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Background: Obstructive sleep apnea (OSA) represents a frequent complication
among patients with obesity and has been associated with neuroendocrine changes,
including hypogonadism.

Objective: We conducted a systematic review and meta-analysis to evaluate the effects
of continuous positive airway pressure (CPAP) on testosterone and gonadotropins in male
patients with OSA.

Methods: The review was registered on PROSPERO (CRD42018103164). PubMed,
Scopus, CENTRAL, and Clinicaltrials.gov were searched until June 2018. Studies
reporting the effect of CPAP on total testosterone, free testosterone, sexual hormone
binding globulin (SHBG), follicle stimulating hormone (FSH), luteinizing hormone (LH),
and prolactin were included. A subgroup analysis on hypogonadal vs. eugonadal status
at baseline was performed.

Results: Out of 129 retrieved papers, 10 prospective cohort and 2 randomized
controlled studies were included in the review. Three hundred eighty-eight patients were
included. CPAP use was not associated with a significant change in total testosterone
levels [mean difference 1.08, 95% confidence interval (Cl) —0.48 to 2.64] or other
outcomes. The subgroup analysis confirmed the overall results.

Conclusions: The present review does not support the hypothesis of a direct interaction
between OSA and testosterone. Strategies other than CPAP should therefore be
considered in managing hypogonadism in patients with OSA.

Keywords: obstructive sleep apnea, continuous positive airway pressure, testosterone, hypogonadism-
hypotestosteronemia-androgen deficiency, obesity complications

INTRODUCTION

Obstructive sleep apnea (OSA) syndrome is a clinical condition characterized by recurrent episodes
of complete or partial obstruction of the upper airway (apnea/hypopnea), leading to intermittent
hypoxia, sleep fragmentation, hypercapnia, marked swing in intrathoracic pressure, and increased
sympathetic activity (1). It is widely diffused in the general population, ranging from 9 to 38% (2),
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with a higher prevalence in men than women and in patients
with obesity compared to patients with overweight, reaching a
prevalence of 50-60% (2-4). Untreated OSA syndrome has been
associated with cardiovascular, metabolic, and neurocognitive
disorders, including hypertension, atrial fibrillation, stroke,
myocardial infarction, dyslipidemia, diabetes mellitus, increased
motor vehicle accidents, and decreased quality of life, causing a
major economic impact on affected people, their families, and the
health care system (5, 6).

Several studies have shown that sleep disorders may influence
testosterone production (7-10). Current guidelines recommend
distinguishing between organic and functional causes of
hypogonadism. The former is characterized by a permanent
dysfunction of the hypothalamus-pituitary-testicular (HPT)
axis, and testosterone replacement therapy (TRT) should thus
be considered in order to improve sexual function, well-being,
bone mineral density, and body composition. On the other hand,
the latter can be potentially reversed by treating the underlying
etiology. Among the causes of functional hypogonadism, sleep
disorders are listed (11). It is worth noting that the interaction
between testosterone and OSA syndrome has not be fully
characterized. The rise of testosterone is mostly dependent on
sleep integrity, generally reaching its peak during the first 3h
of uninterrupted sleep (10); indeed, a reduced LH pulsatility
and serum total testosterone has been found to be associated
with sleep fragmentation and/or intermittent hypoxia occurring
in patients with OSA syndrome (12, 13). However, it has
been suggested that serum testosterone levels may be affected
primarily by obesity in men with OSA syndrome (14, 15). Indeed,
the association of testosterone levels with sleep quality and sleep-
disordered breathing was absent or markedly attenuated after
adjusting for body mass index (BMI) or waist circumference (16).

The first choice for treatment of moderate-severe OSA is
continuous positive airway pressure (CPAP) (17). Thus, we
performed a systematic review and meta-analysis to evaluate the
effects of CPAP on serum testosterone and gonadotropin levels in
male patients with OSA syndrome.

METHODS

The systematic review was registered in PROSPERO (registration
number CRD42018103164) and performed in accordance with
the Meta-analyses Of Observational Studies in Epidemiology
(MOOSE) statement (Table S1).

Search Strategy

A six-step search strategy was planned. First, we searched sentinel
studies in PubMed. Second, keywords and Medical Subject
Headings (MeSH) terms were identified in PubMed. Third, the
terms “continuous positive airway pressure,” “testosterone,” and
“gonadotropins” [including luteinizing hormone (LH), follicle
stimulating hormone (FSH), and prolactin (PRL)] were searched
in PubMed, in order to test the strategy. Fourth, PubMed,
CENTRAL, ClinicalTrials.gov, and Scopus were searched. Fifth,
observational studies and randomized clinical trials (RCTs) were
selected. Sixth, references of included studies were searched for
additional papers. The last search was performed on June 26,

2018. No language restriction was adopted. Two investigators
(MC, AC) independently searched papers, screened titles, and
abstracts of the retrieved articles, reviewed the full texts, and
selected articles for their inclusion.

Data Extraction

The following information was extracted independently by two
investigators (MC, AC) in a piloted form: (1) general information
on the study (author, year of publication, country, study type,
number of patients, age, sex, BMI, OSA syndrome severity); (2)
type of CPAP (nasal, oral) and compliance; (3) total testosterone;
and (4) secondary outcomes [free testosterone, sexual hormone
binding globulin [SHBG], LH, FSH, PRL]. The main paper and
supplementary data were searched; if data were missing, authors
were contacted via email. Data were cross-checked, and any
discrepancy was discussed.

Study Quality Assessment

The risk of bias of including observational studies was
assessed independently by two reviewers (MC, AC) through
the National Heart, Lung, and Blood Institute Quality
Assessment Tool for Before—After (Pre-Post) Studies With
No Control Group (18). The risk of bias of including RCTs
was assessed independently by the same reviewers through
the Cochrane Collaboration’s tool for assessing risk of bias
for the following aspects: random sequence generation,
allocation concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data,
and selecting reporting. For other bias, funding was assessed.
Each domain was assigned as low, unclear, or high risk of
bias (19).

Data Analysis

The primary outcome was the change in serum total testosterone
from baseline to the last available follow-up. Secondary outcomes
included change in serum free testosterone, SHBG, LH, FSH,
and PRL from baseline to the last available follow-up. The end
points were analyzed as continuous variables and summarized as
weighted-mean difference. If standard deviation was missing in
a study for a specific outcome, it was calculated from standard
error, 95% confidence interval (CI), or interquartile range; if
none of these were available, the largest among the other
studies was reported. In order to assess differences between
eugonadal and hypogonadal subjects, a subgroup analysis was
planned with a cutoft for serum total testosterone of 12 nmol/l.
Heterogeneity between studies was assessed by using I?, with
50% or higher regarded as high. Publication bias was assessed
with Egger’s test and funnel plot visually; the trim-and-fill
method was used for estimating its effect. Sensitivity analyses
by removing each study in turn were also performed. All
analyses were two-sided and were carried out using RevMan
5.3 (Cochrane Collaboration) and RStudio ver. 1.1.383 (RStudio
Team) with a random-effect model; p < 0.05 was regarded
as significant.
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RESULTS

Study Characteristics

A total of 129 papers were found, of which 32 were on PubMed,
58 on Scopus, 38 on CENTRAL, and 1 on ClinicalTrials.gov.
After removal of 36 duplicates, 93 articles were analyzed for title
and abstract; 64 records were excluded (systematic reviews, meta-
analyses, case reports, articles not in the field of the review). The
remaining 29 papers were retrieved in full text, and 12 articles
were finally included in the systematic review (Figure 1).

Study Quality Assessment
The risk of bias of the included studies is shown in supplementary
data (Table S2, Figures S1-S3). Concerning the observational
studies, statement of the study question, eligibility criteria,
representativeness and enrollment of patients, and statistical
analysis were adequate in all. Sample size calculation was
reported in two papers (20, 21) and adherence to CPAP in
five (20-24). Only in Knapp et al. serum testosterone was
measured by liquid chromatography mass spectrometry, which
is considered as the most reliable method (22, 25). The loss to
follow-up was 20% or less in five studies (9, 23, 24, 26). The
outcome measures of interest were taken more than once after
CPAP in two studies (22, 27).

Concerning the two RCTs, data on allocation concealment
were not reported; the remaining domains were adequate in
both (28, 29).

Qualitative Analysis (Systematic Review)

The characteristics of the included articles are summarized in
Table 1. The studies were published between 1989 and 2017 and
had sample sizes ranging from 5 to 101 patients and a follow-up

from 4 to 156 weeks. Ten studies were prospective cohort and
two randomized controlled. Eight studies examined oral CPAP
and four nasal CPAP. Seven studies reported data on compliance
to CPAP. Participants were adult outpatients diagnosed with
OSA syndrome; five trials enrolled patients with serum total
testosterone <12 nmol/l at baseline. The weighted-mean age was
52.6 =+ 11.3 years, and the weighted-mean BMI was 32.5 & 5.5
kg/m?. A total of 388 male patients were included, of which 245
received oral and 143 nasal CPAP; information on the presence of
diabetes was available for 44 patients (11%) (22, 29). Moreover,
49 patients were treated with sham-CPAP, 21 with mandibular
advancement devices, and 12 with CPAP and simultaneous TRT;
they were not included in the present review.

Quantitative Analysis (Meta-Analysis)

The primary outcome was the change in serum total testosterone
levels from baseline to the last available follow-up. Data
were available for 95 patients with hypogonadism and 280
with eugonadism at baseline. The weighted-mean serum total
testosterone at baseline was 13.5 &= 7.4 nmol/l, and it was different
between the two groups (6.8 = 3.5 nmol/l in hypogonadal and
15.7 & 7.0 nmol/l in eugonadal patients). CPAP use was not
associated with a change in serum total testosterone levels (A
= 1.08 nmol/l, 95% CI —0.48 to 2.64, p = 0.18, I> = 89%);
results were confirmed by the subgroup analysis in eugonadal
and hypogonadal men, even though a trend toward increased
serum testosterone was noted in the latter subgroup (Figure 2).
Sensitivity analysis had not reached statistical significance
(Table S3); a funnel plot showed that a possible publication bias
may exist, although Egger’s test was not statistically significant (p
= 0.356; Figure S4).

Records wdentified on PubMed,

CENTRAL, ChnicalTnalgov
and Scopus search (n=129)

Records dentified through other

sources (n=0)

Records after
removed (n=93)

duplcates

Records screened (n=93)

—| Records excluded (n=64)

Full-text papers assessed for

eligibility (n=29)
Full-text articles excluded, with reasons (n=17):
*  reviews (n=0)
* no available information of mterest (n=3)
* one-night study (n=3)
* overapping data (n=2)
o letter (n=1)

Studies included i the

systematic review (n=12)

FIGURE 1 | Flowchart of the systematic review.
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After CPAP Baseline Mean Difference Mean Difference

Study or Subgroup Mean SD Mean SD Weight IV, Random, 95% CI IV, Random, 95% CI

1 Hypogonadism at baseline

Li, 2016 121 3.5 4.5 1.4 10.8% 7.60 [6.29, 8.91] .

Luboshitzky, 2003 3 13.7 25 11 0.9% 0.50[-14.90, 15.90] >

Macrea, 2010 11.79 5.1 11.76 4.8 6.1% 0.03 [-4.31, 4.37] |

Madaeva, 2017 9.2 0.2 8.2 1.5 11.5% 1.00 [0.49, 1.51] i

Madaeva, 2017 9.1 1.2 8.5 1.2 11.2% 0.60 [-0.29, 1.49] ™

Subtotal (95% CI) 40.6% 2.43 [-0.48, 5.33] e

Heterogeneity: Tau? = 8.02; Chi? = 91.78, df = 4 (P < 0.00001); I = 96%
Test for overall effect: Z = 1.64 (P = 0.10)

2 Eugonadism at baseline

Heterogeneity: Tau? = 5.47; Chi? = 104.14, df = 11 (P < 0.00001); I> = 89%
Test for overall effect: Z=1.35 (P = 0.18)
Test for subaroup differences: Chiz=2.33, df=1 (P = 0.13), I?=57.1%

FIGURE 2 | Forest plots of meta-analysis for change in total testosterone.

Bratel, 1999 16.7 6.9649 17.7 5.9699 4.9% -1.00 [-6.42, 4.42] —
Celec, 2014 20.1 7.32 20.7 745 9.0% -0.60 [-3.10, 1.90] T
Grunstein, 1989 17 7.2132 14.4 7.8689 7.8% 2.60 [-0.59, 5.79] T "
Hoekema, 2007 16.2 52 16 4.7 8.7% 0.20 [-2.44, 2.84] —
Knapp, 2014 11.9 3.5 12.7 45 9.5% -0.80 [-2.95, 1.35] i
Meston, 2003 13.2 4.7 13.5 5.8 9.7% -0.30 [-2.33, 1.73] .
Zhang, 2016 14.05 5.18 1345 548 9.7% 0.60 [-1.43, 2.63] B
Subtotal (95% Cl) 59.4% 0.05 [-0.89, 0.99] L 2
Heterogeneity: Tau? = 0.00; Chi* = 3.87, df = 6 (P = 0.69); I>=0%

Test for overall effect: Z = 0.10 (P = 0.92)

Total (95% Cl) 100.0%  1.08 [-0.48, 2.64] 1‘

0 5 o 5 1o
Favours decrease Favours increase

Heterogeneity: Tau? = 0.00; Chi? = 0.85, df = 3 (P = 0.84); I? = 0%
Test for overall effect: Z = 0.31 (P = 0.76)
Test for subaroup differences: Not applicable

FIGURE 3 | Forest plots of meta-analysis for change in free testosterone.

After CPAP Baseline Mean Difference Mean Difference

Study or Subgroup Mean SD Mean SD Weight IV, Random, 95% CI IV, Random, 95% CI

1 Hypogonadism at baseline
Subtotal (95% Cl) Not estimable
Heterogeneity: Not applicable
Test for overall effect: Not applicable

2 Eugonadism at baseline
Bratel, 1999 0.43 0.13 0.5 0.23 0.9% -0.07 [-0.37, 0.23]
Grunstein, 1989 0.509 0.23 0512 0.3 6.1% -0.00[-0.12, 0.11] -1
Hoekema, 2007 0.39 0.13 0.37 0.11 18.9% 0.02 [-0.04, 0.08] D L
Knapp, 2014 0.25 0.05 0.26 0.07 74.1% -0.01 [-0.04, 0.02] ‘!
Subtotal (95% Cl) 100.0% -0.00 [-0.03, 0.02]
Heterogeneity: Tau? = 0.00; Chi? = 0.85, df = 3 (P = 0.84); I? = 0%
Test for overall effect: Z=0.31 (P = 0.76)
Total (95% CI) 100.0% -0.00 [-0.03, 0.02] ?

0

02 -0.1 01 02
Favours decrease Favours increase

the androgen status through the evaluation of serum free
testosterone, either directly from equilibrium dialysis assays or
by calculations that use serum total testosterone, SHBG, and
albumin (11). In the present review, no data on serum free
testosterone or SHBG in patients with hypogonadism were
available. It is worth noting that other treatments, such as diet
and bariatric surgery, proved to increase total as well as serum
free testosterone and SHBG (40). Since CPAP has shown a neutral
effect on serum total testosterone, no different result should be
expected for the other outcomes, indeed (43).

Eighty-two patients were excluded from the present review: 49
were treated with sham-CPAP, 21 with mandibular advancement
devices, and 12 with CPAP and simultaneous TRT. A significant
increase in serum total testosterone was reported only in the third
group (28-30). It is worth mentioning that untreated severe OSA
syndrome contraindicates TRT, due to a time-limited worsening
of the sleep disorder (11, 44).

In December 2014, a meta-analysis on the same topic was
published by Zhang et al. The authors stated that CPAP does
not influence serum total testosterone, free testosterone, and

Frontiers in Endocrinology | www.frontiersin.org

5 August 2019 | Volume 10 | Article 551


https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

Cignarelli et al. Effects of CPAP on Testosterone
After CPAP Baseline Mean Difference Mean Difference
Study or Subgroup Mean SD Mean SD Weight IV, Random, 95% CI IV, Random, 95% CI
1 Hypogonadism at baseline
Li, 2016 6.3 21 4.1 1.8 17.8% 2.20[1.24, 3.16] — &
Luboshitzky, 2003 2.6 0.2 21 0.8 20.2% 0.50 [-0.22, 1.22] B
Macrea, 2010 2.7 0.9803 2.8 1.2649 17.5% -0.10 [-1.09, 0.89] S
Subtotal (95% CI) 55.5% 0.86 [-0.39, 2.11] -
Heterogeneity: Tau? = 1.02; Chi? = 12.02, df = 2 (P = 0.002); I> = 83%
Test for overall effect: Z=1.34 (P = 0.18)
2 Eugonadism at baseline
Bratel, 1999 4 255 3 255 8.6% 1.00 [-1.13, 3.13]
Meston, 2003 5.81 242 599 255 17.8% -0.18 [-1.14, 0.78] — =
Zhang, 2016 582 238 5.99 28 18.1% -0.17 [-1.10, 0.76] —
Subtotal (95% CI) 44.5% -0.07 [-0.71, 0.57] <
Heterogeneity: Tau? = 0.00; Chi? = 1.06, df = 2 (P = 0.59); I = 0%
Test for overall effect: Z = 0.22 (P = 0.83)
Total (95% Cl) 100.0% 0.50 [-0.27, 1.27] *

Test for overall effect: Z = 1.26 (P = 0.21)

Heterogeneity: Tau? = 0.63; Chi? = 17.63, df = 5 (P = 0.003); I> = 72%
Test for subaroup differences: Chi? = 1.68. df = 1 (P = 0.19). I1> = 40.5%

FIGURE 4 | Forest plots of meta-analysis for change in LH.

t t t + t
-2 -1 0 1 2
Favours decrease Favours increase

After CPAP Baseline Mean Difference Mean Difference

Study or Subgroup Mean SD Mean SD Weight IV, Random, 95% CI IV, Random, 95% CI

1 Hypogonadism at baseline
Subtotal (95% CI) Not estimable
Heterogeneity: Not applicable
Test for overall effect: Not applicable

2 Eugonadism at baseline
Bratel, 1999 271 17.1974 13.7 3.2909 7.2%  13.40[0.13, 26.67]
Grunstein, 1989 22.7 13.1149 19.8 12.4591 32.3% 2.90 [-2.51, 8.31] T
Knapp, 2014 31.1 12,5 32.3 11.6 25.1% -1.20 [-7.63, 5.23] D
Meston, 2003 299 15.1 26.8 10.8 35.4% 3.10 [-1.95, 8.15] =
Subtotal (95% CI) 100.0% 2.70 [-1.00, 6.40] .
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FIGURE 5 | Forest plots of meta-analysis for change in SHBG.
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SHBG. These results were drawn from the analysis of seven
studies, all included in the present paper (9, 22, 23, 27-29, 31).
Of note, only one of them enrolled patients with low serum
testosterone (24). Our meta-analysis is in line with previous
work, and conclusions on hypogonadal patients are strengthened
by the subgroup analysis.

This review has several limitations. The first limitation relates
to the design of the included papers: the majority was represented
by observational studies with low number of participants and
short duration. Secondly, the efficacy of CPAP strictly depends
on adherence to the treatment and correction of apnea/hypopnea
as well as nocturnal hypoxia. In particular, lack of compliance
is regarded as a major issue in OSA syndrome management.
In the present systematic review, only three studies reported an
adequate CPAP use (4h per night on at least 70% of nights)

(20, 21, 28, 45), and thus, results might reflect, at least in part,
suboptimal CPAP therapy. This threshold, although defined as
arbitrary, has proved useful in clinical studies and has some
validity. Indeed, adherence to CPAP therapy for at least 4h
per night has been associated with normalization of daytime
sleepiness, improvement of quality of life and neurocognitive
function (46-49), and improvements in cardiovascular disease
conditions and diabetes (50-53). Also, CPAP adherence is usually
defined as hours per night rather than as a proportion of total
sleep time, which is usually not measured. So far, it is unclear
if shorter sleep duration with high CPAP adherence would
be associated with better outcomes than longer sleep duration
with low CPAP adherence. Concerning the latter aspect, it is
estimated that CPAP is not able to correct all the nocturnal
events in about 20% of patients with OSA syndrome; the risk is
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increased in patients with concomitant obesity hypoventilation
syndrome and chronic obstructive pulmonary disease (54).
Among the included studies, only six reported the correction of
apnea/hypopnea (20, 21, 26, 28, 30, 31) and three the resolution
of nocturnal hypoxia (9, 26, 30). A high heterogeneity for four
out of six evaluated outcomes was found, and this is a third
limitation. This could be due to: (1) study design and (2) patient
characteristics other than the extracted ones. In particular, the
data in Li et al. (20) are not in line with the other studies,
although no clear reason could be found in the study protocol.
Caution should thus be taken in generalizing results to clinical
practice. Lastly, it should be considered that pituitary imaging
in patients with serum total testosterone <5.2 nmol/l and low
or inappropriately normal gonadotropins is recommended in
order to exclude secondary organic causes (11). Two studies
included such patients, but no information other than a “medical
history” evaluation is reported (9, 20). In all, a limited number of
studies specifically focusing on the effect of CPAP in hypogonadal
patients was found, and this prevented any additional analysis
(e.g., meta-regression) to explore the high heterogeneity of
findings. Further studies are thus needed reporting data on sleep
duration, compliance to CPAP, months of use, OSA syndrome
improvement, and BMI.

CONCLUSIONS

In male patients with OSA syndrome, CPAP use is associated with
a neutral effect on serum total testosterone and gonadotropins,
regardless of the gonadal status at baseline. In managing

REFERENCES

1. Epstein L], Kristo D, Strollo PJ, Friedman N, Malhotra A, Patil SP, et al. Clinical
guideline for the evaluation, management and long-term care of obstructive
sleep apnea in adults. ] Clin Sleep Med. (2009) 5:263-76.

2. Senaratna CV, Perret JL, Lodge CJ, Lowe AJ, Campbell BE, Matheson MC,
et al. Prevalence of obstructive sleep apnea in the general population: a
systematic review. Sleep Med Rev. (2017) 34:70-81. doi: 10.1016/j.smrv.2016.
07.002

3. Heinzer R, Vat S, Marques-Vidal P, Marti-Soler H, Andries D, Tobback
N, et al. Prevalence of sleep-disordered breathing in the general
population: the HypnoLaus study. Lancet Respir Med. (2015) 3:310-8.
doi: 10.1016/S2213-2600(15)00043-0

4. Peppard PE, Young T, Barnet JH, Palta M, Hagen EW, Hla KM. Increased
prevalence of sleep-disordered breathing in adults. Am J Epidemiol. (2013)
177:1006-14. doi: 10.1093/aje/kws342

5. Ramar K, Dort LC, Katz SG, Lettieri CJ, Harrod CG, Thomas SM,
et al. Clinical practice guideline for the treatment of obstructive
sleep apnea and snoring with oral appliance therapy: an update
for 2015. J Clin Sleep Med. (2015) 11:773-827. doi: 10.5664/jc
sm.4858

6. Reutrakul S, Mokhlesi B. Obstructive sleep apnea and diabetes. Chest. (2017)
152:1070-86. doi: 10.1016/j.chest.2017.05.009

7. Cho JW, Duffy JF. Sleep, sleep disorders, and sexual dysfunction. World ]
Mens Health. (2018) 36:45. doi: 10.5534/wjmh.180045

8. Hammoud AO, Walker JM, Gibson M, Cloward TV, Hunt SC, Kolotkin
RL, et al. Sleep apnea, reproductive hormones and quality of sexual life
in severely obese men. Obesity. (2011) 19:1118-23. doi: 10.1038/0by.20
10.344

hypogonadism in patients with OSA syndrome, strategies other
than CPAP should therefore be considered.

DATA AVAILABILITY

The datasets generated during and/or analyzed during the
current study are not publicly available but are available from the
corresponding author on reasonable request.

AUTHOR CONTRIBUTIONS

MC, AC, and GC conceived the meta-analysis, developed the
search strategy, provided statistical expertise, and drafted the
manuscript. All authors contributed to the development of the
selection criteria, the risk-of-bias assessment strategy, and data
extraction criteria. All authors read, provided feedback, and
approved the final manuscript.

FUNDING

This research did not receive any specific grant from
any funding agency in the public, commercial, or
not-for-profit sector.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fendo.
2019.00551/full#supplementary-material

9. Luboshitzky R, Lavie L, Shen-Orr Z, Lavie P. Pituitary-gonadal
function in men with obstructive sleep apnea. The effect of continuous
positive airways pressure treatment. Neuro Endocrinol Lett. (2003)
24:463-7.

10. Luboshitzky R, Zabari Z, Shen-Orr Z, Herer P, Lavie P. Disruption
of the nocturnal testosterone rhythm by sleep fragmentation in normal
men. ] Clin Endocrinol Metab. (2001) 86:1134-9. doi: 10.1210/jcem.86.
3.7296

11. Bhasin S, Brito JP, Cunningham GR, Hayes FJ, Hodis HN,
Matsumoto  AM, et al therapy in men with
hypogonadism: an Endocrine Society* Clinical Practice Guideline.
J Clin Endocrinol Metab. (2018) 103:1715-44. doi: 10.1210/jc.201
8-00229

12. Gambineri A, Pelusi C, Pasquali R. Testosterone levels in obese
male patients with obstructive sleep apnea syndrome: relation to
oxygen desaturation, body weight, fat distribution and the metabolic
parameters. | Endocrinol Invest. (2003) 26:493-8. doi: 10.1007/BF033
45209

13. Luboshitzky R, Aviv A, Hefetz A, Herer P, Shen-Orr Z, Lavie L, et al.
Decreased pituitary-gonadal secretion in men with obstructive sleep
apnea. J Clin Endocrinol Metab. (2002) 87:3394-8. doi: 10.1210/jcem.87.
7.8663

Testosterone

14. Molina FD, Suman M, Carvalho TB, Piatto VB, Taboga SR,
Maniglia JV, et al. Evaluation of testosterone serum levels
in patients with obstructive sleep apnea syndrome. Braz ]

Otorhinolaryngol. (2011) 77:88-95. doi: 10.1590/S1808-869420110001
00015
15. Luboshitzky R, Lavie L, Shen-Orr Z, Herer P. Altered luteinizing

hormone and testosterone secretion in middle-aged obese men with

Frontiers in Endocrinology | www.frontiersin.org

August 2019 | Volume 10 | Article 551


https://www.frontiersin.org/articles/10.3389/fendo.2019.00551/full#supplementary-material
https://doi.org/10.1016/j.smrv.2016.07.002
https://doi.org/10.1016/S2213-2600(15)00043-0
https://doi.org/10.1093/aje/kws342
https://doi.org/10.5664/jcsm.4858
https://doi.org/10.1016/j.chest.2017.05.009
https://doi.org/10.5534/wjmh.180045
https://doi.org/10.1038/oby.2010.344
https://doi.org/10.1210/jcem.86.3.7296
https://doi.org/10.1210/jc.2018-00229
https://doi.org/10.1007/BF03345209
https://doi.org/10.1210/jcem.87.7.8663
https://doi.org/10.1590/S1808-86942011000100015
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

Cignarelli et al.

Effects of CPAP on Testosterone

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

obstructive sleep apnea. Obes Res. (2005) 13:780-6. doi: 10.1038/0oby.2
005.88

Barrett-Connor E, Dam TT, Stone K, Harrison SL, Redline S,
Orwoll E, et al. The association of testosterone levels with overall
sleep quality, sleep architecture, and sleep-disordered breathing.
J Clin  Endocrinol ~Metab. (2008) 93:2602-9. doi: 10.1210/jc.200
7-2622

Kushida CA, Littner MR, Hirshkowitz M, Morgenthaler TI, Alessi CA,
Bailey D, et al. Practice parameters for the use of continuous and
bilevel positive airway pressure devices to treat adult patients with sleep-
related breathing disorders. Sleep. (2006) 29:375-80. doi: 10.1093/sleep/2
9.3.375

NHLBI. Quality Assessment Tool for Before-After. (pre-post) Studies With No
Control Group. WWW document. Available online at: www.nhlbi.nih.gov/
health-topics/study-quality-assessment-tools

Higgins JPT, Green S, editors. Cochrane Handbook for Systematic Reviews
of Interventions Version 5.1.0. [updated March 2011]. The Cochrane
Collaboration (2011). Available online at: www.handbook.cochrane.org

Li Z, Tang T, Wu W, Gu L, Du J, Zhao T, et al. Efficacy of nasal
continuous positive airway pressure on patients with OSA with erectile
dysfunction and low sex hormone levels. Respir Med. (2016) 119:130-4.
doi: 10.1016/j.rmed.2016.09.001

Macrea MM, Martin TJ, Zagrean L. Infertility and obstructive sleep apnea:
the effect of continuous positive airway pressure therapy on serum prolactin
levels. Sleep Breath. (2010) 14:253-7. doi: 10.1007/s11325-010-0373-0

Knapp A, Myhill PC, Davis WA, Peters KE, Hillman D, Hamilton EJ, et al.
Effect of continuous positive airway pressure therapy on sexual function and
serum testosterone in males with type 2 diabetes and obstructive sleep apnoea.
Clin Endocrinol. (2014) 81:254-8. doi: 10.1111/cen.12401

Grunstein RR, Handelsman D], Lawrence SJ, Blackwell C, Caterson ID,
Sullivan CE. Neuroendocrine dysfunction in sleep apnea: reversal by
continuous positive airways pressure therapy. J Clin Endocrinol Metab. (1989)
68:352-8. doi: 10.1210/jcem-68-2-352

Zhang XB, Lin QC, Zeng HQ, Jiang XT, Chen B, Chen X. Erectile dysfunction
and sexual hormone levels in men with obstructive sleep apnea: efficacy
of continuous positive airway pressure. Arch Sex Behav. (2015) 45:235-40.
doi: 10.1007/s10508-015-0593-2

Rosner W, Auchus R, Azziz R, Sluss PM, Raff H. Utility, limitations, and
pitfalls in measuring testosterone: an Endocrine Society Position Statement.
J Clin Endocrinol Metab. (2007) 92:405-13. doi: 10.1210/jc.2006-1864
Madaeva IM, Berdina ON, Semenova NV, Madaev VV, Gutnik IN,
Kolesnikova LI. Impact of CPAP therapy on erectile function during sleep
and testosterone level in men with sleep apnea syndrome. Urologiia. (2017)
2-2017:93-9. doi: 10.18565/urol.2017.2.93-99

Celec P, Mucska I, Ostatnikovd D, Hodosy J. Testosterone and estradiol are
not affected in male and female patients with obstructive sleep apnea treated
with continuous positive airway pressure. ] Endocrinol Invest. (2014) 37:9-12.
doi: 10.1007/s40618-013-0003-3

Hoekema A, Stel AL, Stegenga B, van der Hoeven JH, Wijkstra PJ, van
Driel MFE, et al. Sexual function and obstructive sleep apnea-hypopnea:
a randomized clinical trial evaluating the effects of oral-appliance and
continuous positive airway pressure therapy. J Sex Med. (2007) 4:1153-62.
doi: 10.1111/j.1743-6109.2006.00341.x

Meston N, Davies R], Mullins R, Jenkinson C, Wass JA, Stradling JR.
Endocrine effects of nasal continuous positive airway pressure in male
patients with obstructive sleep apnoea. J Intern Med. (2003) 254:447-54.
doi: 10.1046/j.1365-2796.2003.01212.x

Madaeva IM, Berdina ON, Semenova NV, Madaev VV, Rychkova LV,
Kolesnikova LI. Obstructive sleep apnea syndrome and age-related
hypogonadism. Zhurnal Nevrol Psikhiatrii SS Korsakova. (2017) 117:79.
doi: 10.17116/jnevro20171174279-83

Bratel T, Wennlund A, Carlstrom K. Pituitary reactivity, androgens
and catecholamines in obstructive sleep apnoea. Effects of continuous
positive airway pressure treatment (CPAP). Respir Med. (1999) 93:1-7.
doi: 10.1016/S0954-6111(99)90068-9

Kim SD, Cho KS. Obstructive sleep apnea and testosterone deficiency. World
J Mens Health. (2019) 37:12. doi: 10.5534/wjmh.180017

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

Santamaria JD, Prior JC, Fleetham JA. Reversible reproductive dysfunction in
men with obstructive sleep apnoea. Clin Endocrinol (Oxf). (1988) 28:461-70.
doi: 10.1111/j.1365-2265.1988.tb03680.x

Global BMI Mortality Collaboration, Di Angelantonio E, Bhupathiraju SHN,
Wormser D, Gao P, Kaptoge S, et al. Body-mass index and all-cause mortality:
individual-participant-data meta-analysis of 239 prospective studies in
four continents. Lancet. (2016) 388:776-86. doi: 10.1016/S0140-6736(16)
30175-1

Allan CA, McLachlan RI. Androgens and obesity. Curr Opin Endocrinol
Diabetes  Obes. (2010) 17:224-32. doi: 10.1097/MED.0b013e3283
398ee2

Corona G, Vignozzi L, Sforza A, Mannucci E, Maggi M. Obesity and
late-onset hypogonadism. Mol Cell Endocrinol. (2015) 418(Pt 2):120-33.
doi: 10.1016/j.mce.2015.06.031

Michalakis K, Mintziori G, Kaprara A, Tarlatzis BC, Goulis DG.
The complex interaction between obesity, metabolic syndrome and
reproductive axis: a narrative review. Metabolism. (2013) 62:457-78.
doi: 10.1016/j.metabol.2012.08.012

Sarchielli E, Comeglio P, Squecco R, Ballerini L, Mello T, Guarnieri G,
et al. Tumor necrosis factor-a impairs kisspeptin signaling in human
gonadotropin-releasing hormone primary neurons. J Clin Endocrinol Metab.
(2017) 102:46-56. doi: 10.1210/jc.2016-2115

Ashrafian H, Toma T, Rowland SP, Harling L, Tan A, Efthimiou E, et al.
Bariatric surgery or non-surgical weight loss for obstructive sleep apnoea?
A systematic review and comparison of meta-analyses. Obes Surg. (2014)
25:1239-50. doi: 10.1007/s11695-014-1533-2

Corona G, Rastrelli G, Monami M, Saad E Luconi M, Lucchese M, et al.
Body weight loss reverts obesity-associated hypogonadotropic hypogonadism:
a systematic review and meta-analysis. Eur ] Endocrinol. (2013) 168:829-43.
doi: 10.1530/EJE-12-0955

Drager LE, Brunoni AR, Jenner R, Lorenzi-Filho G, Bensenor IM, Lotufo
PA. Effects of CPAP on body weight in patients with obstructive sleep
apnoea: a meta-analysis of randomised trials. Thorax. (2014) 70:258-64.
doi: 10.1136/thoraxjnl-2014-205361

Perrini S, Cignarelli A, Quaranta VN, Falcone VA, Kounaki S, Porro
S, et al. Correction of intermittent hypoxia reduces inflammation in
obese subjects with obstructive sleep apnea. JCI Insight. (2017) 2:94379.
doi: 10.1172/jci.insight.94379

Grossmann M, Matsumoto AM. A perspective on middle-aged and older
men with functional hypogonadism: focus on holistic management. J Clin
Endocrinol Metab. (2017) 102:1067-75. doi: 10.1210/jc.2016-3580

Hoyos CM, Killick R, Yee BJ, Grunstein RR, Liu PY. Effects of testosterone
therapy on sleep and breathing in obese men with severe obstructive sleep
apnoea: a randomized placebo-controlled trial. Clin Endocrinol (Oxf). (2012)
77:599-607. doi: 10.1111/j.1365-2265.2012.04413.x

Wickwire EM, Lettieri CJ, Cairns AA, Collop NA. Maximizing
positive airway pressure adherence in adults. Chest. (2013) 144:680-93.
doi: 10.1378/chest.12-2681

Sawyer AM, Gooneratne NS, Marcus CL, Ofer D, Richards KC, Weaver TE. A
systematic review of CPAP adherence across age groups: clinical and empiric
insights for developing CPAP adherence interventions. Sleep Med Rev. (2011)
15:343-56. doi: 10.1016/j.smrv.2011.01.003

Weaver TE, Maislin G, Dinges DF, Bloxham T, George CF, Greenberg
H, et al. Relationship between hours of CPAP use and achieving
normal levels of sleepiness and daily functioning. Sleep. (2007) 30:711-9.
doi: 10.1093/sleep/30.6.711

Zimmerman ME, Arnedt JT, Stanchina M, Millman RP, Aloia MS.
Normalization of memory performance and positive airway pressure
adherence in memory-impaired patients with obstructive sleep apnea. Chest.
(2006) 130:1772-8. doi: 10.1378/chest.130.6.1772

Antic NA, Catcheside P, Buchan C, Hensley M, Naughton MT, Rowland S,
et al. The effect of CPAP in normalizing daytime sleepiness, quality of life,
and neurocognitive function in patients with moderate to severe OSA. Sleep.
(2011) 34:111-9. doi: 10.1093/sleep/34.1.111

Barbé F, Duran-Cantolla J, Sdnchez-de-la-Torre M, Martinez-Alonso M,
Carmona C, Barcel6 A, et al. Effect of continuous positive airway
pressure on the incidence of hypertension and cardiovascular events in

Frontiers in Endocrinology | www.frontiersin.org

August 2019 | Volume 10 | Article 551


https://doi.org/10.1038/oby.2005.88
https://doi.org/10.1210/jc.2007-2622
https://doi.org/10.1093/sleep/29.3.375
www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
www.handbook.cochrane.org
https://doi.org/10.1016/j.rmed.2016.09.001
https://doi.org/10.1007/s11325-010-0373-0
https://doi.org/10.1111/cen.12401
https://doi.org/10.1210/jcem-68-2-352
https://doi.org/10.1007/s10508-015-0593-2
https://doi.org/10.1210/jc.2006-1864
https://doi.org/10.18565/urol.2017.2.93-99
https://doi.org/10.1007/s40618-013-0003-3
https://doi.org/10.1111/j.1743-6109.2006.00341.x
https://doi.org/10.1046/j.1365-2796.2003.01212.x
https://doi.org/10.17116/jnevro20171174279-83
https://doi.org/10.1016/S0954-6111(99)90068-9
https://doi.org/10.5534/wjmh.180017
https://doi.org/10.1111/j.1365-2265.1988.tb03680.x
https://doi.org/10.1016/S0140-6736(16)30175-1
https://doi.org/10.1097/MED.0b013e3283398ee2
https://doi.org/10.1016/j.mce.2015.06.031
https://doi.org/10.1016/j.metabol.2012.08.012
https://doi.org/10.1210/jc.2016-2115
https://doi.org/10.1007/s11695-014-1533-2
https://doi.org/10.1530/EJE-12-0955
https://doi.org/10.1136/thoraxjnl-2014-205361
https://doi.org/10.1172/jci.insight.94379
https://doi.org/10.1210/jc.2016-3580
https://doi.org/10.1111/j.1365-2265.2012.04413.x
https://doi.org/10.1378/chest.12-2681
https://doi.org/10.1016/j.smrv.2011.01.003
https://doi.org/10.1093/sleep/30.6.711
https://doi.org/10.1378/chest.130.6.1772
https://doi.org/10.1093/sleep/34.1.111
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

Cignarelli et al.

Effects of CPAP on Testosterone

nonsleepy patients with obstructive sleep apnea. JAMA. (2012) 307:4366.
doi: 10.1001/jama.2012.4366

51. Bratton DJ, Stradling JR, Barbé F, Kohler M. Effect of CPAP on blood
pressure in patients with minimally symptomatic obstructive sleep apnoea:
a meta-analysis using individual patient data from four randomised
controlled trials. Thorax. (2014) 69:1128-35. doi: 10.1136/thoraxjnl-2013-2
04993

52. Craig SE, Kohler M, Nicoll D, Bratton DJ, Nunn A, Davies R, et al.
Continuous positive airway pressure improves sleepiness but not calculated
vascular risk in patients with minimally symptomatic obstructive sleep
apnoea: the MOSAIC randomised controlled trial. Thorax. (2012) 67:1090-6.
doi: 10.1136/thoraxjnl-2012-202178

53. Feng Y, Zhang Z, Dong ZZ. Effects of continuous positive airway pressure
therapy on glycaemic control, insulin sensitivity and body mass index in
patients with obstructive sleep apnoea and type 2 diabetes: a systematic
review and meta-analysis. NPJ Prim care Respir Med. (2015) 25:15005.
doi: 10.1038/npjpcrm.2015.5

54. Resta O, Guido P, Picca V, Sabato R, Rizzi M, Scarpelli F, et al. Prescription of
nCPAP and nBIPAP in obstructive sleep apnoea syndrome: Italian experience
in 105 subjects. A prospective two centre study. Respir Med. (1998) 92:820-7.
doi: 10.1016/S0954-6111(98)90383-3

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Cignarelli, Castellana, Castellana, Perrini, Brescia, Natalicchio,
Garruti, Laviola, Resta and Giorgino. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The
use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Endocrinology | www.frontiersin.org

August 2019 | Volume 10 | Article 551


https://doi.org/10.1001/jama.2012.4366
https://doi.org/10.1136/thoraxjnl-2013-204993
https://doi.org/10.1136/thoraxjnl-2012-202178
https://doi.org/10.1038/npjpcrm.2015.5
https://doi.org/10.1016/S0954-6111(98)90383-3
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

	Effects of CPAP on Testosterone Levels in Patients With Obstructive Sleep Apnea: A Meta-Analysis Study
	Introduction
	Methods
	Search Strategy
	Data Extraction
	Study Quality Assessment
	Data Analysis

	Results
	Study Characteristics
	Study Quality Assessment
	Qualitative Analysis (Systematic Review)
	Quantitative Analysis (Meta-Analysis)

	Discussion
	Conclusions
	Data Availability
	Author Contributions
	Funding
	Supplementary Material
	References


