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Abstract

Purpose Our article reviews the evolving concepts in the
field of male infertility for gynecologists and other health
professionals involved in the care of men and women
experiencing difficulty in having a child. The increased
knowledge will help in the better management and treat-
ment of infertile couples.

Methods Review of literature through Pubmed, Science
Direct, Online Library.

Results Gynecologists are often the first healthcare pro-
viders to assess an infertile couple. Because half of all
infertility problems stem from male factors, it is crucial for
the gynecologist to remain updated on the main conditions
that cause male infertility as well as current diagnostic
tools and treatment options, including conventional strat-
egies and assisted reproductive techniques.

Conclusions Extraordinary advances have been achieved
in the field of male infertility over the past several years
and many old concepts are now challenged. Therefore, it is
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imperative that male infertility physicians should update
the gynecologists about the recent advances in the work-up
of infertile men in terms of diagnosis and management.
Such convention will help improve the standards of care
for the infertile couple and enhance the cooperation
between male and female reproductive endocrinologists.

Keywords Male infertility - Diagnosis - Treatment -
Azoospermia - Oxidative stress

Introduction

Infertility affects approximately 15% of couples worldwide
and negatively impacts the quality of life in those who are
affected [1]. A common misconception is that female
factors account for most causes of infertility. However, the
truth is that male factor infertility, alone or in combination
with female factors, actually accounts for at least 50% of
cases [2]. Male infertility arises from a variety of problems,
most notably varicocele, genetic disorders and other factors
such as excessive oxidative stress (OS), improper lifestyle
habits and sperm DNA fragmentation.

Despite the fact that about half of infertility problems
stem from male factors, gynecologists are often the first
healthcare providers to perform the initial assessment of
the infertile couple. As such, it is crucial that they remain
updated on the main conditions that cause male infertility
as well as current diagnostic tools and treatment options,
including conventional strategies and assisted reproductive
techniques.

This article will provide a better understanding of the
evolving concepts in the field of male infertility to gyne-
cologists and all health professionals involved in repro-
ductive medicine.
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The role of the gynecologist in the initial male workup:
an overview

A comprehensive history must be taken to gain a greater
insight into the possible contributors to male infertility (see
below). In addition, a preliminary semen analysis should be
ordered before referring the male partner for urological
examination. Additional tests may be used to determine the
physiological health of the male as well as to identify
possible genetic factors that contribute to infertility.
Although it is outside the expertise of gynecologists to
interpret these specific tests and to treat the conditions
affecting male fertility, it is important for them to have an
in-depth understanding of the available diagnostic tools
and treatments so that they can counsel and refer the
patient appropriately.

History taking of the infertile male patient: unraveling
contributing factors to subfertility

Certain historical data may point to male reproductive
dysfunction, and a comprehensive review of these aspects
can be obtained elsewhere [3], and an outline of the main
aspects of history taking for infertile men is provided in
Table 1.

In brief, gynecologists should inquire about the duration
of infertility, the age of the couple and their sexual, family,
childhood, developmental, surgical and fertility history.
They should also inquire about the presence of systemic
medical conditions, current and past medication use and
social, occupational and gonadotoxic exposure history. It
has been reported that a long duration of male infertility is
usually associated with depression, erectile dysfunction
and low self-esteem [4, 5]. As the male partner’s age
increases, the conception rate decreases and the risk of
genetic defects in offspring (e.g., Down syndrome) rises.
By age 35, sperm DNA fragmentation rates start to rise
whereas germ cell apoptosis rates begin to decrease [6—8].
In addition, semen volume, sperm morphology and
motility all start to markedly decline [9—11]. The risk of
having a child with autosomal dominant disorders for
older men is equal to that of having a child with Down
syndrome for women aged >45 years [12]. Antihyperten-
sive drugs such as alpha and beta-blockers, thiazide
diuretics and spironolactone may cause erectile and ejac-
ulatory dysfunction. Also, calcium-channel blockers may
negatively impact sperm fertilizing ability by blocking the
acrosome reaction. Antibiotics such as gentamicin, eryth-
romycin and nitrofurantoin are gonadotoxic [13]. Cimeti-
dine, spironolactone, certain hormonal preparations and
anabolic steroids may alter the hypothalamic-pituitary
gonadal axis, thus affecting spermatogenesis [14]. Cancer
treatment such as radiotherapy and chemotherapy also
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Table 1 Clinical male infertility history outline

1) Infertility history
Age of partners, time attempting to conceive
Contraceptive methods/duration
Previous pregnancy (actual partner/other partner)
Previous treatments
Treatments/evaluation of female partner
2) Sexual history
Potency, libido, lubricant use
Ejaculation, timed intercourse, frequency of masturbation
3) Childhood and development
Cryptorchidism, hernia, testicular trauma
Testicular torsion, infection (e.g., mumps)
Sexual development, puberty onset
4) Personal history
Systemic diseases (diabetes, cirrhosis, hypertension)
Sexually transmitted diseases, tuberculosis, viral infections
5) Previous surgeries

Orchidopexy, herniorraphy, orchiectomy (testicular cancer,
torsion)

Retroperitoneal and pelvic surgery
Other inguinal, scrotal and perineal surgery

Bariatric surgery, bladder neck surgery, transurethral resection of
the prostate

6) Gonadotoxin exposure
Pesticides, alcohol, cocaine, marijuana abuse

Medication (chemotherapy agents, cimetidine, sulfasalazine,
nitrofurantoin, allopurinol, colchicine, thiazide, f- and
a-blockers, calcium blockers, finasteride)

Organic solvents, heavy metals
Anabolic steroids, tobacco use
High temperatures, electromagnetic energy
Radiation (therapeutic, nuclear power plant workers), etc.
7) Family history
Cystic fibrosis, endocrine diseases
Infertility in the family
8) Current health status
Respiratory infection, anosmia
Galactorrhea, visual disturbances
Obesity

decreases sperm production. Obesity negatively influences
male fertility by causing erectile dysfunction (ED) and
impairing semen parameters [15-19]. Corona et al. [15]
showed that 96.5% of their patients with metabolic syn-
drome—a constellation of conditions that usually includes
obesity—had ED. The risk of fertility problems is even
higher for couples where both partners are obese [16].
Furthermore, reduced sperm DNA integrity is common in
infertile obese men [20]. These changes are attributed to
high estrogen production from fat stores and/or high
accumulation of fertility-jeopardizing environmental
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toxins in fatty tissue. Particular attention should be
directed toward certain occupations that risk male fertility
potential such as bakers, steel workers, welders, painters,
printer and dye manufacturers. Sedentary jobs, sauna and
hot tubs may increase scrotal temperature and may also
affect testicular function [14]. The use of pesticides,
radiation exposure from X-ray, excessive use of cell
phones [21] and heavy metal intoxication may also
potentially affect sperm production and quality.

The importance of routine semen analysis in the male
infertility workup

Semen analysis is of paramount importance in the initial
investigation of the male partner and it is often ordered by
the gynecologist during the female infertility workup. It
provides information on the functional status of the semi-
niferous tubules, epididymis and accessory sex glands, and
its results are often taken as a surrogate measure of his
ability to father a pregnancy.

Semen analysis is a complex test which ideally should
be carried out in andrology laboratories. Minimum stan-
dards for laboratories performing semen analyses include
the presence of experienced technicians, internal and
external quality control, validation of test systems, quality
assurance during all testing processes, and communication
with clinicians and patients. Accuracy, the degree to which
the measurement reflects the true value, as well as preci-
sion, the reproducibility of the results, are vitally important
for clinicians who rely upon the values provided by the
laboratory to direct the further work-up, diagnosis and
counseling of the infertile male. Routine semen analysis
should include: (a) physical characteristics of semen,
including liquefaction, viscosity, pH, color and odor;
(b) specimen volume; (c) sperm concentration; (d) sperm
motility and progression; (e) sperm morphology; (f) leu-
kocyte quantification; and (g) fructose detection in cases
where no spermatozoa are found and ejaculate volume is
low [22]. Results from at least two, preferably three, sep-
arate seminal analyses must be obtained following
2-5 days of ejaculatory abstinence before a definitive
conclusion can be drawn since wide biological variability
exists even within the same individual. Despite being
arbitrary, multiple semen analyses are usually taken at 7- to
14-day intervals. Table 2 highlights the cutoff values for
semen analysis as published in consecutive World Health
Organization (WHO) guidelines [23, 24].

Physicians treating infertile couples should exercise
caution when interpreting the reference values for a num-
ber of reasons. First, results are normal in approximately
6-27% of infertile men [25]. Second, current semen ref-
erence values were obtained primarily from Northern
Europe, North America, and Australian men [23], and thus,

the values may not apply to all men universally. Third,
reference values in the newest WHO guidelines, issued in
2010, are lower than those of previous versions. As a result,
patients previously categorized as having an abnormal
semen analysis will now be considered ‘normal’.

According to Esteves et al. in a critical analysis of the
newly released WHO reference values for semen analysis
characteristics, “male partner referral for evaluation may
be postponed or not undertaken. This deferment poses a
potential problem, since it has been exhaustively reported
that male and female reproductive age are clearly associ-
ated with reproductive outcome. It is unclear at this time,
whether this re-classification will result in a more cost-
effective evaluation of the infertile couple or in a delay in
the male factor evaluation with subsequent delay in the
definitive diagnosis and management of the infertile cou-
ple” [25].

Although helpful, conventional semen analysis can not
alone be used to predict male fertility potential. Therefore,
the male infertility evaluation must go far beyond a simple
semen analysis, as it has to be complemented with a proper
physical examination, a comprehensive history taking, and
relevant endocrine, genetic, and/or other investigations.

Genetic aspects of male infertility

Male infertility can be associated with different genetic
factors that include chromosomal aberrations, genetic
alterations and Y-chromosome microdeletions. Approxi-
mately 6% of infertile men have chromosomal abnormal-
ities; the rate is even higher (~16%) in men with
azoospermia [26]. Sex chromosomal aneuploidy (Kline-
felter syndrome [KS]; 47,XXY) is the most common
chromosomal disorder in infertile men and is generally
associated with hypotrophic or atrophic testicles, elevated
serum follicle stimulating hormone (FSH) levels and azo-
ospermia and/or severe oligozoospermia. Spermatogenesis
can be variably affected in patients with a mosaic karyo-
type (46,XY/47,XXY). In men with KS presenting with
azoospermia, spermatozoa are present in approximately
50% of cases on testicular exploration, and pregnancy rates
associated with intracytoplasmic sperm injection (ICSI)
range from 30 to 50% [27]. ICSI is an in vitro fertilization
procedure in which a single spermatozoon is injected into
the oocyte cytoplasm and is largely used in cases of severe
male factor infertility. Men with KS can have biological
offspring with a normal karyotype because germ cells in
men with KS are usually euploid (46,XY) and thus can
form normal, haploid gametes [28].

Among genetic disorders, cystic fibrosis is the most
common. The condition is caused by a mutation in the gene
coding for the protein cystic fibrosis transmembrane con-
ductance regulator (CFTR); the gene is located on the long
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Table 2 Cut-off reference values for semen characteristics as published in consecutive WHO manuals

Semen characteristics WHO (1980) ‘WHO (1987) WHO (1992) ‘WHO (1999) WHO (2010)*
Volume (mL) ND >2 >2 >2 1.5

Sperm count (10%mL) 20-200 >20 >20 >20 15

Total sperm count (106) ND >40 >40 >40 39

Total motility (% motile) >60 >50 >50 >50 40
Progressive motilityb >2°¢ >25% >25% (grade a) >25% (grade a) 32% (a + b)
Vitality (% alive) ND >50 >75 >75 58
Morphology (% normal forms) 80.5 >50 >304 (14)° 4f

Leukocyte count (10/mL) <4.7 <1.0 <1.0 <1.0 <1.0

% Lower reference limit obtained from the lower fifth centile value

" Grade a, rapid progressive motility (>25 um/s); grade b, slow/sluggish progressive motility (5-25 um/s); Normal, 50% motility (grades a + b)

or 25% progressive motility (grade a) within 60 min of ejaculation
¢ Forward progression (scale 0-3)

4" Arbitrary value

¢ Value not defined but strict criterion is suggested

T Strict (Tygerberg) criterion; ND not defined

arm of chromosome 7. Depending on the extension of the
mutation, cystic fibrosis can manifest in a full clinical
presentation (an autosomic recessive potentially fatal dis-
ease) or in a mild form, where congenital bilateral absence
of the vasa deferentia (CBAVD) exists and affects
approximately 1.3% of infertile men [29]. Approximately
80% of men presenting with CBAVD have a CFTR
mutation, and because the genetic testing is not 100%
sensitive, these men with CBAVD should be assumed to
harbor the genetic anomaly. The female partner should be
tested for the mutation as she may also be a carrier
(approximately 4% risk). Such testing should be done
before the man’s sperm is used for assisted conception
because the cystic fibrosis gene can be transmitted to off-
spring [3].

The long arm (q) of Y-chromosome is related to sper-
matogenesis [30]. The Y-chromosome region related to
infertility is called azoospermia factor locus (AZF-azoo-
spermia factor). The locus can present in complete or
partial microscopic deletions, isolated or in combination,
and in non-overlapping subregions called AZFa, AZFb,
AZFc and AZFd. These subregions contain multiple genes
that control the different steps of spermatogenesis.(See
Fig. 1).

The most common Y-chromosome deletion in infertile
men is the one affecting the DAZ gene (deleted in azoo-
spermia), which is located in AZFc region. Severe oligo-
zoospermia or azoospermia can be seen in such cases.
Y-chromosome microdeletions are found in 15% of men
with azoospermia and in 6% of men presenting with severe
oligozoospermia (<1 million/mL) [26, 31, 32]. For sperm
counts between 1 and 5 million/mL, the detection rate
drops down to 1.7% [33]. As such, screening for
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Y-chromosome microdeletions is generally recommended
for men who have azoospermia or severe oligozoospermia.
Y-chromosome infertility may be found in men with other
phenotypic conditions affecting fertility such as varicocele
and/or cryptorchidism.

To test for Y-chromosome microdeletions, peripheral
blood is obtained, and polymerase chain reaction (PCR) is
used to detect amplifications on the long arm of the
Y-chromosome, which will identify deletions of the AZF
regions. Patients with an AZFa microdeletion usually
present with germ cell aplasia on testicular histopathology
while most patients with an AZFb microdeletion present
with maturation arrest [34, 35].

Y-chromosome microdeletion screening is a simple
test that offers significant advantages to men with azo-
ospermia or severe oligozoospermia: it may not only
identify the cause of male infertility but also predict the
chance of sperm retrieval for candidates of assisted
conception. In cases involving AZFa and/or b microde-
letions, sperm retrieval is currently not recommended
because there is no evidence that testicular sperm can be
found irrespective of the retrieval method. In cases of an
AZFc microdeletion, sperm can be retrieved in approxi-
mately 71% of patients [33]. Clinical pregnancy rates are
virtually the same as those of idiopathic azoospermic
patients [3].

As such, costs, morbidity and stress related to invasive
surgical sperm retrievals may be avoided by genetically
screening infertile men with severe infertility. In addition,
the identification of a genetic basis for male infertility will
help couples make more informed decisions and seek
adequate counseling. It must be noted that the offspring of
a father with a Y-chromosome deletion will inherit the
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Fig. 1 Illustration of the Y chromosome and its regions involved in
spermatogenesis. (Reprint from Fertil Steril. 93, O’Flynn O’Brien
KL, Varghese AC, Agarwal A. The genetic causes of male factor

same genetic trait. It has been suggested that sperm pro-
duction seen in men with an AZFc microdeletion may
decrease over time. As such, sperm cryopreservation
should be considered as an alternative to preserve fertility
for such individuals. The main indications for genetic
testing in male infertility and the tests used to assess such
conditions are highlighted in Table 3.

Table 3 Main indications for genetic testing in male infertility

infertility: A review, pages 1-12, Copyright 2010, with permission
from Elsevier (103))

The role of varicocele in male infertility

Varicocele is an elongated, dilated and tortuous testicular
vein in the spermatic cord. It is a highly prevalent condi-
tion—it affects 15% [36] of male adults in the general
population and 40% of patients who are unable to initiate a
pregnancy [37]. Its epidemiologic features suggest that it is

Indications

Recommended tests

Men with infertility of unknown etiology and sperm concentration <10 million/mL who are

candidates for ART

Non-obstructive azoospermia in a male considering testicular sperm retrieval for ART

Azoospermic or oligozoospermic men with absence of at least one vas deferens at physical

examination

Azoospermic men with signs of normal spermatogenesis (e.g., obstructive azoospermia of

unknown origin)

History of recurrent miscarriage or personal/familiar history of genetic syndromes

Y-chromosome microdeletion and G-band
karyotype

Y-chromosome microdeletion and G-band
karyotype

CFTR gene mutation

CFTR gene mutation

G-band karyotype

ART assisted reproductive techniques, G-band karyotype Giemsa band karyotype, CFTR cystic fibrosis transmembrane conductance regulator
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a progressive pathology with a genetic predisposition
[38, 39].

Varicocele pathophysiology remains poorly understood.
Recent data suggest that varicocele causes infertility by
inducing ultrastructural testicular changes and oxidative
stress, with implications for the seminal antioxidant
capacity and sperm chromatin integrity [40—42]. Sperm
characteristics of men with varicoceles are highly variable,
but the most common features involve abnormalities in
count, motility and morphology [43]. The cornerstone of
varicocele diagnosis remains the physical examination,
although ultrasound may be helpful in certain scenarios.

Even though its presence affects both sperm function
and testosterone production, it is not clear whether vari-
cocele repair improves male fertility. Evidence exists both
in favor of and against it, but as of now, most specialty
societies recognize that varicocele is detrimental to male
reproductive health and that its treatment may improve
sperm function and chances of conceiving. Surgical treat-
ment is the gold standard, and the subinguinal approach
using microsurgery offers the best results with the fewest
complications. It should be noted, however, that current
evidence does not support treatment of subclinical varico-
celes—these should only be treated when associated with a
contralateral clinical one [44].

A recent meta-analysis on varicocelectomy by Marmar
et al. [45] demonstrated the benefit of surgical treatment in
infertile men with abnormal semen analyses. The authors
showed that the chances of spontaneous conception were
2.8 times higher in men who underwent varicocelectomy
than in patients who received either no treatment or med-
ication [45].

Assisted reproductive technology (ART) is routinely
used to treat male factor infertility. Decision analysis-based
comparisons of ART and varicocelectomy suggest that
varicocele repair is more cost effective than the use of ART
in men with impaired semen parameters, which should be
taken in consideration in patient care [46].

In addition, the indication of varicocele repair prior to in
vitro fertilization/intracytoplasmic sperm injection (IVF/
ICSI) may be considered in certain circumstances. In men
with non-obstructive azoospermia (NOA) with favorable
testicular histopathology, clinical varicocele repair restores
the presence of sperm in the ejaculate [47]. This means that
IVF/ICSI can be performed without the need to surgically
retrieve sperm. It has been shown that for patients who are
still azoospermic after varicocelectomy, sperm retrieval
success rates using testicular microdissection sperm
extraction may increase along with the couple’s chance for
pregnancy [48].

Varicocelectomy also has the potential to obviate the
need for ART or to down stage the level of ART needed to
bypass male factor infertility [49]. Recently, it has been
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shown that treatment of clinical varicocele may also
improve the outcomes of assisted reproduction in couples
with varicocele-related infertility. Esteves et al. analyzed a
group of infertile men with treated and untreated clinical
varicocele who, with their partners, underwent ICSI. Live
birth rates were significantly higher after ICSI in the group
of men who underwent artery and lymphatic sparing sub-
inguinal microsurgical varicocele repair before ART
(46.2%) than for the ones undergoing ICSI in the presence
of a clinical varicocele (31.4%) [50]. In the aforementioned
study, the chance of achieving a live birth by ICSI
increased by 1.8 times while the chance of miscarriage
after obtaining a pregnancy by ICSI decreased by 2.3 times
if the varicocele was treated before ART.

Lastly, the adoption of the newly released 2010 WHO
reference values for semen parameters is likely to have a
significant impact on varicocele treatment by excluding
former candidates for varicocele repair based on the current
recommendations for surgery. Current guidelines propose
that varicocele should be treated if palpable and in the
presence of abnormal semen analyses [51-53]. This rec-
ommendation should be analyzed with caution in order not
to miss the adequate timing to intervene and prevent tes-
ticular damage.

Azoospermia is not synonymous with sterility

Azoospermia is defined by the complete absence of sperm
cells in the ejaculate. It affects approximately 1% of the
male population and can be easily detected and diagnosed
by using simple microscopy techniques following centri-
fugation. Although a complete lack of sperm cells in the
ejaculate may seem like a daunting prognosis for the
patient, it must be noted that azoospermia does not nec-
essarily mean that the male is sterile. This is because a
male may either have obstructive or non-obstructive azo-
ospermia, and the type of azoospermia is associated with a
distinct prognosis of fertility.

Obstructive azoospermia is a condition where there is a
mechanical obstruction in the male fertility track. Such
obstructions are usually located between the epididymis
and the ejaculatory duct, and they block semen from being
expelled into the vaginal tract. Causes of obstructive azo-
ospermia include congenital disease, infection, and vasec-
tomy. In typical cases, the obstruction lies within the
epididymal tract thus obstructive azoospermia presents a
more optimistic outcome for fertility because spermato-
genesis remains largely functional. Surgical reconstructive
procedures are available for patients with obstructive
azoospermia.

A comprehensive review of surgical modalities for male
infertility patients has been discussed elsewhere [54]. It
should be stressed, however, that patients must be informed
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that the success rate of vasovasostomy decreases as time
from the vasectomy increases [55]. Secondary epididymal
obstructions increase the failure rate. A cost-effectiveness
analysis comparing vasectomy reversal with assisted con-
ception suggests that the former procedure is more
advantageous in regard to procedure expenses, pregnancy
rates and morbidity [56].

The other class of azoospermia is non-obstructive. Like
obstructive azoospermic patients, non-obstructive azoo-
spermic patients do not have sperm cells in their ejaculate.
The cause is more troubling, however, because it indicates
that there is a possible failure of spermatogenesis or
maturation. Poor genetic makeup accounts for many
non-obstructive azoospermia cases. While half of non-
obstructive azoospermic patients will have mature sper-
matozoa in their testicles, there are no reliable noninvasive
predictive factors to distinguish prospectively which
patients will have sperm that can be surgically retrieved
[57].

The only exception to this rule is the presence of
Y-chromosome microdeletions involving the AZF regions.
As already discussed, in case an AZF microdeletion is
found, its location may predict the chances of retrieving
testicular sperm [58]. Conversely, invasive procedures
may be used to collect a testicular sample for histological
examinations to determine the likelihood of sperm
retrieval [58, 59]. If sperm is likely to be retrievable,
sperm retrieval techniques coupled with ICSI should be
used to achieve pregnancy. An overview of sperm
retrieval techniques and their results can be found else-
where [60].

Microsurgical testicular sperm extraction (micro-TESE)
is considered to be the best option for sperm retrieval in
men with non-obstructive azoospermia. Micro-TESE offers
the highest probability of finding testicular sperm for fer-
tilization, and it is coupled with the opportunity to both
preserve testicular vasculature and to minimize the amount
of extracted parenchyma [57].

ICSI is associated with lower fertilization rates per
injected oocyte, as well as, clinical pregnancy and delivery
rates when testicular spermatozoa from men with
non-obstructive azoospermia are used in comparison with
epididymal/testicular sperm from men with obstructive
azoospermia [61]. Such differences may be explained by
the fact that testicular spermatozoa from men with severely
impaired spermatogenesis have a higher tendency to carry
deficiencies such as the ones related to the centrioles and
genetic material, which ultimately affect the capability of
the male gamete to activate the egg and trigger the for-
mation and development of a normal zygote and a viable
embryo [62]. If there is no worthy sperm for fertilization,
then the couple must consider adoption or donor
insemination.

High ROS levels and oxidative stress

An emerging explanation for several types of male infer-
tility arises from oxidative stress (OS) which is believed to
be present anywhere from 30 to 80% of infertile men [63].

Free radicals are unstable molecules that lack a valence
electron and generally tend to contain a nitrogen or oxygen
atom. They are divided into reactive nitrogen species
(RNS) and reactive oxygen species (ROS), respectively.
There are many examples of RNS and ROS molecules,
such as superoxide anions, nitrous oxide, hydroxyl radicals,
hydrogen peroxide, and hypochlorous acid. The unstable
nature of ROS makes them essential for normal physio-
logical function and chemical reactions in the body. The
spermatozoon is a redox cell that is able to generate
reactive oxygen species to perform physiological functions.
ROS are necessary for sperm function, capacitation, and
fertilization.

Although ROS have important physiological roles in
fertility, excessive production of ROS disproportionate to
the level of natural antioxidants can lead to a condition
known as oxidative stress, which is harmful to the repro-
ductive cells [64] and manifests in decreased overall sperm
parameters. The unpaired electron in the outer shell of RNS
and ROS molecules means that it is highly reactive with
other unintended molecules such as polyunsaturated fatty
acids (PUFA) which are equally rich in electrons and
abundant in sperm membranes; PUFA provide an easy
pathway for oxidative molecules to rob their electrons. The
initiation of such a reaction could be amplified by the
cyclic chain reaction of radical formation resulting in
peroxidation of lipid membranes which has detrimental
effects on sperm, such as decreased membrane fluidity [65]
and sperm head and mid-piece integrity [66]. Conse-
quently, oxidative stress in the sperm membrane could
decrease sperm motility, morphology, and other important
functions for fertilization [67]. Oxidative stress caused by
lipid peroxidation can be detected by measuring levels of
seminal malondialdehyde, which is a product of lipid
peroxidation. Seminal plasma antioxidants play a vital role
in alleviating or preventing the harmful side effects of
oxidative radical interactions by supplying the reactive
molecule with an electron from its own electron-rich
molecular structure.

A critical component of reproduction is the passage of
genetic material from the parents to the offspring. Like
lipids, oxidative species target DNA molecules and may
cause a variety of problems in the genetic material of the
cell. Reactive oxidative radicals appear to target the bases
and backbone of the DNA molecule and result in a variety
of DNA problems, including deletions, chromosomal
rearrangements, point mutations, polymorphisms, and sin-
gle or double stranded DNA breaks [68, 69]. The
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spermatozoa have two mechanisms for protecting DNA
from damage: the tight packing of the chromatids and the
presence of seminal antioxidants which act as a natural
repair system. Unlikely the oocyte, spermatozoa have lost
most of its redox enzymes containing cytoplasm during the
maturation process. While sperm and oocyte’s natural
repair systems tolerate DNA damage up to a certain degree,
an excessive amount of damage can lead to miscarriage,
improper embryo development, embryo fragmentation, and
gamete apoptosis [68]. While the exact mechanism of
oxidative species’ damage on sperm DNA is debated, what
is known is that infertile men with sperm DNA damage
tend to have elevated ROS levels [70]. This must be duly
noted because problems with sperm DNA due to oxidation
could greatly hinder the effectiveness of assisted repro-
ductive techniques.

DNA fragmentation

A number of factors can cause sperm DNA damage:
advanced paternal age, inadequate dietary intake, drug
abuse, environmental pesticide exposure, tobacco use, var-
icocele, medical diseases, hyperthermia, air pollution, gen-
ital inflammation and infectious diseases [3]. DNA damage
could occur as a result of protamine sulfate deficiency (with
aberrant chromatin remodeling), ROS, abortive apoptosis,
and alterations in topoisomerase II activity [71]. DNA
damage can also occur due to oxidative stress caused by the
generation of ROS from contaminating leukocytes, defective
sperm and antioxidant depletion [63]. DNA damage is rare in
fertile men whereas abnormal levels of DNA damage are
observed in approximately 5% of infertile men with normal
semen analysis and in 25% of infertile patients with abnor-
mal semen analysis [72-74]. Damaged DNA may cause
errors in DNA replication, transcription, and translation
during embryogenesis [75]. Certain cases of childhood leu-
kemia and autism have been suggested to be linked to
abnormal DNA fragmentation [71, 76].
Indications for DNA integrity assessment include:

1. Normal semen analysis seen in conventional method in
an infertile man.

2. Recurrent pregnancy loss.

3. Determination of the most suitable assisted conception
treatment modality.

The clinical utility of assessing sperm DNA integrity
relies on three main aspects: (1) identifying the cause of
male infertility and (2) choosing the most suitable ART
modality, and (3) predicting, to some extent, ART
outcomes.

Conventional semen analysis has limited value in
detecting DNA damage. Several tests can assess sperm
DNA integrity such as the terminal uridine nick-end
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labeling (TUNEL) assay, comet assay, acridine orange test,
sperm chromatin structure assay (SCSA) and sperm chro-
matin dispersion test (SCD). The TUNEL and SCSA tests
detect histone-associated chromatin breaks whereas the
Comet assay detects breaks in both protamine- and histone-
bound chromatin. The SCD test is based on the principle
that sperm with fragmented DNA fails to produce the
characteristic halo of dispersed DNA loops that is observed
in sperm with non-fragmented DNA, following acid
denaturation and removal of nuclear proteins [77]. The
sperm DNA fragmentation index (DFI) cutoff value varies
from one assay to another. It is approximately 20% in
TUNEL and 27-30% in SCSA. These thresholds levels
vary in native, unprocessed and processed sperm prepared
for ART by density centrifugation [77].

Counseling of male infertile patients

Infertile men are often anxious, feel guilty regarding their
inability to induce a pregnancy, and face depression due to
lack of spontaneous conception [78]. Proper counseling of
both partners should be one of the top priorities of the
treating physician, and in this sense, the gynecologist plays
a crucial role. The gynecologist should be updated with the
latest information regarding the conditions affecting male
infertility, the available treatment options and their results,
as well as with the ART available for males with severe
infertility. Gynecologist should be able to elicit and record
enough information while counseling to help reduce the
couple’s anxiety, and at the same time, she/he should not
give false hopes if the cause is not treatable.

The following list contains practical recommendations
for couples with associated male factor infertility who are
attempting to conceive:

1. Explain to the couple how to time intercourse with
ovulation, possibly using ovulation prediction tests.
Also discuss the detrimental effects of lubricants. All
commercially available lubricants decrease sperm
motility and increase sperm DNA damage. Hydro-
xylethylcellulose-based lubricant (Pre-Seed) was
shown to be relatively less detrimental to sperm than
other substances [79]. Saliva and vegetable oil also
decrease sperm motility [80, 81].

2. Advise both the male and female partner to stop
smoking, limit their use of alcohol to 3—4 U/week
and abstain from illicit drug use [4, 82].

3. Prescribe exercise and weight loss for overweight or
obese men. A healthy body mass index (BMI) ranges
from 22 to 28 [82, 83].

4. Advise the male partner to avoid any situations that can
increase scrotal temperature such as wearing tight-
fitting underwear, riding a bike for more than 30 min at
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a time, sitting in a hot tubs/sauna, and placing portable
computers directly on the lap. If occupational exposure
to a hot work environment is unavoidable, the patient
can take proper precautionary measures to minimize
testicular heat exposure [40].

5. Refer men older than 40 and women older than 35 for
genetic counseling [3].

6. Abnormal findings in semen analysis require thor-
ough physical examination and further laboratory
investigation. This work-up should be discussed with
the patient and it should be explained that referral to
a clinical andrologist is preferable. In the presence of
azoospermia in semen analysis, the couple should not
be discouraged and should be informed that treatment
modalities are available.

7. In cases of non-obstructive azoospermia, recurrent
pregnancy loss, previous history of congenitally
anomalous baby, family history of chromosomal
disorder, the diagnostic tests such as karyotyping,
Y-chromosome microdeletion test, sperm DNA frag-
mentation test and testicular biopsy if required are to
be discussed.

8. In men with abnormal genitalia and/or azoospermia,
advise further investigation to rule out genetic
conditions such as cystic fibrosis (due to the
congenital absence of the vas deferens). Screening
of other genetic disorders such as Tay-sachs, sickle
cell anemia should be done if required [4].

9. If a palpable varicocele is present, discuss the need
for surgical repair along with operative techniques
and postsurgical follow-up.

10. Inform the couple about ovulation induction methods
and the consequences including multiple pregnancy
and preterm labor [84].

11. Be aware that elderly infertile men usually have
chronic medical diseases, which should be identified
and treated because they can negatively affect
fertility.

12. Discuss treatment cost/expenses. In most cases,
health insurance does not reimburse for ART, which
can range from a couple thousand dollars to $100,000
or more for IVF and ICSI cycles [84].

13. Discuss the success rate of each ART technique. Do
not give false hope to couples who are untreatable or
have a very poor prognosis.

14. Discuss adoption with couples who have not become
pregnant after multiple treatments.

Prescription of antioxidant therapy

There is a high correlation between ROS and alterations in
sperm concentration, viability, motility, and morphology.

Antioxidant therapy can possibly prevent or reverse these
alternations (see Table 4).

Before prescribing any kind of antioxidants, however, it
is important to promote lifestyle changes that can help
improve fertility. Unhealthy activities that promote free
radical generation, such as smoking, drug use, and exces-
sive alcohol consumption, should be stopped [85]. In
addition, exposure to various environmental pollutants and/
or radiation should be avoided or reduced. Chemical go-
nadotoxins, including pesticides found in vegetables and
industrial waste, can increase the formation of free radicals
due to the unstable chemical compounds found in these
products. In addition, radiation exposure, from cell phones
and laptop computers, can produce oxidative stress by
inducing cellular chemical changes through the electro-
magnetic waves emitted from the devices.

In some cases, extensive lifestyle and environmental
changes may not lower levels of oxidative stress [86].
Patients with conditions that promote continual radical
generation (e.g., varicocele or systemic infections) may be
ripe candidates for antioxidant treatment. It may also be
helpful for patients who may have idiopathic infertility and
recurrent pregnancy loss.

Theoretically, antioxidant treatment increases the total
antioxidant capacity (TAC) of body fluids including semen,
which, in turn, helps control the damage that oxidative
radicals create. Several compounds are commonly used for
antioxidant therapy, and even more compounds are under
vigorous research. These compounds are briefly described
below.

Selenium and vitamin E are compounds that have been
extensively studied because of their known antioxidant
properties. Vitamin E is a lipid soluble molecule that
improves cell and mitochondrial bi-layer membrane
integrity by hindering oxidation of PUFAs. In a study
performed by Moslemi et al. [87], vitamin E was used in
combination with selenium as a treatment for idiopathic
male infertility. The results showed that the therapy had
significant beneficial effects on male fertility when taken
for 100 days. The researchers noticed overall

Table 4 Advantages of antioxidant therapy

Improvement in sperm motility and motion kinetics
Increase in sperm count in oligozoospermic patients
Decrease in abnormal spermatozoa

Reduction in PUFA in sperm membrane
Suppression of ROS production

Reduction in sperm DNA fragmentation
Improvement in sperm viability

Improvement in oocyte fertilization rate

Improvement in pregnancy rate (few studies)
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improvements in seminal parameters such as sperm
motility, viability, and morphology in 52.4% of the par-
ticipants. More importantly, the study indicated that 10.8%
of the men who took supplementation of vitamin E were
able to initiate a spontaneous pregnancy. The serious
drawback in this study, however, was that it lacked a
double blind and placebo controlled method. Keskes-Am-
mar et al. [88] did a similar study with randomization and
control groups, and found overall improvements in sperm
parameters.

Vitamin C is a water-soluble antioxidant. It is an
effective scavenger of oxidative species molecules and
helps control endogenous seminal radicals. According to
Ross et al. [89], the sole use of vitamin C as a treatment for
male infertility has not been satisfactorily explored, and
thus its specific effects are unknown. However, several
studies have examined the effect of vitamin C used in
conjunction with other antioxidants, such as selenium,
vitamin A, ZnSO,4 and vitamin E and reported improve-
ments in sperm motility, sperm DNA fragmentation,
fertilization capacity, and odds of normal sperm count
[90-93]. There were several studies, however, that found
no significant improvement in sperm parameters [94].

Carotenoids are a class of terpenoid molecules com-
monly found in red and orange-pigmented vegetables like

Table 5 Cochrane review on the effect of oral supplementation with
antioxidants taken by the male partner of a couple seeking fertility
assistance (Adapted from Cochrane Database Syst Rev. 2011

carrots and tomatoes. Commonly discussed as powerful
antioxidant agents, their link to preventing various cancers
is well documented. However, carotenoids are under more
discussion as a potential aid to reproductive health of
males. Lycopene is perhaps the most well-known carot-
enoid, and its strength as an antioxidant is unmatched by
any other carotenoid. Gupta and Kumar [95] reported that
lycopene concentrations were lower in the testicles and
seminal fluid of infertile men than in those from fertile
men. In their study, treatment with 200 pg of lycopene
twice a day for 3 months resulted in better sperm con-
centration and motility. Astaxanthin is another carotenoid
commonly mentioned as an antioxidant. In a double-blind
randomized control trial, Comhaire et al. [96] demonstrated
that astaxanthin therapy increased pregnancy rates by
approximately 10%. The observed improvements in preg-
nancy rate were attributed to the reduction of ROS result-
ing in enhancement of linear velocity and reduction of
sperm DNA damage. However, the authors of the afore-
mentioned studies admitted that larger randomized trials
are still needed.

Finally, zinc is an important trace metal antioxidant that
has been linked to increased fertilization parameters. Zinc
is an important component of superoxide dismutase—a key
antioxidant enzyme in the seminal fluid and testicles [97].

[1]:CD007411 Showell MG, Brown J, Yazdani A, Stankiewicz MT,
Hart RJ. Antioxidants for male subfertility)

Semen parameter No. of studies Duration of treatment % Mean difference Pooled cumulative P value
No. of patients [95% CI] grade of response

Total motile sperm 10 trials 514 patients 3 months or less 11.72 [6.94-16.49] Low P < 0.00001
(T =302, C =212)
7 trials 963 patients 6 months 4.19 [3.81-4.56] Very low P < 0.00001
(T = 625, C = 338)
3 trials 332 patients 9 months 1.38 [0.81-1.95] Very low P < 0.00001
(T= 181, C =151)

Sperm count 7 trials 3 months or less 6.04 [—5.42-17.50] No effect P =030
320 patients
(T = 162, C=158)
6 trials 825 patients 6 months 5.25 [4.43-6.08] Very low P < 0.00001
(T =536, C = 289)
3 trials 332 patients 9 months 1.61 [0.61-2.61] Very low P = 0.002
(T =181, C = 151)

Sperm DNA 1 trials 64 patients 2 months —13.80 [—17.50 to —10.10] Low P < 0.00001

fragmentation index (T=32,C=32)

Pregnancy rate 15 trials 964 couples 4.5 months (follow-up:  Odds ratio = 4.18 [2.65-6.59]  High P < 0.00001
(T = 515, C = 449) 3-24 months)

Live birth per couple 3 trials 214 couples 4 months (follow-up: Odds ratio = 3.94 [1.14-13.55] Moderate P =0.03

(T =116, C =98)

6—24 months)

T treated patients, C control group, CI confidence interval
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Despite being similar in the serum, seminal zinc levels are
lower in infertile men than in fertile men [98]. Lowered
zinc levels in the seminal fluid is correlated with abnormal
sperm morphology and reduced sperm motility [99]. Others
have indicated that zinc sulfate (200 mg) taken orally twice
daily for 3 months either alone or in combination with
vitamin E and/or vitamin E were associated with compa-
rable improvement in sperm motility and reduction of
sperm oxidative stress markers [90]. Despite the beneficial
properties of zinc supplementation, excessive zinc intake
can result in damaged sperm DNA and therefore care
should be taken exactly as prescribed [100].

A recent Cochrane meta-analysis on the use of oral
antioxidants in male infertility found that these agents
significantly improved pregnancy rates and live births and
decreased sperm DNA damage [101]. An associated sta-
tistically significant increase in live birth rate [pooled odds
ratio (OR) = 4.85; 95% CI 1.92-12.24; P = 0.0008; I
(2) = 0%] has been obtained when men taking antioxi-
dants were compared to controls. No studies reported
harmful side effects from the antioxidant therapy used.
Nevertheless, improvements in semen parameters were not
well evident. The evidence suggests that antioxidant sup-
plementation in subfertile males may improve the out-
comes of live birth and pregnancy rate for subfertile
couples undergoing fertility treatment. However, clinical
trials are still necessary to identify the superiority of one
antioxidant over the other in different subpopulations of
infertile males, as well as other important aspects such as
dose and duration of therapy (see Table 5).

Conclusion

The diagnosis of infertility can have serious psychological
consequences not only for the male but to his partner as
well. Common patient intuition often leads a couple to the
gynecologist who is usually the first to deal with infertility
problems. Every gynecologist should consider the possi-
bility of male factor infertility. Thus, it is imperative for
them to understand diagnostic tests, be able to interpret the
results, and provide referrals for timely urological evalua-
tion and appropriate treatment options. This increased
knowledge will help gynecologists better manage and treat
infertile couples.
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