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Abstract | Infertility in men is a common condition. At the core of the medical evaluation of the male partner 
in a couple who are unable to conceive is the history and physical examination. Special attention should 
be directed to the patient’s developmental history and any use of testosterone products. The physical 
examination focuses on the genitals, and includes assessments of the size and consistency of the testicles, 
epididymis, vas deferens, and presence of varicoceles. Although many sophisticated tests are available, 
semen analysis is still the most important diagnostic tool used to assess fertility, and includes parameters 
such as sperm count, motility and viability. Treatment of male factor infertility can involve targeted agents, in 
the case of specific conditions such as hypogonadotropic hypogonadism, or it can be empirical—using medical 
therapy or assisted conception techniques—for patients in whom no underlying cause has been identified. 
Although an all-encompassing treatment for male factor infertility has not yet been developed, the field offers 
many promising avenues of research.
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Introduction
Infertility is defined as failure to conceive after 12 months 
of unprotected intercourse and affects 15% of couples.1 
Male factors account for the difficulties in 50% of 
couples, thus ~8% of all men of reproductive age may 
need medical attention for reproductive failure.2 In addi-
tion, underlying medical pathology can be found in 6% 
of men who present with infertility.3

Through the years, the protocols for evaluation and 
treatment of male infertility have undergone many 
changes. While there are currently a number of medical 
and surgical treatment choices available for men who are 
unable to initiate a pregnancy, the decision to proceed 
with one treatment over another is dependent upon 
a thorough evaluation and the results of appropriate 
testing of the individual. In this Review, we will discuss 
the evalua tion of men who present with difficulty in ini-
tiating a pregnancy, describe the various tests available, 
and note their indications for use. We will then focus 
on the therapies currently available to treat male factor 
infertility, and also consider future directions in the 
manage ment of this condition.

The physiology of infertility
The hypothalamus controls production of repro-
ductive hormones through the pulsatile secretion of 
gonadotropin- releasing hormone (GnRH). In turn, 
GnRH stimulates the anterior pituitary to release luteiniz-
ing hormone (LH) and follicle-stimulating hormone 

(FSH). LH acts on the Leydig cells of the testes to produce 
testo sterone, whereas FSH acts on testicular Sertoli cells 
to stimulate spermatogenesis. Negative feedback control 
of reproductive hormone levels is achieved via inhibin 
(which decreases FSH levels) or via estradiol aromatized 
from testosterone (which inhibits LH production).4

The classic form of testosterone deficiency is found 
in individuals with hypogonadotropic hypogonadism. 
This is the form of testosterone deficiency that is best 
character ized, and which is often the first consideration of  
the physician, although this potentially treatable5 form 
of male factor infertility accounts for <1% of cases. The 
cause of hypogonadotropic hypogonadism can be con-
genital, acquired, or idiopathic; the congenital etiologies 
include Prader–Willi syndrome, Laurence–Moon syn-
drome, and Kallmann syndrome, or hypo gonadotropic 
hypogonadism can be acquired after radiotherapy to 
the brain, trauma, or secondary to a pituitary tumor. 
Kallmann syndrome is the most common form of 
primary hypothalamic deficiency. These patients can be 
identified by their lack of secondary sexual characteristics 
and anosmia (which is due to failure of GnRH neurons 
to migrate from the olfactory placode, along with failure 
of the olfactory bulb to form). The main mechanism of 
infertility in patients with Kallmann syndrome is a failure 
to initiate spermatogenesis.

Hyperprolactinemia (defined as a serum prolactin 
concentration ≥20 ng/ml in men) can also be a cause of 
infertility in both males and females and is usually caused 
by a pituitary tumor, hypothyroidism, hepatic disease, 
or secondary to treatment with psychotropic or anti-
hypertensive drugs. Excess prolactin inhibits the hypo-
thalamic secretion of GnRH and impairs binding of LH to 
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Leydig cells in the testis. In addition to hypo gonadotropic 
hypogonadism, patients with hyperprolactinemia have 
low ejaculate volumes and can experience visual field 
defects if a tumor is present.

The use of exogenous androgens can have a profound 
effect on fertility. androgen excess caused by the use 
of steroids impairs spermatogenesis by suppressing 
GnRH, which results in decreased LH and FSH levels 
and a consider able reduction in intratesticular testo-
sterone levels.6 Exogenous testosterone replacement 
therapy can result from self-administration in order to 
increase lean muscle mass (sometimes seen in athletes), 
or even as an appropriate treatment in a hypogonadal 
patient in whom fertility was either not a concern ini-
tially or not discussed. although the anabolic:androgenic 
ratio in testosterone-derived products can vary, they 
all have pharmacological effects that can lead to male  
factor infertility.

Medical history
The work-up of a male patient who reports difficulty 
in initiating a pregnancy should start with taking a 
thorough history, the results of which guide the physi-
cal examination and diagnostic testing. The physician 
should ascertain how long the couple has been attempt-
ing to conceive, any previous pregnancies in or by 
either partner, the timing of intercourse, and the use 
of lubricants. any other medical problems or inter-
ventions should be discussed, especially highlighting 
scrotal, pros tatic, spinal, inguinal, and retroperitoneal 
surgery. The current or past use of any medications 
should be identified. Men are now more likely to delay 
paternity than ever before, and older patients should be 
directly questioned on the use of testosterone replace-
ment therapy as many patients will not think to mention 
the use of a topical gel or cream. Patients should be 
asked about their developmental history, as well as any 
history of viral orchitis, childhood cancers, congenital 
or genetic abnormalities, undescended testes, recent 
febrile illnesses and genitourinary infections. Finally, 
any history of occupational or environmental exposures 
(to chemicals, radiation, pesti cides, or chronic heat, for 
example), recreational drug use, and smoking should 
be obtained.

Physical examination
The physical examination should start by noting the 
overall body habitus, presence or absence of gyneco-
mastia, and distribution of body hair. a genitourinary 
examination should note the size and location of the 
meatal opening. The scrotum should be examined to 
assess testicular size and consistency, presence and pos-
sible induration of the epididymis, and presence of the 
vas deferens on each side. The possible existence of a 
varicocele should be investigated using the valsalva 
maneuver with the patient standing upright in a warm 
examination room. Finally, a digital rectal examination 
should note sphincter tone, prostate size and consistency, 
and look for the presence of a midline cyst or enlarged 
seminal vesicles, which are suggestive of obstruction.

Key points

Male infertility is often underdiagnosed and even if identified, frequently  ■
approached in a disorganized manner

Male infertility should be addressed in the same way as any medical problem,  ■
with a history constructed to identify risk factors, a complete physical 
examination and appropriate laboratory tests

Male factors account for up to 50% of reproductive difficulties in couples of  ■
reproductive age and men reporting difficulty in initiating a pregnancy warrant a 
thorough evaluation

The most important aspect of the initial laboratory evaluation is the semen  ■
analysis; it is recommended that ≥2 semen analyses are obtained with similar 
abstinence periods of 2–3 days

Our understanding of genetic causes underlying defects in sperm function,  ■
as well as the processes of spermatogenesis and fertilization, has drastically 
improved, improving our ability to treat these patients

Endocrine studies
an endocrine work-up is required to evaluate the integ-
rity of the hypothalamic–pituitary–gonadal (HPG) axis. 
Current american urological association (aua) best 
practice guidelines7 recommend the measurements of at 
least serum FSH levels and serum testosterone levels in 
patients who have an abnormal semen analysis (espe-
cially if the sperm concentration is <10 million/ml)  
or impaired sexual function. However, many centers 
carry out a more extensive labora tory evaluation, 
which can include measurements of LH, prolactin, 
thyroid-stimulating hormone (TSH), sex-hormone-
binding globulin (SHBG), cortisol and estradiol levels, 
if the clinical findings indicate an endocrine abnor-
mality. approximately 3% of subfertile men have an  
underlying endocrinopathy.5

after a thorough history, and physical examination in 
conjunction with appropriate laboratory testing, radio-
logical imaging may be useful in further evaluation of 
the infertile male. Transrectal or scrotal ultrasono graphy 
can be useful in confirming suspicion of genital tract 
obstruction. Futhermore, cranial imaging with MRI is 
essential in diagnosing pituitary tumors.

Semen analysis
The pivotal and initial laboratory test when evaluating 
male factor infertility continues to be the semen analysis, 
although ‘normal’ semen parameters can vary widely. at 
least two semen samples between 2 and 4 weeks apart 
should be obtained; each preceded by 2–3 days of absti-
nence from sex. abstinence periods are important as 
sperm density will increase by 25% for each day of absti-
nence up to 4 days.8 Samples are preferably obtained 
either by masturbation or using a latex-free, spermicide-
free collection condom during intercourse. The sample 
can be obtained either in the clinic or at home, if kept 
at body temperature and delivered to the laboratory  
within 1 h.

The semen sample is first allowed to liquefy before 
looking for round cells, debris, and bacteria under the 
microscope. of note, 20% of infertile men have some 
leukocytes in their semen, although only 20% of these 
individuals will have clinically relevant leukocytospermia 
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(defined by the WHo as >1 × 106/ml white blood cells).9,10 
If the patient has symptoms—such as pain with ejacula-
tion or urination, scrotal pain, or systemic symptoms 
of infection—consistent with genital tract infection or 
if bacteria are seen on microscopy, semen culture and 
antibiotic sensitivity testing should be carried out.

standard semen analysis
In 2010, updated reference values for semen analysis 
were published by the WHo, using data from men 
worldwide who had become fathers <12 months pre-
viously. The WHo defines semen adequacy as volume 
≥1.5 ml, sperm count ≥15 million/ml, total motility 
≥40%, total sperm ≥39 million per ejaculate, vitality 
≥58% and Kruger strict morphology ≥4%11,12—sub-
stantial changes from the criteria of the 4th edition in 
1999 (Table 1).13 These guidelines have always been peri-
odically updated every few years as new recommenda-
tions arise regarding sperm function testing and other 

diagnostic and technical advancements. However, this is 
the first version to take strict morphological criteria into 
account, and the first edition to report reference ranges 
that have been derived using strict statistical analysis 
compared to the previous versions, which were limits 
of adequacy and derived by consensus. Currently, the 
guidelines are still so relatively new that most primary 
physicians have not implemented these new ranges 
into their patient care. However, in theory they might 
result in fewer men being referred for specialist evalua-
tion, because of the smaller abnormal range in counts,  
for example.

Sperm counts are performed using specific counting 
chambers and known concentrations. While there are 
automated systems available, we believe that a manual 
analysis by a skilled technician is far more specific and 
sensitive. However, when these two variables are com-
bined with the ejaculate volume, the total number of 
motile sperm can be estimated. This is the semen para-
meter that corre lates most closely with pregnancy out-
comes.14 another commonly used parameter of semen 
quality is the Kruger strict morphology value, which 
reflects the percentage of sperm with a ‘perfect’ appear-
ance (Box 1). although strict morphology can be a useful 
measure of semen quality in assisted reproduction, as 
first described by Kruger, its clinical value in other set-
tings remains contro versial.15 Kruger strict morphology 
is a poor predictor of genetically normal sperm, and has 
proven unhelpful for selecting sperm without chromo-
somal abnormalities.16,17 Sperm motility measurements 
take into account the function of the sperm, not just 
quantity. unlike sperm counts, sperm motility is not an 
objective value and is, therefore, subject to technician 
variability (Box 2).

extended semen analysis
White blood cell assay
In the past, leukocytospermia has been associated with 
decreased sperm counts, reduced motility, abnormal 
morphology, and defective fertilization; however, these 
studies have demonstrated inconsistent results regard-
ing the relationship between leukocytospermia and 
infertility.18 Determining the number of leukocytes in 
an unstained semen sample can be difficult, as imma-
ture germ cells can resemble round cells. True leuko-
cytospermia can only be demonstrated using special dyes 
(Papanicolaou) or specific immunofluorescent stains. 
Stains performed on semen smears were used to dis-
tinguish between white blood cells (WBCs) and imma-
ture germ cells, however the testing involves a lengthy 
prepara tion with proper assessment by a highly trained 
technician. Flow cytometry has also demonstrated an 
ability to count seminal WBCs in conjunction with pan-
leukocyte monoclonal antibodies (CD45+),19 however, 
flow cytometry is not readily available in every androl-
ogy laboratory. The peroxidase test was developed in 
197420 for enumerating WBCs in semen by assessing the 
peroxidase enzyme present in granulocytes, which are 
the predominant WBC in semen. It is a relatively simple, 
quick and inexpensive test that is now widely used.

Table 1 | wHO semen parameter reference values 

semen parameters 4th edition*13 5th edition‡12

volume of ejaculate (ml) ≥2 ≥1.5 

Sperm concentration (× 106/ml) ≥20 ≥15

Total sperm count (× 106) ≥40 ≥39

Motility (%) ≥50 progressive 
(a + b) ≥25 a only

≥40 total motility  
≥28 progressive (a + b)

Morphology by Kruger strict criteria (%) ≥15 ≥4

vitality (% viable) ≥75 ≥58

white blood cells (106/ml) <1 <1

*Limits of adequacy, determined by consensus. ‡well-defined reference ranges derived using strict 
statistical analysis.

Box 1 | Kruger strict morphology

Although there is a common classification scheme, which designates sperm as 
normal (oval), amorphous, tapered, duplicated, or immature, stricter criteria to 
identify “normal” spermatozoa have been developed by Kruger et al.96 Kruger 
reported that, using his strict criteria, patients with fewer than 4% normal sperm 
had a fertilization rate of 7.6% of oocytes in comparison to over 50% in patients 
with 4–14% normal forms. Using these strict morphological criteria, a normal 
spermatozoon is characterized by a smooth oval head, 4–6 μm in length and 
2.4–3.5 μm in width. The acrosome must be well defined, covering 40–70% of the 
sperm head. There cannot be any mid piece or tail defects. Finally, there should 
be no cytoplasmic droplets larger than 50% of the size of the sperm head.

Box 2 | Sperm motility measurement

There are two commonly used scoring systems for 
sperm motility. The first utilizes a 5-point scale, with a 
rating of 0 indicating no motility, 1 indicating sluggish or 
nonprogressive movement, 2 referring to sperm moving 
with a slow, meandering, forward progression, 3 indicating 
movement in a reasonably straight line with moderate 
speed, and 4 indicating sperm movement with high speed 
in a straight line.97 An alternative system categorizes all of 
the moving sperm into one of four categories: category A 
indicates rapid progressive motility, B represents 
sluggish or slowly progressive motility, C is motility that is 
nonprogressive, and D indicates lack of motility.13
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Quantification of reactive oxygen species
Reactive oxygen species (RoS) are the harmful 
by products of oxygen metabolism, and include super-
oxide anions, hydrogen peroxide, and hydroxyl free radi-
cals. an excess of these substances can lead to oxidative 
damage to proteins, lipids, and DNa.21 The presence of 
high levels of RoS can lead to sperm damage and infertil-
ity; RoS levels are elevated in up to 40% of subfertile 
men,22 and show an inverse relationship with the rate 
of spontaneous pregnancies.23 Several methods are cur-
rently used to quantify RoS levels in semen; however, 
most of these assays are unable to determine whether the 
RoS excess originates from leukocytes in the semen or 
from the sperm themselves. Thus, if leuko cytospermia 
is also present, treatment to reduce the WBC levels must 
be performed before samples are taken for RoS assay.24 

Prolonged semen processing time can falsely lower RoS 
quantification, so the test must be performed within 
1 h of semen collection.25 There are various methods 
to detect seminal RoS, including chemi luminescence, 
nitroblue tetrazolium test, cytochrome C reduction test, 
and xylenol orange based assay. The chemiluminescence 
assay is the most commonly used and utilizes a lumino-
meter to measure chemical reactions between RoS found 
in human semen and a chemiluminescent probe, such as 
luminol or lucigenin.

Quantification of DNA damage
Damage to the spermatic DNa can occur either during 
intratesticular spermatogenesis or during semen matura-
tion and transport. Semen samples from subfertile men 
have considerably more DNa damage than semen from 
fertile controls.26 Evidence suggests that DNa fragmenta-
tion in spermatozoa is associated with poor pregnancy 
outcomes, including early embryo death, poor embryo 
development, and poor implantation.27 DNa damage 
increases with elevated RoS levels and with the pres-
ence of varicoceles, but subsequent surgical correction 
of the varicocele can reduce the DNa damage.28–31 The 
precise normal value for DNa damage will depend on 
the particular assay used, but most laboratories set the 
normal range as <30% DNa fragmentation. Evaluating 
for a DNa damage level in our clinical practice has been 
helpful in patients with unexplained recurrent early 
gestational loss. a variety of different tests are available: 
the acridine orange–staining test, the sperm chromatin 
structural assay, terminal deoxynucleotidyl transferase-
mediated nick-end labeling (TuNEL), and the comet 
assay (a single cell gel electrophoresis).

Detection of antisperm antibodies
a multitude of studies have tried to determine the clini-
cal relevance of antisperm antibodies. Currently, the 
techniques available to detect them are mixed agglutina-
tion assay, immunofluorescence assay, and the immuno-
bead test.32 antisperm antibodies are present in the male 
partner’s semen in ~13% of subfertile couples and studies 
show that couples in which either partner is positive for 
antisperm antibodies have decreased pregnancy rates.33 
However, 2.5% of fertile couples also test positive for 

antisperm antibodies.33,34 In practice, testing for these 
anti bodies is useful when sperm clumping is seen on 
microscopy, in patients with isolated defects in motility, 
those with an unexplained poor sperm cervical inter-
action test and in couples whose inability to conceive  
is unexplained.

The sperm cervical interaction test is the formal 
assessment of the interaction between sperm and cervi-
cal mucus, and is commonly referred to as the postcoital 
test. an aspirate of cervical mucus is examined 30 min 
after intercourse during mid-cycle. The aspirate is exam-
ined microscopically for the number of motile sperm 
present and can be a helpful predictor of the success of 
intra uterine insemination. However, with the advent  
of in vitro fertilization (IvF) and intra cytoplasmic 
sperm injection (ICSI), this test has essentially been  
made obsolete.

sperm function
Hypo-osmotic swelling
The hypo-osmotic swelling test checks for sperm via-
bility by determining whether immotile sperm have 
intact, functional membranes and are, therefore, alive. 
according to this test, >60% of sperm are viable in a 
normal ejaculated semen sample.35 The test is based 
upon the premise that when placed in a hypo-osmotic 
condition (150 mosm/l or less), a normal live sperm 
maintains an osmotic gradient and absorbs fluid, result-
ing in a swelling of the plasma membrane. Its main use 
is to differentiate patients with immotile cilia syndrome 
(in whom sperm count and morphology are normal, 
but motility is impaired due to ultrastructural defects in 
dynein) from those with other sperm motility defects, 
and to select viable sperm for use in assisted reproduction  
techniques, such as ICSI.

Acrosome reaction assay
The acrosome is a structure that lies on the head of the  
sperm and is important for fertilization, as it contains 
enzymes essential for the breakdown of the zona pellu-
cida. Historically, this test was used to evaluate the sperm 
before, during and after incubation at 37 °C, after which 
the sperm are exposed to an agent which stimulates the 
acrosome reaction, such as progesterone. approaches 
to study this reaction include special stains (anti-
bodies), microscopy, acrosin enzyme assay, and electron 
micro scopy. These stains and immuno cytochemical 
approaches are used to measure the basal level and 
induced level (using agents such as progesterone) of the 
acrosome reaction. The most commonly used method 
is the triple stain technique.36 The value of the test has 
become more limited with the development of IvF and 
ICSI and the ability of Kruger strict morphology to detect  
acrosome abnormalities.

Sperm zona binding assays
Sperm binding to the zona pellucida is an essential step 
in fertilization. The zona binding assay compares the 
binding ability of the patient’s own sperm to that of a 
donor.37 This test compares the ability of fluorescently 
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labeled donor and patient sperm to competitively bind 
to a fixed zona. The results are then expressed as an 
index of patient to donor sperm bound. at the moment, 
use of this test is limited to distinguishing patients who 
require ICSI from those who are suitable for routine IvF. 
However, intact ova, which are required to carry out the 
test, have become extremely rare with the widespread 
use of ICSI.

Sperm penetration assay
after penetrating the zona pellucida, sperm must 
undergo capacitation, fuse with the egg cell membrane, 
and decondense the sperm head to form the pro nucleus.38 
all these steps can be assayed using the sperm penetra-
tion assay. The patient’s sperm is incubated with a “prom-
iscuous” (allowing multiple penetrations) hamster ova 
and the number of sperm penetrations is calculated over 
a predetermined amount of time. The results of this test 
are useful to predict whether IvF will have a successful 
outcome, but it is rarely used, as it is time-consuming and 
complex, and requires intact hamster ova.39

Genetic testing
Genetic testing has become widespread throughout 
modern medicine, and the field of male factor infertil-
ity is no exception. Currently, three major genetic tests 
are in widespread use in male fertility clinics: karyotype 
analysis, Y chromosome microdeletion determination, 
and fluorescence in situ hybridization (FISH). Karyotype 
analysis and Y chromosome microdeletion determination 
are currently indicated for patients with sperm concen-
trations <5 × 106/ml. Importantly, these tests are often 
offered in conjunction with genetic counseling, as male 
offspring of patients with a Y chromosome micro deletion  
will pass this abnormality to all male offspring.

Karyotype analysis
approximately 5% of subfertile male patients will have 
an identifiable chromosomal abnormality on karyo-
type analysis.40 In azoospermic patients, the proportion 
increases to 15%.41 Karyotype analysis detects large-
scale genetic abnormalities, such as deletions of entire 
chromo somes or substantial portions of a chromosome, 
as well as translocations. Sequence abnormalities such 
as frameshift mutations, point mutations and other 
sub microscopic deletions cannot be identified. The 
most common chromosomal defect detected by karyo-
type analysis is Klinefelter syndrome (47,XXY), which 
occurs in 1:500 male births and is found in up to 10% 
of azoospermic men and 5% of severely oligospermic 
patients.42 The sperm count in these patients can vary 
from severe oligospermia to azoospermia. For patients 
with karyotype abnormalities, referral for genetic coun-
seling is essential to discuss the impact of paternity 
on future genera tions and options for sperm donation  
or adoption.

y chromosome microdeletion
The Y chromosome contains essential genes needed for 
male development and sperm function, in particular the 

azoospermia factor region (aZF), which is responsible 
for sperm development. This region can be subdivided 
into aZFa, aZFb, and aZFc, according to their loca-
tion with reference to the centromere and deletions in 
these locations are responsible for varying degrees of 
spermatogenic dysfunction, as they encode different 
gene products which all contribute to the drive of the 
spermatogenic machinery.43 Determining the location of 
the deletion can be beneficial to predicting the success 
of future treatments. Entire microdeletions of aZFa or 
aZFb can portend a poor prognosis for sperm retrieval 
even with microscopic testicular sperm extraction, as the 
sperm counts are so low. aZFc microdeletion can result 
in a spectrum of deficiency from severe oligospermia 
to azoospermia.44 These deletions are identified using 
PCR to analyze sequence tagged sites. The indication for 
testing for aZF microdeletions is sperm concentrations 
<5 million/ml.

Fluorescence in situ hybridization
FISH detects specific DNa sequences in decondensed 
sperm nuclei, and can determine the chromosomal con-
stitution of human spermatozoa. after proper incuba-
tion, multicolor FISH is performed: triple-color FISH 
for chromosomes 18, X and Y, and dual-color FISH for 
chromosomes 13 and 21. The slides are analyzed under 
an epifluorescent microscope and the spermatozoa are 
scored according to defined criteria. The incidence of 
numerical chromosomal abnormalities in spermatozoa 
has been reported in a wide range of individuals includ-
ing carriers of chromosome anomalies as well as fertile 
and infertile males. Sperm from oligospermic men with 
normal karyotypes have substantially increased rates of 
aneuploidy.45 In fertile men the percentage of aneuploid 
sperm is estimated at 6.5%; however, a correlation was 
found in patients with severe oligospermia who also 
had increased FSH levels and aneuploidies, reporting a 
22.6% incidence of meiotic anomalies.45,46 Chromosomal 
aneuploidy rates are inversely correlated with sperm 
concentra tion and total motility.47 Higher aneuploidy 
rates have been reported in couples with recurrent first 
trimester miscarriages, as well as in couples who experi-
ence difficulty conceiving.48 In this instance, FISH is 
a direct reflection of the chromosomal aneuploidy of  
the gamete itself and, therefore, a direct reflection of the 
genetic makeup of the potential future fetus. However, 
the use of FISH is currently limited by its high cost and 
variability in results.

Future directions in evaluating male infertility
Several areas of clinical and basic science research could 
lead to improved care for our patients in the future. one 
such area is cytogenetics. a standard karyotype test is 
limited by the microscope’s resolution and, thus, cannot 
detect subtle chromosomal abnormalities. array-based 
comparative genomic hybridization has emerged as a 
possible solution to this problem, as it can be used to 
detect submicroscopic genetic abnormalities, includ-
ing copy-number changes, and carry out chromosomal 
break point analysis. other areas of development are in 
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metabolomics, proteomics, and genomics, which can 
provide molecular data about the underlying biochemi-
cal mechanisms of disease and, hopefully, fertility.49 
These tools provide comprehensive molecular data about 
the underlying biochemical mechanisms of disease, 
such as addressing the causes of defective sperm–zona 
interaction with glycomic analyses, assessing the con-
sequence of oxidative stress in the male germline with 
application of lipidomics to the analysis of sperm quality, 
and even identifying particular genotypes associated 
with specific defects in semen quality with advanced  
diagnostic genomics.

Medical treatments for infertility in men
Hormonal treatments
Enthusiasm for hormonal treatments has waned in recent 
years but their use is still widespread, as they are the 
least invasive and the most convenient initial treatment. 
Hormonal treatments can be targeted to the specific cause 
of the infertility if the underlying pathology is known, and 
can also be used to treat idiopathic infertility.

Targeted therapy
Targeted hormonal therapies are available for patients 
whose infertility is due to altered levels of androgens, 
prolactin, or thyroid stimulating hormone. Treatment 
has two goals. The first goal is to restore virilization and 
normal sexual function, using testosterone. The second 
is to initiate spermatogenesis with pulsatile GnRH 
treatment at 2,500–3,000 u every other day and FSH 
at 75–150 u every other day. alternatively, patients can 
be treated with human chori onic gonadotropin (hCG) 
(3,000 Iu every other day) and adding human meno-
pausal gonadotropin (hMG) after spermatogenesis has 
been initiated.50 In patients with hyperprolactinemia, 
treatment depends on the need for surgical treatment of 
an underlying pituitary tumor. If a macroadenoma is not 
present and surgery is not indicated, treatment with the 
somatostatin analogs bromocriptine (2.5–10 mg daily) or, 
more commonly, cabergoline (0.5–1.0 mg twice a week)51 
is indicated.

Hormonal treatment of patients using steroids
The first step in treating patients who are using 
testo sterone products is to discontinue their use. 
Spermatogenesis usually returns, but full recovery can 
take over a year and may not return to pretreatment 
levels. In addition, many patients will still need some 
form of testo sterone supplementation, as their endo-
genous testosterone production has been suppressed. 
For these patients, multiple hormonal agents have 
been used, including hCG, clomiphene citrate, or aro-
matase inhibitors. The choice and dose of treatments 
should be based on each patient’s hormone profile. If 
their testosterone:estradiol ratio is normal (15:1), hCG 
(3,000 u every other day), clomiphene citrate (25 mg 
daily), or tamoxifen (10 mg twice daily) can be used. 
If the ratio is abnormal, then anastrozole (1 mg daily) 
can be used to block the aromatization of testosterone 
to estradiol.

Gonadotropins
The use of gonadotropins in the treatment of idiopathic 
infertility in men is based on the age-old credo that “if 
a little bit is good, a lot will be better”, and thus gonado-
tropins are often used in extremely high doses. The use 
of hCG is becoming increasingly prevalent, as hCG 
administra tion can increase intratesticular testosterone 
to normal levels.52 as many combinations of gonado-
tropins and dosages have been used, determining their 
true efficacy is difficult. In an attempt to clarify these 
results, a Cochrane analysis has been carried out, focus-
ing only on the randomized, controlled studies.53 It con-
cluded that pregnancy rates increased following 3 months 
of gonadotropin treatment. However, the analysis lacked 
adequate statistical power, and thus this conclusion must 
be viewed with some skepticism.

Oxytocin
Though best known for its role in promoting lactation, 
oxytocin is also produced in the reproductive tract. This 
hormone promotes sperm progression, increases sperm 
retrieval (seen in a small single-blinded study with 
oligo spermic men)54 and also increases the conversion 
of testosterone to dihydrotestosterone (DHT),55 a more 
potent form of testosterone, which cannot be converted 
to estradiol by aromatase. The only trial of oxytocin to 
date showed no change in sperm count, ejaculate volume 
or sperm motility when used once before collection.56

Antiestrogens
Clomiphene citrate and tamoxifen are nonsteroidal anti-
estrogens that bind to estrogen receptors in the hypothal-
amus and pituitary, which blocks the effects of estradiol. 
This action increases GnRH secretion, with a resulting 
increase in LH, FSH, and testosterone levels. The FSH 
level should be checked after 4 weeks of this treatment—
a twofold or more increase in FSH indicates intrinsic 
testicular failure. These agents are used in hypogonadal 
men who wish to remain fertile and who should not be 
placed on exogenous testosterone as this alone will shut 
down spermatogenesis.

Nine large studies have investigated clomiphene 
citrate use and subsequent pregnancy rates. overall, 
four studies have shown a positive outcome and four a  
negative outcome, with one being inconclusive.57–62 

a Cochrane database review showed no difference in 
pregnancy rates following clomiphene citrate treat-
ment;63 however, a study on the use of clomiphene to 
treat nonobstructive azoospermia showed that 64% 
of treated patients achieved sperm in their ejaculate.64 
Tamoxifen is less potent and less well studied than clomi-
phene, and a meta-analysis of tamoxifen treatment for 
infertility failed to show a significant effect on pregnancy 
outcomes, although an increase in sperm count has been 
observed.63 additionally, a Cochrane meta-analysis of 10 
studies showed no significant effect on pregnancy out-
comes with antiestrogens.65 a single study has reported a 
positive effect on fertility (increases in semen parameters 
and pregnancy rates) when tamoxifen was administered 
with low dose testosterone.66 Enclomiphene, the trans 
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isomer of clomiphene, is currently in phase IIb trials for 
patients with oligospermia and hypogonadism.

Aromatase inhibitors
aromatase inhibitors prevent the synthesis of estradiol 
by blocking aromatization of testosterone. Reduced 
levels of estradiol result in decreased negative feedback 
of the HPG axis, leading to increased GnRH, LH, and 
FSH levels, and raised intratesticular testo sterone levels. 
Noncontrolled studies have reported an increase in 
semen parameters and pregnancy rates in response to 
the aromatase inhibitors anastrozole and testolactone.67,68 
one controlled study showed that hormone parameters 
increased but pregnancy rates did not change.69 They  
are effective in treating men with hypogonadism who are  
interested in fertility, but have not been shown to be 
effective in patients with Klinefelter syndrome.

Antioxidants
Studies have shown a positive effect of antioxidants on 
sperm quality.70 vitamin C, which is found in high levels 
in the semen, is reduced in the semen of subfertile men.71 
a randomized study in heavy smokers showed that both 
200 mg and 1,000 mg vitamin C improve sperm counts 
and motility.72 vitamin E is also commonly used, though 
the data are conflicting; some studies suggest a positive 
effect and some no effect of this agent on semen para-
meters.73–75 other, less well studied antioxidants include 
selenium, glutathione, carotenoids, coenzyme Q10, zinc, 
and copper. Studies of all these compounds have produced 
conflicting results,76–80 yielding antioxidant regimens and 
indications that have not been universally adapted.

one compound of special interest is carnitine. 
Carnitine is present at increased concentrations in the 
epididymis, where its levels correlate with spermatozoal 
energy production and motility.81 Seminal carnitine levels 
are lower in subfertile men than in fertile men.82 Initial 
reports showed substantial improvements in sperm con-
centration and motility following carnitine administra-
tion, however three subsequently published studies have 
failed to show a statistically significant effect.83–86

Future treatments
Two areas have shown particular promise for future 
infertil ity treatment in men: gene therapy and spermato-
gonial stem cell transplantation. Treatment with 
spermato gonial stem cells aims to use an adult stem 
cell population to restore successful spermatogenesis in 
patients with secondary infertility (the inability to con-
ceive despite having already initiated a successful preg-
nancy), which is often a consequence of treatment for 
cancer. Spermatogonial stem cell transplantation was first 
demonstrated in a mouse model.87 Testicular tissue or iso-
lated spermatogonial stem cells were obtained and cryo-
preserved before administering busulfan (an alkylating 
agent) that rendered the animal sterile.88 after thawing 
the tissue, autotransplantation of spermato gonial stem 
cells into the efferent ductules or the seminiferous tubules 
resulted in the production of viable offspring.89 one 
major concern associated with autologous transplanta tion  

in cancer patients, however, is the reintroduction of 
malignant cells. The majority of studies addressing this 
concern involve magnetic or fluorescence-activated cell 
sorting and capitalize on the ability to identify specific 
spermatogonial stem cell markers in rodent models with 
hematological malig nancies.90 Studies in human models 
have reported inconsistent results, complicated by the 
fact that specific spermatogonial stem cell markers in 
humans have not been completely established.91,92

Gene therapy is the other potential area for advanced 
future study. Gene therapy research is one of the most 
fascinating areas in contemporary biology, and while 
it focuses on correcting genetic flaws and curing life-
threatening diseases, it raises sharp ethical considera-
tions. Somatic gene therapy can be applied to treating 
a multitude of disorders including cancer and inherit-
able diseases, and the ethical issues primarily concern 
safety and efficacy.93 However, germline therapy for 
treating male infertility is particularly controversial as it 
theoretically manipulates and affects future generations 
without a precise understanding about the mechanism 
and control of gene expression;94 forever changing the 
genetic make up of progeny.

Today gene therapy is primarily used in animal models, 
although some human trials have been carried out. Some 
of the first human trials were used to target patients with 
adenosine deaminase deficiency and severe combined 
immune deficiency (SCID). Yomogida et al.95 examined 
the conditions for the introduction and stable expres-
sion of transgenes in Sertoli cells using electro poration in 
mutant infertile mice. The transgene demon strated stable 
expression in mature Sertoli cells for a limited period 
of time, although no pups were obtained under normal 
mating conditions. although this method is still fraught 
with challenges, the potential for future application to 
patients with Sertoli cell dysfunction is promising.

Conclusions
The options for treatment of infertility in men have 
expanded over the past few decades. Similarly, tools to 
evaluate and diagnose infertility have also progressed. 
The information gleaned from these diagnostic tests 
enables targeted treatment of male factor infertility, and 
can potentially improve the overall health of the patient, 
as it has fewer adverse effects and treats underlying condi-
tions. Furthermore, understanding of the mol ecular and 
biochemical mechanisms of infertility continues to evolve, 
providing physicians with the knowledge to improve 
evalua tion techniques and provide better targeted and 
more successful treatment for the sub fertile couple.

Review criteria

we searched for original articles focusing on male 
infertility in MeDLINe and PubMed, published between 
1980 and 2010. The search terms we used were “male 
infertility”, “genetics”, “diagnostics”, “sperm function 
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All papers identified full text papers in english. we also 
searched the reference lists of identified articles for 
further relevant papers.
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