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Male subfertility is common, and it causes significant duress to couples. Al-
though the most common cause of male subfertility is idiopathic failure of
spermatogenesis, a significant percentage of male subfertility is medically treat-
able. Compared to reproductive specialists, endocrinologists may see a popu-
lation of men that have a higher prevalence of treatable causes of subfertility
including sexual disorders, endocrinopathies, obesity, drugs, and ejaculatory
dysfunction. Seminal fluid analysis is the most important diagnostic study, and
at least 2 samples should be analyzed. All patients with sperm concentrations <
10 million/mL due to idiopathic spermatogenic defects should be referred for
genetic counseling and karyotyping; most experts also recommend that these
patients be tested for Y chromosomal microdeletions. For most men with low
sperm concentrations due to gonadotropin deficiency, gonadotropin therapy
effectively increases spermatogenesis. The endocrinologist must recognize
when to use medical therapy to stimulate spermatogenesis and when to refer
for consideration of assisted reproductive technology. (J Clin Endocrinol Metab
98: 3532–3542, 2013)

The Case

A 29-year-old man is referred for evaluation of male
infertility. He and his 29-year-old wife have been

trying to conceive for 2 years. His wife has had a complete
evaluation that revealed regular ovulatory cycles and nor-
mal reproductive anatomy. The couple has had unpro-
tected vaginal intercourse at least twice weekly. His past
medical history is remarkable for hypertension. His med-
ications include a beta blocker and a multivitamin. He has
no family history of hypogonadism, cleft palate, or infer-
tility; he has 3 brothers who have fathered children. He
works as a software developer. He has smoked a pack of
cigarettes daily for at least 10 years, and he occasionally
drinks a cocktail. He does not smoke marijuana or use
other drugs of abuse. He has never fathered a child. His
physical examination is normal (including a normal male
voice and normal torso-limb proportions), except for a
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body mass index of 35 kg/m2, bilateral nontender gyne-
comastia, a normal genitourinary examination with nor-
mally descended testes that are 12 cc bilaterally (measured
by Prader orchidometer), and easily palpable vasa defer-
entia. His laboratory tests (performed on early morning
blood samples) include a total T that was 6 nmol/L (nor-
mal, 10–32), calculated free T of 87 pmol/L (normal,
220–640), SHBG of 16 pmol/L (normal, 13–90), estra-
diol � 20 pg/mL (normal, �50), LH of 2 mIU/mL (normal,
2–14), and FSH of 6 mIU/mL (normal, 1–12). Serum pro-
lactin and iron studies are normal. Repeat blood testing
yields similar results. Seminal fluid analysis by computer-
assisted semen analysis revealed no sperm, but manual
inspection under high-power microscopy revealed several
immature sperm. Seminal fluid volume is 2.5 cc, with a
normal pH (�7.2) and fructose. Repeat seminal fluid anal-
ysis yielded similar results. Sella imaging revealed no hy-
pothalamic or pituitary abnormalities.

Background

About 15% of couples have difficulty conceiving, and in
approximately 30% of these couples only the man has
reproductivedysfunction. Inanother20%of the subfertile
couples, both partners have a reproductive abnormality.
Thus, male reproductive dysfunction contributes to about
half of all cases of subfertile couples.

Infertility is classically defined as the inability for a cou-
ple to conceive after 12 months of frequent vaginal inter-
course without the use of contraception (1, 2). Subfertility
is a term used to describe reduced fertility that might re-
quire therapy for successful conception. Absolute infertil-
ity cannot be treated even with modern assisted reproduc-
tive technology (ART) such as surgical extraction
(“harvesting”) of sperm and ova followed by intracyto-
plasmic sperm injection (ICSI) into an ovum. Many cou-
ples previously defined as infertile are subfertile in the
modern era. The concept of subfertility also describes cou-
ples that take a longer time to conceive. Up to 50% of
young, healthy couples that fail to conceive in the first 12
months will conceive in the following 12 months (1).
Many of these couples are subfertile; treatment would, at
best, only hasten conception.

The most important question that the endocrinologist
faces in the evaluation and management of male subfer-
tility is to determine whether the patient has a medically
treatable cause of low sperm concentration. Optimization
of spermatogenesis and delivery of sperm to the egg are
essential for the treatment of male subfertility. In subfertile
men, successful delivery of sperm to the egg often is most
effectively accomplished by use of ART. However, the

endocrinologist plays an important role in identifying and
treating men whose spermatogenesis might be increased
by hormonal therapy or treatment of endocrinopathies.
The endocrinologist should have a basic understanding of
the application and success rates of ART for treatment of
male subfertility, and the endocrinologist should know
when to refer men with subfertility to a specialist in ART.

Although the focus of this review is on male subfertility,
it is important to recognize that both members of a sub-
fertile couple must be evaluated for reproductive dysfunc-
tion. In this review, I focus on the endocrinologist’s ap-
proach to the subfertile man. The most common cause of
male subfertility is primary testicular dysfunction and a
defect in spermatogenesis that is generally due to irrevers-
ible damage, and these men typically require treatment
with ART (3). However, the endocrinologist sees a very
different population than ART centers where men with
primary spermatogenic defects predominate. In addition
to evaluating subfertile men with primary testicular de-
fects (eg, Klinefelter syndrome) that will likely need ART
for treatment, endocrinologists will see men with subfer-
tility due to sexual disorders, endocrinopathies that affect
spermatogenesis, or defects in sperm transportation (eg,
ejaculatory disorders).

Common Causes of Male Subfertility

Unassisted successful procreation requires intravaginal
ejaculation, production of sperm, and normal transpor-
tation of sperm. Male subfertility may be broken into
broad categories including sexual disorders that pre-
vent or decrease the frequency of intravaginal ejacula-
tion, primary testicular defects, endocrinopathies that
reduce spermatogenesis, and defects in sperm transpor-
tation (Table 1).

Sexual disorders
Male subfertility may be due to sexual disorders in-

cluding erectile dysfunction and anorgasmia (leading to
decreased sexual pleasure and decreased frequency of sex-
ual intercourse). Although erectile dysfunction is less com-
mon in younger men, it occasionally contributes to male
subfertility. A common cause of anorgasmia is serotonin
reuptake inhibitor therapy (4).

Although lack of sexual intercourse might not be a sex-
ualdisorderper se, it is a treatable causeof subfertility.The
frequency of sexual intercourse should be 2 to 3 times
weekly in order to optimize the likelihood of conception
(5). Infrequent sexual intercourse might be due to rela-
tionship discord, lack of opportunity (eg, due to work
hours or travel that results in separation between the cou-
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ple), or lack of libido. Difficulty with conception may re-
duce sexual pleasure and result in a further decrease in the
frequency of sexual intercourse.

Primary testicular dysfunction
The most common cause of male infertility is idiopathic

primary testicular dysfunction with abnormal spermato-
genesis, but other common causes include testicular dam-
age due to systemic chemotherapy for cancer, Klinefelter
syndrome, genetic mutations, testicular cancer, pelvic ir-
radiation or surgery, trauma, cryptorchidism, infection,
autoimmune destruction, and drugs. Idiopathic spermato-
genic failure is usually associated with sperm concentra-
tions � 10 million/mL, and it is usually also associated
with abnormal sperm morphology and motility. Men with
normal sperm concentrations but abnormal sperm mor-
phology and motility are relatively uncommon; they
should be referred to an ART specialist.

Radioiodine therapy for thyroid disease may cause tes-
ticular damage and abnormal spermatogenesis (6). These
abnormalities generally improve within 6 to 12 months,
but higher dosages of radioiodine therapy (�150 mCi)
may be associated with slower recovery or permanent

damage to fertility. Abuse of tobacco, marijuana, or al-
cohol has been associated with decreased quantity or qual-
ity of spermatogenesis (7–9).

Another important cause of primary testicular dysfunc-
tion is Klinefelter syndrome. About 10–15% of infertile
men with absent (azoospermia) or low sperm concentra-
tions have Klinefelter syndrome (10, 11). Klinefelter syn-
drome should be suspected in any infertile man with un-
explained primary hypogonadism, small testes (Figure 1),
and azoospermia. Men with Klinefelter syndrome have
progressive fibrosis that accelerates with the advent of pu-
berty, and it might be desirable to surgically extract sperm
as early as feasible and cryopreserve it for future attempts
at conception (11, 12).

Anatomic abnormalities may cause defects in sper-
matogenesis. Excessive testicular heat due to undescended
or partially descended testes, morbid obesity with large
panni insulating the testes, or varicocele may be associated
with decreased spermatogenesis. There is significant con-
troversy whether varicoceles cause male infertility (13,
14). Large varicoceles might cause defective spermatogen-
esis via a variety of mechanisms including compromised
testicular cooling and increased intratesticular reactive
oxygen species (15). Although there are few data to sup-
port the practice, some experts continue to recommend
varicocelectomy for large varicoceles in subfertile men
with low sperm concentrations (16).

Endocrinopathies that are associated with reduced
spermatogenesis

Hypothalamopituitary disorders are the most common
cause of male subfertility due to an endocrinopathy. Be-
cause normal secretion of both FSH and LH is required for
quantitatively and qualitatively normal spermatogenesis,
any disease that affects hypothalamic secretion of GnRH

Table 1. Common Causes of Male Subfertility

Sexual disorders
Erectile dysfunction
Failure to have intercourse

Lack of libido
Relationship dysfunction
Anorgasmia

Primary testicular defect in sperm production
Idiopathic
Chemotherapy
Klinefelter syndrome
Genetic mutations
Pelvic irradiation or surgery
Orchidectomy
Testicular cancer
Trauma
Large varicoceles
Cryptorchidism
Infection (eg, mumps orchitis in nonvaccinated men)
Autoimmune
Drugs

Endocrinopathies that affect spermatogenesis
Hypothalamopituitary disease
Hyperprolactinemia
Thyroid dysfunction
Obesity
Cushing syndrome

Defects in sperm transportation
Obstruction

Congenital absence of the vasa deferens
Acquired ejaculatory duct obstruction (eg, recurrent

infection, vasectomy)
Ejaculatory dysfunction

Anejaculation
Retrograde ejaculation

Figure 1. Testicular examination of a man with small testes due to
Klinefelter syndrome. The testis should be gently but firmly
circumscribed with the fingers of 1 hand and pulled up to the scrotal
skin to reduce overestimation of size due to inclusion of subtunical
fluid in volumetry. The epididymis that lies posterior and extends to the
superior aspect of the testis should not be included in the volumetry.
Prader orchidometry with standard sizes of ovoid (2 cc ovoid shown)
correlates well with ultrasound.
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or pituitary secretion of FSH or LH will impair spermato-
genesis. Tumors and infiltrative diseases of the hypothal-
amus, hyperprolactinemia, hemochromatosis, Kallmann
syndrome, and idiopathic hypogonadotropic hypogonad-
ism are classic endocrine causes of male subfertility. Opi-
oids and anabolic androgenic steroids may also cause hy-
pogonadotropism and subfertility.

Hypothyroidism and hyperthyroidism may disrupt
normal spermatogenesis, but these disorders are usually
clinically obvious when thyroid dysfunction is the sole or
primary cause of male subfertility (17). Adrenal disorders
also may cause male subfertility via a variety of mecha-
nisms. Cushing syndrome of any etiology may result in
impaired testicular steroidogenesis and spermatogenesis.
Congenital adrenal hyperplasia is often associated with
male subfertility due to disruption of normal GnRH and
gonadotropin secretion and hypertrophy of testicular ad-
renal rests. Testicular adrenal rests represent embryolog-
ical remnants of nests of adrenal cells that co-migrate with
the gonad during fetal development. In men with under-
treated congenital adrenal hyperplasia, continuously in-
creased ACTH secretion causes adrenal rest hypertrophy.
Large adrenal rests decrease spermatogenesis and sperm
transport directly (via compression of the seminiferous
tubules) and indirectly (by local testicular production of
corticosteroids that impair testicular sex steroidogenesis
and therefore impair spermatogenesis) (18).

Obesity may also contribute to hypogonadotropism
and male subfertility (19–21). Although data exist that
obesity might inhibit normal testicular function directly or
via insulin resistance, most of the evidence suggests that
the primary mechanism of hypogonadism in obesity is the
suppression of LH and FSH. Obesity-induced hypogo-
nadotropic hypogonadism and subfertility might be due to
increased aromatization of T to estradiol in the peripheral
fat of obese men; estradiol is a potent inhibitor of LH
secretion. Leptin resistance might contribute to obesity-
induced hypogonadotropic hypogonadism. There is
strong evidence from animal studies and some confirma-
tion from a small number of human studies of leptin-de-
ficient men that leptin is essential for normal male repro-
duction (22). Specifically, leptin appears to act via the
kisspeptin pathway to stimulate hypothalamic release of
GnRH that in turn stimulates FSH and LH secretion from
the pituitary. Because obesity is commonly associated with
leptin resistance, it is likely that functional leptin defi-
ciency contributes to obesity-induced hypogonadism.

Defects in sperm transportation
Defects in sperm transportation include obstruction of

the ejaculatory tract and ejaculatory dysfunction such as
retrograde ejaculation or anejaculation. An important

cause of ejaculatory tract obstruction is congenital bilat-
eral absence of the vasa deferentia (CBAVD). The majority
(50–80%) of men with CBAVD have mutations of the
cystic fibrosis transmembrane conductance regulator (11,
16). Although nearly all men with cystic fibrosis have
CBAVD, CBAVD may be the only clinical manifestation
of a CFTR gene mutation. All men with CBAVD should be
tested for CFTR gene mutations.

Ejaculatory dysfunction disorders are common in men
with neuropathy due to systemic disease such as diabetes
mellitus or central nervous system diseases including spi-
nal cord lesions (23). Retrograde ejaculation into the blad-
der may cause male infertility (24). It is often due to med-
ications (eg, �-adrenergic blockers) dysautonomia,
bladder neck surgery, or any disorder that affects the neu-
roregulation of the bladder neck and results in failure to
close the bladder neck during ejaculation. Anejaculation is
usually due to neurological disorders, but it is also asso-
ciated with serotonin reuptake inhibitors used for the
treatment of depression (23).

Diagnostic Strategy

History and physical examination
In the evaluation of a subfertile man, the clinician

should take a careful sexual and reproductive history to
determine the weekly frequency of vaginal intercourse and
whether the man has symptoms of hypoandrogenism (eg,
decreased libido, decreased spontaneous morning erec-
tions), sexual dysfunction (erectile dysfunction or anor-
gasmia), pain or abnormal curvature with erections, or
delayed puberty. A history of delayed puberty might in-
dicate congenital hypogonadotropic hypogonadism. Al-
though determining paternity by history is uncertain, it is
important to query whether the man has ever impregnated
a woman in the past.

The clinician should also review for symptoms of thy-
roid disease, corticosteroid excess, hypothalamopituitary
masses (eg, headaches and visual changes), or acromegaly.
In patients with long-standing diabetes mellitus and neu-
rological disorders, gastrointestinal symptoms such as
postprandial fullness or vomiting, chronic diarrhea or
constipation might indicate dysautonomia and greater
risk of ejaculatory dysfunction. Postcoital micturition that
is cloudy might indicate retrograde ejaculation. The past
medical history should be reviewed for systemic chemo-
therapy and scrotal or pelvic irradiation, surgery, or
trauma that might cause permanent injury to spermato-
genesis. Any severe systemic illness may cause a significant
decrease in spermatogenesis that might improve with
treatment of the systemic illness. The medication list
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should be reviewed for common drugs that may affect
spermatogenesis including opioids, corticosteroids, 5-�
reductase inhibitors, and sulfasalazine. The patient should
be queried nonjudgmentally about the use or intake of
tobacco products, alcohol, opioids, marijuana, and ana-
bolic androgenic steroids.

The physical examination is useful for increasing or
decreasing the probability of certain causes of male sub-
fertility. Height, weight, body mass index, and waist-hip
ratio will diagnose obesity that might contribute to sub-
fertility. If thyroid disease is the cause of subfertility, a
goiter is often present. The skin examination is useful for
pigmentation changes that suggest hemochromatosis and
detecting manifestations of Cushing syndrome; Cushing
syndrome as a cause of male subfertility can generally be
excluded on clinical grounds alone.

The most important part of the physical examination is
the testicular examination (Figure 1). The clinician should
examine the penis for hypospadias and fibrosis. The vasa
deferentia should be palpable within the spermatic cord.
The spermatic cord is a soft pliable tubular structure, and
the vas deferens is firm and about the size of a small pull
cord (Figure 2). Examining the man in recumbent and
standing positions permits detection of varicoceles; vari-
coceles should shrink significantly in the recumbent posi-
tion. The testes should be carefully palpated for masses;
testicular cancer is more prevalent in infertile men. The
testes should be measured, ideally by Prader orchidom-
etry. Measurement with a Prader orchidometer correlates
well with ultrasonography, but Prader orchidometry con-
sistently overestimates the true volume in normal and in-
fertile men (25, 26). Normal unilateral testicular volume

is � 15 cc. Smaller testicular volumes
correlate with decreased spermato-
genesis. Small firm testes (�4 cc each)
in a hypergonadotropic man suggest
Klinefelter syndrome, whereas small
testes in a hypo- or normogonado-
tropic man suggest congenital hy-
pogonadotropism. In infertile men
with testes � 15 cc, there generally is a
direct correlation between testicular
volume and successful medical treat-
mentof fertility.Atesticularvolume�
6 cc generally portends a better re-
sponse to treatment.

The neurological examination
should focus on determining sensa-
tion in the perineal “saddle area,”
sacral reflexes (eg, the cremasteric
and anal wink), and the Achilles deep
tendon reflex (S1 nerve function).
Evidence of significant peripheral

neuropathy (decreased light touch, dry skin in extremities
due to lack of sebum production) raises the likelihood of
an ejaculatory disorder due to dysautonomia.

Initial diagnostic testing
The single most useful test is seminal fluid analysis.

Because there is significant variation in sperm concentra-
tions from day to day, collection of seminal fluid for anal-
ysis on at least 2 occasions is essential (3, 16). The seminal
fluid samples should be collected after 2–7 days of absti-
nence from ejaculation and should be in accordance with
international standards established by the World Health
Organization (27).

Accurate measurement of an early morning serum T,
FH, and LH levels should be performed on all subfertile
men; equivocal results should be repeated.

Scrotal ultrasound is useful if there is a scrotal abnor-
mality on examination, if there is a testicular mass sus-
pected on examination, or if the scrotal examination is
difficult (eg, retracted testes).

Interpretation of initial diagnostic testing and
further testing

The most important findings on seminal fluid are the
sperm concentration and ejaculate volume (Table 2). The
sperm concentration should exceed 15 million/mL, but
there is some controversy about whether sperm concen-
trations between 15 and 20 million are “normal” in men
who have failed to conceive (27, 28). An isolated defect in
sperm morphology or motility occurs rarely; these patients
should be referred to a reproductive specialist. The ejac-

Figure 2. Examination for the vasa deferentia and large varicoceles. The vasa extend from the
base of the epididymi that lie posterior to each testis and run cephalad in the spermatic cord. The
vas feels like a pull cord inside of the pliable tubular spermatic cord. Varicoceles feel like a “bag
of worms” and enlarge when the patient stands.
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ulate volume should exceed 1.5 mL; many experts use 2 or
2.5 mL as the lower limit of normal (27). If the ejaculate
volume is low, then the patient should be queried about the
possibility of spillage or lack of adequate duration of ejac-
ulatory abstinence before collecting the sample. In men
with sperm concentrations of zero, low ejaculate volume,
low seminal fluid pH (� 7.4), and low or absent fructose
levels suggest the possibility of distal ejaculatory tract ob-
struction near the bladder base.

If the sperm concentration is zero, semen volume is low,
and the serum hormones are normal, then a postejacula-
tory urinalysis and transrectal ultrasound should be per-
formed to look for evidence of retrograde ejaculation or
ejaculatory tract obstruction; analysis for mutations of the
cystic fibrosis transmembrane conductance regulator
should be performed in all men with unilateral or bilateral
absence of the vasa deferentia (Figure 3). If the sperm con-
centration is low and the serum hormones are normal,

direct testing for antisperm antibodies on the surface of
sperm should be considered (16). If the sperm concentra-
tion is zero or low and serum gonadotropins are elevated
(with FSH � LH levels), then the patient should be eval-
uated for causes of primary hypogonadism (including
karyotyping). Most patients with low sperm concentra-
tions (0–10 million/mL) and isolated elevation of serum
FSH have primary spermatogenic failure. If the sperm con-
centration is zero or low and serum gonadotropins are low
or low-normal, then the patient has hypogonadotropic
hypogonadism. Evaluation for common causes of hy-
pogonadotropism in men including hyperprolactinemia,
hemochromatosis, and sellar masses should be performed.

Genetic counseling and testing
Before initiating ART, it is important that patients

know that low sperm concentrations may indicate that the
patient has a karyotypic abnormality. The prevalence of
chromosomal abnormalities is 5–6% in infertile men, and
10% of all azoospermic men have Klinefelter syndrome
(11, 16). The risk of autosomal chromosomal abnormal-
ities is also severalfold higher than the risk in fertile men.
Genetic counseling and karyotype testing should be of-
fered to all subfertile men with hypergonadotropic hypo-
gonadism or idiopathic spermatogenic deficiency and
sperm concentrations � 10 million/mL (3, 11, 16). For

Table 2. World Health Organization Reference Values
for Sperm Parametersa

Sperm concentration �15 million/mL
Total sperm �39 million
Total motility (% of total) �40%
Normal morphology (% of total) �4%

a Based on the 5th percentile of recent fathers.

Infertile couple
(No conception 

after 1 year)*

Infertile couple
(No conception 

after 1 year)*

Evaluate couple
Frequency of vaginal 

intercourse
≥ 2 times weekly?

Evaluate couple
Frequency of vaginal 

intercourse
≥ 2 times weekly?

Evaluate manEvaluate man

History & Physical 
examination

History & Physical 
examination

Laboratory 
evaluation
Laboratory 
evaluation

Normal sperm 
concentration, 

motility and 
morphology

Normal sperm 
concentration, 

motility and 
morphology

Normal sperm 
concentration, but 
abnormal motility

or morphology

Normal sperm 
concentration, but 
abnormal motility

or morphology

Referral to ARTReferral to ARTReferral to ARTReferral to ART

Low sperm 
concentration

Low sperm 
concentration

Sperm concentration 
is undetectable 

Sperm concentration 
is undetectable 

Low or low-normal 
FSH and LH** 

Low or low-normal 
FSH and LH** Isolated FSH �Isolated FSH ↑      FSH & LH �FSH & LH ↑

Sperm concentration 
0.1-9.9 million/ml

Sperm concentration 
0.1-9.9 million/ml

Evaluate womanEvaluate woman

Normal LH and FSHNormal LH and FSH Normal LH and FSHNormal LH and FSH

Sperm concentration 
10-15 million/ml

Sperm concentration 
10-15 million/ml

Karyotyping
before ART

Karyotyping
before ART

Karyotyping before 
ART; Testing for Y 

microdeletions 
desirable before ART 

Karyotyping before 
ART; Testing for Y 

microdeletions 
desirable before ART 

Gonadotropin 
therapy or therapy to 

stimulate 
gonadotropins

Gonadotropin 
therapy or therapy to 

stimulate 
gonadotropins

Exclude obstruction:
Post-ejaculatory urine,  
transrectal ultrasound; 

consider diagnostic 
testicular biopsy

Exclude obstruction:
Post-ejaculatory urine,  
transrectal ultrasound; 

consider diagnostic 
testicular biopsy

Obstruction: CFTR 
mutation testing if 

vas deferentia absent

Obstruction: CFTR 
mutation testing if 

vas deferentia absent

Referral to ARTReferral to ART

Referral to ARTReferral to ART Referral to ARTReferral to ART

No pregnancy and 
sperm concentration 

remains 
< 10 million/ml

No pregnancy and 
sperm concentration 

remains 
< 10 million/ml

Karyotyping before 
ART; Testing for Y 

microdeletions 
desirable before ART 

Karyotyping before 
ART; Testing for Y 

microdeletions 
desirable before ART 

Referral to ARTReferral to ART

Figure 3. Diagnostic evaluation and management of male subfertility. The diagnostic evaluation of male subfertility begins with an evaluation of
the couple. ART, ART specialist. *, Infertility is sometimes defined as no conception after 2 years of unprotected intercourse. **, Men with
untreated hypogonadotropic hypogonadism typically have no sperm or very low levels (sperm concentration � 3 million/mL).
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most couples, genetic counseling may consist of reviewing
the known risks that a minority of infertile men carry a
detectable genetic abnormality that might be transmitted
to offspring and disclosing that most infertile men do not
have a genetic abnormality that is currently detectable.
Some couples might opt not to do any genetic testing in-
cluding karyotype testing if the results will not alter their
decision to attempt to conceive.

Testing for Y chromosome microdeletions should also
be considered for all men with idiopathic spermatogenic
deficiency and pretreatment sperm concentrations � 5
million/mL; some experts use a threshold of � 10 mil-
lion/mL (11, 16). As mentioned above, all men with
CBAVD or even unilateral absence of a vas deferens
should be screened for gene mutations associated with
cystic fibrosis (11, 16).

Therapeutic strategy

The therapeutic strategy is dictated by time, money, and
etiology of the male subfertility. ART is expensive and
emotionally draining, but it can hasten the time to con-
ception for most causes of male subfertility. For patients
with subfertility due to sexual disorders and inadequate
frequency of vaginal intercourse, appropriate treatment of
the underlying sexual disorder might be successful. For
subfertile men with retrograde ejaculation or anejacula-
tion, sperm harvesting (from urine or testes, respectively)
followed by ICSI is often the best option. Retrograde ejac-
ulation can also sometimes be treated medically (eg, with
�-agonist therapy) or with physical stimulation (eg, elec-
troejaculation) (23). For men with subfertility due to pri-
mary testicular defects, ART represents the best or only
chance for conception, whereas men with subfertility due
to hypogonadotropism might conceive after gonadotro-
pin therapy or therapy that stimulates endogenous gonad-
otropin production.

Commonly available medical therapies for men with
subfertility due to hypogonadotropism include gonado-
tropin replacement therapy, aromatase inhibitors, and se-
lective estrogen receptor modulators (SERMs; eg, clomi-
phene). Aromatase inhibitors and SERMs require intact
hypothalamopituitary function because they act by de-
creasing the inhibitory effects of estradiol on the hypo-
thalamus and pituitary. The best data for medical therapy
are based on studies of gonadotropin replacement therapy
in men with infertility due to congenital hypogonadotro-
pism. It takes approximately 9–10 weeks to complete all
of the stages of spermatogenesis. In general, any medical
therapy administered to stimulate spermatogenesis and
increase sperm concentrations in the ejaculate will take

months to years to achieve maximal effect. It is important
to discuss the possible dilatory response of spermatogen-
esis and fertility with most medical therapies because cou-
ples will need to consider this delay when considering
medical therapy to improve spermatogenesis vs immediate
ART or adoption.

In men whose subfertility is due to a medically treatable
cause such as an endocrinopathy that suppresses the go-
nadal axis and spermatogenesis, medical induction of
spermatogenesis may take 6 months to 3 years before suc-
cessful conception, and it ranges in cost from $60 to $500
(US dollars) monthly or more. For couples who must make
haste and who can afford the cost, ART (sometimes in
conjunction with medical induction of spermatogenesis)
might be the best option. Finally, for all subfertile couples,
adoption should be considered an option. In the United
States, adoption costs range in cost from a few thousand
dollars (for a foster child adoption) to $50 000 or more (in
2012 dollars) for a domestic or international infant adop-
tion, and it might take many months until the adopted
child enters the home of the adoptive parents (29). In the
United States and in many other countries, the cost of
adoption compares favorably with the average cost of suc-
cessful ART (29).

Induction and stimulation of spermatogenesis
The most important therapeutic decision that the en-

docrinologist must make is whether to attempt to induce
and/or stimulate spermatogenesis. Men with elevated go-
nadotropin levels or an isolated elevation of FSH do not
benefit from gonadotropin (or other) therapy to stimulate
spermatogenesis or improve fertility. When the subfertile
man has hypogonadotropism and low or no spermato-
genesis due to known hypothalamopituitary disease, med-
ical therapy to stimulate spermatogenesis likely will be
useful. Gonadotropin therapy is also useful to improve
spermatogenesis and fertility in men with congenital or
acquired isolated hypogonadotropic hypogonadism;
these men will have low or low-normal serum gonadotro-
pin, low T levels, and low sperm concentrations.

Patients with GnRH deficiency (eg, Kallmann syn-
drome) might be treated with replacement pulsatile GnRH
therapy, but this treatment is not widely available, re-
quires wearing a pump with a sc dispensing system, and is
ineffective for patients with pituitary disease. More com-
monly, gonadotropin replacement therapy is generally ad-
ministered as LH and FSH replacement therapy. After any
exogenous androgen therapy has been discontinued, LH
replacement therapy is initiated as human chorionic go-
nadotropin (hCG). The usual dosage of hCG is 1000–
2000 IU sc 2–3 times weekly, but it is likely that lower
dosages of 500–750 IU are effective (30, 31). Because
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some men (particularly men with pretreatment testes � 8
cc) will produce sperm and become fertile with hCG alone,
and because FSH therapy is expensive, hCG is often ad-
ministered as monotherapy for 6 months, whereas sperm
concentrations are measured monthly. If the patient can
afford early initiation of FSH therapy, it could be initiated
immediately and might result in more rapid increases in
sperm concentrations. Men with postpubertal gonadotro-
pin deficiency might respond to hCG monotherapy, but
men with prepubertal onset of gonadotropin deficiency
virtually always benefit from combination hCG plus FSH
therapy. Sperm concentrations typically take at least 4–6
months to rise with hCG monotherapy, and FSH therapy
is added if sperm concentrations remain below 10 mil-
lion/mL and conception has not occurred. FSH may be
given as recombinant human FSH (rhFSH) or human
menopausal gonadotropin; the usual initial dosage is 75
IU sc every other day. The dosage of FSH may be doubled
if conception has not occurred and sperm concentrations
remain � 20 million/mL within 6 months of initiation of
combination therapy with hCG. On average, conception
occurs after 2–3 years of gonadotropin therapy and occurs
when sperm concentrations are between 5 and 20 million/
mL, but conception may occur at levels (�5 million/mL)
well below the levels (13–20 million/mL) associated with
fertility in normal men (32). If the couple desires another
child within 2 years, then gonadotropin therapy should be
continued until another pregnancy is achieved.

Men with baseline small testes � 4 cc are more likely to
respond slowly (33). There is some controversy over
whether prior androgen therapy may decrease the likeli-
hood of response to gonadotropin therapy, but the author
believes that this effect is unlikely or small at worst (32).

Success of ART in treatment of male subfertility
Although the focus of this review is on the role of in-

duction and stimulation of spermatogenesis in the treat-
ment of male subfertility, endocrinologists must under-
stand the success rates of ART for subfertile men with
idiopathic oligozoospermia or azoospermia.

In infertile couples, 40–45% of ART procedures (in-
cluding ICSI) result in pregnancy (34, 35). ICSI may be
performed with sperm from the ejaculate or sperm ob-
tained by testicular sperm extraction (TESE) or microdis-
section TESE (micro-TESE). The fertilized egg is then im-
planted into the uterus. Up to 60% of all men with
nonobstructive azoospermia might have a few sperm that
can be extracted with these techniques (34). Forty to 55%
of men with Klinefelter syndrome may have small pockets
of sperm that can be surgically extracted; rates are higher
in men with mosaic Klinefelter syndrome (36).

The risks of ART include multiple gestation and pos-
sibly increased chromosomal abnormalities (35, 37). Sur-
prisingly, small studies using ICSI with sperm of men with
Klinefelter syndrome have not demonstrated an increased
risk of Klinefelter syndrome in male offspring (36).

Controversies and Areas of Uncertainty

In the treatment of male infertility, there is some contro-
versy about when to attempt to stimulate spermatogenesis
with gonadotropin therapy or empiric medical therapy to
increase gonadotropins (eg, aromatase inhibitor or
SERM). I recommend against gonadotropin therapy or
other medical therapy to subfertile men with normal se-
rum hormone levels and idiopathic oligozoospermia, but
this topic is controversial. In a recent survey of U.S. urol-
ogists (�90% of whom treated male infertility), over half
of them reported that they would consider empiric medical
therapy with gonadotropin therapy, aromatase inhibitors,
or SERMs for men with idiopathic infertility (38). Re-
spondents were more likely to use empiric therapy in men
with low sperm concentrations and without elevated FSH
levels (that would suggest primary testicular failure that
would not respond to gonadotropin therapy).

Most subfertile men will not benefit from the use of
gonadotropin or other empiric medical therapy. The data
and clinical experience suggest that these medical thera-
pies will be ineffective for improving spermatogenesis or
fertility in men with normal, low-normal, or even slightly
low serum T levels and normal gonadotropin levels. In the
small minority of men with decreased spermatogenesis
and infertility due to gonadotropin deficiency (eg, due to
a pituitary tumor), gonadotropin therapy is likely to im-
prove spermatogenesis. Men with gonadotropin defi-
ciency will typically have unequivocally low (usually very
low) T levels and low or low-normal gonadotropin levels.

When evaluating an infertile man for possible gonad-
otropin therapy, it is important for the endocrinologist to
understand that the normal range of FSH levels reported
by many commercial laboratories is likely to be based on
a cohort that includes subfertile men. Although many
commercial laboratories report an upper limit of normal
of up to 12 IU/L for men, the upper limit of normal for
reproductively normal men is probably closer to 8 IU/L
(39). An FSH level greater than 8 IU/L should raise the
suspicion of primary spermatogenic failure; gonadotropin
therapy is unlikely to improve fertility.

In general, gonadotropin therapy is not useful for men
with idiopathic infertility. However, some studies suggest
that there might be a subset of men with normal serum T
and gonadotropin levels and idiopathic infertility that
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might benefit from FSH therapy (40–43). Some recent
studies indicate some infertile men with normal hormone
levels have a polymorphism in the FSH promoter region or
the FSH receptor gene that results in relatively lower (al-
beit normal) FSH levels or low FSH effect that results in
decreased spermatogenesis and fertility. Two small pilot
studies have demonstrated improved spermatogenesis
with the administration of FSH to men with specific FSH
or FSH receptor polymorphisms (42, 43).

The important endpoints in the treatment of male in-
fertility are pregnancy and live birth rates. A 2007 Co-
chrane review concluded that there were too few random-
ized, controlled trials (n � 4) and too few subjects (n �
278) studied to determine whether FSH therapy to men
with idiopathic infertility results in increased pregnancy
rates for couples (44). It should be noted that the preg-
nancy rates were significantly higher in the gonadotropin
treatment group (13.4%) compared to the men treated
with placebo (4.4%) in the Cochrane meta-analysis.

There are no data that empirical therapy with aroma-
tase inhibitors or SERMs are effective for treatment of
infertility in men with idiopathic oligozoospermia (3). The
U.S. Food and Drug Administration has not approved aro-
matase inhibitors or SERMS for treatment of male
infertility.

My approach is to consider medical therapy with go-
nadotropins, aromatase inhibitors, or SERMS only in sub-
fertile men with unequivocally low serum T levels and low
to low-normal serum LH and FSH levels. Gonadotropin
therapy may be offered to such men; the expense is the
major limitation. Aromatase inhibitor therapy to increase
serum gonadotropin levels and stimulate spermatogenesis
should be offered only in selected circumstances. Obese
men who have high or normal serum estradiol levels and
low or low-normal serum T and gonadotropin levels
might respond with increased spermatogenesis and im-
proved fertility with an aromatase inhibitor (45). On the
other hand, aromatase inhibition is likely to have delete-
rious effects on skeletal health, and such therapy should be
limited to � 1 year. Men with subfertility due to obesity-
induced hypogonadotropism might also benefit from
weight loss via lifestyle changes or bariatric surgery (20).
It is unclear how much weight loss is required to improve
fertility in these men.

Some men with infertility due to anabolic androgenic
steroids continue to have persistent suppression of circu-
lating gonadotropin levels and spermatogenesis despite
discontinuation of the androgenic steroids. In these men,
gonadotropin or SERM therapy might hasten the recovery
of spermatogenesis and fertility (46, 47). In patients with
hypogonadotropic hypogonadism due to iatrogenic Cush-
ing syndrome or opioids that cannot be treated by weaning

off the causative agent, gonadotropin therapy is the ther-
apy most likely to be beneficial to treat subfertility. SERM
or aromatase inhibition therapy might effectively improve
spermatogenesis and fertility in these patients, too, by in-
creasing pituitary gonadotropin secretion.

Returning to the Patient

This patient has a presentation consistent with adult onset
idiopathic hypogonadotropic hypogonadism (48, 49).
This diagnosis is uncommon and is characterized by nor-
mal puberty followed by adult onset of very low serum T
levels with low or inappropriately normal gonadotropin
levels. Virtually all of these men have azoospermia and
infertility, but occasionally these men will have fathered a
child early in adulthood. Men with adult onset idiopathic
hypogonadotropic hypogonadism may have improved
spermatogenesis and fertility with gonadotropin therapy.
Although adult onset idiopathic hypogonadotropic hypo-
gonadism might be more common than originally sus-
pected, it is still uncommon. Clinicians must not thought-
lessly make this diagnosis in the common scenario of
subfertile men with low-normal or slightly low T levels
and normal gonadotropin levels.

To enhance the man’s fertility, I would advise him to
quit smoking and refrain from excessive drinking. His
obesity might be contributing to his subfertility, and I
would advise him to lose 5–10% of body weight via life-
style changes. His symptoms of low libido and his repro-
ducibly low serum T and inappropriately normal gonad-
otropin levels suggest hypogonadotropism. His physical
examination, normal seminal fluid volume, pH and fruc-
tose levels make obstruction unlikely. By history and eval-
uation, the wife is likely to be ovulatory and fertile.

I would offer gonadotropin therapy, but there is some
uncertainty whether gonadotropin therapy will improve
his spermatogenesis. However, he has symptoms of hy-
pogonadism, and his serum T level is very low, with an
inappropriately low normal LH level. Isolated LH defi-
ciency (without FSH deficiency) is very unusual. Although
his FSH level is normal, it will suppress with the admin-
istration of LH therapy (in the form of hCG) (50). After
informing the patient of the uncertainty of the diagnosis
and outcome of therapy, it is reasonable to offer hCG
therapy followed by rhFSH therapy if necessary.

His testicular volumes are �6 cc; his sperm concentra-
tions might rapidly increase with hCG therapy alone. I
would add rhFSH after 6 months of hCG if conception has
not occurred and sperm concentration remains �10
million/mL. Because his estradiol level is low, aromatase
inhibitor or SERM therapy is less likely to be effective. I
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would discuss the option of referral for ART without go-
nadotropin therapy now, but a short course of gonado-
tropin therapy might obviate the need for ART or improve
the success rate of ART. Because his wife is 29 years old
and close to entering the typical time for declining fertility,
I would not treat him with gonadotropin therapy for more
than 12–15 months before considering ART. If he has
persistent absence of spermatogenesis despite gonadotro-
pin therapy, the diagnosis of adult onset idiopathic hy-
pogonadotropic hypogonadism must be reconsidered. He
then must be treated as a man with idiopathic spermato-
genic failure, and he should be provided genetic counseling
before offering genetic testing or initiating ART.

Barriers to Ideal Practice

The barriers to ideal practice in the management of male
subfertility include lack of awareness by endocrinologists
about their role in identifying medically treatable causes of
male subfertility. Endocrinologists must ensure that they
have the skills to accurately measure testes via Prader or-
chidometry, assess for large varicoceles in the recumbent
and standing positions, and reliably identify the presence
of the vasa deferentia. In addition, endocrinologists must
take the lead in their community in ensuring that labora-
tories have accurate assays for serum T. Finally, it is es-
sential to understand that there is significant normal vari-
ation in serum T and seminal fluid sperm concentrations.
These parameters must be assessed on at least 2–3 separate
occasions.

Endocrinologists must remember to discontinue any T
therapy (and counsel patients to cease or avoid any an-
drogenic anabolic steroids), a fact that is not universally
known among nonendocrinologists (38). Endocrinolo-
gists must also understand the importance of genetic coun-
seling and testing in men with idiopathic oligozoospermia
(0–10 million sperm/mL). Finally, it is essential that en-
docrinologists establish a collaborative relationship with
experts in ART early in the management of subfertile men
to ensure optimal medical therapy and timing of the use of
ART.

Conclusions

Male subfertility occurs commonly in patients that endo-
crinologists see in their practice: men with obesity, diabe-
tes mellitus, Klinefelter syndrome and hypogonadotro-
pism due hyperprolactinemia, opiates, or corticosteroids.
The endocrinologist plays an important role in assessing
for treatable causes of impaired spermatogenesis and ini-
tiating therapy to induce or optimize spermatogenesis.

Medical therapies to induce spermatogenesis may take
months for maximal effect on spermatogenesis and fertil-
ity. The endocrinologist must balance this delay in max-
imal effect for spermatogenesis against the couples’ ur-
gency to conceive quickly (based on age and other factors)
when considering when to refer for use of ART.

When medical therapy is used to stimulate spermato-
genesis and enhance male fertility, the clinician must
clearly communicate to the couple when the medical ther-
apy is based on firm scientific underpinnings and when the
therapy is empiric. For patients with unequivocal hypogo-
nadotropic hypogonadism, gonadotropin therapy is very
likely to improve spermatogenesis and male fertility. For
men with possible hypogonadotropic hypogonadism,
medical therapy should be described as empiric. The cou-
ple must be given the opportunity to understand that many
of our therapies in the field of male reproduction are based
not only on hormones and ART, but also on art and
science.
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