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Abstract

Objectives

To highlight alternative treatment options other than exogenous testosterone administration for
hypogonadal men with concomitant infertility or who wish to preserve their fertility potential, as
testosterone replacement therapy (TRT) inhibits spermatogenesis, representing a problem for hypogonadal
men of reproductive age.

Materials and methods

We performed a comprehensive literature review for the years 1978–2017 via PubMed. Also abstracts from
major urological/surgical conferences were reviewed. Review was consistent with the Preferred Reporting
Items for Systemic Reviews and Meta-Analyses (PRISMA) criteria. We used Medical Subject Heading
terms for the search including ‘testosterone replacement therapy’ or ‘TRT’ and ‘male infertility’.

Results

In all, 91 manuscripts were screened and the final number used for the review was 56. All studies included
were performed in adults, were written in English and had an abstract available.

Conclusions

Exogenous testosterone inhibits spermatogenesis. Hypogonadal men wanting to preserve their fertility and
at the same time benefiting from TRT effects can be prescribed selective oestrogen receptor modulators or
testosterone plus low-dose human chorionic gonadotrophin (hCG). Patients treated for infertility with
hypogonadotrophic hypogonadism can be prescribed hCG alone at first followed by or in combination
from the start with follicle-stimulating hormone preparations.

Abbreviations: CC, clomiphene citrate; E2, oestradiol; hCG, human chorionic gonadotrophin; hMG,
human menopausal gonadotrophin; HPG, hypothalamic–pituitary–gonadal; PRISMA, Preferred Reporting
Items for Systemic Reviews and Meta-Analyses; SERM, selective oestrogen receptor modulator; SHBG,
sex hormone-binding globulin; TRT, testosterone replacement therapy
Keywords: Gonadotrophins, Hypogonadism, Infertility, Systematic review, Testosterone therapy

Introduction

Male hypogonadism is characterised by low serum testosterone and associated with symptoms such as
fatigue, decreased libido, erectile dysfunction, concentration difficulty, sleep disturbance, and loss of lean
body mass or weight gain [1].

The prevalence of male hypogonadism is reported to be 37% in the USA and a higher prevalence is seen
with increasing age [2], [3], [4]. Another large population-based study in the USA showed the prevalence
of symptomatic hypogonadism to be 5.6% in men aged 30–79 years [5].

The impact of testosterone deficiency on the overall health of men was recently examined in a meta-
analysis. Hypogonadism was found to be linked to cardiovascular mortality, metabolic syndrome,
osteoporosis, frailty, non-insulin dependent diabetes, and depression [6]. Treatment for hypogonadism
typically includes testosterone replacement therapy (TRT), which results in satisfactory amelioration of
symptoms and normalisation of serum testosterone. However, treatment with exogenous testosterone
decreases serum gonadotrophins, impairs normal spermatogenesis and suppresses intra-testicular
testosterone. Azoospermia develops in up to 40% of patients on TRT and, as a result, treatment of
hypogonadal men desiring to reproduce whilst on TRT remains a challenge [7].

Testosterone deficiency may result in some clinical manifestations as shown in Table 1, which may affect
sexual health, reproductive health, and overall quality of life. These clinical symptoms and signs improve
dramatically with TRT [8].

Table 1

Symptoms, signs, and conditions indicative of testosterone deficiency.

Vasomotor and nervous symptoms:

• Hot flushes (similar to those of menopause in women)

• Episodes of sweating

• Insomnia and disturbed sleep rhythm

• Nervousness

Mood disorders and cognitive functions:

• Irritability and lethargy

• Decreased sense of well-being

• Lack of motivation

• Difficulties with short-term memory

• Depressive symptoms

Masculinity/virility:

• Decreased vigour and physical energy

• Diminished muscle mass (sarcopenia) and strength (sarcoasthenia)

• Loss of sexual body hair

• Abdominal obesity

• Gynaecomastia

Sexuality:

• Decreased interest or desire for sex

• Reduction of sexual activity

• Poor erectile function

• Limited quality of orgasm (unpleasurable orgasm)

• Weakness or reduction of ejaculation

Infertility is defined as the inability of sexually active non-contracepting couples to achieve clinical
pregnancy within 1 year. It affects 10–15% of all couples who are seeking conception within the first year
and seek medical treatment for infertility [9].

Amongst all infertile couples, male factor represents 40–50% of all causes of infertility. Several causes
have been attributed to reduced male fertility including; congenital and acquired urogenital abnormalities,
genital tract infections, genetic and chromosomal anomalies, varicocele immunological factors, exposure to
gonadotoxins, and endocrine disturbances. No causal factor is found in 30–40% of cases and thus known as
idiopathic male infertility [10].

Physiology of hypothalamic–pituitary–gonadal (HPG) axis

The hypothalamus, the pituitary, and the testes form the HPG axis, which acts in harmony and
synchronisation to achieve adequate secretion of androgens and normal spermatogenesis. Under the
influence of neuropeptides (i.e. kisspeptin, noradrenaline and leptin with stimulatory effects, and prolactin,
dopamine, serotonin, γ-aminobutyric acid (GABA) and interleukin 1 being inhibitory), the arcuate nucleus
and preoptic area in the hypothalamus secrete GnRH in a pulsatile manner that in turn stimulates the
gonadotrophs in the anterior pituitary gland to release the gonadotrophins; FSH and LH [11].

FSH acts directly on the germinal epithelium stimulating spermatogenesis; also it stimulates Sertoli cells to
support spermatogenesis and secretes inhibin B, which negatively regulates FSH secretion. On the other
hand, LH stimulates the secretion of testosterone by Leydig cells from its precursor (cholesterol) that in
turn stimulates sperm production and virilisation, in addition to providing feedback to the hypothalamus
and pituitary to regulate GnRH secretion [12].

It is well-known that the GnRH pulse generator is the main regulator of puberty; however, its production of
GnRH starts early in foetal life. As a result, gonadotrophin levels undergo drastic changes during foetal
development, childhood, puberty, and adulthood. Male infants exhibit a unique phenomenon known as a
‘mini-puberty’ during the first 6 months of life, during which gonadal function can be clinically detected in
response to gonadotrophin stimulation. After that period, serum gonadotrophin levels drop and can only be
detected again with the onset of puberty [13].

Endocrine causes of male infertility are uncommon, representing only 2% of patients with an abnormal
semen analysis due to primary endocrinal defects along the HPG axis leading to hypogonadism [14].

Hypogonadism can be simply classified into two main categories: (i) hypogonadotrophic hypogonadism
due to dysfunction in the hypothalamus and/or pituitary gland and (ii) hypergonadotrophic hypogonadism
due to testicular failure.

Hypogonadotrophic hypogonadism

This type of hypogonadism is also known as secondary hypogonadism and is caused by deficient secretion
of GnRH from the hypothalamus and/or deficient secretion of gonadotrophins (FSH and LH) from the
pituitary gland. As a result of these deficient hormones, impairment of testicular functions occurs
(spermatogenesis and/or steroidogenesis). Hormonal evaluation of hypogonadotrophic hypogonadism is
characterised by low-normal or low levels of FSH, LH, and testosterone [15].

Several causes have been attributed to hypogonadotrophic hypogonadism including various congenital and
acquired conditions.

Hypergonadotrophic hypogonadism

The term primary hypergonadotrophic hypogonadism refers to testicular disorders and is characterised by
low serum testosterone despite high levels of FSH and LH. Low testosterone production results in impaired
spermatogenesis (primary testicular failure) as seen in congenital anorchia, undescended testis, Sertoli cell
only syndrome (germ cell aplasia), or after testicular injury from trauma, infection, surgery, exposure to
chemo/radiotherapy or drug induced (e.g. ketoconazole, flutamide, spironolactone, etc.). In addition,
genetic causes for primary testicular failure are described such as numerical chromosome aberrations
including: Klinefelter syndrome, XX-male syndrome, XYY syndrome and Y chromosome microdeletions
[16].

Hormonal evaluation

Hormonal evaluation is the key diagnostic tool for the assessment of hypogonadism and the differentiation
between hypogonadotrophic and hypergonadotrophic hypogonadism. Initial laboratory assessment of the
HPG axis includes the measurement of serum levels of LH, FSH, and total testosterone. More specialised
hormonal evaluation including free testosterone, oestradiol (E2), prolactin, and sex hormone-binding
globulin (SHBG), may be required upon suspicion after proper clinical history taking and physical
examination [17].

Several clinical conditions, hormones, and certain drugs that may affect the circulating level of SHBG and
thus affect the bioavailable fractions of testosterone in men are summarised in Table 2 [18], [19]. In
addition, some genetic variations may also be responsible for inter-individual variations [20].

Table 2

Factors increasing and decreasing SHBG and affecting free testosterone level.

Factors that increase SHBG Factors that decrease SHBG

Hyperthyroidism Hypothyroidism

Ageing males (PADAM) Obesity

Oestrogens Androgens

Hepatocellular dysfunction Hyperinsulinaemia and insulin resistance

Anti-epileptic drugs Hyperprolactinaemia

Tamoxifen Acromegaly

Hypercorticism

PADAM, partial androgen deficiency of the ageing male.

Amongst different methods for proper estimation of serum total testosterone levels, radioimmunoassays
and chemiluminescence immunoassays are the most widely used methods. However, liquid
chromatography–tandem mass spectrometry is considered the gold-standard method to measure
testosterone, but is only available in some reference and research laboratories [21].

Free or bioavailable testosterone can be measured directly using radioimmunoassay or by means of
calculation using a formula incorporating SHBG. Measurement using equilibrium dialysis, ultrafiltration,
and steady-state gel filtration is not recommended, because these methods are lengthy, require a high
degree of skill, are unsuited for routine use, and lack evidence of superiority over radioimmunoassay [22].

All testosterone formulations share as a common shortcoming some suppression of the HPG axis if this
axis was previously, at least partly, functional. This suppression results from a negative feedback
mechanism causing decreased secretion of testosterone and spermatozoa. This negative impact on fertility
is transient and disappears some months after discontinuation of testosterone therapy. Agents that stimulate
the endogenous production of testosterone include human chorionic gonadotrophin (hCG) or in the mild
cases clomiphene [23]. Other anti-oestrogens would theoretically avoid this effect in men with secondary
testosterone deficiency (hypogonadotrophic testosterone deficiency). In young men with secondary
hypogonadism/testosterone deficiency (hypogonadotrophic testosterone deficiency), long-term testosterone
does not compromise future responsiveness to LH and FSH when they will require fertility, and may even,
in some cases, be followed by recovery of pulsatile secretion of gonadotrophins with testosterone secretion
and spermatogenesis [24]. However, a recent report indicates that prior androgen therapy is independently
associated with a decrease in the likelihood of achieving conception [25]. Several therapeutic approaches
have been suggested to manage hypogonadal infertile men by positively manipulating the HPG axis, thus
improving endogenous testosterone. However, all of them are used off-label and have no USA Food and
Drug Administration (FDA) approval as a specific treatment of male infertility.

The main objective of the present review article is to highlight alternative treatment options other than
exogenous testosterone administration for hypogonadal men with concomitant infertility or who wish to
preserve their fertility potential.

Material and methods

We performed a comprehensive literature review for the years 1978–2017 via PubMed and Medline. Also
abstracts from major urological/surgical conferences were reviewed. Review was consistent with the
Preferred Reporting Items for Systemic Reviews and Meta-Analyses (PRISMA) criteria. We used Medical
Subject Headings terms for the search including ‘testosterone replacement therapy’, or ‘TRT’, and ‘male
infertility’. Exclusion criteria were: animal studies, studies involving children, female studies, and articles
written in a language other than English.

Results

The total number of manuscripts screened was 91 and the final number of manuscripts used for the review
was 56. All studies included were performed in adults, were written in English and had an abstract
available. Review of the abstract denoted that 17 articles were irrelevant. The remaining 74 articles were
further screened by the authors. Further exclusion was due to two articles being in language other than
English, seven articles relating to prepubertal children, and nine articles had insufficient data (Fig. 1).

Fig. 1

Flowchart illustrating selection criteria.

The following therapeutic approaches were introduced:

Selective oestrogen receptor modulators (SERMs)

SERMs are group of pharmaceutical agents that act by the competitive inhibition of oestrogen receptors in
the hypothalamus and pituitary with subsequent increased release of GnRH and gonadotrophins thus
increase intra-testicular testosterone production and enhance spermatogenesis. In addition, it remains
uncertain whether there is also an additional direct effect of anti-oestrogens on spermatogenesis or
steroidogenesis at the testicular level [26].

Clomiphene citrate (CC) as a chemical compound is composed mainly of a racemic mixture of two
isoforms; enclomiphene and zuclomiphene. Several studies have used CC as an anti-oestrogen in the
treatment of azoospermia, oligozoospermia and unexplained infertility, as well as for the treatment of
hypogonadism independent from infertility. They demonstrated that CC causes moderate elevations in LH,
FSH, total testosterone and sperm concentrations in such patients [27].

Concerning the impact of CC therapy on the pregnancy rate, two studies reported increased rates. Ghanem
et al. [28] evaluated the combination of CC and vitamin E vs placebo and found that pregnancy rates were
significantly higher in the treatment groups (P = 0.037). In addition, Chua et al. [29] conducted a meta-
analysis of oestrogen antagonists that showed a statistically significant increase in sperm concentration as
well as an increased pregnancy rate.

In hypogonadism and oligozoospermia, CC is used as a monotherapy. The starting dose is 25 mg once
daily; as CC is normally available in 50 mg tablets, a starting dose might be 50 mg every other day. When
testosterone remains low, CC can be titrated up to 100 mg daily [30].

In cases with late onset hypogonadism, CC was introduced as a TRT instead of testosterone compounds. It
was stated that CC was effective in significantly increasing testosterone levels in at either a 25 or 50 mg
dose. However, the rise of testosterone was not maintained after cessation of CC therapy, indicating that
long-term therapy was needed [31].

In addition, CC has also been used on hypogonadal patients with azoospermia. Increases in intratesticular
testosterone levels might favour production of sufficient sperm in the ejaculate. Accordingly, tamoxifen is
used for the same indications, at a dose of 10 mg/day [31].

Recently, enclomiphene citrate, one of the single isomers of CC, has been tried in the treatment of male
infertility. This isomer has more selective oestrogen antagonism compared to CC, which possesses both
agonistic and antagonistic properties. To date, only a few studies have been conducted on the efficacy of
enclomiphene citrate for treating male infertility and they have shown promising results with increased
morning testosterone levels, LH, FSH, dihydrotestosterone, oestrogen, whilst preserving spermatogenesis
[32], [33], [34].

In general, CC is a well-tolerated pharmacotherapeutic agent. The more common side-effects include:
gastrointestinal distress, dizziness, hair loss, gynaecomastia, and minimal weight gain. In addition, a few
case reports have mentioned that some patients have encountered visual disturbances such as blurred
vision, photophobia, and diplopia. Fortunately, they are reversible with cessation of the medication [35]. It
will be interesting to see whether future studies using a non-racemic mixture of pure enclomiphene will
avoid these occasional negative side-effects.

On the other hand, tamoxifen citrate and other similar compounds toremifene and raloxifene are non-
steroidal SERMs with a similar mechanism of action as CC at the level of the hypothalamus and pituitary.
Tamoxifen citrate improves spermatogenesis by increasing FSH, Leydig cells sensitivity to LH, and
testosterone levels, which lacks an intrinsic oestrogenic effect, so it may be more appropriate to use in male
infertility [36], [37].

Previous studies showed that tamoxifen significantly increased sperm concentration in infertile men with
oligozoospermia, but did not affect other semen values, such as volume, pH, motility, morphology, or
viability, because of tamoxifen’s effectiveness on the seminiferous tubules during the early stages of
spermatogenesis [38], [39].

Many randomised controlled trials in men with oligozoospermia or azoospermia evaluating the efficacy of
tamoxifen (20 mg daily) or toremifene and raloxifene (60 mg daily) have reported improvements in semen
parameters and pregnancy rates after 3 months of treatment [31], [40]. By contrast, some studies have
shown improvements in the hormone profile with no effect on semen parameters or pregnancy rates [41].

Aromatase inhibitors

Aromatase inhibitors are group of drugs used in the treatment of male infertility that act through inhibiting
aromatase P450 enzymes, thus normalising the testosterone-to-E2 ratio with subsequent stimulation of
spermatogenesis [42]. They are classified chemically into steroidal and non-steroidal groups. Currently
available aromatase inhibitors include: testolactone, anastrozole and letrozole [43].

Testolactone, as an aromatase inhibitor, has been shown to be effective in alleviating infertility as a result
of hypogonadotrophic hypogonadism of obese men at a dose of 1 g daily for 6 weeks [44]. On the other
hand, Raman and Schlegel [45] have conducted a study on a total of 140 subfertile men with abnormal
testosterone-to-E2 ratios of <10:1 to evaluate the effect of administration of anastrozole at a dose of 100–
200 mg daily on hormone profiles as well as semen parameters in non-obstructive azoospermic patients
who presented with normal or decreased levels of testosterone and elevated levels of E2. Anastrozole
treatment was found to be effective in normalising the testosterone-to-E2 ratio and total testosterone levels,
thus improving semen parameters.

Additionally, letrozole has been suggested to normalise serum testosterone levels in severely obese men
with hypogonadotrophic hypogonadism, with short-term letrozole treatment normalising serum
testosterone levels in obese men [46], [47]. Variable dosing regimens have been tried ranging from 2.5 mg
daily to 2.5 mg 3 times/week for 3–6 months [48]; however, the clinical significance of this intervention
remains to be established in controlled, long-term studies [49].

Anastrozole and letrozole are the most widely used non-steroidal aromatase inhibitors in the clinical
management of male infertility. They act by inhibiting aromatase enzyme thus limiting the conversion of
testosterone to E2, thus increasing the production of gonadotrophins [43], [50].

Some men with severely defective sperm production having excessive aromatase activity, low serum
testosterone, elevated E2 levels or disturbed testosterone-to-E2 ratio (i.e. <10) might benefit from
aromatase inhibitors as a treatment of infertility. Anastrozole (1 mg once daily) and letrozole (2.5 mg once
daily) are used for treatment of impaired spermatogenesis, although this represents an off-label use [51],
[52]. They can increase endogenous testosterone production and serum testosterone levels. Treatment of
infertile males with aromatase inhibitors has been associated with increased sperm production and return of
sperm to the ejaculate in men with non-obstructive azoospermia [53].

Generally, no grave side-effects have been reported with the use of aromatase inhibitors in elevating serum
testosterone levels. No significant changes in liver functions, serum haematocrit or LUTS; however, a
slight insignificant increase in serum PSA level has been reported in one study amongst elderly men [54].

GnRH and gonadotrophin therapy

Gonadotrophin therapy is mainly indicated in management of infertile patients with low testosterone levels
aiming at restoring normal spermatogenesis and improving fertility potential. In such cases, the stimulation
of sperm production requires treatment with hCG alone or combined with recombinant FSH, urinary FSH,
or human menopausal gonadotrophins (hMGs).

Therapy is usually initiated with hCG for 6–12 months to stimulate testosterone secretion before adding
hMG or FSH. Occasionally, hCG alone may result in the spontaneous appearance of sperm in the ejaculate
[55]. Pulsatile GnRH therapy is also used for hypothalamic disorders, but its advantage over
gonadotrophins is debated. Some reports showed improved results with GnRH, whilst others showed no
difference. The variation in response to hormonal treatment amongst patients with hypogonadotrophic
hypogonadism may be related to residual function of the pituitary gland that varies individually. Those who
do not respond to one regimen may benefit from another [56].

In most cases, prolonged continuous hormone replacement therapy is necessary to achieve satisfactory
outcomes. The time to first appearance of sperm in the ejaculate varies considerably from a few months (3–
6 months) up to >36 months [57]. Typically, many patients do not reach normal values. Despite low semen
quality, pregnancy can still occur in a high proportion of cases [57]. On the other hand prolonged
treatment, full spermatogenesis and pregnancy may not be achieved in all cases.

Gonadotrophin therapy usually starts with the administration of 1000–2500 IU of isolated hCG twice a
week for 8–12 weeks. This initial phase is the induction phase, which is crucial for allowing testosterone
levels to increase. In certain cases, hCG alone can induce spermatogenesis. In individuals who do not have
sufficient endogenous FSH, treatment can be continued with the co-administration of 75–150 IU hMG
three times/week for up to 18 months, as the presence of FSH is crucial for stimulating spermatogenesis.
Recombinant FSH can be used in place of hMG, with patients receiving 150 IU three times/week for the
same duration. This combined treatment provides considerable testicular growth in most patients, in
addition to spermatogenesis in up to 90% of patients [58], [59].

The success rate and induction of spermatogenesis using the hCG in combination with hMG regimen as
shown by positive sperm count vary between 40% and 75% [60]. However, the retrospective nature of
many of the studies makes assessment of the rate of noncompliance and the true success rate rather
difficult. Those patients discontinuing treatment at early stages are unlikely to be included in retrospective
studies, which primarily look at long-term outcomes such as initiation of spermatogenesis and pregnancy
[61].

Concomitant i.m. hCG and TRT

A retrospective study reviewed the records of 26 hypogonadal men treated with TRT and concomitant low
dose hCG. TRT consisted of daily topical gel or weekly i.m. injection of hCG (500 IU) every other day.
They concluded that low-dose hCG appears to maintain semen parameters in hypogonadal men on TRT.
Concurrent TRT and hCG use may preserve fertility in hypogonadal males who desire fertility preservation
whilst on TRT [6].

Coviello et al. [62] studied the level of intra-testicular testosterone in testicular biopsies from healthy men
after the administration of hCG with different doses (125, 250, or 500 IU hCG every other day for 3 weeks)
vs placebo in patients receiving 200 mg testosterone enanthate weekly, their results show that relatively
low-dose hCG maintains intra-testicular testosterone within the normal range in healthy men with
gonadotrophin suppression.

To date, there is insufficient information about the therapeutic and adverse effects of long-term hCG
treatment. This type of treatment can therefore not be recommended for male hypogonadism, except in
patients in whom fertility treatment is an issue [63].

Conclusion

Exogenous testosterone inhibits spermatogenesis. Hypogonadal men wanting to preserve their fertility and
at the same time benefiting from TRT effects can be prescribed SERMs or testosterone plus low-dose hCG.
Patients treated for infertility with hypogonadotrophic hypogonadism can be prescribed hCG alone at first
followed by or in combination from the start with FSH preparations.
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