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Purpose: To assess the efficacy of the continuous positive airway pressure (CPAP) on nocturia in patients with obstructive
sleep apnea (OSA).

Methods: A literature review was performed to identify all published clinical trials of CPAP for the treatment of nocturia. The
search included the following databases: MEDLINE, Embase, and the Cochrane Controlled Trials Register. The reference lists
of the retrieved studies were also investigated.

Results: Five publications involving a total of 307 patients were used in the analysis, which compared the number of incidents
of nocturia before and after CPAP treatment. We found that patients with OSA and nocturia who were treated with CPAP had
a significant decrease in the frequency of nocturia and the volume of urine associated with it. The mean number of nocturia
incidents (standardized mean difference [SMD], —-2.28; 95% confidence interval [CI], -2.42 to -2.15; P<0.00001) and the as-
sociated urine volume (SMD, -183.12; 95% CI, -248.27 to —117.98; P <0.00001) indicated that CPAP was effective. Besides,
the Epworth Sleepiness Scale (SMD, -5.88; 95% CI, -6.56 to —-5.21; P <0.00001) and the CPAP apnea-hypopnea index (SMD,
-31.57; 95% CI, -33.87 to -29.28; P <0.00001) indicated that CPAP significantly improved the quality of sleep.

Conclusions: This meta-analysis indicates that CPAP maybe an effective treatment for reducing nocturia associated with OSA
and improving the quality of life of such patients.
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INTRODUCTION

Nocturia has been defined by the International Continence So-
ciety as “the complaint that the individual has to wake up at
night one or more times to void” [1]. Nocturia is a common
problem for patients who suffer from obstructive sleep apnea
(OSA) syndrome [2-4]. Schatzl et al. [5] found that the preva-

lence of nocturia increases with age, from 3.4% in men younger
than 30 years to 32.4% in those aged 60 years or older. General-
ly, older men with nocturia were often assumed to have benign
prostatic hyperplasia and women were assumed to have an
overactive bladder or reduced bladder capacity. However, Lun-
dgren [6] believe that nocturia may be associated with noctur-
nal polyuria.
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OSA is characterized by repetitive occlusion of breathing in
the upper airway. It is one of the most common respiratory dis-
orders, affecting up to 20% of the general population [7]. Krieger
et al. [8] found that the rate of nocturia was significantly greater
in patients with OSA than in healthy controls. Umlauf et al. [9]
reported that nocturnal urine volume and atrial natriuretic pep-
tide (ANP) excretion are elevated in patients with OSA.

Continuous positive airway pressure (CPAP) is an effective
treatment for middle-aged patients with moderate-to-severe
OSA syndrome [10]. Some articles reported that CPAP treat-
ment not only improves breathing in OSA patients but also de-
creases the frequency of nocturia and the associated urine vol-
ume [11,12]. Although these studies indicate that CPAP is an
effective treatment for nocturia, thus far, no meta-analysis has
been performed to confirm this claim.

Therefore, we conducted a meta-analysis to evaluate the effi-
cacy of CPAP in treating nocturia among patients with OSA.

MATERIALS AND METHODS

Search Strategy

Clinical studies describing the effectiveness of CPAP in treating
nocturia in patients with OSA were included in this review.
They were identified by searching the MEDLINE (1966 to July
2015), Embase (1974 to July 2015), and Cochrane Controlled
Trials Register databases. We also searched the reference lists of
the retrieved studies. The following keywords were used in the
search as text word or subject headings: CPAP, nocturia, OSA,

by search, including:
PubMed: 22 articles;

49 Articles were identified
Embase: 27 articles;

inclusion and exclusion criteria after

39 Articles excluded according to the
—
reading the titles and abstracts

Y
[ 10 Relevant articles were identified j

> [ 3 Articles were not trials j

Y
[ 7 Articles were identified j

— [ 2 Articles lacked useful data ]

Y
{ 5 Articles included in the final analysis J

Fig. 1. Flowchart of the study selection.
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meta-analysis, clinical trial. No ethical approval was sought for
this study, as it was a systematic review and meta-analysis of
published manuscripts.

Inclusion Criteria and Trial Selection

Clinical trials reporting the incidence of nocturia in patients
with OSA who underwent CPAP were included. Two reviewers
independently selected the articles for inclusion by assessing
the eligibility of full papers against the review inclusion criteria.
Disagreements were resolved by discussion, if necessary, with a
third reviewer. A flowchart of the study selection process is
shown in Fig. 1.

Quality Assessment

The quality of the retrieved clinical trials was assessed using the
Jadad scale [13]. All the identified clinical trials were included in
the meta-analysis regardless of the quality score. The method-
ological quality of each study was assessed according to how pa-
tients were allocated to the arms of the study, the concealment
of allocation procedures, blinding, and data loss due to attrition.
The studies were then classified qualitatively according to the
guidelines published in the Cochrane Handbook for Systematic
Reviews of Interventions v.5.1.0 [14]. On the basis of these quality
assessment criteria, each study was rated and assigned to one of
the following three quality categories: A, if all quality criteria
were adequately met, the study was deemed to have a low risk of
bias; B, if one or more of the quality criteria was only partially
met or was unclear, the study was deemed to have a moderate
risk of bias; or C, if one or more of the criteria was not met or
not included, the study was deemed to have a high risk of bias.

Data Extraction

The following data were extracted from each eligible study: (1)
the name of the clinical trial; (2) the number of patients in each
group; (3) the therapy that the patients received; (4) the country
in which the study was conducted; and (5) the data collected
including the frequency of nocturia and the associated urine
volume, the Epworth Sleepiness Scale (ESS), and the apnea-hy-
popnea index (AHI).

Statistical Analysis and Meta-Analysis

A meta-analysis was performed to assess the outcome of CPAP
for patients with OSA. It was carried out using RevMan v.5.1.0
(Cochrane Collaboration, Oxford, UK) [14]. When binary vari-
ables were reported, odds ratio (OR) or risk ratio was used for
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analysis. Continuous parameters were analyzed by computing
the mean difference or standardized mean difference (SMD) by
using the DerSimonian and Laird random-effects model [15].
The pooled effects were determined using the z test; P <0.05
was considered statistically significant for all analyses. The Co-
chrane chi-square test and inconsistency (I*) measure were
used to evaluate the heterogeneity among studies, thus describ-
ing the extent of true inconsistency in results across trials [16].
> <25% reflects a small level of inconsistency, and I>>50% re-
flects significant inconsistency.

Table 1. Study and patient characteristics

RESULTS

Characteristics of the Individual Studies

The database search revealed 49 articles largely suitable for inclu-
sion in our meta-analysis. However, based on the selection crite-
ria, 39 articles were excluded after reading the titles and abstracts
of the articles. Of the remaining 10 articles, 3 were not trials and
2 Jacked useful data. Finally, 5 articles [11,12,17-19] were includ-
ed in the analysis (Fig. 1). The baseline characteristics of the
studies included in our meta-analysis are listed in Table 1.

i Sample size (n) i
Study T.herapy i Country P Duration of Inclusion population
experimental group Experimental ~ Control  treatment (mo)
Guilleminault et al. CPAP USA 31 31 1 Males, 65 years and older, with either (1)
(2004) [11] snoring and daytime fatigue or sleepi-
ness, with sleep disordered breathing or
(2) difficulty initiating sleep or waking
up too early, were considered for the
study.
Margel et al. CPAP Israel 97 97 3 After polysomnography, those found to
(2006) [17] have OSA and were not to make changes
in any existing medical treatment
Miyauchi et al. CPAP Japan 51 51 1 Older than 20-year-old subjects undergo-
(2015) [12] ing polysomnography owing to suspi-
cious diagnosis of OSAS because of loud
snoring, nocturnal choking, or daytime
sleepiness.
McMillan et al. CPAP UK 113 113 12 Consecutive patients aged 65 years or old-
(2014) [18] er with newly diagnosed OSAS.
Liuand Liu CPAP China 15 15 1 Patients undergoing polysomnography
(2001) [19] owing to suspicious diagnosis of OSAS

because of loud snoring, nocturnal chok-
ing, or daytime sleepiness.

CPAP, continuous positive airway pressure; OSA, obstructive sleep apnea; OSAS, obstructive sleep apnea syndrom.

Table 2. Quality assessment of individual study

Az Allocation g Loss to S . . Intention-to- Level of
Study sequence Blinding of sample Statistical analysis . .
. concealment follow-up . treat analysis  quality
generation size
Guilleminault et al. (2004) A A B 0 YES  t-testand Kruskal-Wallis test YES B
[11]
Margel et al. (2006) [17] A A B 0 YES Student paired t-test YES B
Miyauchi et al. (2015) [12] A A B 0 YES  Wilcoxon signed rank test YES B
McMillan et al. (2014) [18] A A A 0 YES  t-test and Kruskal-Wallis test YES A
Liuand Liu (2001) [19] A B B 0 YES Student paired t-test YES B

A, all quality criteria met (adequate): low risk of bias; B, one or more of the quality criteria only partly met (unclear): moderate risk of bias.
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Quality of the Individual Studies

In all 5 clinical trials, the processes used for randomization
were well described. All included a power calculation to deter-
mine the optimal sample size (Table 2). The quality score as-
signed to each included study was ‘B and A’ (Table 2). A funnel
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Fig. 2. Funnel plot of the studies represented in our meta-analy-
sis.

plot was used to make a qualitative estimate of the publication
bias of the studies, and no evidence of bias was found (Fig. 2).

Efficacy

The mean number of nocturia incidents

Five clinical trials, representing 307 participants, included data
on nocturia (Fig. 3). The pooled estimate of SMD between the
pre- and posttreatment groups was -2.28, and the 95% confi-
dence interval (CI) was —2.42 to —2.15 (P <0.00001). This result
shows that CPAP treatment produced a statistically significant
reduction in the mean number of nocturia incidents.

Night-time urine volume (mL)

Two clinical trials, representing 40 participants, included night-
time urine volume data (Fig. 4). The pooled estimate of SMD
between the pre- and posttreatment groups was —183.12, and
the 95% CI was -248.27 to —117.98 (P <0.00001). This result
shows that CPAP produces statistically significant reductions in
night-time urine volume.

Posttreatment Pretreatment Weight Mean difference Mean difference

Study or subgroup

Mean SD Total Mean SD Total (%) IV, Fixed, 95% CI IV, Fixed, 95% CI
Miyauchi et al. (2015) [12] 11 09 51 16 13 51 9.9 ~0.50 (~0.93, -0.07) .
McMillan et al. (2014) [18] 16 14 113 19 13 113 15.1 ~0.30 (~0.65, 0.05) .
Margel et al. (2006) [17] 07 06 97 25 24 97 7.7 21.80(-2.29, -1.31) -
Liu and Liu (2001) [19] 13 08 15 29 15 15 25 21,60 (~2.46, -0.74) -
Guilleminaultetal. (2004) [11] 07 027 31 38 04 31 648 -3.10(=3.27,-2.93) =
Total (95% CI) 307 307 100 -2.28 (-2.42,-2.15) ‘ ‘ |

Heterogeneity: Chi*=281.56, df=4 (P <0.00001); I*=99%.
Test for overall effect: Z=32.71 (P <0.00001).

1 1
-20 -10 0 10 20

Posttreatment ~ Pretreatment

Fig. 3. Change in nocturia conditions after continuous positive airway pressure treatment versus before treatment. SD, standard devi-
ation; CI, confidence interval; df, degrees of freedom; IV, inverse variance; Fixed, fixed effect model.

Posttreatment Pretreatment Weight Mean difference Mean difference

Study or subgroup o

Mean SD Total Mean SD Total (%) IV, Fixed, 95% CI IV, Fixed, 95% CI
Liu and Liu (2001) [19] 364 770 15 546 1190 15 82.5 -182.00 (-253.73,-110.27) O
Miyauchietal. (2015) [12] 354 2714 25 5424 2899 25 17.5 -188.40 (-344.07, -32.73) —
Total (95% CI) 40 40 100 -183.12(-248.27,-117.98) <&
Heterogeneity: Chi*=0.01, df=1 (P=0.94); > =0%. -1,000-500 0 500 1,000

Posttreatment ~ Pretreatment

Test for overall effect: Z=5.51 (P <0.00001).

Fig. 4. Change in night-time urine volume after continuous positive airway pressure treatment versus before treatment. SD, standard
deviation; CI, confidence interval; df, degrees of freedom; IV, inverse variance; Fixed, fixed effect model.
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. Posttreatment Pretreatment Weight Mean difference Mean difference
tudy or subgroup
Mean SD Total Mean SD Total (%) IV, Fixed, 95% CI IV, Fixed, 95% CI

Epworth Sleepiness Scale

Guilleminault etal. (2004) [11] 61 24 29 120 31 29 225 -5.90 (~7.33, -4.47) f

Guilleminault etal. (2004) [11] 7.9 2.1 31 144 41 31 174 ~6.50 (~8.12, ~4.88) .

McMillan et al. (2014) [18] 56 26 30 118 26 30 265 ~6.20 (~7.52, -4.88) "

McMillan et al. (2014) [18] 6.1 27 41 114 27 41 33.6 -5.30 (-6.47,-4.13]) u

Total (95% CI) 131 131 100 -5.88 (-6.56, —5.21) |
Heterogeneity: Chi*=281.56, df=4 (P <0.00001); I* = 99%.
Test for overall effect: Z=32.71 (P <0.00001).
Apnea- hypopnea index

Guilleminaultetal. 2004) [11] 23 1.1 29 240 80 29 610  -21.70(-24.64,-18.76) [

Guilleminaultetal. (2004) [11] 2.1 1.0 31 490 110 31 349  -46.90(-50.79,-43.01]) .

Miyauchi et al. (2015) [12] 34 23 25 515 288 25 41 —48.10(-59.43,-36.77) -

Total (95% CI) 85 85 100 -3157(-3387,-2028) | -
Heterogeneity: Chi*=111.22, df=2 (P <0.00001); I*=98%. -200 -100 0 100 200
Test for overall effect: Z=26.95 (P <0.00001). Posttreatment ~ Pretreatment

Fig. 5. Changes to the Epworth Sleepiness Scale and apnea-hypopnea index after continuous positive airway pressure treatment ver-
sus before treatment. SD, standard deviation; CI, confidence interval; df, degrees of freedom; IV, inverse variance; Fixed, fixed effect

model.

Change of ESS ratings

Four of the clinical trials, representing 131 participants, as-
sessed participants using the ESS (Fig. 5). Based on our analysis,
the pooled estimate of SMD between the pre- and posttreat-
ment groups was —5.88, and the 95% CI was -6.56 to —5.21
(P <0.00001). This result shows that CPAP produced statistical-
ly significant reductions in study participants’ ESS ratings.

Change of AHI

Three of the clinical trials, representing 85 participants, includ-
ed the AHI (Fig. 5). The pooled estimate of SMD between the
pre- and posttreatment groups was —31.57, and the 95% CI was
-33.87 to -29.28 (P<0.00001). This result shows that CPAP
produced statistically significant reductions in the AHI of study
participants.

Miyauchi et al. [12] reported that urinary concentrations of
Na, Cl, and K were significantly decreased after CPAP treat-
ment (P=0.004, P=0.007, and P=0.025). Moreover, they also
found that total International Prostate Symptom Score (IPSS)
was significantly decreased after CPAP treatment (P=0.03).
Besides, Liu and Liu [19] reported that the osmotic concentra-
tion of nocturia urine was significantly increased after CPAP
treatment (P <0.05) and the concentration of ANP was signifi-
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cantly decreased after CPAP treatment (P <0.01).

DISCUSSION

Nocturia is a common problem among older adults and appears
to negatively impact sleep quality [20,21]. Even though nocturia
is often attributed to problems of the bladder, it is common and
often serious in patients with OSA [22,23]. OSA is a potential
reason of nocturia. In patients with OSA, the frequency with
which nocturia occurs more than once in one night is reported
to increase by 52%-77%, depending on the severity of the
breathing problems associated with the sleep disorder [24,25].
CPAP treatment maintains the airway patency by supplying air
with positive pressure, and is hence an effective treatment for
OSA. Some studies reported that CPAP treatment improves not
only the breathing difficulties associated with the sleep disorder
but also the urinary symptoms, including nocturia [26-28].

Our study reveals that nocturia (P <0.00001) and night-time
urine volume (P <0.00001) were significantly decreased after
CPAP treatment. The mean number of nocturia incidents was
decreased by 2.28. Mean night-time urine volume (mL) was
decreased by 183.12 mL. The results show that treatment with
CPAP provides both statistically significant and, more impor-

Int Neurourol J 2015;19:178-184



Wang, et al. « Efficacy of CPAP on Nocturia in Patients With OSA INJ

tantly, clinically relevant improvements in nocturia and reduc-
tion in night-time urine volume. Miyauchi et al. [12] reported
that reduction in nocturia may be primarily due to reduction in
night-time urine volume. Moreover, they also found that total
IPSS and quality of life scores were significantly improved after
CPAP treatment [12]. An earlier study reported that patients
with OSA exhibit greater urinary flows and a reduction in the
percentage of filtered sodium that is reabsorbed [29]. In addi-
tion, Umlauf et al. [9] found that both night-time urine volume
and ANP excretion are elevated in patients with a high RDI (re-
spiratory disturbance index, which was calculated by dividing
the total number of events of apnea plus hypopnea by the total
sleep time). Therefore, we thought one possible reason for the
beneficial effect of CPAP treatment on nocturia may have to do
with the reduced release of ANP. CPAP therapy can effectively
relieve obstruction of the airway, avoiding excessive expansion
of the cardiac atrium, which is induced by intrathoracic nega-
tive pressure. At the same time, CPAP can effectively reduce
night-time hypoxemia, thereby avoiding pulmonary hypoxic
contraction. All of these factors can significantly reduce the se-
cretion of ANP at night. Hence, patients with OSA after CPAP
treatment had a significant reduction in nocturia. In other
words, CPAP treatment eliminates negative intrathoracic pres-
sure and thereby reduces secretion of ANP. This leads to the re-
duction of nocturnal urine volume and urinary electrolyte ex-
cretion at night and, consequently, relieves the nocturia.

Additionally, our study reveals that significant improvements
in the ESS ratings (P <0.00001) and AHI (P <0.00001) were
observed after CPAP treatment. As a consequence, sleep quality
was improved by a smoother respiratory pattern and a lower
probability of arousal from a full bladder.

The positive pressures applied in CPAP were 4-20 cm H.O,
which is presumably a measure of pressure using a column of
water, which reduces sleepiness and is marginally cost effective.
Hence, we believe that CPAP 4-20 cm H,O is an effective treat-
ment for nocturia in patients with OSA.

There are some important limitations to our analysis. Data
on the treatment of CPAP were derived from a relatively small-
sized sample because cohort sizes of a few of the studies were
not large. The long-term safety, efficacy, and persistence of
CPAP cannot be extrapolated from this article. In addition, data
from unpublished studies were not included in the analysis.
Such factors may have resulted in a bias. Besides, CPAP is usu-
ally not a sufficient treatment for complex sleep-related breath-
ing disorders, including mixed sleep apnea syndrome with cen-

Int Neurourol J 2015;19:178-184

tral and obstructive apneas, chronic obstructive pulmonary dis-
ease etc. However, the included studies did not distinguish be-
tween the mixed sleep apnea syndromes. We think that a care-
tully layered analysis should be applied, but owing to the limited
data available, further studies are required. We suggest that
more high-quality trials with larger samples are needed to learn
more about the efficacy of CPAP for the treatment of nocturia.

In conclusion, this meta-analysis indicates that CPAP ap-
pears to be an effective treatment for reducing nocturia and im-
proving the quality of life of patients with OSA.
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