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The complex relation between
obstructive sleep apnoea
syndrome, hypogonadism and
testosterone replacement therapy
Andrea Graziani, Giuseppe Grande and Alberto Ferlin*

Unit of Andrology and Reproductive Medicine, Department of Medicine, University of Padova,
Padova, Italy

Obstructive sleep apnoea syndrome (OSAS) is an under-recognized medical
disease. The main risk factors for OSAS are male sex, older age, obesity, and
metabolic syndrome, that are also associated with male hypogonadism (MH).
Therefore, obesity has been classically identified as the most evident link
between OSAS and MH. However, OSAS is per se linked to the development of
MH by a combined effect of hypoxia, increased night-time awakenings,
reduced sleep efficiency and fragmented sleep. Similarly, MH might represent a
risk factor for OSAS, mainly related to sleep disturbances that are frequently
associated with low testosterone. Data on testosterone replacement therapy
(TRT) in patients with OSAS are limited. Nevertheless, TRT is generally
contraindicated by guidelines in the presence of untreated or severe OSAS.
TRT might in fact worse OSAS symptoms in different ways. Furthermore, OSAS
has been proposed to be a risk factor for secondary polycythaemia and TRT
might exacerbate polycythaemia. Therefore, TRT in hypogonadal men affected
by untreated OSAS or severe OSAS should be considered with caution and in a
personalised way. Nevertheless, the type and dosage of TRT should be
considered, as short-term high-dose TRT might worsen OSAS, whereas long-
term lower doses could eventually determine a clinical improvement of
symptoms of OSAS. Here we reviewed the data on the association between
OSAS, MH and TRT, including the opportunity of assessment of patients who
develop signs and symptoms of OSAS during TRT by polysomnography.
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Introduction

Obstructive sleep apnoea syndrome

Obstructive sleep apnoea syndrome (OSAS) represents a common and often under-

recognized and under-diagnosed medical disease which is characterised by sleep-

dependent pauses and reductions in airflow (1, 2). In particular, the sleep-dependent

pauses may be complete (apnoeas) or partial (hypopnoeas), further resulting, among

other consequences of OSAS, in hypoxemia and sleep fragmentation (3). OSAS has a

prevalence of about 15% in men and 5% in women in the adult age (4). Other data show

how about 34% and 17% of middle-aged men and women, respectively, are affected by

OSAS (3), whose prevalence has been increasing during the past decades (5). The

prevalence of OSAS is higher in patients with systemic diseases, such as hypertension,

heart failure, coronary artery disease, metabolic alterations and stroke (2–4, 6). On the
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other hand, OSAS is associated with an increased risk of

hypertension, atrial fibrillation, myocardial infarction, insulin

resistance, and stroke (2).

The main risk factors for OSAS are male sex, older age and

obesity (3). In particular, regarding the association between

obesity and OSAS, the risk of OSAS correlates with the body

mass index (BMI), and obesity is probably the most relevant

risk factor for OSAS (3). Epidemiological data show that

about 50% of obese patients are affected by OSAS (3). The

clinical symptoms of OSAS include, among others, snoring,

nocturnal polyuria, daytime sleepiness, morning headache,

neurocognitive deficits, reduced libido, irritability, and

depressive symptoms (2, 4–6). In addition, excessive daytime

sleepiness may cause motor vehicle and work-related accidents

(7). Clinical categorization of OSAS is based upon apnoea-

hypopnoea index (AHI), obtained by the polysomnography,

that represent the ratio between the number of apnoeas and

hypopnoea per hour which identifies mild OSAS (5–15),

moderate OSAS (15–30) and severe OSAS (>30). Moreover,

also an AHI > 15 per hour in the absence of symptoms may be

diagnostic of OSAS (3).

The treatment of choice for OSAS is the application of

continuous positive air pressure (cPAP) (3, 8, 9). Furthermore, it

is mandatory to treat the underlying pathophysiological factors,

such as obesity, in order to improve the symptoms and the

severity of OSAS (8). Other approaches include, among others,

mandibular advancement devices, maxillofacial surgery, bariatric

surgery in case of morbid obesity, hypoglossal nerve stimulation

(3, 8). In addition, an interesting future pharmacological

approach might be based on histamine 3-receptor antagonist/

inverse agonists (10).
OSAS and male hypogonadism

Male hypogonadism (MH) is defined as the failure of the

testis to produce normal concentrations of testosterone and/or

to produce a normal number of spermatozoa (11, 12). MH can

be a primary disorder or a secondary one, resulting in testicular

(or hypergonadotropic) or central (hypogonadotropic)

hypogonadism, respectively, albeit combined forms may also

occur (13). Moreover, another classification of MH

distinguishes between organic—due to a permanent dysfunction

—and functional hypogonadism—due to a reversible condition,

and this is the typical form of the so-called late-onset

hypogonadism (11). MH becomes increasingly prevalent in men

over 40 or 50, but it might be underdiagnosed in clinical

practice (14).

As seen above, the prevalence of OSAS is higher in patients

with systemic diseases and even in patients affected by metabolic

syndrome (MetS). MH is related to such diseases, in particular to

diabetes, obesity and MetS (15, 16), creating an association

between MH and obesity (17). Therefore, this association

represents the first and major link between OSAS and MH,

mediated by obesity itself. A recent meta-analysis, conducted to

evaluate the association between OSAS and testosterone
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concentrations and considering 24 case-control studies with a

total of 1,268 male patients and 745 male control individuals,

found that serum testosterone concentrations in OSAS patients

were significantly lower with respect to the control group,

therefore suggesting a correlation between OSAS and serum

testosterone concentrations (18). Another recent meta-analysis,

conducted by Su et al. (19) considered 18 studies with 1,823

patients (1,119 with OSAS and 704 controls) and found an

inverse correlation between OSAS and serum testosterone

concentrations, independently from BMI and age, with the

severity of OSAS also correlating with serum testosterone

concentrations, which were notably reduced in patients with

severe OSAS.

The epidemiological connection between OSAS and obesity has

already been discussed above. Obesity is a risk factor for OSAS

because (i) it induces enlargement of structures surrounding the

airway, contributing to upper airway narrowing; (ii) an excess of

fat deposition is also observed under the mandible and in the

tongue, soft palate and uvula; (iii) lung volumes are reduced in

obese patients, further decreasing longitudinal tracheal traction

forces and pharyngeal wall tension thus leading to the narrowing

of the airway; (iv) obesity-related increase in leptin and leptin

resistance might contribute itself to the genesis of OSAS (20, 21).

The relation of obesity and MH is well known and bidirectional.

Obese men have lower serum testosterone concentrations than

non-obese men (22), due to modifications in sex hormone

binding globulin (SHBG), increase in the aromatase enzyme

activity of adipocytes (23, 24), low-grade systemic inflammation,

increase in oestradiol concentrations, hyperinsulinemia/insulin

resistance, and hyperleptinemia/lleptin resistance (22–24)

(Figure 1).

Therefore, obesity induces a suppression of the hypothalamus–

pituitary–gonadal axis (22, 24), representing one of the leading

causes of secondary hypogonadism in men (23) with a

biochemical picture characterised by normal or low

concentrations of follicle-stimulating hormone (FSH) and

luteinizing hormone (LH) and reduced serum testosterone

concentrations (22–24). Given evidence of causal association

between MH and obesity, MH may represent an additional risk

factor for the development of OSAS. Furthermore, OSAS is per

se linked to development of MH (26–28). In fact, OSAS has a

direct inhibitory effect on pituitary function (26) lowering LH

pulse amplitude and decreasing mean serum LH concentrations

(24). In addition, OSAS’ sleep alterations lead to low total serum

testosterone concentrations (24, 29) and to higher circulating

leptin concentrations (24). Therefore, OSAS patients have

reduced amounts of LH and testosterone, and therefore

secondary hypogonadism, due to a pituitary-gonadal dysfunction

induced by OSAS itself (27). This is caused by multiple and

combined effects of hypoxia, increased night-time awakenings,

reduced sleep efficiency and fragmented sleep (26, 28). In

addition to this direct mechanism, OSAS reduces testosterone

concentrations indirectly when associated with obesity, insulin-

resistance or MetS (28) (Figure 2).

Therefore, as seen above, obesity is a risk factor for OSAS,

and it is also related to hypogonadism in male patients (30).
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FIGURE 1

A schematic representation of the bidirectional association between adipose tissue and testosterone. HPT, hypothalamic pituitary axis; SHBG, sex
hormone binding globulin. Lines: arrow line: stimulatory effect; non-arrow line: inhibitory effect. Adapted from Ref. (25).
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OSAS severity is related to total testosterone serum

concentrations: in particular, a higher AHI score correlates with

a lower serum testosterone concentration (26, 28, 31, 32).

Furthermore, the severity of hypoxia during sleep is correlated

with a reduction in testosterone concentrations (26, 32). While

the quantity and quality of sleep have been linked to

testosterone concentrations, other evidence may suggest the

reversal association. For instance, it has been reported that

patients with low serum testosterone concentrations have a

decreased sleep efficiency and increased frequency of night-time

awakenings (33). A future development might be the proposal

of considering sleep disturbances as one of the symptoms for

hypogonadism.
Aim of the review

The relation between testosterone replacement therapy (TRT)

and OSAS is more controversial. The aim of this review is to get

more insight on this topic.
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Material and methods

We conducted a literature review on PubMed, up to December

2022, using the words “OSAS and hypogonadism”, “OSAS and

testosterone”, “obstructive sleep apnea syndrome and

testosterone”, “sleep apnea and testosterone”.
Results

We collected the following results: “OSAS and hypogonadism”

(6 results), “OSAS and testosterone” (14 results), “obstructive sleep

apnea syndrome and testosterone” (151 results), “sleep apnea and

testosterone” (235 results). After excluding non-English results,

case reports, other studies/reviews, studies without available

manuscripts and studies regarding TRT and other conditions, we

included the clinical studies that reported the severity of OSAS

pre/post TRT or changes in sleep functions or quality. The

process of results’ collection is shown in Figure 3. We obtained

7 results, that are reported in Table 1.
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FIGURE 2

Association between testosterone, obesity and OSAS. GnRH, gonadotropin releasing hormone; LH, luteinizing hormone; OSAS, obstructive sleep apnoea
syndrome. Lines: arrow line: stimulatory effect. Modified from Ref. (21).
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The first study was published in 1985 and evaluated 5 male

patients in dialysis using polysomnography and found no change in

sleep complaints or a decrease in the number of apnoeas and

hypopneas during and off therapy (34). The second study,

conducted by Liu et al. (35), evaluating 17 patients, found that

testosterone treatment reduced total time slept (about 1 h),

increased the duration of hypoxemia (about 5 min/night) and

disrupted breathing during sleep, thus leading to the conclusion

that short-term administration of high-dose testosterone might

shorten sleep and worsen OSAS. On the other hand, Hoyos Cm

et al. reported that testosterone therapy in 67 obese men with severe

OSAS might mildly worsen sleep-disordered breathing in a time-

limited manner, irrespective of initial testosterone concentrations.

In fact, testosterone administration worsened ODI by 10.3 events/h

and nocturnal hypoxaemia at 7 weeks, whilst testosterone therapy

did not alter ODI or O2 saturation at 18 weeks compared to

placebo administration (36). The fourth study was conducted by

Killick et al. (25) and reported no significant differences in

ventilatory chemoreflexes between the testosterone and placebo

group evaluated at 6 weeks and at 18 weeks. Melehan et al. (37)

evaluated 33 obese men with mild-severe OSAS under TRT and 34

controls and found that in patients with baseline testosterone

concentrations below 8 nmol/L TRT increased vitality and reduced

reports of feeling down and nervousness, whilst subjective

sleepiness did not differ between TRT and placebo group. In the

sixth study (38) a higher risk of OSAS in TRT uses was noted (2-

year risk 16.5% in the TRT group vs. 12.7% in the control group).

Finally, Lundy SD et al. evaluated 474 hypogonadal men and
Frontiers in Reproductive Health 04
reported that the development of polycythaemia in men on TRT

was associated with an increased prevalence of OSAS (39).

Regarding the type of studies, just one is longitudinal (34), two

are retrospective (38, 39), and few are randomised placebo-

controlled clinical studies (25, 35–37). Mean testosterone

concentrations at baseline are not always specified (34, 38) and, in

some cases, it is even in the normal reference range (25, 36).

Therefore, in some studies, testosterone therapy is not a real

replacement therapy for hypogonadism, but rather a

supplementation therapy. Type (38, 39) and length (34) of TRT

are not uniform and not always clear. The number of patients is

generally low, except for two studies (38, 39) that, on the other

hand, have several limitations, such as the retrospective nature and

the lack of information regarding the type of TRT. Furthermore,

data on free testosterone are lacking. Finally, the primary aims of

the studies are only sometimes directly related to the relation

between OSAS and TRT, therefore creating further difficulties in

the comprehension of this complex relation. In addition, there is a

lack of long-term studies, which might prevent for example to

possibly notice a positive effect of chronic low-dose TRT on OSAS

symptoms, as suggested by some studies.
Discussion

This review highlights that clinical data regarding TRT and

OSAS are scarce and often lacking important clinical and/or

biochemical data.
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FIGURE 3

A schematic representation of the process of results’ collection regarding our literature search on PubMed. OSAS, obstructive sleep apnoea syndrome.
*Reports excluded: non-English results, case reports, other studies/reviews, and studies regarding TRT and other conditions.
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Although the data on TRT in patients with OSAS are limited

and not uniform, as evidenced in this review, and there is a lack

of convincing evidence that TRT causes and/or aggravates OSAS

(25, 40–42), TRT is generally considered contraindicated in the

presence of untreated or severe OSAS. The recent clinical

practice guideline of the Italian Society of Andrology and Sexual

Medicine (SIAMS) and the Italian Society of Endocrinology

(SIE), regarding adult and late-onset hypogonadism, suggests not

considering a treated OSAS as an absolute contraindication for

TRT, albeit considering the lack of data regarding the role of

TRT in men with OSAS (13). Other guidelines, surprisingly, such

as the Society for Endocrinology guidelines for TRT in male

hypogonadism, do not even mention OSAS among

contraindication of TRT (43) whilst the Endocrine Society
Frontiers in Reproductive Health 05
Clinical Practice Guideline (40) recommends against starting

TRT in patients with untreated severe OSAS and considers the

presence of the induction or worsening of obstructive sleep

apnoea as an uncommon adverse with a weak association with

TRT. Furthermore, a recent systematic review, conducted by

Twitchell et al. (44) and evaluating the controversies about TRT,

reported a positive association between TRT and OSAS. In

addition, the European Academy of Andrology (EAA) guidelines

on investigation, treatment and monitoring of functional

hypogonadism in males does not consider the presence of OSAS

as a contraindication for TRT but suggests evaluating the patient

for hypoxia and sleep apnoea development during TRT (45).

There are a variety of possible pathophysiological mechanisms by

which TRT might exacerbate OSAS. TRT has been proposed to
frontiersin.org
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TABLE 1 Summary of studies on OSAS and TRT.

Ref. Type of
study

Materials
and

methods

TT
concentrations

(mean)

Type of TRT Length
of TRT

Limitations
proposed by

authors

Results of
authors

Conclusion of
authors

Millman
et al. (34)

Longitudinal 5 male patients in
dialysis,
evaluated by PSG
performed both
on and off weekly
testosterone
injections

/// Weekly im
testosterone
enanthate 250 mg

/// /// There was no
change in sleep
complaints or a
decrease in the
number of apnoeas
and hypopneas off
therapy

OSAS should be
considered in
symptomatic male
dialysis patients,
and it might not be
solely related to
testosterone
administration

Liu et al.
(35)

Randomized,
double blind,
placebo-
controlled
cross-over

17 patients (9
TRT, 8 placebo)

<15 nmol/L Testosterone
esters: 500 mg on
week 0, 250 mg on
week 1 and 2
(during phase 1);
500 mg on week 0,
250 mg on week 1
and 2 (during
phase 2)

14 weeks Treatment resulted
in high serum
testosterone
concentrations and
sleep and function
were measured at
the time of expected
peak concentrations.
Moreover, many of
the subjects had a
baseline testosterone
within the normal
range

Treatment reduced
total time slept
(about 1 h),
increasing the
duration of
hypoxemia (about
5 min/night) and
disrupted breathing
during sleep

Short-term
administration of
high-dose
testosterone
shortens sleep and
worsen OSAS

Hoyos
et al. (36)

Randomized,
double-blind,
placebo-
controlled,
parallel group
trial

67 obese men
with severe OSAS
(33 TRT, 34
placebo)

13.2 nmol/L for the
testosterone group,
13.4 nmol/L for the
placebo group

im testosterone
undecanoate
1,000 mg or
placebo at 0, 6 and
12 weeks.

18 weeks /// Testosterone
administration
worsened the ODI
by 10.3 events/h
and nocturnal
hypoxaemia at 7
weeks, whilst
testosterone
therapy did not
alter ODI or O2

saturation at 18
weeks compared to
placebo.

Testosterone
therapy in obese
men with severe
OSAS mildly
worsens sleep-
disordered
breathing in a time-
limited manner,
irrespective of
initial testosterone
concentrations

Killick
et al. (25)

Randomised,
double-blind,
placebo-
controlled,
parallel group
trial

10 TRT, 11
placebo Awake
ventilatory
chemoreflex
testing was
performed
before, during
and at the end of
treatment Sleep
and breathing
was assessed by
overnight PSG at
0, 7 and 18
weeks.

13.29 nmol/L for the
testosterone group,
12.23 nmol/L for the
placebo group

Testosterone
undecanoate
1,000 mg or
placebo at week 0,
6 and 12

18 weeks The small number
of participants. This
study did not
measure changes in
upper airway
anatomy nor the
ventilatory
chemoreflexes
during sleep.
Subjects were not
specifically selected
based on being
hypogonadal

No significant
differences were
seen in ventilatory
chemoreflexes
between the two
groups at 6 weeks
or at 18 weeks.
However, positive
correlations were
observed between
changes in serum
testosterone and
hyperoxic
ventilatory
recruitment
threshold and
between changes in
hyperoxic
ventilatory
recruitment
threshold and time
spent with oxygen
saturations during
sleep <90 at 6–7
weeks, but not at 18
weeks

Time-dependent
alterations in
ventilatory
recruitment
threshold may
therefore mediate
the time-dependent
changes in sleep
breathing observed
with testosterone

(Continued)
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TABLE 1 Continued

Ref. Type of
study

Materials
and

methods

TT
concentrations

(mean)

Type of TRT Length
of TRT

Limitations
proposed by

authors

Results of
authors

Conclusion of
authors

Melehan
et al. (37)

Randomized
placebo-
controlled

33 obese men
with mild-severe
OSAS treated
with TRT, 34
controls

12.1 nmol/L for the
testosterone group,
11.8 nmol/L for the
placebo group

Im testosterone
undecanoate
1,000 mg or
placebo at
baseline, week 6
and week 12.

18 weeks /// In those with
baseline
testosterone
concentrations
<8 nmol/L, TRT
increased vitality
and reduced reports
of feeling down and
nervousness, whilst
subjective
sleepiness did not
differ between the
two groups

18 weeks of
testosterone therapy
increased sexual
desire in obese men
with OSAS
independently of
baseline
testosterone
concentrations
whereas
improvements in
quality of life were
evident only in
those with
testosterone
concentrations
<8 nmol/L

Cole et al.
(38)

Retrospective
matched
cohort

3,422 male US
military service
members, during
TRT 3,422
controls

/// 80.4% of men
used topical
testosterone
formulations, the
remainder used a
variety of
injectable
formulations,
including a 7.13%
of unclassified
drug type

17 months
(mean)

The possibility of
unmeasured
confounders, such
as the specific
aetiology of low
testosterone
concentrations,
obesity, the lack of
BMI. The lack of
information on how
OSAS was
diagnosed The lack
of information
regarding the doses
of TRT.

The risk of OSAS
was higher in TRT
users (2-year risk
16.5% in the TRT
group vs. 12.7% in
the control group.

The elevated risk of
OSAS in men using
TRT is noteworthy.

Lundy
et al. (39)

Retrospective 474 men <10.4 nmol/L 59% used
Testopel, 22%
intramuscular
formulations and
19% topical
formulations

About 48
months

Retrospective single-
centre pilot study.
All patients
included in the
study were treated
by 1 single provider.
It is difficult to
ascertain from these
data whether
patients developed
polycythaemia or
OSAS first The
small sample size
limits the ability of
data to ascertain
whether specific
TRT formulations
are at higher risk for
provoking
polycythaemia and/
or OSAS.

There was a positive
association between
polycythemic
hypogonadal men
and the
concomitant
diagnosis of OSAS.
Moreover, at least
35% of this
hypogonadal men
was diagnosed with
OSAS

The development of
polycythaemia in
hypogonadal men
on TRT was
associated with an
increased
prevalence of OSAS

im, intramuscular; ODI, oxygen desaturation index; OSAS, obstructive sleep apnoea syndrome; PSG, polysomnography; TRT, testosterone replacement therapy
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alter the central chemoreceptors (42, 46), therefore contributing to

the development or worsening of OSAS via central mechanisms

(26). A promising theory focuses on the role of androgens in

neural response pathways to hypoxemia, but, according to the

most recent data, the administration of testosterone has variable

effects on ventilatory chemo-responsiveness and single unifying

conclusion has not been reached yet. Notwithstanding, the

evidence suggests that TRT might alter chemoreceptor
Frontiers in Reproductive Health 07
stimulation thresholds or the ventilatory response to

chemoreceptor stimulation by decreasing breathing stability (40).

One of the most debated parameters that seems to worsen after

TRT is the morphological change in the upper airway. In

particular, testosterone seems to impact the contraction of the

airway dilator muscles and the following airway collapsibility.

However, a consensus has not been found yet (26). A further

connection between TRT and OSAS resides in the risk of
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polycythaemia. In fact, OSAS is a risk factor for secondary

polycythaemia and TRT exacerbates polycythaemia in some

patients (39, 40, 44). Furthermore, TRT may also induce higher

metabolic rates, resulting in greater oxygen consumption leading

to hypoxia (26). Finally, another possible explanation regarding

the worsening of OSAS during TRT deals with a possible role of

testosterone on the alteration of ventilatory response to hypoxia

and hypercapnia, the alteration of serotonergic pathway and the

reduction in time slept (26, 35).

Although the possible risks of TRT in subjects with OSAS are

far to be clearly elucidated, it is important to note the benefit of

restoring normal testosterone concentrations in men with

hypogonadism. TRT is suggested in hypogonadal men for its

clinical benefits regarding, among others, cardiometabolic risk,

sexual function, bone metabolism and body composition (43,

47). Moreover, a recent clinical study (48) reported an

improvement in sleep disturbance [defined as three or more

points in question 4 of the ageing male symptoms (AMS)

questionnaire] after 1 year of TRT in male affected by MH

without OSAS. Therefore, while caution in TRT prescription

should be maintained in patients with OSAS (38), a balanced

and personalised counselling between risks and benefits should

be discussed with the patients, taking also in consideration the

possible co-morbidities and concomitant therapies. To this

regard, it seems reasonable to delay TRT in hypogonadal men

affected by untreated OSAS or severe OSAS. This review

highlights also that modulation of type and dosage of TRT in the

different patients is advisable. For example, it seems that short-

term high-dose TRT could worsen OSAS, but these adverse

effects could disappear with time (13, 42) and eventually

determinate a clinical improvement of OSAS’ symptoms after

1 year of TRT (48). Therefore, a low dose TRT in the form of

transdermal gel, which is more malleable if the clinical condition

worsens, seems preferable. Finally, we suggest considering the

assessment by polysomnography in patients who develop signs

and symptoms of OSAS during TRT, with possible reduction or

discontinuation of TRT if necessary.

Further considerations are necessary in this context. The

severity of OSAS seems related to bone mineral density (BMD),

as a recent prospective case–control study, enrolling 93

individuals (59 with OSAS and 34 as controls), reported lower

BMD and vitamin D in patients with OSAS than controls, with a

negative correlation between AHI and BMD (49). The risk of

fracture and osteoporosis appears to be increased in patients with

OSAS, probably due to different mechanisms, such as hypoxia,

OSAS-related respiratory acidosis, leptin, OSAS-related

comorbidities and, of course, hypogonadism (49). The

assessment of bone status may become, in future, a parameter to

evaluate when considering TRT in patients affected by OSAS,

since the well-known positive effects of TRT in improving the

bone status in hypogonadal patients (13, 50). On the other hand,

the therapy of OSAS may improve the gonadal status and sexual

functions. In fact, OSAS-related sleep fragmentation might

disrupt the testosterone rhythm, with noteworthy attenuation of

the nocturnal increase in testosterone (26). Studies showed a

linear association between weight loss and increased serum
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testosterone concentrations in obese men (26). Few studies

showed that the treatment of OSAS—both by surgery (51) and

cPAP (52)—improve the gonadal function and testosterone

concentrations. Nevertheless, other studies reported opposite

results (26, 32, 46). In particular, a recent systematic review and

meta-analysis (53) found that the cPAP use was not associated

with a significant change in total testosterone concentrations,

suggesting against the hypothesis of a direct interaction between

OSAS and testosterone, albeit the conclusion that cPAP has no

effect on testosterone concentrations is highly premature due to

the low-quality available studies (54).

In addition, OSAS has been associated with altered HPG

function and sexual dysfunction, manifested primarily as erectile

dysfunction and decreased libido (22). Sexual functions of

patients with OSAS and MH are thought to improve upon TRT,

albeit this result should be confirmed in larger studies (37, 55).

On the other hand, the therapy of OSAS might improve the

OSAS-related erectile and sexual dysfunctions (26, 46). Finally,

there are new concerns regarding testosterone hormone therapy

in transgender males (assigned females at birth). In particular,

Robertson et al. (56) reported two cases of transgender males in

whom OSAS developed following initiation of testosterone

therapy, with documented absence of OSAS before the sex

affirming therapy.
Perspectives and clinical messages

This manuscript underlines the need of an active collaboration

between different specialists, including endocrinologists, general

physicians, obesity physicians, otolaryngologists, pneumologist

and sleep specialists. Furthermore, in the light of the evidence

that OSAS represents a complex clinical condition—and not just

a sleep disorder—and that nowadays multidisciplinary groups are

created in order to offer a better care for complex patients, a

multidisciplinary evaluation for patients with OSAS might be

evaluated and even become mandatory in patients with OSAS

and other complex diseases. Regarding the gonadal evaluation in

patients with OSAS, albeit sleep disorders are not considered to

be main signs/symptoms of hypogonadism (13), we would like to

share the interplay between signs/symptoms that might be

associated with both OSAS and MH, such as sexual dysfunction,

low BMD, low motivation and vitality, poor concentration and

memory, and even fatigue. Therefore, albeit for further studies

are needed, a complete endocrine and metabolic evaluation in

patients with OSAS might be suggested, in order to (i) evaluated

endocrine-metabolic alterations caused by OSAS itself and (ii)

evaluated possible endocrine-metabolic underlying disorders that

might be even the cause of OSAS.
Conclusion

In this review, we described the relation between OSAS and

MH, which are two under-recognized and inter-connected

medical disorders, with particular attention to TRT and OSAS.
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The analysis of the literature highlights the general lack of well-

done studies and therefore the evidence is of low quality. We

cannot confirm or reject the guidelines that suggest avoiding

TRT in the presence of untreated or severe OSAS, as this appears

a reasonable clinical practice. Indeed, some evidence suggests that

short-time high-dose TRT might indeed worsen OSAS, whereas

chronic low-dose TRT might improve OSAS. Notwithstanding,

the therapy of OSAS might benefit the gonadal status and sexual

functions. In the light of the few and sometimes inconclusive

studies in this field, and therefore of the limited evidence and

large grey areas, we wish for further studies and more active

collaboration between endocrinologists and otolaryngologists.
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