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Reproduction is required for the survival of all mammalian species, and
thousands of essential ‘sex’ genes are conserved through evolution. Basic
research helps to define these genes and the mechanisms responsible for the
development, function and regulation of the male and female reproductive
systems. However, many infertile couples continue to be labeled with the
diagnosis of idiopathic infertility or given descriptive diagnoses that do not
provide a cause for their defect. For other individuals with a known etiology,
effective cures are lacking, although their infertility is often bypassed with
assisted reproductive technologies (ART), some accompanied by safety or
ethical concerns. Certainly, progress in the field of reproduction has been
realized in the twenty-first century with advances in the understanding of the
regulation of fertility, with the production of over 400 mutant mouse models
with a reproductive phenotype and with the promise of regenerative gonadal
stem cells. Indeed, the past six years have witnessed a virtual explosion in the
identification of gene mutations or polymorphisms that cause or are linked to
human infertility. Translation of these findings to the clinic remains slow,
however, as do new methods to diagnose and treat infertile couples.
Additionally, new approaches to contraception remain elusive. Nevertheless, the
basic and clinical advances in the understanding of the molecular controls of
reproduction are impressive and will ultimately improve patient care.
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Propagation of all vertebrate species requires
the interaction of a sperm and an oocyte to form a
zygote, the first step in the development of the
embryo. The beginnings of the reproductive process,
however, are laid down weeks (in mice) to years (in
humans) earlier during the development of the
germline lineage in the embryo and the formation of
the future gonads and genital tracts. Germ cells arise
and propagate in an autocrine, paracrine, juxtracrine
and endocrine environment that includes factors within
the gonads and beyond. It is obvious from Imouse and
human genetics and microarray technology that
coordination of thousands of gene products
throughout the body is necessary for reproductive
success. Understanding the process is even more
complicated than just knowing the functions of genes
because of the discovery of thousands of small

noncoding RNAs that have roles in mRNA stability,
protein translation, protein modification and protection
of the germline.

When these highly regulated processes go awry,
infertility can occur. Defects in any step required for
fertility will profoundly influence a couple's life plan
and their vision together for a family. Although the
development of ART has allowed otherwise hopelessly
infertile couples to experience the joy of parenthood,
these technologies also traverse the natural barriers
preventing the transmission of genetic defects. Despite
the increasing knowledge of the genetic causes of
infertility, advances in the diagnosis and treatment of
infertility have remained relatively stagnant. This
review focuses on the mechanisms directing the
development of the reproductive tract and the
regulatory controls of each process, from
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gametogenesis through genital tract transit to

fertilization. The goals of this six-year update from our
previous review on this topic are to bring the reader
from bench to bedside and back again to describe
what has been learned about the reproductive process,
where there have been both large and small
breakthroughs in humans and what technological
advances are needed for the future. Because of the
breadth of the subject of reproduction, this review will
complement but not overlap with the findings
presented in our 2002 review and will focus mainly on
research highlights achieved in the last six years.
Thus, we suggest that the reader first peruse our
original review and then refer to the online that
accompany this review, which reference the extensive
primary literature in which many genetic advances
have been made in defining reproduction in humans
and mice. In the main text of this review, we will
provide a brief background on the reproductive
processes and the genes identified in the basic science
laboratory, discuss the diagnostic workup of the
infertile couple, describe major advances in humans
and, finally, discuss areas where more investigation is
necessary. We hope that you agree that reproduction
and the creation of a baby, whether through /n
vivoor fn vitromeans, is an amazingly complex
process to behold.

e Infertility is a disease of the male or female
reproductive system defined by the failure to
achieve a pregnancy after 12 months or more
of regular unprotected sexual intercourse.

o Infertility affects millions of people of
reproductive age worldwide — and has an
impact on their families and communities.
Estimates suggest that between 48 million
couples and 186 million individuals live with
infertility globally.

e In the male reproductive system, infertility is
most commonly caused by problems in the
ejection of semen (1), absence or low levels of
sperm, or abnormal shape (morphology) and
movement (motility) of the sperm.

e In the female reproductive system, infertility
may be caused by a range of abnormalities of
the ovaries, uterus, fallopian tubes, and the
endocrine system, among others.

e Infertility can be primary or secondary.
Primary infertility is when a pregnancy has
never been achieved by a person, and
secondary infertility is when at least one prior
pregnancy has been achieved.

e Fertility care encompasses the prevention,
diagnosis and treatment of infertility. Equal
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and equitable access to fertility care remains a
challenge in most countries; particularly in low
and middle-income countries. Fertility care is
rarely prioritized in national universal health
coverage benefit packages.

Infertility may be caused by a number of different
factors, in either the male or female reproductive
systems. However, it is sometimes not possible to
explain the causes of infertility.

In the female reproductive system, infertility may be
caused by:

e tubal disorders such as blocked fallopian
tubes, which are in turn caused by untreated
sexually transmitted infections (STIs) or
complications of unsafe abortion, postpartum
sepsis or abdominal/pelvic surgery;

e uterine disorders which could be inflammatory
in nature (such as such endometriosis),
congenital in nature (such as septate uterus),
or benign in nature (such as fibroids);

e disorders of the ovaries, such as polycystic
ovarian syndrome and other follicular
disorders;

e disorders of the endocrine system causing
imbalances of reproductive hormones. The
endocrine system includes hypothalamus and
the pituitary glands. Examples of common
disorders affecting this system include pituitary
cancers and hypopituitarism.

The relative importance of these causes of female
infertility may differ from country to country, for
example due to differences in the background
prevalence of STIs, or differing ages of populations
studied.

In the male reproductive system, infertility may be
caused by:

e obstruction of the reproductive tract causing

dysfunctionalities in the ejection of semen.
This blockage can occur in the tubes that carry
semen (such as ejaculatory ducts and seminal
vesicles). Blockages are commonly due to
injuries or infections of the genital tract.

e hormonal disorders leading to abnormalities in
hormones produced by the pituitary gland,
hypothalamus and testicles. Hormones such as
testosterone regulate sperm  production.
Example of disorders that result in hormonal
imbalance include pituitary or testicular
cancers.

o testicular failure to produce sperm, for
example due to varicoceles or medical
treatments that impair sperm-producing cells
(such as chemotherapy).
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Conditions or situations that cause abnormal
shape (morphology) and movement (motility)
of the sperm negatively affect fertility. For
example, the use of anabolic steroids can
cause abnormal semen parameters such
sperm count and shape.

Environmental and lifestyle factors such as
smoking, excessive alcohol intake and obesity can
affect fertility. In addition, exposure to environmental
pollutants and toxins can be directly toxic to gametes
(eggs and sperm), resulting in their decreased
numbers and poor quality, leading to infertility.

Every human being has a right to the enjoyment
of the highest attainable standard of physical and
mental health. Individuals and couples have the right
to decide the number, timing and spacing of their
children. Infertility can negate the realisation of these
essential human rights. Addressing infertility is
therefore an important part of realizing the right of
individuals and couples to found a family.

A wide variety of people, including
heterosexual couples, same-sex partners, older
persons, individuals who are not in sexual relationships
and those with certain medical conditions, such as
some HIV sero-discordant couples and cancer
survivors, may require infertility management and
fertility care services. Inequities and disparities in
access to fertility care services adversely affect the
poor, unmarried, uneducated, unemployed and other
marginalised populations.

Addressing infertility can also mitigate gender
inequality. Although both women and men can
experience infertility, women in a relationship with a
man are often perceived to suffer from infertility,
regardless of whether they are infertile or not.
Infertility has significant negative social impacts on the
lives of infertile couples and particularly women, who
frequently experience violence, divorce, social stigma,
emotional stress, depression, anxiety and low self-
esteem.

In some settings, fear of infertility can deter
women and men from using contraception if they feel
socially pressured to prove their fertility at an early
age because of a high social value of childbearing. In
such situations, education and awareness-raising
interventions to address understanding of the
prevalence and determinants of fertility and infertility
is essential.

Availability, access, and quality of interventions
to address infertility remain a challenge in most
countries. Diagnosis and treatment of infertility is often
not prioritized in national population and development

rarely covered through public health financing.
Moreover, a lack of trained personnel and the
necessary equipment and infrastructure, and the
currently high costs of treatment medicines, are major
barriers even for countries that are actively addressing
the needs of people with infertility.

While assisted reproduction technologies (ART)
have been available for more than three decades, with
more than 5 million children born worldwide from ART
interventions such as in vitro fertilization (IVF), these
technologies are still largely unavailable, inaccessible
and unaffordable in many parts of the world,
particularly in low and middle-income countries
(LMIC).

Government policies could mitigate the many
inequities in access to safe and effective fertility care.
To effectively address infertility, health policies need to
recognize that infertility is a disease that can often be
prevented, thereby mitigating the need for costly and
poorly accessible treatments. Incorporating fertility
awareness in national comprehensive sexuality
education programmes, promoting healthy lifestyles to
reduce behavioural risks, including prevention,
diagnosis and early treatment of STIs, preventing
complications of unsafe abortion, postpartum sepsis
and abdominal/pelvic surgery, and addressing
environmental toxins associated with infertility, are
policy and programmatic interventions that all
governments can implement.

In addition, enabling laws and policies that
regulate third party reproduction and ART are essential
to ensure universal access without discrimination and
to protect and promote the human rights of all parties
involved. Once fertility policies are in place, it is
essential to ensure that their implementation is
monitored, and the quality of services is continually
improved.

WHO recognizes that the provision of high-quality
services for family-planning, including fertility care
services, is one of the core elements of reproductive
health. Recognizing the importance and impact of
infertility on people’s quality of life and well-being,
WHO is committed to addressing infertility and fertility
care by:

e Collaborating with partners to conduct global
epidemiological and etiological research into
infertility.

e Engaging and facilitating policy dialogue with
countries worldwide to frame infertility within
an enabling legal and policy environment.
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Supporting the generation of data on the
burden of infertility to inform resource
allocation and provision of services.

Developing guidelines on the prevention,
diagnosis and treatment of male and female
infertility, as part of the global norms and
standards of quality care related to fertility
care.

Continually revising and updating other
normative products, including the WHO
laboratory manual for the examination and
processing of human semen.

Collaborating with relevant stakeholders
including academic centres, ministries of
health, other UN organizations, non-state
actors (NSAs) and other partners to
strengthen political commitment, availability
and health system capacity to deliver fertility
care globally.

Providing country-level technical support to
member states to develop or strengthen
implementation of national fertility policies and
services.
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