on just 246 live births from 12 small or medium
sized studies. Importantly, when studies at high risk of
bias were excluded, there was no significant evidence of
increased live birth rate (OR 1.22; 95% CI: 0.85-1.75;
p = .27; 8 RCTs; 827 men; I* = 32%). Antioxidant
therapy also showed no effect on miscarriage rates.

Amongst the 90 RCTS, 14 were conducted within
WPR nations with 9 from China,"”*"** 3 from Japan, "'
and 1 each from Australia'” and Thailand.'”® Table 1
summarises the outcomes and conclusions of studies
from the WPR, as extracted from the Cochrane review.
Notably, 13 of the 14 studies reported a positive effect on
male fertility, with most focusing on sperm parameters.
While these findings are promising, they should be
interpreted with caution due to considerable heteroge-
neity and high risk of bias.

In summary, antioxidant supplementation in sub-
fertile males may improve clinical pregnancy out-
comes; however, findings are from studies of low
quality and from only a few small studies. Variability in
findings may be attributable to heterogeneity among
studies, including differences in populations, dosages,
formulations, treatment duration and outcome mea-
sures.”” Large well-designed randomised placebo-
controlled trials reporting on pregnancy and live
births are still required to clarify the exact role and in-
fluence of antioxidants.

Physical activity interventions

There are limited studies examining interventions
which focus on improving physical activity levels to
enhance male fertility parameters. A recent meta-
analysis of six RCTs'* found a statistically significant
effect of physical activity on sperm concentration, total
sperm motility, total sperm count and normal
morphology. However, despite these positive findings,
the included studies exhibited high heterogeneity,
particularly in the duration, type and intensity of
physical activity interventions.

To address this variability, a dedicated systematic
review and network meta-analysis of seven RCTs'*
examined the effectiveness of several exercise regi-
mens on male infertility, pregnancy outcomes and
seminal markers of inflammation. The different types
of exercise included: combined aerobic and resistance
training (CET), moderate-intensity continuous training
(MICT), resistance training (RT), high-intensity
continuous training (HICT), and high-intensity inter-
val training (HIIT). The network meta-analysis found
that CET was the most effective intervention across
reproductive outcomes (pregnancy rate and semen
quality) as well as metabolic health markers (oxidative
stress, inflammation, body composition, and VO, max).
Notably, MICT improved live birth rates. Therefore,
CET and MICT may represent optimal exercise strate-
gies for reproductive and metabolic health in male
experiencing infertility.
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Ref, Design, population Outcomes Results Conclusions
country, N + = Positive effect
- = Negative effect
apan'*’ Cross-over, head-to-head ~ Sperm parameters Ethylcysteine did not improve sperm density and +
P perm p: ylcy: P P! y
N =10 Infertile men, high ROS motility but "sperm function" increased and ROS Ethylcysteine shown to be effective for
levels levels decreased, compared to vitamin E improvement of sperm parameters when compared
to vitamin E
Thailand">*  Multiple arm, placebo, Sperm parameters, DNA tail Folate alone significantly decreased DNA tail length  +
N =68 tamoxifen excluded length at 3 months. Sperm motility was significantly Folate in combination with tamoxifen citrate could
Men with abnormal increased after 3 months Folate alone improve sperm quality including semen parameters
semen analysis and sperm DNA integrity
China™*® Multiple arm, head-to- Sperm parameters, DNA Significant improvement of sperm parameters and ~ +
N =312 head fragmentation, pregnancy rate  DNA fragmentation in the L-carnitine plus CoQ10 Combination of LC and CoQ10 improve semen
9 pregnancy 9 3 P!
Idiopathic OAT group compared to placebo parameters and outcome of clinical pregnancy
China'*! Head-to-head Sperm parameters, adverse Vitamin D is a safe option for the treatment of +
N =86 Men with idiopathic reactions, pregnancy rate idiopathic oligoasthenozoospermia and can Vitamin D can improve forward movement sperm
oligoasthenozoospermia effectively improve the semen quality especially the number and percentage, improve the woman'’s
progressive sperm motility clinical pregnancy rate, and is well tolerated
Japan'®° Multiple arm, no Sperm parameters An improvement in sperm concentration with +
N =75 treatment, vardenafil/ carnitine versus no treatment Enhancement of Leydig cell secretory function may
sildenafil arms excluded increase sperm concentration and motility
Men with
oligoasthenospermia
China"** Parallel, placebo Sperm parameters, evaluation of ~ Folic acid significantly increased sperm parameters — +
N = 769 Oligozoospermic men MTHFR polymorphism, DNA decreased oxidative stress and DNA fragmentation  Folic acid has a beneficial effect on oligozoospermia
9 p polymorp ] 9 P
fragmentation, pregnancy rate, and lead to a higher pregnancy and live birth rate in - with MTHFR 677 TT genotype in terms of sperm
live birth the MTHFR 677 TT group. Effect not seen in other parameters, DNA fragmentation and pregnancy
MTHFR groups outcomes
apan’>* Multiple arm, placebo Sperm parameters No statistical difference in sperm outcomes in -
P P p perm p: P!
N =396 Men with abnormal vitamin B 12 groups or placebo No improvement in sperm parameters after use of
sperm count or motility vitamin B12
China'*? Head-to-head Sperm parameters, pregnancy  L-Carnitine and acetyl carnitine more effective than  +
N = 150 Infertile men with OAT rate vitamin E + vitamin C for pregnancy, sperm L-Carnitine and acetyl carnitine more effective than
pregnancy, sp! y
parameters and no evidence of adverse events vitamin E + vitamin C for pregnancy, sperm
parameters and no evidence of adverse events
China"** Head-to-head Sperm parameters Statistical significance for carnitines over vitamin +
N =80 Infertile men with OAT E+C Improvement of sperm parameters for carnitines
compared to vitamin E + C
China'*® Parallel, placebo Sperm parameters At 3 months and 6 months after varicocelectomy,  + melatonin therapy adds extra benefit to
p perm p Y, Py
N =54 Infertile male patients the sperm count, the % of motile spermatozoa and varicecelectomy in terms of sperm parameters
with varicocele and the proportions of normally formed spermatozoa in
underwent subinguinal melatonin group were significantly higher than
varicocelectomy those in placebo group
China® Parallel, head-to-head Sperm parameters Significant increase of progressive sperm motility in  +
N =232 Infertile men with low men treated with L-carnitine compared to vitamin E  L-Carnitine can effectively elevate sperm acrosin

Australia™’
N = 60

China'"

N =135

China'*®
N =120

acrosin activity

Parallel, placebo
Male factor infertility

Head-to-head
Infertile men with
asthenozoospermia

Parallel, head-to-head
Idiopathic
asthenozoospermia

Note: Adapted from Table 2."4°

Pregnancy rate, adverse events,
live birth

Sperm parameters, pregnancy
rate, adverse events

Sperm parameters, pregnancy
rate

Antioxidant group recorded a statistically significant
improvement in viable pregnancy rate. Side-effects
on the Menevit antioxidant were rare (8%) and mild
in nature.

Significant increase in L-carnitine + vitamin E group
for sperm motility, no difference for sperm density
and morphology. Pregnancy rate significantly higher
in L-carnitine + vitamin E group

Significant increase of total and progressive sperm
motility in vitamin E and vitamin E + compound
amino acids group. Greater increase in compound
amino acids group. 5.7% pregnancy in combined
group, 2% in vitamin E group. No adverse events

activity in male infertility patients, particularly in
those with asthenozoospermia

+

Menevit antioxidant appears to be a useful ancillary
treatment that significantly improves pregnancy
rates in couples undergoing IVF-ICSI treatment.
Side-effects on the Menevit antioxidant were rare
(8%) and mild in nature

+

L-Carnitine (+vitamin E) significantly improves
sperm motility and pregnancy rate

+

Compound amino acid combined with vitamin E
can safely and effectively improve sperm motility in
idiopathic asthenospermia patients

Table 1: Outcomes and conclusions for interventions conducted in the WPR from Cochrane review.**°
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Weight loss and weight management
interventions
Observational data suggest that maintaining a healthy
weight is important for sperm quality.'®® Despite this,
men have largely been overlooked in weight-loss in-
terventions for improving fertility. The most recent
meta-analysis on this topic found no lifestyle-based in-
terventions targeting men; all six intervention studies
involved either bariatric surgery or medication.'”
Similarly, a systematic review of 15 randomised
controlled trials'* reported no eligible trials involving
men. Additional reviews, including a meta-analysis of
14 RCTs,' another of eight RCTs"® and a narrative
review of eight RCTs"' also found no studies that
included men, once again supporting the gendered
imbalance observations of Sharp et al.””'* A more recent
randomised controlled trial'”* investigated the effects of
a low-energy diet (800 kcal/day) in men with obesity,
including those with normal sperm concentration
(n = 24) or oligozoospermia (n = 43). The 16-week
intervention was compared to a control group that
received a 10 min session based on national dietary
recommendations. Whilst the oligozoospermia patients
observed no Dbenefit, obese normozoospermia men
exhibited a significant reduction in sperm DNA frag-
mentation index (-9.5; a marker for oxidative stress).
The systematic reviews and meta-analyses described
here did not include any intervention studies conducted
in the WPR. To our knowledge, no interventions have
been carried out in this region to improve physical ac-
tivity, or maintained of a healthy weight, for enhancing
male fertility parameters.

Sleep interventions

A systematic review of observational studies has shown
sperm parameters to be impacted by short sleep
(<5-6 h) and irregular and night work schedules.””
However, to our knowledge, there have been no pub-
lished sleep health promotion interventions that have
aimed to improve sleep quality and/or duration to
improve fertility outcomes in men.

Substance use interventions (including alcohol,
tobacco smoking and recreational drug use)
Observational studies have shown that substance use
including tobacco smoking, alcohol, and recreational
drugs have detrimental effects on male fertility."”'”
However, to our knowledge, there have been no pub-
lished RCTs that have specifically aimed to reduce or
eliminate substance use to improve fertility outcomes
in men.

Mental health interventions

Psychological stress has been shown to affect the HPG
axis, leading to reduced testosterone and impaired
spermatogenesis.”* Despite this biological link, there
are few mental health interventions specifically
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designed to help men manage stress and improve
fertility outcomes.

While some psychosocial interventions have been
conducted with infertile couples, few have focused
specifically on men. A recent scoping review'”® identi-
fied 25 psychosocial interventions for infertile couples.
However, most of these interventions aimed to improve
psychological wellbeing, quality of life, and relationship
satisfaction. Only one study focused on improving
pregnancy rates through a couple-based intervention.'”
This study involved 140 Iranian couples experiencing
depression. Couples were randomised to either receive
six to eight sessions of individual psychotherapy,
alongside daily Fluoxetine (20-60 mg), or no interven-
tion (control group), prior to infertility treatment. Re-
sults were promising as pregnancy occurred in 47.1%
of the intervention group (33 couples), compared to
only 7.1% (5 couples) in the control group, with dif-
ference between group reaching statistical significance
(x* = 28.318, p < .001).

Systematic reviews in this area have shown that
psychosocial interventions could be effective in
improving clinical pregnancy rates.”*'” However, as
highlighted in the scoping review above,”® men are
largely absent from these interventions. Across both
systematic reviews, only 10 studies examined the effect
of psychosocial interventions on pregnancy outcomes,
and just two of these included men in RCTs through
couple-based interventions. The first of these two
studies' included 188 couples who resided in Brazil
and were randomised to either intervention group who
received 5 weekly 2-h sessions of brief cognitive
behavioural therapy (CBT) or no intervention (control
group). The pregnancy rate in the intervention group
was significantly higher at 39.8%, compared to 23.2% in
the control group (x* = 6.03, p = .01), with an odds ratio
of 2.2 (CI: 1.16-4.13), suggesting that participants were
more than twice as likely to conceive. In contrast, the
second study'®' involving 122 couples who resided in
the Netherlands and were randomised to either an
Internet-based intervention including personalised in-
formation and communication with clinicians and
peers or a control group receiving no additional sup-
port. This intervention showed no significant effect on
pregnancy rates. The authors suggested that the null
findings may be due to the sample size and the fact that
the internet-based intervention supplemented rather
than replaced usual care, meaning added benefit from
the intervention may have been minimal and unde-
tectable in this study.

Although stress is known to negatively affect male
fertility, men have been largely overlooked in psycho-
social interventions. The few studies involving men,
typically as part of couple-based interventions, have
shown mixed results when it comes to improving
pregnancy outcomes. To our knowledge, there have
been no psychosocial interventions implemented
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within the WPR that have focused on managing psy-
chological distress, depression or anxiety for improving
male fertility outcomes. Therefore, further research is
critically needed to develop and evaluate culturally
relevant interventions addressing these psychological
dimensions of male infertility.

Recommendations

A comprehensive review of the literature on lifestyle
behaviours and male fertility has identified several clear
recommendations for future research, practice and
policy. These recommendations aim to address current
gaps and strengthen the evidence base, particularly
within the WPR.

An enhanced molecular understanding of sperm
Greater emphasis is required on utilising multi-omic
approaches on sperm such as transcriptomics,'® pro-
teomics,'"”'** and in particular phosphorylation,'®*'** to
help decipher molecular mechanisms underlying
idiopathic infertility, which accounts for over 70% of
cases. Comprehensive profiling of testicular and
epididymal contributions to sperm maturation will aid
in identifying key markers of fertility potential and
subfertility, improving diagnostic precision and
tailored treatments.'*

Integration of findings into clinical practice

There is a need to integrate these advanced sperm
molecular profiling into ART protocols, specifically IVF
and ICSI, to enhance fertilisation success rates and
improve offspring health outcomes. Clinicians should
be trained to interpret and incorporate molecular and
epigenetic insights into routine clinical decision-
making.

Investigating targeted lifestyle, pharmacological or
nutritional interventions aimed at reversing or miti-
gating epigenetic alterations induced by environmental
stressors is also required. These therapeutic options
could provide significant benefits to pregnancy out-
comes, placental efficiency and improve health and
reproductive trajectories for future children.

Develop, implement and evaluate male
preconception health programs

In general, lifestyle behaviour interventions for male
preconception health are limited, with greater
emphasis on pre-conceptive mothers rather than
fathers-to-be. There is a clear need to undertake co-
design research with men to better understand their
motivators, barriers, and preferences for intervention.
These insights can inform the development, imple-
mentation and evaluation of accessible male precon-
ception health programs, emphasising lifestyle
modifications such as nutrition, exercise, and improved
mental health.

Consideration should be given to public awareness
campaigns targeting younger populations to under-
score the long-term implications of lifestyle choices on
reproductive health, even among those not currently
planning parenthood. School-based education pro-
grams could effectively integrate such content, nor-
malising early preventive behaviours.

Expand research in the Western Pacific Region
The evidence base for the impact of lifestyle behaviours
on male fertility have predominately been conducted
outside the WPR. As a result, more research is needed
within the WPR to account for differences in key de-
terminants of health, including cultural, lifestyle, envi-
ronmental, societal, economic, and healthcare system
factors.

Greater focus on understudied lifestyle behaviours
(i.e., substance use, diet, sleep, weight loss, mental
health)

Beyond pharmacological and nutrition supplement in-
terventions there is a dearth of evidence on lifestyle
behaviours interventions targeting male preconception
health. This suggests a lack of accessible resources and
programs to support sustainable lifestyle changes.
There is a clear need for more high-quality RCT’s to
assess the effectiveness of other lifestyle behaviours
(e.g., substance use, diet, sleep, weight loss, mental
health) to better understand their influence on male
preconception health. Such evidence can inform
development of resources and programs to support
men in making positive lifestyle changes but also equip
health professionals with clear guidance on effective
recommendations.

Ensure methodological rigour and standardisation
Finally, many of the intervention studies were limited
by small sample sizes, short follow-up periods and
heterogeneity. To enhance overall quality of evidence,
there is a need for more large-scale, long-term RCTs
with standardised clinically meaningful measures to
enable comparison across studies. Many studies have
evaluated the impact of lifestyle interventions on
sperm parameters such as count, motility and
morphology. While these are important indicators of
male fertility, improvements in sperm parameters do
not always translate to increase pregnancy or live birth
rates.'” There is a need for more studies that evaluate
clinically meaningful outcomes such as clinical preg-
nancies and live birth rates in addition to sperm
parameters.

Policy implications—prioritisation and funding
Policymakers need to prioritise male reproductive
health by increasing research funding, developing
infrastructure for better male-focused fertility services,
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and encouraging cross-disciplinary collaborations.
Additionally, regional policies should ensure equitable
access to ART services, especially in underserved areas
of the WPR.

Efforts should focus on strengthening regional pol-
icy frameworks to mitigate exposure to endocrine-
disrupting chemicals, pollutants, and occupational
hazards affecting male fertility. Harmonised and
stringent environmental regulations should be advo-
cated alongside improved workplace safety standards to
protect reproductive health.
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