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Abstract
The evidence on the role of obstructive sleep apnea (OSA) in the pathogenesis of hypogonadism and the impact
of testosterone replacement therapy (TRT) in OSA patients are still contradictory. OSA is generally considered to
be a relative contraindication as TRT is feared to worsen sleep apnea so that ventilatory capacity should be strictly
investigated in advance and monitored thereafter. Few controlled studies have been released on the long-term
effects of TRT in patients with OSA due to methodological limitations at study entry. Data from recent random-
ized placebo-controlled studies show a time-dependent influence on nocturnal hypoxia, and a positive impact
after a longer time of exposure in selected patients. Since these results await further confirmation from larger
studies, we suggest to use TRT cautiously in obese hypogonadal patients with hypoventilatory syndrome, espe-
cially if they are not on continuous positive airway pressure treatment.
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Introduction
Sleep disorders are clinical conditions that worsen the
quality of life and prognosis.1 They include a number
of diseases characterized by abnormal breathing during
sleep, due to a shrinkage or obstruction of the upper
airways. One of the most common forms of sleep dis-
orders is obstructive sleep apnea (OSA).2 OSA is char-
acterized by repetitive and intermittent, partial or
complete collapse of the upper airway during sleeping,
regardless of the presence of daytime symptoms. This
happens because upper airway dilator muscles fail to
counter the negative pressure in the airways during
inspiration. This effect is present during sleep because
an enhanced muscular activity is lost. If symptoms
are present, this condition is called ‘‘OSA syndrome’’
(OSAS) and the main presentations are sleep fragmen-
tation with breathing interruptions, decreased sleep
time, shorter REM time, loud snoring, and daytime
sleepiness. This leads to oxygen (O2) desaturation

with hypoxemia and hypercapnia.3 Over 50 years,
*1–2% of women and 2–4% of men have OSA.4

OSA severity is classified by measuring the ‘‘apnea–
hypopnea index’’ (AHI). An ‘‘apneic event’’ is defined
by a decrease of airflow by >90% lasting for at least
10 sec; meanwhile hypopnea is defined as a decrease
of airflow from 30% to 90% with 3% or more O2 desa-
turation. On the basis of the number of ‘‘apnea–
hypopnea’’ events during sleeping, three OSA levels
can be identified: normal (AHI £5), mild (5 < AHI
<15), moderate (15 £ AHI <30), and severe (AHI
‡30).2 Etiopathogenesis of OSAS implies several fac-
tors, the main being obesity due to fatty deposits in
the upper airways.

OSA is an independent risk factor for several dis-
eases. These include cerebrocardiovascular diseases
(hypertension, myocardial infarction, congestive heart
failure, arrhythmias such as atrial fibrillation, and
stroke), metabolic diseases (type 2 diabetes mellitus),
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and depression. Recently, hypoxia has been suggested
as possibly involved in the pathogenesis of pituitary–
gonadal axis alterations, leading to obesity-related
hypogonadotropic hypogonadism.3 The evidence on
the impact of testosterone replacement therapy (TRT)
on OSAS is still contradictory. The aim of this review
was to analyze the impact of OSA in the pathogenesis
of hypogonadism and to critically examine the pros
and cons of TRT in hypogonadal patients with OSA.
To accomplish this, we performed a search on Pubmed,
Science-direct, Ovid, and Scopus, using the following
keywords: obstructive sleep apnea, OSA, hypogonad-
ism, testosterone replacement therapy, and TRT. Par-
ticularly, special attention was given to evidence
coming from randomized controlled study design un-
biased by improperly high TRT dosages.

The Role of OSA in the Pathogenesis
of Hypogonadism
A strong relationship between serum testosterone lev-
els and sleep disorders such as OSA has been shown.
Testosterone synthesis is regulated by the hypothalam-
ic–pituitary–testicular axis and it relies on luteotropic
hormone and follicle-stimulating hormone pulsatile se-
cretion. Serum testosterone levels change during the
day: they peak on the early morning upon awakening
and reach the nadir at the end of the day.5–7 Accord-
ingly, plasma testosterone levels raise with the sleep
onset, they then have a spike at the first REM sleep
episode, and continue to rise until awakening. Testos-
terone levels decrease when REM latency is longer,
such as in old age and in sleep disorders. The sleep frag-
mentation disrupts testosterone rhythm.5,6

OSAS is associated with a decreased gonadal func-
tion, because of less REM sleep episodes and major
sleep fragmentation, which contribute to an alteration
of gonadotrophin-releasing hormone pulsatility,8 and
this is confirmed by negative correlation between
AHI score serum testosterone levels.3 Further proof is
given by the O2 desaturation index and by O2 nadir,
both related with testosterone decrease.

Obesity may play a role in the correlation between
OSAS and hypogonadism. Accordingly, the aromatase
enzyme, expressed in adipocytes, converts testoster-
one into 17b-estradiol. The latter exerts its negative
feedback on gonadotropin secretion and leads to tes-
tosterone decrease. The alteration of testosterone/
17b-estradiol ratio brings to a compensatory synthesis
of sex-hormone binding glubulin, which binds testos-
terone in the bloodstream. Intermittent hypoxia and

repetitive short cycles of desaturation and reoxygena-
tion are all involved in white adipose tissue prolifera-
tion and pathophysiological processes, leading to
OSAS, that is, overproduction of cytokines, chemo-
kines, and adipokines. An increase of T cells, B cells,
macrophages, leukocytes, mast cell, and neoangiogene-
sis mechanisms has been observed in fat tissue of obese
patients. Macrophages infiltrate adipocytes and worsen
tissue inflammation and insulin resistance. T cells and
B cells change their phenotype from M2 to M1-
proinflammatory, which produces proinflammatory
adipokines, such as tumor necrosis factor-a, interleu-
kin (IL)-6, IL-1b, and leptin. Local tissue hypoxia
leads to the activation of hypoxia-inducible factor,
which triggers the expression of vascular endothelial
growth factor and plasminogen activator inhibitor-
1.8 Moreover, obesity worsens hypotestosteronemia.
The body mass index is considered the primary deter-
minant of testosterone levels in men with OSA5,6,9

and it is associated with increased severity of the dis-
order. These data are further confirmed by the linear
correlation shown between weight loss and increased
plasma testosterone in obese men (Fig. 1).10

Low testosterone levels are strictly correlated with
the presence both physical and mental fatigue and
decreased physical capacity in OSA patients.3 Bercea
et al. found that reduced physical activity and physical
fatigue are related with serum testosterone and not
with O2 saturation. Therefore, low serum testosterone
is an independent predictor of this condition in OSA
patients.7 According to erectile dysfunction (ED) defi-
nition,11 this is recognized as the main symptom that
forces OSAS patients to seek help.2,12 It is especially ev-
ident in patients with severe OSA and less evident in
patients with mild or moderated OSA.3,13,14 A recent
meta-analysis showed that patients with OSA have a
relative risk of 1.82 to develop ED. A study conducted
by Gonçalves et al. reported a prevalence of 48% of ED
in patient with severe OSA15; the severity of OSA is
considered to be an important factor for the develop-
ment of ED.2,16 Phosphodiesterase type 5 inhibitors
(PDE5is) on demand are useful as a treatment for ED
in this subgroup of patients, with high satisfaction
rates and no contraindication reported.17

TRT and OSA
Historically, TRT has been considered dangerous for
patients with severe OSAS because it could exacerbate
symptoms, increasing AHI, decreasing O2 saturation,
and interfering with central response to hypo- and
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hypercapnia.5,6 The physiological mechanisms that are
supposed to interfere with OSA are (1) reduced con-
traction of airway dilator muscles and subsequent col-
lapse of the upper airways, (2) increased metabolic
consumption with greater O2 demand and subsequent
hypoxia and polycythemia, and (3) reduced neural cen-
tral response to hypoxia and hypercapnia, with increase
in the number of apneas and hypopneas and the rela-

tive AHI. However, TRT does not influence upper air-
ways size or the Epworth Sleepness Scale. Nevertheless,
it is a cause of reduced total time slept and of increased
disrupted sleeping and duration of hypoxia (Fig. 2).18

Current guidelines recommend TRT for adult men
with severely reduced testosterone levels (<9.2 nmol/L),19

but they suggest against its use in patients with untreated
severe OSA since treating hypogonadal patients may

FIG. 1. Two-sided relationship between OSA, obesity, and testosterone level. OSAS and obesity contribute
to reduce testosterone level in bloodstream; at the same time, lower testosterone level worsens obesity and
sleep disorders. OSA, obstructive sleep apnea; OSAS, OSA syndrome.

FIG. 2. Testosterone replacement therapy worsens OSA symptoms through neuromuscular changes and
raised metabolic requirements. This condition causes collapse of the upper airway and onset of hypoxia.
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cause an increase of apneas and hypopneas events.2

Actually, few studies have considered the effect of TRT
in patients with OSAS. In one of them, testosterone
given IM was compared with placebo and it has been
shown that hypoxic ventilatory drive significantly de-
creased in TRT patients, whereas hypercapnoic ventila-
tory drive did not significantly change.20 However, this
6-week-long prospective study examined only five hypo-
gonadal patients, reporting the development of OSA in
one case and no change in respiratory parameters in
the latter patients.20 Overall, the evidence provided by
this study is very low due to the small duration and sam-
ple size. Similarly, a randomized placebo-controlled
double-blind study on 17 patients without OSA analyzed
the effects of high testosterone dosage on the quality of
sleep. Particularly, the TRT scheme consisted of
500 mg IM administered in the first week, 250 mg in
the second, and 250 mg in the third week. Unsurpris-
ingly, TRT at high doses showed to worsen total time
slept and to increase the duration of hypoxia and to
disrupt breathing during sleep.21 This proved the neg-
ative effects of TRT on ventilatory function when a
high dosage is chosen. However, the adverse effects
of high-dose TRT have already been ascertained.19

A prospective cohort study carried out in 3422 male
U.S. military service members, retired and dependents
aged 40–64 years, analyzed the risk of developing TRT-
dependent adverse events in a 17-month-long observa-
tion. Patients on TRT had a reduced risk of coronary
artery disease with an improved cardiovascular event-
free survival. By contrast, the risk of OSA development
was higher in TRT users than in controls (16.5% vs.
12.7%).22 Thus, starting TRT in patients with no previ-
ous sign of OSA may prompt to its development. This
could be due to the exacerbation of polycythemia.23 For
this reason, TRT in OSA patients must be monitored
by polysomnography and, potentially, treated with
continuous positive airway pressure (CPAP); in pa-
tients who are not responsive to CPAP, TRT dosage
must be lowered or withdrawn.24,25

But what about the effects of TRT in hypogonadal
patients with OSAS? Four randomized placebo-
controlled clinical trials have been performed on
this matter so far. The study by Shigehara et al. has
been performed in 48 OSA patients with hypogonad-
ism who underwent TRT. Interestingly, the authors
reported an improvement of sleep disturbances com-
pared with placebo at the 12th month of TRT.26 This
represents the longest trial carried out so far, since
other studies showed a duration ranging from 12 to

18 weeks. After 12 weeks, TRT (testosterone undeca-
noate was administered in a randomized placebo-
controlled study design at the dose of 1000 mg at
weeks 0, 6, and 12) and did not show to influence
sleep quality in 67 obese patients with OSA.27 Another
study carried out in 21 obese patients with OSA and
hypogonadism treated with testosterone undecanoate
(1000 mg at weeks 0, 6, and 12) reported a positive
correlation between serum testosterone levels and
hyperoxic ventilator recruitment threshold, correlat-
ing with time of oxygen desaturation during sleep at
7 weeks but not at 18 weeks.28 Similarly, another ran-
domized placebo-controlled trial in 67 obese patients
with OSA and hypogonadism found that TRT wors-
ens oxygen saturation at week 7. No effect of TRT
on sleep time with oxygen saturation <90% was ob-
served after 18 weeks.29 Taken together, these findings
highlight that the influence of TRT on nocturnal oxy-
gen saturation in OSA patients is time dependent.30

Particularly, although after 7 weeks, a negative im-
pact seems to occur, no effect has been registered
after 12 and 18 weeks and even a positive effect has
been described after 12 months.31 However, further
prospective studies on larger sample size and with
longer duration are needed to confirm this initial
evidence.

Conclusion
In summary, this review summarizes the evidence on
the mechanisms involved in the pathogenesis of hypo-
gonadism in patients with OSAS, such as abnormal
circadian rhythm of gonadotrophin secretory patterns
associated with obesity. TRT may represent a risk fac-
tor for OSA development and therefore, respiratory
function monitoring is recommended especially in
obese patients during TRT. Scanty evidence has been
released on the effect of TRT in patients with OSA.
Data from recent randomized placebo-controlled
studies address to TRT a time-dependent influence
on nocturnal hypoxia, showing a positive impact
after a longer time of exposure. Also, CPAP and
PDE5i can be considered safe procedures to amelio-
rate sexuality in hypogonadal patients with OSA. We
suggest to use TRT cautiously in obese hypogonadal
patients with hypoventilatory syndrome especially if
they are not on CPAP. The latter aspect needs to be
further confirmed by larger controlled studies.
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AHI ¼ apnea–hypopnea index

CPAP ¼ continuous positive airway pressure
ED ¼ erectile dysfunction

IL ¼ interleukin
IM ¼ intramuscular

OSA ¼ obstructive sleep apnea
OSAS ¼ OSA syndrome

PDE5is ¼ phosphodiesterase type 5 inhibitors
REM ¼ rapid eye movements
TRT ¼ testosterone replacement therapy
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