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Abstract
Obstructive sleep apnea (OSA) is correlated with nocturia, erectile dysfunction and depression. The present observational study
aims to investigate whether these entities are affected by Continuous Positive Airway Pressure (CPAP) treatment in moderate and
severe OSA patients. A cohort consisting of 150 OSA patients were screened for eligibility; treatment with CPAP was recom-
mended in 102 who fulfilled the inclusion criteria. From them, 9 denied therapy, 6 were lost during follow-up, 25 declined from
proper CPAP use (control group), and 62 used CPAP properly throughout 12-month follow-up (patients group). All patients were
asked to report nocturia episodes/night and complete Epworth Sleepiness Scale (ESS), Functional Outcomes of Sleep
Questionnaire (FOSQ), International Index of Erectile Function (IIEF-15) Questionnaire and Zung Self-Rating Depression
Scale (Zung SDS) to assess sleepiness, nocturia, erectile function, and depression symptoms at baseline and end of follow-up.
Nocturia episodes/night (P < 0.001), ESS (P < 0.001), FOSQ score (P = 0.014), IIEF-15 score (P = 0.027), and Zung SDS score
(P = 0.030) were independently improved in patients who properly used CPAP. In detail, “Overall Productivity” (P = 0.012),
“Activity Level” (P = 0.006), “Vigilance” (P = 0.001), and “Intimate Relationships and Sexual Activity” (P=0.026) FOSQ
subscales as well as “Erectile Function” (P = 0.008) and “Sexual Desire” (P = 0.031) IIEF-15 function domains were indepen-
dently improved by CPAP. In contrast, no difference was observed in patients who abstained fromCPAP therapy. The proper use
of CPAP independently improves nocturia, erectile function, and depression symptoms in patients with moderate and severe
OSA, implying a direct effect in these entities.
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Introduction

Obstructive sleep apnea (OSA) is well known to disrupt sleep
by causing frequent episodes of upper airway collapse. In case
that sleep disruption is so intense as to result in excessive
daytime sleepiness and fatigue, the condition is referred as
OSA syndrome. OSA is linked with hypertension, stroke,

cardiovascular disorders, and abnormal glucose metabolism.
Apnea-hypopnea index (AHI) is a measure of severity of
OSA.

In general, OSA prevalence ranges from 3 to 7% world-
wide. Increased age, male sex, obesity, family history, meno-
pause, craniofacial abnormalities and tobacco or alcohol use
are well-established risk factors for OSA [1].

Nocturia, defined by the International Continence Society
as “the number of voids recorded during a night’s sleep: each
void is preceded and followed by sleep” is not rare even
among young adults and is more prevalent in women [2].
There is a strong association between OSA and nocturia; a
recent meta-analysis concludes that this association refers on-
ly to males [3].

Erectile dysfunction and overall sexual dysfunction were
found to be highly prevalent in patients with OSA [4], and a
recently published review and meta-analysis concludes that
OSA is associated with erectile dysfunction [5].
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OSA has also been associated with psychiatric pathology
and especially depression affecting quality of life and adher-
ence to CPAP [6, 7].

CPAP is well documented to exert a beneficial effect in
both nocturia [8–12] and erectile dysfunction [13–15]. A bi-
directional link between nocturia [16] and erectile dysfunction
[17, 18] with depression has been observed.

Untreated OSA clearly impacts affective disorders and may
lead to permanent brain damage. The connection between
OSA and psychiatric comorbidities remains obscure, especial-
ly in the context of CPAP treatment [19]. Indeed, a relevant
meta-analysis demonstrated that CPAP had a moderate clini-
cal effect on symptoms of depression and anxiety in OSA, but
it was not superior to placebo (sham CPAP) [7].

Epworth Sleepiness Scale (ESS) is a self-administered
questionnaire which constitutes of 8 questions. Respondents
are asked to rate, on a 4-point scale (0-3), their usual chances
of dozing off or falling asleep while engaged in eight different
activities; therefore, the ESS score (the sum of 8 item scores,
0–3) can range from 0 to 24. The higher the ESS score, the
higher that person’s average sleep propensity in daily life, or
their ‘daytime sleepiness’ (DS). Normal range includes scores
between 0 and 10 (0-5: Lower Normal DS, 6-10: Higher nor-
mal DS), while scores ≥ 11 represent excessive DS (11-12:
Mild, 13-15: Moderate, and 16-24: Severe) [20].

The Functional Outcomes of Sleep Questionnaire (FOSQ)
questionnaire consists of 30 questions related to the effects of
fatigue on daily activities, and it was designed to evaluate the
respondent’s quality of life in relation with DS. Five domains
of day-to-day life are examined: activity levels, vigilance, in-
timacy and sexual relationships, productivity, and social out-
comes. For each of the five domains examined, respondents
indicate the degree of difficulty they experience when
attempting certain activities because they are sleepy or tired.
Lower scores designate more acute issues with sleepiness, as 4
corresponds to “no difficulty,” 3 to “a little difficulty,” 2 to
“moderate difficulty,” and 1 to “extreme difficulty.”
Therefore, the lower the FOSQ score, the greater the function-
al disability encountered by the respondent [21].

The International Index of Erectile Function (IIEF-15)
questionnaire is a validated, multidimensional, self-
administered tool for the clinical assessment of erectile dys-
function. A score of 0–5 is awarded to each of the 15 questions
that comprise the related function domains, namely, erectile
function (6 questions, maximum subscore 30), orgasmic func-
tion (2 questions, maximum subscore 10), sexual desire (2
questions, maximum subscore 10), and intercourse satisfac-
tion (3 questions, maximum subscore 15), followed by 2 ques-
tions (maximum subscore 10) regarding overall satisfaction.
The lower the score, the more severe derangement in erection
is considered to emerge [22].

The Zung Self-Rating Depression Scale (Zung SDS) is
self-report questionnaire that is widely used to quantify the

depressed status of an individual. It consists of 20 questions
that rate the four common characteristics of depression (the
pervasive effect, the physiological equivalents, other distur-
bances, and psychomotor activities) that are scored on a Likert
scale ranging from 1 to 4 (1: “a little of time, 2: some of the
time, 3: good part of the time, 4: most of the time); therefore,
the total score may range from 20 to 80. Most people with
depression score between 50 and 69, while a score of 70 and
above indicates severe depression [23].

The present study aims to investigate the independent ef-
fect of CPAP on nocturia, erectile dysfunction and depression
in OSA patients with the use of self-reported nocturia
episodes/night as well as the response to ESS, FOSQ, IIEF-
15, and Zung SDS questionnaires.

Methods

In this observational study, a cohort of consecutive OSAmale
patients was initially recruited in “Agios Pavlos” Thessaloniki
Hospital Sleep Laboratory between December, 2017 and
May, 2018 through domiciliary overnight respiratory
polygraphy study with the use of SOMNO Screen™ Plus
(SOMNO medics GmbH, Germany), and Embletta® and
Proxies (Embla, USA) as well as domiciliary overnight pulse
oxymetry with the use of Nonin 2500 pulse oxymetry (Nonin,
Plymouth,MN, USA).Mean hours of CPAP use/24 h, Apnea-
Hypopnea Index (AHI), Respiratory Disturbance Index
(RDI), Desaturation Index (DI), mean oxygen saturation
(Mean SatO2), and lowest oxygen saturation (Lowest SatO2)
were recorded for each patient by an experienced pulmonary
and sleep medicine expert.

Inclusion criteria referred to patients that (a) exhibit mod-
erate or severe OSA (AHI ≥ 15/h), (b) are adults aged between
20 and 70 years, (c) have completed ≥ 6 years of education,
and (d) have screened for urinary tract infection (UTI).
Exclusion criteria included previous exposure to CPAP and
severe disorders as (i) severe asthma or chronic obstructive
pulmonary disease (COPD); (ii) uncontrolled arterial hyper-
tension (AH) or heart failure (HF); (iii) uncontrolled diabetes
mellitus (DM); (iv) severe neurological (e.g., nerve damage
causing overactive bladder), urological (e.g., bladder outlet
obstruction), or autoimmune disease; (v) psychiatric illness;
(vi) recurrent or chronic UTI; (vii) medications like a1-
blockers, 5α-reductase inhibitors, muscarinic receptor antag-
onists, and beta-3-agonists, which could affect nocturia, as
well as phosphodiesterase-5 inhibitors, which may intervene
in erectile function; (viii) alcohol use disorder, and (ix) illicit
drug use.

All patients who fulfilled the inclusion criteria were asked
to report nocturia episodes / night and to complete question-
naires concerning sleepiness, nocturia, erectile function, and
depression symptoms. In detail, daytime sleepiness was
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approached by the use of ESS and FOSQ questionnaires, erec-
tile function was assessed using the IIEF-15 questionnaire,
and risk for depression was estimated by Zung SDS question-
naire; all results from the above mentioned questionnaires
were recorded for each patient by an experienced pulmonary
sleep nurse. The nurse who supervised the procedure had been
blinded to the clinical characteristics of each patient.

All OSA patients who fulfilled the inclusion criteria and
successfully responded to the requested questionnaires were
advised to follow treatment with CPAP and entered the study.
CPAP treatment was titrated to the best pressure settings from
4 to 20 cmH2Owithin the first week by trained personnel who
remained irrelevant to the study.

Twelve months after the beginning of the study and while
treatment continued, all patients repeated domiciliary over-
night respiratory polygraphy study as well as domiciliary
overnight pulse oxymetry, after which they were again asked
to report nocturia episodes/night and to complete ESS, FOSQ,
IIEF-15, and Zung SDS questionnaires. Patients that properly
used CPAP were referred as “treated patients,” while all that
declined from proper CPAP treatment as “untreated patients”
and served as a control group. Comparison between “treated”
and “untreated” patients was used to detect any potent sources
of bias.

Primary outcomes included the self-assessment of nocturia
as nocturia episodes/night, subjective sleepiness as measured
by ESS and FOSQ questionnaire total scores, subjective erec-
tile function as measured by IIEF-15 questionnaire total score,
and subjective assessment of depressive symptoms as
approached by Zung SDS questionnaire total score.

Secondary outcomes included the self-assessment sleepi-
ness as measured by FOSQ questionnaire subscales and sub-
jective erectile function as measured by IIEF-15 questionnaire
function domains.

The study follows the requirements of the STROBE state-
ment [24] and was approved by the Institutional review board
of “Agios Pavlos” Hospital (Decision No G22 / 32 /
November 24, 2017), and the principles of the Helsinki
Declaration were followed. No financial support was received
for the present study. The authors declare that they have no
conflict of interest.

The study was designed to detect a minimally clinically
important change of at least (i) one nocturia episode/night,
(ii) 10% difference in total FOSQ questionnaire score, (iii)
10% difference in total IIEF-15 questionnaire score, and (iv)
10% difference in total Zung SDS score in treated patients
between end (t = 12 months) and beginning of the study (t =
0) with at least 90% power at the two-sided 5% level of sta-
tistical significance. A 10% was added to the minimum sam-
ple computed to tolerate loss-of-follow up cases.

Comparisons of discrete and continuous data between
treated and untreated patients were performed with Chi-
square test (or, alternatively, Fisher’s exact test if expected

values were < 5) and t test, respectively. Data collected before
and at the end of follow-up in the group of patients who were
properly CPAP users were analyzed using paired comparisons
with the aid of paired t test. Estimation of independent corre-
lations of CPAP treatment with episodes of nocturia/night as
well as ESS, FOSQ, IIEF-15, Zung SDS scores, FOSQ sub-
scales, and IIEF-15 function domains was performed with the
use of general linear models. Maximum tolerated missing data
was set to 5%; no imputation was used and therefore missing
values were pairwise excluded from further analysis. All
means are accompanied by their standard deviations. All nu-
merical values are provided with at least two significant digits.
Statistical analysis was performed with the use of SPSS
26.0.0.0 software (IBM Corp.®, 2019). Estimation of desired
power was performed using the MedCalc Statistical Software
version 19.5.3 (MedCalc ® Software Ltd, Ostend, Belgium;
https://www.medcalc.org; 2020).

The investigators who performed the data analysis were
blinded towards any data that could serve to identify patients,
such as names, addresses, telephone numbers, and social in-
surance ID.

Results

A cohort consisting of 150 consecutive OSA male patients
were screened for eligibility; forty-eight of them were consid-
ered ineligible for various reasons, while 102 patients, who
fulfilled the inclusion criteria and responded to the requested
questionnaires, were recommended to follow treatment with
CPAP. From them, 9 denied therapeutic intervention, and 6
were lost during the 12-month follow-up period; the rest 87
patients entered the study. During follow-up period, 25 pa-
tients declined from CPAP proper use during therapy, while
the remaining 62 patients, who properly used CPAP, were
sufficient enough to preserve the power of the study as initial-
ly designed (Fig. 1). Four out of 25 patients who did not
follow CPAP treatment refused or failed to report complete
data regarding nocturia episodes/night as well as ESS, FOSQ,
IIEF-15, and Zung SDS questionnaires.

The groups of treated and untreated patients presented sim-
ilar comorbidities and were characterized by comparable
values of AHI, RDI, DI, mean SatO2, lowest SatO2, ESS
score, nocturia episodes/night, total IIEF-15 score, and Zung
SDS score. However, they differed as far as BMI and alcohol
habits are referred. Moreover, treated patients exhibited sig-
nificantly higher “Activity Level” and “Intimate Relationships
and Sexual Activity” FOSQ subscales, as well as “Erectile
Function and Intercourse Satisfaction” IIEF-15 function do-
mains. A detailed comparison between patient groups is pre-
sented in Table 1.

Data and relevant paired comparisons in the group of treat-
ed patients are presented in Table 2. CPAP treatment leaded to
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significant improvement in ESS score, FOSQ score (except
from “General Productivity” subscale), nocturia, IIEF-15
score (except from “Orgasmic Function” function domain),
and Zung SDS score.

Using general linear model by incorporating differences in
nocturia episodes/night, ESS score, FOSQ score, IIEF-15
score, and Zung SDS score as independent variables and use
of CPAP in sleep apnea patients as dependent variable, a sta-
tistically significant result was obtained for the whole model;
P < .001, Wilks’ lambda = 0.573. In detail, nocturia episodes/
night (P < 0.001), ESS (P < 0.001), FOSQ score (P = 0.014),
IIEF-15 score (P = 0.027), and Zung SDS score (P = 0.030)
were independently improved by the use of CPAP.

In detail , regarding FOSQ subscales, “Overall
Productivity” (P = 0.012), “Activity Level” (P = 0.006),
“Vigilance” (P = 0.001), and “Intimate Relationships and
Sexual Activity” (P = 0.026) are independently improved by
the use of CPAP; however, “Social Outcome” (P = 0.059) is
comparable.

Similarly, regarding IIEF-15 function domains, “Erectile
Function” (P = 0.008) and “Sexual Desire” (P = 0.031) are
independently improved by the use of CPAP. On the contrary,
“Orgasmic Function” (P = 0.581), “Intercourse Satisfaction” (P
= 0.079), and “Overall Satisfaction” (P = 0.065) are comparable.

Paired comparisons in the group of untreated patients be-
tween characteristics at baseline and at the end of the follow-
up period are shown in Table 3. Interestingly, ESS score was
found to have been deteriorated (P = 0.039), while no statis-
tically significant difference regarding FOSQ total and sub-
scales scores, IIEF-15 total and function domains scores,
nocturia, and Zung SDS score was observed.

A graphical representation of differences in the form of
population pyramid concerning differences between the end
(t = 12 months) and the beginning of the study (t=0) in treated
and untreated patients is provided concerning ESS scores,
nocturia episodes/night, Zung SDS scores (Fig. 2), FOSQ to-
tal and subscale scores (Fig. 3), and IIEF-15 total and func-
tional domains scores (Fig. 4).

Fig. 1 Flow diagram of the study
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Discussion

The present study aimed to investigate the effect of CPAP on
nocturia, erectile function, and depression symptoms in pa-
tients with moderate and severe OSA. Hereby, the proper
use of CPAP was documented by the improvement in the

EPS and the total FOSQ scores; concerning the latter, the only
parameter that remained comparable was the “General
Productivity” subscale. Paired comparisons within the treated
patients group reveal improvement regarding nocturia, erectile
function, and risk for depression while on treatment with
CPAP when compared to the beginning of the study (before

Table 1 Comparison between
groups of treated and untreated
patients

Parameter Proper use of CPAP

(n = 62)

No use of CPAP

(n = 25)

P

Patients profile

Age 47.7 ± 9.0 44.8 ± 12.4 0.298

BMI 37.6 ± 8.2 33.8 ± 5.5 0.017

Married 53/62 (85.5%) 20/25 (80.0%) 0.529

Education > 12y 21/62 (33.9%) 10/25 (40.0%) 0.589

Smoking 42/62 (67.7%) 18/25 (71.6%) 0.698

Alcohol 38/62 (60.8%) 21/25 (84.0%) 0.040

Medical record

Hypertension 26/62 (41.9%) 12/25 (48.0%) 0.606

Diabetes 14/62 (22.6%) 6/25 (24.0%) 0.887

CAD 5/62 (8.1%) 1/25 (4.0%) 0.669†

Atrial fibrillation 3/62 (3.8%) 1/25 (4.0%) 1.000†

OSAs parameters

Hours of CPAP use 5.9 ± 1.4 1.3 ± 1.1 <0.001

AHI 70.5 ± 24.1 62.2 ± 25.0 0.153

RDI 80.0 ± 23.0 70.8 ± 17.3 0.137

DI 62.9 ± 24.5 53.0 ± 27.1 0.101

Mean SatO2 90.2 ± 4.4 91.8 ± 2.9 0.057

Lowest SatO2 69.8 ± 10.5 74.1 ± 8.9 0.074

ESS (Epworth Sleepiness Scale)

Score 11.4 ± 6.2 10.0 ± 5.8 0.343

FOSQ (Functional Outcomes of Sleep Questionnaire)

General productivity 17.6 ± 3.3 18.6 ± 2.4 0.160

Social outcome 17.8 ± 4.0 18.8 ± 2.3 0.072

Activity level 16.4 ± 4.1 18.1 ± 1.8 0.011

Vigilance 15.7 ± 4.4 16.7 ± 3.3 0.294

Intimate relationships and sexual activity 16.5 ± 5.2 18.8 ± 2.2 0.005

Total 83.4 ± 18.2 90.9 ± 8.6 0.012

Nocturia

Nocturia episodes/night 2.08 ± 1.28 1.84 ± 1.28 0.395

IIEF-15 (International Index of Erectile Function)

Erectile function 21.8 ± 7.5 25.7 ± 5.3 0.032

Orgasmic function 8.8 ± 2.3 8.9 ± 1.9 0.847

Sexual desire 7.1 ± 1.0 7.9 ± 1.6 0.115

Intercourse satisfaction 9.7 ± 4.3 11.6 ± 2.3 0.017

Overall satisfaction 7.4 ± 2.4 8.0 ± 2.2 0.355

Total 54.8 ± 16.4 62.0 ± 11.7 0.068

Zung SDS (Zung Self-Rating Depression Scale)

Score 34.4 ± 9.8 32.5 ± 9.1 0.405

† Fisher’s exact test
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Table 2 Paired comparisons in
the group of treated patients (n =
62)

Parameter Beginning of study
(t = 0)

End of follow-up
(t = 12 months)

P (paired t test)

ESS (Epworth Sleepiness Scale)

Score 11.4 ± 6.2 4.0 ± 1.9 < 0.001

FOSQ (Functional Outcomes of Sleep Questionnaire)

General productivity 17.6 ± 3.3 19.6 ± 1.1 0.153

Social outcome 17.8 ± 4.0 19.1 ± 2.2 0.012

Activity level 16.6 ± 3.9 19.2 ± 1.5 0.004

Vigilance 15.7 ± 4.4 19.2 ± 1.7 0.046

Intimate relationships and sexual activity 16.5 ± 5.2 18.8 ± 3.2 < 0.001

Total 84.7 ± 17.2 96.0 ± 8.3 0.007

Nocturia

Episodes/night 2.1 ± 1.3 0.3 ± 0.6 < 0.001

IIEF-15 (International Index of Erectile Function)

Erectile function 21.8 ± 7.5 25.9 ± 6.3 < 0.001

Orgasmic function 8.8 ± 2.3 9.2 ± 1.8 0.117

Sexual desire 7.1 ± 1.0 8.3 ± 1.7 0.001

Intercourse satisfaction 9.7 ± 4.3 11.5 ± 3.3 < 0.001

Overall satisfaction 7.4 ± 2.4 8.6 ± 1.8 0.007

Total 54.8 ± 16.4 63.3 ± 13.5 < 0.001

Zung SDS (Zung Self-Rating Depression Scale)

Score 34.1 ± 9.5 29.6 ± 7.4 < 0.001

Table 3 Paired comparisons in
the group of untreated patients (n
= 21)

Parameter Beginning of study
(t = 0)

End of follow-up
(t = 12 months)

P (paired t test)

ESS (Epworth Sleepiness Scale)

Score 10.0 ± 5.8 10.6 ± 5.6 0.039

FOSQ (Functional Outcomes of Sleep Questionnaire)

General productivity 18.6 ± 2.5 18.7 ± 2.2 0.532

Social outcome 19.0 ± 2.3 18.8 ± 2.3 0.329

Activity level 18.0 ± 1.8 18.3 ± 1.8 0.413

Vigilance 16.4 ± 3.4 16.7 ± 3.4 0.284

Intimate relationships and sexual activity 18.9 ± 2.1 18.8 ± 3.3 0.768

Total 90.9 ± 8.9 91.2 ± 9.3 0.684

Nocturia

Episodes/night 1.8 ± 1.3 1.9 ± 1.0 0.266

IIEF-15 (International Index of Erectile Function)

Erectile function 26.2 ± 5.3 26.1 ± 4.6 0.743

Orgasmic function 9.1 ± 1.7 9.1 ± 1.6 1.000

Sexual desire 7.7 ± 2.0 7.8 ± 1.7 0.868

Intercourse satisfaction 11.9 ± 2.2 12.2 ± 2.4 0.361

Overall satisfaction 8.1 ± 2.3 8.1 ± 2.4 0.889

Total 63.0 ± 11.8 63.2 ± 10.9 0.854

ZUNG Self-Rating Depression Scale

Score 32.5 ± 9.5 33.7 ± 8.9 0.325
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treatment); moreover, the use of general linear model suggests
that CPAP independently exerts its beneficial effect regarding
as well as nocturia, erectile function, and risk for depression
are referred. Therefore, the present study has demonstrated
that the proper use of CPAP independently exerts a beneficial
impact on nocturia, erectile function, and depression symp-
toms in patients with moderate and severe OSA; thus, despite
that nocturia, erectile dysfunction and depression are consid-
ered to be intertwined [22], improvement in these entities
might at least be partly attributed to a direct effect of CPAP
treatment. To the best of our knowledge, this is the first time
that such a potent direct simultaneous effect of CPAP is
demonstrated.

On the contrary, the group of OSA patients that abstained
from CPAP treatment were found to have been clinically de-
teriorated as can be deduced from ESS score, despite that all

other parameters regarding nocturia episodes/night as well as
FOSQ, IIEF-15, and Zung SDS questionnaires were
comparable.

Our results concerning the beneficiary effects of CPAP
treatment are in keeping with current knowledge regarding
nocturia [9–11]. Very recently, a systematic review and
meta-analysis of ours concluded that nocturia rates in OSA
patients are diminished after CPAP treatment, when compared
with nocturia rates before CPAP treatment by 1.13 episodes/
night (95% CI: −1.48, −0.78, P < 0.001) and that CPAP ben-
eficial effect is independently correlated with younger age,
increased BMI, and less severe cases [25].

Furthermore, as far as erectile dysfunction is concerned,
two independent groups of investigators conclude that the
use of CPAP in males with moderate [14] and severe [14,
15] OSA might attenuate symptoms of erectile dysfunction

Fig. 2 Population pyramid graph depicting differences between end (t =
12 months) and beginning of the study (t = 0) concerning ESS scores (a),
nocturia episodes/night (b), and Zung SDS scores (c), total FOSQ score

(d) and total IIEF-15 score (e) in treated (1: blue bars at the left side of
each chart) and untreated (2: red bars at the right side of each chart)
patients
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based on IIEF-15 questionnaire. Concerning the IIEF-15 func-
tion domains, “Orgasmic Function” is the only which has
been found to remain comparable in CPAP users in the present
study, in contrast with Irer et al. who report improvement even
in that domain; however, despite that compliance to CPAP
treatment was better in the present study (5.9±1.4 hours/
night vs 5.2±1.4 hours/night as reported by Irer et al.,
P=0.008), this observation might be attributed to the fact that
the study hereby included patients up to 70 years of age, while
Irer et al. focused on much younger patients (< 50 years old)
[14]. Nevertheless, data from literature are scarce concerning
this field, and thus the contribution of the present study is
considered of added value.

Of interest, the relation between CPAP treatment in OSA
patients and mood disorders has not been clarified [26]. A

recently performed study demonstrated that the amelioration
of depression and anxiety symptoms after CPAP use was only
statistically significant when considering anxiety-trait and
euthymia, the distinctive component of depression [27].
Furthermore, it was suggested that subjective complaints of
daytime impairment including sleepiness, fatigue as well as
depression and objective measures of vigilance in patients
with OSA should be assessed separately while evaluating
the efficacy of CPAP therapy on daytime functioning. [28].
Nevertheless, whether depression has to be separately
assessed from nocturia and erectile dysfunction has not been
investigated yet.

Lack of randomization might be considered as a limitation
of the present study. However, one has to consider that it
would be unethical to deprive patients withmoderate or severe

Fig. 3 Population pyramid graph depicting differences in FOSQ
subscales between end (t = 12 months) and beginning of the study (t =
0) concerning general productivity (a), social outcome (b), and activity

level (c), vigilance (d), and intimate relationships and sexual activity (e)
in treated (1: blue bars at the left side of each chart) and untreated (2: red
bars at the right side of each chart) patients
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OSA of treatment with CPAP. Additionally, it could be
claimed that the group of OSA patients used as control, name-
ly that comprising of patients who neglected or abstained from
CPAP therapy, are shown to be less affected regarding fatigue
on daily activities and quality of life in relation with DS as can
be deduced from FOSQ questionnaire; however, ESS score is
comparable and thus the possibility of introducing a selection
bias due to differences in DS cannot be documented.

Another possible limitation that has to be considered is that
the two OSA patient groups (these who properly followed
CPAP treatment and these who abstained) differ in BMI.
BMI is reported to present a significant association with the
prevalence of nocturia with dose-dependent manner, regardless
of age, sex, hypertension, and diabetes mellitus after taking

major confounding factors into account [29]. Moreover, BMI
is associated with male hypogonadism and, consequently, with
erectile dysfunction [30, 31]; a recent meta-analysis indicated
that this relation is also dose-dependent [32]. In addition, Zung
SDS score is increased among overweight individuals, thus
implying a higher risk for depression [33]. As the control group
exhibits significantly lower BMI, one would consider that to be
of advantage concerning nocturia, erectile dysfunction and risk
for depression. On the contrary, comparable values are ob-
served as far as ESS (P = 0.343), IIEF-15 (P = 0.068) and
Zung SDS (P = 0.405) scores are referred, implying that the
two groups are in practice comparable. The same can be sup-
ported concerning the difference in alcohol intake between
CPAP treated patients and controls, as is known that substantial

Fig. 4 Population pyramid graph depicting differences in IIEF-15 func-
tion domains between end (t = 12months) and beginning of the study (t =
0) concerning erectile function (a), orgasmic function (b), sexual desire

(c), intercourse satisfaction (d), and intimate overall satisfaction (e) in
treated (1: blue bars at the left side of each chart) and untreated (2: red
bars at the right side of each chart) patients
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involvement with alcohol negatively affects nocturia [34] and
doubles the risk for depression and vice versa [35], while, con-
troversially, moderate alcohol consumption exhibits a benefi-
cial effect on the risk for erectile dysfunction when compared
with heavy or regular alcohol use [36].

Findings concerning the primary and secondary outcomes
remain unaffected frommost biases and confounders as paired
comparisons are made within the same group. However, the
relatively small sample of the present study, though enough to
secure the desired power, hampers generalizability of the re-
sults; external validity needs assessment through properly de-
signed prospective studies.

In conclusion, we have demonstrated that the proper use of
CPAP in moderate and severe OSA patients might ameliorate
nocturia, improve erectile dysfunction, and decrease the risk
for depression in an independent manner. Further studies are
needed to consolidate these findings and elucidate the possible
underlying pathophysiology that these entities might share.
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