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ABSTRACT

BACKGROUND: The widespread interest in male reproductive health (MRH), fueled by emerging evidence, such as the global
decline in sperm counts, has intensified concerns about the status of MRH. Consequently, there is a pressing requirement for a
strategic, systematic approach to identifying critical questions, collecting pertinent information, and utilizing these data to develop
evidence-based strategies. The methods for addressing these questions and the pathways toward their answers will inevitably vary
based on the variations in cultural, geopolitical, and health-related contexts. To address these issues, a conjoint ESHRE and Male
Reproductive Health Initiative (MRHI) Campus workshop was convened.

OBJECTIVE AND RATIONALE: The three objectives were: first, to assess the current state of MRH around the world; second, to iden-
tify some of the key gaps in knowledge; and, third, to examine how MRH stakeholders can collaboratively generate intelligent and ef-
fective paths forward.

SEARCH METHODS: Each expert reviewed and summarized the current literature that was subsequently used to provide a compre-
hensive overview of challenges related to MRH.

OUTCOMES: This narrative report is an overview of the data, opinions, and arguments presented during the workshop. A number of
outcomes are presented and can be summarized by the following overarching themes: MRH is a serious global issue and there is a
plethora of gaps in our understanding; there is a need for widespread international collaborative networks to undertake multidisci-
plinary research into fundamental issues, such as lifestyle/environmental exposure studies, and high-quality clinical trials; and
there is an urgent requirement for effective strategies to educate young people and the general public to safeguard and improve MRH
across diverse population demographics and resources.
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LIMITATIONS, REASONS FOR CAUTION: This was a workshop where worldwide leading experts from a wide range of disciplines
presented and discussed the evidence regarding challenges related to MRH. While each expert summarized the current literature
and placed it in context, the data in a number of areas are limited and/or sparse. Equally, important areas for consideration may
have been missed. Moreover, there are clear gaps in our knowledge base, which makes some conclusions necessarily speculative and
warranting of further study.

WIDER IMPLICATIONS: Poor MRH is a global issue that suffers from low awareness among the public, patients, and heathcare pro-
fessionals. Addressing this will require a coordinated multidisciplinary approach. Addressing the significant number of knowledge
gaps will require policy makers prioritizing MRH and its funding.
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WHAT DOES THIS MEAN FOR PATIENTS?

There is a growing interest in men'’s reproductive health because of new evidence showing a decline in sperm counts worldwide.
Researchers have found links between poor reproductive health in men and other health problems. They are also looking into how
a father’s health can affect their children’s well-being. To tackle these issues, the European Society for Human Reproduction and
Embryology and the Male Reproductive Health Initiative organized an international workshop. The goals were to assess the cur-
rent state of men’s reproductive health globally, pinpoint knowledge gaps, and come up with plans for the future. This report sum-
marizes the information, opinions, and discussions from the workshop. The main takeaways are that men'’s reproductive health is
a serious global concern and there is a lot we still do not understand. The report emphasizes the need for international collabora-
tions to study important issues like the impact of lifestyle and environmental factors. It also highlights the urgency of finding ef-
fective ways to reinforce education about how to protect and improve men'’s reproductive health across different demographics
(for example age, race) and resources. To complement this analysis, we have recently published a practical plan, based on the evi-
dence, to guide us in moving forward. This plan emphasizes the importance of everyone around the world working together to
make men’s reproductive health a top priority.

Introduction
With the aforementioned as a brief background, a conjoined

ESHRE (Supplementary Table S1 provides URLs list of all organi-
zations mentioned in the report) and MRH Initiative (MRHI)

There is a surge of interest in male reproductive health (MRH)
fueled by emerging evidence of globally declining sperm counts

(Levine et al., 2023), associations between poor MRH and somatic
disorders (Latif et al., 2017; Belladelli et al., 2023), and the impact
of paternal morbidities on the next generation (Yu et al., 2023),
among others. As with any emerging health concern, there is a
need for a rational approach to identify the important questions,
gather intelligence, and use the data to formulate evidence-
based actions (Kimmins et al., 2024).

Campus Workshop (Supplementary Data File S1) was convened
to examine the current state of MRH around the world, to articu-
late some of the overarching challenges, and examine how MRH
stakeholders can collaboratively generate effective paths for-
ward. This narrative report presents an overview of the data,
opinions, and arguments presented during the meeting. The in-
formation presented has been organized in three main sections:
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MHR: a global perspective; MRH: science & medicine; and MRH:
society, economics, policies & education. To finalize, the report
brings conclusions for a way forward.

MRH: a global perspective
Sustainable development goals and MRH

In 2015, the United Nations (UN) produced a list of 17 sustainable
development goals (SDGs) (Supplementary Data File S2), aimed
to end extreme poverty, give people better healthcare, achieve
equality for women, protect the planet, and ensure prosperity for
everyone by the year 2030. The scope of MRH extends across a
wide spectrum of SDGs, encompassing Goals 1 to 5, 8, 10, and 13.
Addressing MRH contributes to the achievement of reproductive
health rights and other human rights, reducing inequality,
empowering women and adolescents, improving human capital
and health, mitigating adverse environmental and climate
impacts, and preventing catastrophic health expenditures.

The World Health Organization (WHO) defines sexual health
as ‘a state of physical, emotional, mental, and social well-being
in relation to sexuality ... not merely the absence of disease, dys-
function or infirmity’ (Supplementary Table S2). Sexual health is
part of the overall health and well-being agenda and is, as out-
lined below, closely tied to SDG 3 and 5 with strong links to other
health conditions such as diabetes mellitus, cardiovascular dis-
ease, and depression. Thus, these interwoven goals reinforce the
importance of taking a broad holistic approach to men'’s sexual
health and well-being.

Men'’s access to fertility care is very relevant to SDGs 1, 3, 5,
and 10 because of barriers that create inequitable access, partic-
ularly for the poor, unmarried, under-educated, unemployed,
and marginalized (SDG 10). Fertility care is expensive, and more
so in low/middle-income countries where it is rarely prioritized,
leading to unsustainable health expenditures (SDG 1). Among
infertile couples, irrespective of the cause of infertility, gender-
based violence, social stigma, depression, anxiety, and low self-
esteem are more common than in fertile couples (SDG 5). Fear of
infertility can deter women and men from using contraception
and failure to provide fertility care denies affected individuals of
their right to decide the number, timing, and spacing of children
(SDG 3) (WHO, 2023a).

Male contraception is critical to equity when addressing fam-
ily planning, and a lack of modern methods for male contracep-
tion (see ‘New methods of male-based contraception’ section)
contributes to unmet SDG 3 and SDG indicator 3.7.1. The neces-
sary development of a greater selection, availability, and use of
male contraception would lessen the burden on women for con-
traception, thus leading to greater equity, allow for proactively
spacing pregnancies, prevent unintended pregnancies and
unsafe abortions, and address multiple SDGs. Some examples in-
clude disrupting the cycle of poverty (SDG 1), reducing food de-
mand (SDG 2), improving maternal and child health (SDG 3),
increasing school attendance and completion (SDG 4), facilitating
greater employment and education for women and girls (SDG 5),
facilitating greater workforce participation by women (SDG 8), re-
ducing inequalities (SDG 10), and reducing population pressure
on the environment (SDG 13).

Suffice it to say, aspects of MRH, sexual health and well-being,
contraception, and infertility, are important but frequently
neglected issues which, if addressed, would support achievement
of several SDGs. The WHO has substantial resources that can be
used as a starting point to better address MRH (Supplementary
Table S2).

Population dynamics

Fertility rates are closely tied to prosperity (Aitken, 2022a). As
nations ascend the socioeconomic scale, family sizes decline in a
process known as the demographic transition. The link between
falling fertility rates and the demographic transition is complex,
but at least five major factors may be identified:

* as nations become more socioeconomically developed, pri-
mary healthcare improves, and infant as well as childhood
mortality rates decline;

* a modern industrialized society is associated with fertility
rates decline in association with increased availability of con-
traception and costs of housing and child raising;

* an increase in the rates of female and male education and a
delay initiating a family until their professional goals have
been achieved and their career security is assured,

* increased industrialization means increased exposure to
environmental pollutants including common reproductive
toxicants, as well as to radiofrequency electromag-
netic radiation;

¢ the decreased selection pressure on high-fertility genes and
the exponential growth of the assisted conception industry
may serve to keep poor fertility genes within the population
(Madsen et al., 2018; Aitken, 2022a,b; Fauser et al., 2024).

The decline in the number of children per female is a multi-
faceted phenomenon, extending beyond merely an increase in in-
fertility rates. It involves a delicate interplay between personal
choices and biological factors, underscoring the complexity of
the transition. This shift, influenced in part by economic consid-
erations at the individual and couple levels, also signals broader
implications for national economies. The intricate dynamics of
choice versus biology in the context of declining fertility rates
highlight the far-reaching impact of this trend on both personal
decisions and the socio-economic landscape at a national scale.

As a result of all these factors, fertility and potentially fecun-
dity of our species will continue declining in the future. Figure 1
summarizes some of the factors discussed in this segment that
have a high impact on MRH.

What is happening around the world in MRH: a
whistle stop tour

To assess what is happening in MRH around the world, an analy-
sis was carried out of Africa, Australia, China, European Union
(EU), North and South America. For comparative purposes,
Supplementary Table S3 presents some demographics about
these regions.

Africa

Africa is a vast and diverse continent comprising 54 recognized
countries with an overall low concentration of wealth, and a high
prevalence of male infertility owing to untreated sexually trans-
mitted infections (STIs), unhealthy lifestyle choices, obesity, and
environmental pollutants (Sarkodie, 2018; Frank et al, 2023;
Legese et al., 2023). There is a strong argument to prevent infertil-
ity and to provide treatment as infertility is a medico-socio-
cultural problem associated with gender-based suffering (Serour
and Serour, 2021). While conventional methods for treatment of
male infertility are available and accessible to varying degrees,
medically assisted reproduction (MAR) technologies availability,
accessibility, and affordability for moderate and severe male in-
fertility treatments are deficient in many African countries
(Serour et al., 2019). Studies have reported a disproportionately
high percentage of male factor infertility MAR cycles (58%),
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Figure 1. The impact of global prosperity on human fertility. As nations become more socio-economically developed, primary healthcare improves,
infant mortality rates decline and family sizes decrease. In parallel, women use the freedom they have gained from the reduction in family size to
become educated and pursue a professional career. This frequently leads to a delay in initiating a family, which further compromises fertility owing to
advanced maternal age. In parallel, the increased urbanization associated with modern industrialized societies further challenges our fertility, as a
result of the increased availability of contraception, the decline in available living space and the increased cost of housing and child raising. In the
longer term, the environmental pollution associated with urban living impacts fertility, reducing sperm counts and increasing the risk of miscarriage
and stillbirth. Such pollutants, as well as the global increase in paternal age at conception, may also increase both the genetic, epigenetic, and
mutational load carried by the offspring. Finally, in modern societies that have gone through the demographic transition, there is no longer intense
selection pressure for high-fertility genes, with the result being that human fertility will inevitably decline. Furthermore, the increasing use of
medically assisted reproduction preserves poor fertility genes in the population. This complex interplay of social, economic, cultural, and biological
factors is serving to drive down global fertility rates in our species to below replacement levels. These trends will carry long-term implications for
governments, national health service providers, and the populace at large. GDP, gross domestic product.

whether as a primary or secondary indication (Archary et al.,
2023). In 2019, the African Registry of Assisted Reproduction
(ANARA) reported that 225 925 MAR cycles were performed in
Africa. This equates to a significant underserving of medical
need, based on calculations that 1500 MAR cycles/million popu-
lation/year is a minimal requirement (assuming that only 50% of
infertile couples would opt to have MAR; Fauser et al., 2002); thus,
the minimal needs for Africa is 1 980 000 cycles/year. The rea-
sons for huge disparities between needs and access include high
cost to establish and maintain MAR centers, a low number of
trained African reproductive medicine experts, and a high cost
for MAR cycles compared with gross domestic product (GDP). In
addition, MAR technologies are not covered by health insurance,
there are problems with importing disposable MAR equipment
and high cost of drugs, and availability of MAR centers in the
public sector is scarce, and mostly available in the private sector.

There are a number of opportunities to improve the current
situation. Among them are health education and lifestyle im-
provement programs to prevent disease and thus reduce the
need for MAR, one-stop clinics for infertility investigations, and
the use of alternative treatments for mild and moderate male in-
fertility, such as soft stimulation protocols and low-cost IVF labo-
ratories (Ombelet et al., 2022, 2023). However, many other
challenges remain, such as persistent unhealthy lifestyle, envi-
ronmental pollutants, socio-cultural, and religious barriers for
some modalities of male infertility treatment, the high cost of
MAR medications, scarcity of MAR centers in the public sector,
lack of coverage of infertility treatment by health insurance

policies, and lack of economic support by international agencies
and philanthropies to support infertility treatment in Africa.

Australia

Australia is unique as the only nation with a nationally sup-
ported MRH program named Healthy Male (formerly Andrology
Australia), a not-for-profit organization established in the
year 2000 as a center for excellence in male health. Pleasingly,
it is now seen as the ‘first port of call for information’ by the
community, as well as by health and medical professionals
and government.

Healthy Male was commissioned to lead the development of
the National Men’s Health Strategy in 2018 because of its reputa-
tion for the provision of evidence-based information. The litera-
ture review and consultation process led to the release of ‘The
Current State of Male Health in Australia: Informing the develop-
Male Health Strategy 2020-2030’
(Commonwealth of Australia (Department of Health), 2019) and
identified specific actions to address health issues throughout
men’s lives.

Healthy Male engages with many partners to achieve specific
outcomes, for example with the Fertility Society of Australia and
New Zealand to ensure evaluation of infertile men in MAR units,
collection of national data on etiology, and research on behav-
ioral and lifestyle influences in male factor MAR. In addition,
Australian Men'’s Shed Association operates more than 1000 local
sites and provides quality health information. The Federal
Government also supported ‘Plus Paternal: A focus on fathers’, a

ment of the National
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project aimed to acknowledge, engage, and support men as
fathers and prospective fathers (Healthy Male, 2020).

China

In 2015, the one-child policy was expanded to a two-child policy
owing to fears of a further decline in birth rates. However, birth
rates continued to decrease to 12% in 2017 and further down to
7% in 2021 and reached a negative population growth in 2023
(https://data.stats.gov.cn/english/). Simultaneously, China is also
facing a problem of a skewed sex ratio; the current population
sex ratio is 104.3 (as per 1 July 2021; males per 100 female) com-
pared to the UK (97.6) and the USA (98.2) (UN, Department of
Economic and Social Affairs population division). To address the
population problems, the State Council published the strategic
plan for ‘Healthy China 2030’ (Chen et al., 2019), with stated goals
of equalizing the newborn sex ratio to achieve sex balance, ap-
plying family planning and social support, and developing a ma-
ture population monitoring mechanism by 2030. Because the
Chinese Government is crafting pro-natalist policies, it is essen-
tial to study MRH in China. At least in part because of China’s
clear goal to improve reproductive health, e.g. sex balance by
2030, the number of MAR cycles per year has increased from
~200 000 in 2009 to 1.2 million in 2021 (Qiao et al., 2021). The di-
agnosis of male factor infertility in 52% of couples underscores
the importance of addressing MRH through enhanced research
and education efforts. This need is further emphasized when
considering the scale of the challenge; based on the estimation
that two to three semen analyses should be performed prior to
MAR treatment, 2.4-3.6 million semen analyses were performed
in 2021. In 2022, andrology services became even more widely
available to support 536 MAR clinics and 27 sperm banks, and for
semen analysis in non-MAR diagnostic laboratories. On the bene-
fits side, the large number of male factor cases requiring MAR
will be generating an enormous clinical dataset for data mining,
and a large amount of discarded biological material, as a poten-
tial source for laboratory research. Moreover, the Chinese Society
for Reproductive Medicine (CSRM) is a national society for all re-
productive medical specialists. It provides updated information
and maintains standards by organizing annual conferences,
training, and onsite external quality assurance (EQA) programs.
While of great benefit, there is, however, no national EQA pro-
gram for individual centers to join, and there are no central data-
bases or andrology registries available. To ensure the quality of
MAR services, China currently has produced well-defined guide-
lines for MAR settings such as the scale of service, personnel re-
quirement and training, and number of centers per given
population (775cycle per million population on average, from
2018 data), but there is an unequal distribution of MAR facilities
(Qiaoetal., 2021).

One aspect of China that is unique in comparison to the rest
of the world is its investment in funding for MRH research. In
fact, the national Natural Science Foundation of China (NSFC),
the primary research funding agency, allocated 4.25% of its bud-
get for MRH between 2016 and 2021 (Liao et al., 2020), which eclip-
ses many other countries, such as the USA and the UK
(Gumerova et al., 2023).

European Union

EU countries have some coordination regarding health and
research topics (European Commission, Directorate-General for
Communication, 2017), including offering fertility monitoring,
surveillance and follow up as well as conducting coordinated re-
search on MRH within a common framework, and funding oppor-
tunities in Europe (i.e. Growsperm). In recent years, there has

been a growing interest in MRH among EU countries, as evi-
denced by patient support organizations such as Fertility Europe
(FE) (see below). In addition, there is strong support for MRH by
scientific societies led by ESHRE and the European Andrology
Academy (EAA), and several EU initiatives focused on MRH,
among them COST and Action ANDRONET. Despite this,
European research funding for MRH remains low (Barratt et al,,
2021). More positively, the EU has a number of EQA schemes in
andrology and a well-established register of MAR units. However,
there are regulatory differences among countries, and a recent
survey revealed that substantial differences exist between
European regions in social knowledge/awareness concerning
MRH (De Jonge et al., 2023).

North America

Using the 2021 USA census data for people of reproductive ages
25-40years and WHO recent values releases about infertility
prevalence (WHO, 2023b), more than 10 million couples in the
USA likely suffer from subfertility, among whom 3-4 million are
men. Despite this demand, a number of barriers restrict or pre-
vent access to reproductive health care (Mehta et al., 2016). To ad-
dress the need for more specialists, 15 andrology fellowship
programs in the USA and one in British Columbia, Canada, are
coordinating their efforts (information in American Society of
Reproductive Medicine (ASRM) website).

In the USA and Canada, there is no national mandate for in-
fertility coverage. In the Canadian provinces of Quebec and
Ontario, public funding has been made available for at least the
first cycle of MAR. In the USA, 22 states have some form of infer-
tility and/or fertility preservation coverage and, of those, 15
states mandate coverage for IVF (information in Resolve website).
Specifically, patients in the USA and Canada suffer because of in-
equity in insurance coverage by most states, and male infertility
is often excluded from health insurance policies (Dupree et al.,
2016). Of concern is that without health insurance coverage for
male infertility, there are missed opportunities for the diagnosis
of associated ill health conditions (please refer to ‘Reproductive
and somatic health’ section).

The USA has a national IVF registry coordinated by the
Centers for Disease Control and Prevention (CDC). In 2021, a total
of 413 776 MAR cycles (~238 126 patients) were reported by 453
clinics; 80% of total patients were <40years of age, and 27.8% of
total MAR cycles were attributed to a male factor diagnosis.
Surprisingly, 80% of these cycles were ICSI, suggesting that ICSI
may be used out of fear of an occult male factor for which diag-
nostic tests do not exist. This brings into question the status of
basic and translational research funding for male infertility in
the USA. Per capita spending on MRH research in the USA ranks
high compared with other countries (De Jonge et al., 2022). When
fiscal years 2016-2019 of the USA National Institute of Child
Health and Human Development (NICHD) were evaluated, only
2.6% went toward funding infertility research (Gumerova et al.,
2023). This funding level seems remarkably low given that: infer-
tility is classified as a disease but ranks much lower than other
disease states in federally supported funding; infertility occurs in
relatively high frequency and can be considered a public health
issue; and infertility may be a precursor to other health-related
illnesses (see ‘Reproductive and somatic health’ section).

The development of new contraceptive methods has been
slow in recent decades, with the burden largely falling to the
woman. Recently, the US Supreme Court’s ruling on the right of a
woman to seek abortion has resulted in an increase in the num-
ber of young men seeking vasectomy, indicating that men want
to be involved in family planning (Bole et al., 2023). The US
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market research demonstrates that men and women have signif-
icant interest in and comparable desire for non-hormonal, re-
versible male contraceptives (see ‘New methods of male-based
contraception’ section).

The USA Government provides funding and support for the
Office on Women'’s Health (OWH), which coordinates women'’s
health initiatives across the Department of Health and Human
Services. To demonstrate and prioritize the social and economic
importance of MRH, legislation should be passed to establish an
Office on Men’s Health (OMH) with the vision of: ‘all men and
boys achieve the best possible health’ (Miner et al., 2018). For
men’s overall and reproductive health care seeking and needs to
be met, there must be an investment by the government to for-
mulate policy changes and provide funding to support reorienta-
tion of men’s health care services (Shand and Marcell, 2021), and
that starts with identifying how men best communicate.

South America

Although there are no MRH regional policies in South America,
there are well-established organizations, such as the Red
Latinoamericana de Reproduccién Asistida (REDLARA), that pro-
vide continuing education to all member institutions. The Latin
American Registry of Assisted Reproduction (RLA) is part of
REDLARA and publishes the results of MAR procedures from cer-
tified centers. The 2019 RLA reported a total of 54 797 MAR cycles
among their centers, of which 26.9% (n = 14 747) were male factor
infertility cases, highlighting the relevance of MRH in the region.
RLA is part of the International Committee for Monitoring
Assisted Reproductive Technologies (ICMART), and participates
in a program of South-South cooperation with ANARA, to benefit
infertility institutions and people in both continents (Chambers
et al., 2021). South America also has several patient organiza-
tions, among them CONCEBIR, which recently established a pro-
gram called CONCEBIR ‘Cosas de Hombres’ (CONCEBIR ‘Men'’s
Stuff’). In addition, Red TRAscender is a Latin American network
that raises awareness about infertility and connects patients
with health professionals and government agencies. Some coun-
tries (i.e. Argentina, Brazil) have developed legislation for the pro-
vision of public access to MAR and/or male contraception-related
procedures (i.e. vasectomy and semen cryopreservation prior to
surgery), although with striking policy differences among them
that impact a person’s reproductive options.

A challenge for the region is the impact of unequal social and
economic development across countries (Gavin et al., 1998;
Amarante et al.,, 2016). Also, challenging male attitudes are still
present, characterized by an hegemonic masculinity in male sex-
ual and reproductive attitudes and relationships (Diaz-Rojas
et al., 2020) that may translate to low vasectomy rates (Sanchez-
Molano et al, 2019) and to a perception of no risk of STIs,
highlighting the need for public health policies for prevention,
early diagnosis, and treatment of STIs in young people (Vallejo-
Ortega et al., 2022). Additionally, there is a lack of andrology reg-
istries and regional EQA programs, and professional development
relies on personal self-improvement. South America is also
experiencing a trend toward a semen quality decline (Siqueira
et al., 2020; Rosa-Villagran et al., 2021; Levine et al., 2023), and the
impact of age, obesity, lifestyle, and environmental factors upon
semen quality (Verdn et al.,, 2018) is a regional threat, as reported
in other regions. Nevertheless, scientists and health professio-
nals are interested in integrating into large networks to improve
MRH. As an example, the network AndroLATAM was created in
2022 and associated with RedLARA, to strengthen communica-
tion between scientists, clinicians, patient groups, and policy
makers. The Pan American Health Organization (PAHO) has been

committed to support MRH programs (PAHO, 2020); it recently
participated in preparing the Spanish translation of the WHO
manual for semen evaluation 6th Edition, and is planning in the
future to contribute to professional training in MRH.

While there are substantial differences in MRH among global
regions, understanding these differences is crucial for imple-
menting targeted interventions and strategies to improve MRH
worldwide. Collaborative efforts between governments, health-
care organizations, non-governmental organizations, and com-
munities are required to address the specific challenges and
promote better reproductive health outcomes for men globally.

MRH: science and medicine

The sperm epigenome—considerations for the
next generation and beyond

Male infertility is intertwined with environmental exposures, in-
cluding toxicants, and lifestyle factors such as being overweight,
cannabis use, alcohol, and poor diet (Barazani et al., 2014; Lismer
and Kimmins, 2023). Epidemiological studies suggest that the pa-
ternal environment may impact the health of future offspring
(Pembrey et al., 2006; Kaati et al., 2007). The sperm epigenome
has since been identified as a connecting molecular link between
environmental factors, male infertility, and offspring health
(Fitz-James and Cavalli, 2022; Lismer and Kimmins, 2023).

During spermatogenesis, specialized epigenetic mechanisms
serve crucial roles in multiple aspects of germ cell development
and are critical to maintain the gamete genetic and epigenetic
quality (Kimmins and Sassone-Corsi, 2005). The disruption of epi-
genetic pathways can impact fertility, embryonic gene expres-
sion, and affect the health of subsequent generations (Siklenka
etal., 2015; Ly et al., 2017; Lismer et al., 2021).

The state of knowledge regarding the role of the human sperm
epigenome is in its infancy as obtaining precious reproductive
cells, embryos, and clinical data is difficult. Nonetheless, there is
a high degree of conservation in the sperm epigenome between
mice and men and indicators that transmission of a molecular
memory of exposures may occur by similar mechanisms of in-
heritance (Erkek et al.,, 2013; Lambrot et al., 2021). Identifying the
mechanisms linking parental exposure to offspring development
and health has enormous potential for novel disease preven-
tion routes.

Enhancing genetic studies for infertility:
personalized medicine in MRH

Understanding the underlying cause of a disease is essential in
order to tailor treatment and to predict and prevent co-
morbidities. Unfortunately, for the majority of infertile men, the
underlying molecular cause is unknown. Therefore, the success
of MAR cannot be predicted, the transmission of infertility
through MAR cannot be predicted, and the association between
infertility and increased morbidity and mortality cannot
be unraveled.

When it comes to diagnosing genetic causes of male infertility,
the field is in the initial stages of reaping benefits from the geno-
mics revolution. However, some practice guidelines still refer to
outdated genetic procedures such as karyotyping and Sanger se-
quencing of individual genes. This is in contrast to other fields in
medicine, including rare diseases and cancer, where genome se-
quencing has become a first-tier test. Clearly, this also offers op-
portunities for MRH, because as genomics has become more
affordable and analysis more automated, the ability to diagnose
a medical condition, such as male infertility, has increased.
Investment and international collaboration are essential to
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support this endeavor, such as the International Male Infertility
Genomics Consortium (IMIGC). Through this kind of interna-
tional collaboration, including active data sharing and combining
expertise from basic discovery to clinical diagnostics, an increas-
ing number of validated genetic causes of male infertility has
been reported (Oud et al., 2019, 2022; Houston et al., 2021). While
progress is very promising, many infertility sub-types are yet to
be analyzed and knowledge gaps remain.

Equally for the identification of some types of male infertility,
notably dominant genetic causes, it is essential that patient-par-
ent genome sequencing is incorporated into the diagnostic pipe-
line. For all types of male infertility, the sharing of sequence data
across the global research community is essential. If done cor-
rectly, genomics research, diagnostics, and therapy development
will go hand in hand in order to make the progress that will allow
specialists to properly diagnose a large fraction of infertile men
and provide useful information to these men and their partners.
Uncovering the genetic origins of male infertility holds the prom-
ise of paving the way for drug development, with the potential to
either enhance fertility or inhibit it, thus contributing to
advancements in both fertility treatments and contraceptive
development.

Reproductive and somatic health

Major medical organizations worldwide recommend that it is es-
sential for both members in an infertile couple be evaluated to
obtain a realistic understanding of causality (Schlegel et al,
2021a,b). Despite this, a male infertility examination in the USA
is bypassed up to 25% of the time and some couples are treated
with MAR without the man having received an evaluation
(Eisenberg et al., 2013). Considering the increase in the use of
MAR around the globe, with rates of up to 10% of children being
conceived via MAR (European IVF Monitoring Consortium et al.,
2022), it becomes clinically and financially essential for a male
infertility specialist to evaluate the male partner.

Moreover, while male infertility is a critical problem for cou-
ples facing difficulties conceiving, its public health relevance
extends beyond fertility and reproduction. Male infertility may
provide a window into later health and, as such, may be a harbin-
ger of significant future medical problems. Indeed, current
health and reproductive fitness are closely associated but repro-
ductive health also seems to be a biomarker of future health; se-
vere cardiometabolic conditions, genetic syndromes, or cancers
appear to be increased in men with semen abnormalities
(Eisenberg et al., 2015ab; Behboudi-Gandevani et al, 2021,
Hansen et al., 2023). There are, however, several important
knowledge gaps with this emerging literature. First, the excess
premature mortality observed among infertile men cannot be
explained by the excess risk of cardiometabolic conditions or tes-
ticular cancer alone, suggesting that male factor infertility may
also be related to a higher risk of other conditions that directly or
indirectly result in early death. Second, the majority of the litera-
ture has only evaluated crude proxies of male reproductive func-
tion, such as fatherhood, infertility diagnosis or type of fertility
treatment, with only a few studies evaluating direct markers of
testicular function. Third, markers of Leydig cell function to-
gether with semen quality have been understudied in relation to
later life health outcomes. Given these knowledge gaps, it is pres-
ently unclear whether the associations between semen quality
and increased morbidity are specific to spermatogenesis or re-
flective of a broader phenotype of impaired testicular function.
Furthermore, there is an important overlap between predictors
of semen quality and risk factors for cardiometabolic disease and
premature mortality including obesity, smoking, physical

inactivity, and poor diet (Latif et al., 2018; Batty et al., 2019).
Therefore, it is critically important to identify the extent to which
the relation between testicular function and long-term health in
men is explained by shared lifestyle and biological factors, re-
spectively. As we examine ways to incorporate such findings into
clinical practice, the etiology of the association must be identified
to create a program to hopefully mitigate the increased health
risk that infertile men face. In that regard, supporting evidence
for a genetic link between spermatogenic maturation arrest and
cancer predisposition was reported in a multicentric study
(Krausz et al., 2020).

Answering these critical questions will advance knowledge
and generate actionable information to guide the treatment of in-
fertile men, and men with impaired testicular function, beyond
immediate reproductive needs.

New methods of male-based contraception

The male reproductive system offers a multitude of potential tar-
gets for contraceptive development, conveniently divided into
those affecting endocrine control of the testes, those primarily
targeting spermatogenesis, and post-testicular approaches, i.e.
sperm function (Fig. 2). The hormonal approach is by far the
most developed and is now in advanced clinical trials, whereas
other approaches remain generally at pre-clinical investigation
(Nya-Ngatchou and Amory, 2013; Reynolds-Wright and
Anderson, 2019). Surveys consistently demonstrate men'’s inter-
est in new approaches to fertility regulation and their willingness
to use them, and while there is a limited literature on women'’s
attitudes, it strongly supports that they would value greater
availability of male methods (Reynolds-Wright et al., 2021). This
is supported by current experience in recruiting couples to a con-
traceptive efficacy study where the most common reason cited
for taking part is that men should be able to contribute more to
contraceptive practice within a relationship.

Hormonal approaches based on suppression of gonadotrophin
secretion have been investigated for over half a century
(Reynolds-Wright and Anderson, 2019). The ability of testoster-
one to reversibly suppress spermatogenesis was developed into
landmark contraceptive efficacy studies by the WHO, demon-
strating that testosterone administration resulted in azoosper-
mia in the majority of men, and that this then allowed excellent
contraception for a 12-month period (WHO, 1990).

The arrival of new testosterone preparations, particularly
long-acting testosterone undecanoate (TU), provided a great spur
to development. Organon and Schering jointly conducted studies
using TU with specially formulated etonogestrel implants
(Mommers et al., 2008) and the WHO with the organization
named Contraception, Research and Development (CONRAD)
were developing the combination of TU with norethisterone
enanthate (Behre et al., 2016). Currently, an efficacy trial of an al-
ternative approach of daily self-administered gel containing tes-
tosterone with Nestorone (segesterone) is underway, run by the
NICHD and the Population Council. This method induces dose-
dependent suppression of spermatogenesis. Preliminary reports
from this international study should be presented in 2024.

A further approach might improve on vasectomy. The RISUG
(reversible inhibition of sperm under guidance) method involves
injection of styrene maleic anhydride into the lumen of the vas;
this is not occlusive but disrupts the spermatozoa as they pass
through. It is also potentially reversible by injection of the sol-
vent. Initial data suggest high efficacy, but no further publica-
tions on this have emerged recently. A similar approach,
Vasalgel, involves injection of styrene alt-maleic acid, which un-
like RISUG is occlusive yet also potentially reversible by injection
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Figure 2. Targets of contraception in the male reproductive tract.
Schematic of the male reproductive system showing the main targets
areas for novel contraceptive approaches (red text and arrows),
specifically the endocrine approach resulting in suppression of GnRH
and LH/FSH, approaches targeting spermatogenesis, and post-testicular
approaches targeting the epididymis and vas deferens. Adapted from
Reynolds-Wright JJ, Anderson R. BMJ Sex Reprod Health. 2019; 45: 236-242.

of the solvent. This has been demonstrated in animal models,
and in 16 treated rhesus monkeys no conceptions were observed
in over 1year of exposure (Colagross-Schouten et al., 2017). A key
aspect of this approach is the need for accurate injection into the
vas, with leakage resulting in local inflammation. This method is
currently under development for clinical trials, supported by the
Male Contraceptive Initiative.

Testicular and post-testicular approaches target a wide range
of pathways including retinoic acid synthesis and action, chro-
matin remodeling through bromodomain acting drugs, interfer-
ing with spermiation through lonidamine derivatives, sperm
maturation in the epididymis, and sperm protein targets related
to male gamete function(s) (Nya-Ngatchou and Amory, 2013;
Balbach et al., 2023; Mariani et al., 2023; Nickels and Yan, 2023).
An early clinical trial of an orally active retinoic acid receptor al-
pha antagonist YCT-529 has recently been initiated by Your
Choice Therapeutics, providing the possibility of a large step for-
ward toward a non-hormonal male contraceptive.

Despite this wealth of knowledge and progress over many
years, it remains the case that a novel male contraceptive
remains unavailable. The cited WHO studies confirm the poten-
tial of hormonal male methods to provide highly effective contra-
ception. There remains limited commercial investment in both
this approach and in contraceptive development in general: near
perfect efficacy is required with near zero side effects, unlike
other medical products. Participation by both men and their part-
ners in trials, however, confirms that there is market demand.
There is also the novel regulatory aspect of one person taking a
drug to prevent a condition (i.e. pregnancy) in another, needing

development of the concept of shared risk. That not all men
show sufficient suppression of spermatogenesis in the hormonal
approach remains an issue, and that time for suppression is re-
quired. Nevertheless, there is optimism that existing approaches,
notably the testosterone/Nestorone gel, will advance to extensive
Phase III clinical studies for registration, ultimately paving the
way for widespread availability.

MRH: society, economics, policy,

and education

Common threats to MRH

Narratives in popular culture, e.g. newspapers, broadcast media
or in social media, depict many threats to MRH. The topics typi-
cally resonate with common lifestyle factors (e.g. increasing age
of paternity, smoking, consumption of alcohol and recreational
drugs, urogenital infections, occupational risks) and impact di-
rectly on sperm quality and have been well reviewed in the litera-
ture (Gimenes et al., 2014; Ricci et al.,, 2017; Jimbo et al., 2022).
However, there are other relevant threats, some of which are de-
scribed below.

Potential decline in semen quality

There are data that suggest that sperm quality (typically sperm
concentration) has declined in recent decades (Levine et al,
2023), although this is the subject of considerable debate
(Jgrgensen et al., 2021; Auger et al.,, 2022; Cipriani et al., 2023). If
true, then a decline in sperm concentration, or quality, in future
fathers increases the likelihood of infertility, given the known re-
lation between sperm concentration and probability of concep-
tion (Bonde et al., 1998; Keihani et al., 2021). This is likely to
become increasingly profound when combined with increased
male age before pregnancy is attempted, as outlined above.

Less sex in young males

Regular (unprotected) intercourse is a critical part of achieving a
natural pregnancy, yet there is strong evidence that young men
and women are having less sex than their parents’ generation
that puts them at risk of infertility worldwide (UK: Mercer et al.,
2013; Australia: de Visser et al., 2014; Finland: Kontula, 2015;
Japan: Japan Family Planning Association, 2017; USA: Ueda et al.,
2020). For example, the UK’s National Survey of Sexual Attitudes
and Lifestyles shows that, over the past two decades, there has
been a decrease in how often people (aged 16 to 44years) say
they have sex (Mercer et al., 2013). The same trend was reported
by the General Social Survey of young people in the USA, and is
largely being driven by a decreased incidence of sexual inter-
course by young males (Ueda et al., 2020). Regarding the explana-
tion(s) for such change in attitudes toward sex in young men,
Twenge (2020) analyzed several potential factors and proposes
two primary explanations: first, adolescents and young adults
are taking a longer time to transition into adulthood and, second,
the growth of the internet and digital media since 2000.
Acknowledging the challenges associated with conducting ran-
domized clinical trials in cultural change research, determining
definitive explanations for the observed decline in sexual activity
becomes inherently complex. However, if this trend is replicated
in other countries or intensifies further, it could potentially lead
to more pronounced declines in birth rates.

Poor data collection

Studies investigating threats to MRH are few and far between,
they provide contradictory results or are poorly designed to
drawn robust conclusions, as recently brought into sharp focus
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by an analysis of the 100 largest randomized controlled trials in
male infertility published between 2010 and 2021 (Rimmer et al.,
2022). This has been reinforced by Bjorndahl et al. (2022), who
have published a plea for higher standards in the design and pub-
lication of data from semen analysis.

Public information and interaction with patients

Male engagement with health services is thought to be quite
poor, particularly in the arena of MRH, where most men have in-
adequate knowledge about the limitations of female and male
fertility, and overestimate the chance of natural and assisted
conception (Hammarberg et al., 2017). For many men, fertility
issues are seen as a private matter (see below) and, for that rea-
son, it has been proposed that the internet and social media may
provide a suitable route to obtain information about their repro-
ductive health. In a study of young people (aged 13-18years),
Goodyear et al. (2022) found that there were two main purposes
of engagement with social media: communicating with friends;
and accessing health-related information. Moreover, irony and
humor were central learning mechanisms, and acceptable
‘banter’ allowed young men to engage with health discourses
without fear of peer ridicule. Social media now dominates our
lives and data from Global Web Index (accessed 8 February 2022
at 15:12 GMT) shows that young people aged 16 to 24 years now
spend over 3hours per day using it. While this decreases with in-
creasing age, those aged 45 to 54 years still spend 1.39h/day on
social media.

The advantage of social media for professional groups to com-
municate with the public and patients about MRH is that scien-
tists, doctors, and nurses are generally regarded to be honest and
have integrity (Clemence and King, 2022), and are therefore
trusted by the public. This is a concept recently reinforced by the
Wellcome Trust Global Monitor Report 2020 (Craig et al., 2021).
Studies such as Daumler et al. (2016) found that more than 50%
of men expressed an interest in obtaining more information
about MRH, citing medical professionals and online sources as
their preferred sources, providing a green flag for professionals to
communicate to the public and patients via social media.

MRHI global questionnaire

As previously mentioned, in addition to reproductive health con-
cerns (De Jonge and Barratt, 2019), there are psychosocial knowl-
edge gaps that require investigation, and that is: what are men’s
attitudes regarding their infertility? Recently, the MRHI con-
ducted a University IRB-approved study to ask infertile men from
around the world: how they feel about their infertility; what mo-
tivated them to seek health care; how likely are they to talk with
others about their infertility; what is their awareness of male in-
fertility support groups; what their primary source for informa-
tion is regarding male infertility; and has an infertility specialist
recommended herbal supplements to you as a treatment for
your infertility? These questions were presented in the form of
an anonymous questionnaire translated into 20 European and
Asian languages. A summary of the findings is presented in
Fig. 3. These results have provided greater clarity about men’s di-
verse feelings about their infertility (De Jonge et al.,, 2023). The
study emphasizes the importance of men better identifying their
emotions and more openly sharing their feelings, especially with
their partner and with other men. Addressing their feelings, re-
celving support, and gaining knowledge about their infertility will
help men to feel emotionally stronger, empowered, and have a
more positive state of mind, and they might be in a better sup-
portive position for their partner. The information can also be
used by reproductive and mental health practitioners to support

men in being more engaged individually and collaboratively with
their partner throughout the MAR journey.

Developments in men’s health policy

Men's health is unnecessarily poor across the world. At the global
level, male life expectancy is 5years lower than female life ex-
pectancy (WHO, 2023a). Globally, the risk of a 30-year-old person
dying from any of the four major noncommunicable diseases—
cancer, cardiovascular disease, diabetes, and respiratory dis-
eases—before reaching the age of 70years is 22% for men and
15% for women (WHO, 2019). For cancer alone, the all-cancer in-
cidence rate is 18% higher for males and the mortality rate 31%
higher (Sung et al., 2021). The male suicide rate is twice as high as
the female rate globally (Ilic and Ilic, 2022) and for every 10 fe-
male deaths from coronavirus disease 2019, there have been 13
male deaths (Global Health 50:50, 2021). Healthier men would
significantly reduce costs and workloads for currently over-
stretched health services. Better men’s health would also be good
for women and children and the wider world of local communi-
ties and workplaces.

Despite the potentially huge social and economic benefits, as
well as the ethical case for action, men's health has not been sys-
tematically addressed by health organizations at all levels
(Baker, 2020; Baker et al., 2020). In part, this is because health pol-
icymakers and practitioners have not been trained to take ac-
count of sex and gender, and they are therefore not seen as
significant issues for most global and national health organiza-
tions. There is also resistance to addressing men’s health be-
cause men are held to be responsible for their own health
problems even though it is not easy for an individual man to step
outside of the ‘gender rules’ he has been expected to follow since
early childhood. The better news is that there are now some clear
opportunities for progress in men’s health. Growing media cover-
age and initiatives like Movember and Men'’s Health Week have
given the issue a much higher public profile. Men's health is no
longer seen as just being about sexual and reproductive health;
rather, it is about any aspect of men'’s health impacted by sex
and/or gender. This includes mental health, where men’s diffi-
culties with disclosing their concerns to family and friends as
well as health professionals are very clear and now widely under-
stood. The WHO, both at the global and regional levels, is now
showing more interest in men'’s health (see ‘Sustainable develop-
ment goals and MRH’ section). The WHO published a men’s
health strategy in 2018 (World Health Organization, 2018). Seven
countries—with Ireland being the first in 2009—have published
national men’s health policies; there is evidence of their positive
impact (Baker, 2015), and they provide a platform for similar ini-
tiatives elsewhere. There is also a growing body of academic re-
search, much of it published in specialist men’s health journals,
which has demonstrated the effectiveness of a wide range of
practical interventions.

Furthermore, Global Action on Men'’s Health (GAMH) is an in-
ternational non-governmental organization aimed to elevate
men’s health on national and global health policy agendas.
There is an opportunity for GAMH and international societies,
such as ESHRE, to raise long-neglected issues concerning male
fertility and to bring about improvements in male health that
will also have important spin-off benefits for reproductive
health. By implementing male-responsive strategies and engag-
ing in dialogue and collaboration with men’s health advocates,
organizations and researchers, the policymakers can help to ac-
celerate improvements in men's health and work toward improv-
ing the overall health and well-being of men in their
communities around the world.
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What motivated you to seek medical help
for your infertility?
2.1

= men (independently) = male's partner

= both partners unknown

= unknown

Is there a male infertility support
group in your country?

= from own physician

= unaware = other (no, unknown)

How do you view your infertility ?

= positive (open, matter of fact)

From where have you primarily searched for
information about male infertility ?

= from partner's physician

How likely do you talk about
infertility with others?

= not very likely = other

= negative (shame, stigna, embarrasment) or conflicted

Has an infertility specialist
recommended herbal
supplements to you as a
treatment for your infertility ?

s yes = other (no, unknown)

= internet-based resources = other

Figure 3. Results of the Male Reproductive Health Initiative questionnaire about male infertility. In a 1-year period, 1171 men aged 20-59 years
responded to the questionnaire. Collectively, men 30-39 (60.8%) and 40-49 (23.9%) years of age made up 85% of the age demographic. Patients
responded to: how they feel about their infertility; what motivated them to seek health care; how likely are they to talk with others about their
infertility; their awareness of male infertility support groups; what their primary source for information is regarding male infertility; and has an
infertility specialist recommended herbal supplements to you as a treatment for your infertility? The questionnaire remains open to collect data and
can be accessed using the following link: https://fertilityeurope.eu/male-infertility-questionnaire-participate-now/.

The broader economic consequences of infertility

The consequences of being childless, or unable to achieve one’s
desired family size, can not only impact couples but also, when
viewed in aggregate, i.e. at population level, can pose economic
consequences for households, the government, and the broader
economy. By understanding how all society members are linked
together through economic institutions and transactions, espe-
cially as it relates to many public benefits programs that are
funded through pay-as-you-go taxes, we gain better insights into
the broader effects that a failure to balance family size can have
on others.

The present demographic transition from high to low fertility
and increasing longevity places excess demand on the remaining
workers to fund public programs that can create fiscal drag for
the economy at large. Specifically, it is the younger aged cohorts
that carry the fiscal burden of older generations. It is important
to recognize that all government promises now, and into the fu-
ture, must be paid for by current and future workers. When the
balance of workers (those paying tax) is overwhelmed by those
who do not work (pay tax), economic problems ensue. Notably, in
the face of declining global birth rates, children conceived by
MAR augment the population of naturally conceived children
and contribute to the cost of caring for the ‘non-employed’ mem-
bers of society. All things being equal, when more children are
born in society, the need for higher taxes is reduced, thereby re-
ducing the lifetime net taxes paid by individuals (Rizza and
Tommasino, 2010).

Through this lens, we can see how MAR-conceived children,
although a small contribution to overall national births, can help
reduce the likely tax liabilities paid by naturally conceived chil-
dren. This would suggest that infertility is not only a problem

faced by couples. In fact infertility, if successfully treated, has
economic consequences that benefit society as a whole.
Furthermore, as children are positive net tax contributors to gov-
ernment over their lifetime, public investments in MAR that en-
able people to achieve their desired family size represent positive
net fiscal value from which all society members will benefit
(Connolly et al., 2008; Lee and Mason, 2011).

To compensate for the effects of ageing populations, govern-
ments often turn to pronatalist policies to influence birth rates
by reducing the financial burden of raising children (Sobotka
et al., 2019). The effects of pronatalist policies achieve varied
results, and are often considered expensive to implement. A re-
cent review of pronatalist policies offering child benefits equal to
10% of household income increased birth rates from 0.5% to 4.1%
(Stone, 2020). By comparison, annual reporting of the contribu-
tion of MAR-conceived births is equivalent at the least, and is
likely to be greater than most pronatalist policies in those coun-
tries with well-funded programs for treating infertile couples
(European IVF Monitoring Consortium et al., 2022). Considering
the contribution of MAR-conceived births to national births, sev-
eral countries have changed the funding of MAR for the sole pur-
pose of increasing birth rates. This would suggest that policy
makers seeking to influence birth rates may be wise to consider a
broader range of policies for influencing national births.

Policy makers and how to influence change

Navigating infertility poses significant emotional challenges.
Patient support organizations serve as invaluable resources, fa-
cilitating the sharing of experiences, feelings, and concerns
among individuals and couples facing similar struggles. Patient
support organizations actively contribute to pursuit by patients
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of equal access to fair and safe treatment. By fostering a sense of
community, these organizations help alleviate feelings of isola-
tion and offer crucial emotional support (McNaughton-Cassill
et al., 2000; Malina et al., 2019; Soleimani et al., 2023). Globally, nu-
merous national infertility associations exist, such as FE,
RESOLVE, Asociacién Red Nacional de Infértiles, TRAscender,
CONCEBIR, and more. FE stands out as an exemplary representa-
tive organization, bringing together 31 European national infertil-
ity member associations from 28 countries. This organization
successfully unites diverse demographics, working collabora-
tively toward the common goal of patient advocacy.

FE aims to improve the rights of those affected by infertility,
build a strong cross border network among European patients
and member associations, share best practices, promote social
change regarding the perception of infertility, and promote edu-
cation in the field of reproductive health care. FE also aims to
promote patient empowerment, the fight against health inequal-
ities and discrimination, the support of quality care, patient
safety, and patient-centered treatments, as well as the develop-
ment of ethical guidelines and regulations within each European
country. FE estimates that in the EU alone there are about 25 mil-
lion people of reproductive age with infertility (FE website URL,
Supplementary Table S1).

FE has been very proactive in engaging with stakeholders and
policy makers on a regional national level to ensure that patients’
voices are heard. In 2020, FE started a project to formulate a map
that would cover all European countries and their fertility treat-
ment policies. In November 2022, a European Atlas of fertility
treatment policies was published (European Atlas for Fertility
Treatment, 2021), which shows clearly that regulations and fund-
ing of fertility treatments in 43 European countries are very di-
verse and often based on non-medical principles. One of FE’s
biggest projects is the fertility awareness project that started in
July 2021, aimed to prepare a web-based game for teenagers aged
between 15 and 18 years and raise the players awareness of fertil-
ity but at the same time gather data for FE about the level of their
knowledge. With the collected data available to our member
associations, it can be used to advocate the importance of fertil-
ity awareness. Networking among infertility associations in
Europe, and indeed globally, is essential. FE is also taking into ac-
count parties that are related to fertility and infertility, such as
women's and men’s health organizations, ESHRE and other re-
productive health professionals associations, educator organiza-
tions, and other patient organizations representing diseases
related to infertility. Many working groups seek the perspective
of patients, and invite FE as the patients’ voice.

Training of the current and next generation
in andrology

While andrology is increasingly recognized as the male counter-
part to gynecology for the female, formal specialization in this
discipline is still lacking in many countries. At the European
level, the EAA is the main organization dealing with the promo-
tion of education in clinical andrology, and has established 29
EAA-accredited training centers (also outside of the EU; URL list
in Supplementary Table S1). Trainees can obtain the ‘EAA
Clinical Andrologist’ title after a period of 18 months training in
one of the accredited centers and an extensive exit exam. In addi-
tion, a number of permanent EAA Schools that provide hands-on
training in ultrasound, basic clinical andrology, testis histology
and pathology, and microsurgery for clinicians are available
(https://www.andrologyacademy.net/education). In the USA and
Canada, male fertility is taught as a structured fellowship after a
urological residency. The Society for the Study of Male

Reproduction within the American Urological Association is
charged with matching applicants to programs and ensuring
the educational quality of the fellowship programs. Many enter
academic practice in urology residency training programs so
that the majority of urology residencies have as a component
male reproductive medicine. Promisingly, a network of 15 medi-
cal schools offering subspeciality training in andrology has
been recently established to fill the void that exists in North
America (see ‘What is happening around the world in MRH: a
whistle stop tour’ section, North America). In the EU and globally,
however, the number of male reproductive fertility specialists
still lags well-being that of female fertility specialists
(Najari, 2019).

There are at least three distinct areas for improving reproduc-
tive medical education. The first is in recognizing similarities and
equal priority between male and female reproductive function
and dysfunction, and in teaching both to all learners. The second
is in multidisciplinary innovation; education in science has been
an essential element of medicine for centuries, and reproductive
medicine is no exception. And the third area for training is one
generally not provided in medical education, but it represents a
real need in reproductive medicine and in the world at large: we
live in a world where politics and reproductive rights have be-
come intertwined. It is essential that future generations of medi-
cal doctors are educated on how to succeed politically in the
protection of medical care for all people.

Training and education need inspirational mentors. Dr Donna
Vogel is a prominent leader in our field with an interest in male
infertility and reproduction as well as basic and clinical research,
and has been directing grant programs for 30 years. Dr Vogel has
provided inspiration to a large number of people in the field at all
levels of experience, and was asked to contribute a personal mes-
sage about mentoring and leadership development, particularly
to encourage and stimulate higher education students, young
scientists, and clinicians. Supplementary Data File S3 presents
her valuable reflections and guidance.

What are the conclusions for the
way forward?

One of the more challenging aspects of male infertility and repro-
ductive ill-health broadly is its lack of visibility. The reasons for
this are complex and involve deeply held cultural norms.
Regardless, if governments and the public are unaware of the
size of a problem, they are unable to prioritize it. Equally, the
lack of visibility and knowledge may lead clinicians and pharma-
ceutical companies to overlook andrological disorders and fail to
recognize the inherent benefit in treating such problems for indi-
vidual men and society as a whole.

As academic leaders in andrology, the MRHI mission is to help
clarify the types and scale of challenges associated with male re-
productive ill-health, to define areas for urgent research focus
and the types of resources, and ways of intelligence gathering re-
quired to answer such questions. To achieve this, during the
course of 2021-2022, a working group was convened virtually,
and key questions were formulated. Lead authors for each ques-
tion were assigned and asked to assemble the most appropriate
co-authors, including emerging leaders, to briefly summarize the
current state of knowledge, to identify resource gaps and oppor-
tunities, and to develop a roadmap to improve MRH. The recom-
mendations of this roadmap are deliberately high level and do
not delve into specific fundamental research questions. It was
accepted by all authors, however, that the attainment of a
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greater understanding of the mechanisms underpinning male
fertility, spanning all relevant organ systems, is critically impor-
tant to optimize male health and to manipulate male fertility in a
targeted manner. Following review, the manuscript was pub-
lished in Nature Urology Reviews under the title of ‘Frequency,
morbidity and equity—the case for increased research on male
fertility’ (Kimmins et al., 2024). As outlined in the manuscript,
Kimmins et al. (2024) presented a total of 13 urgent questions and
10 recommendations. Key topics include:

Being able to precisely diagnose the etiology of male infertility
and its frequency in a population, spanning all causes
whether they be genetic or environmental.

The appropriate use and limitations of existing therapeutic
options and the formulation of additional targeted treat-
ment options.

Defining the whole of life health burden and economic cost of
male infertility.

Defining the consequences of MAR on child health across
the lifespan.

The development of male-based contraceptive strategies; and
very importantly

Improved education and communication strategies aimed at
each of the public (across the lifespan), couples attempting
conception, medical professionals, governments, and fund-
ing agencies.

Readers seeking comprehensive details are encouraged to
consult the full paper.

Addressing these topics is an essential requirement for all an-
drology specialists, by fostering international cooperation and by
facilitating the sharing of data and samples. If successful, the
roadmap implementation holds the promise of advancing men'’s
health, offspring health, addressing imbalances in the treatment
of male infertility—particularly where the female partner
shoulders a disproportionate burden—and, over time, enhancing
the efficiency of healthcare systems.

Supplementary data

Supplementary data are available at Human Reproduction Open online.

Data availability

The data underlying this article are available in the article and in
its online Supplementary Material.
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