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Objectives: To assess the effect of continuous positive airway pressure (CPAP) on nocturia 

in ischemic stroke patients with obstructive sleep apnea (OSA).

Methods: This was a prospective and non-randomized controlled study in which ischemic 

stroke patients with OSA being treated in a rehabilitation ward were enrolled. The participants 

who tolerated CPAP were classified as the CPAP group, while those who refused or could not 

tolerate CPAP were classified as the control group. The percentage change of nocturia before 

and after 2 weeks of CPAP therapy between the two groups were compared.

Results: A total of 44 participants were enrolled in and 35 participants (mean age= 
59.8±11.7 years old; mean apnea hypopnea index=42.9±16.7/h) completed the study (control 

group: 14, CPAP group: 21). Overall, 69% of the participants had nocturnal polyuria and 

69% of them had more than one nocturia episode per night. The baseline and initial nocturia 

characteristics did not differ significantly between the two groups. As compared to the control 

group, CPAP therapy significantly decreased the nocturnal polyuria index (mean percentage 

change: 9% vs -21% (P=0.005)) and nocturnal urine output (mean percentage change: 

6% vs -26% (P=0.04)), but not the nocturia episodes or 24-hours total urine output.

Conclusion: Nocturia due to nocturnal polyuria is very common in post-stroke patients with 

OSA. Treating OSA by CPAP significantly reduces nocturnal polyuria, but not nocturia fre-

quency, in ischemic stroke patients.

Keywords: nocturia, nocturnal polyuria index, nocturnal urine output, multiple comorbidities

Introduction
Obstructive sleep apnea (OSA) is a common chronic disorder, with an estimated 

prevalence of ~4%–7% among the adult general population1 and an independent risk 

factor for ischemic stroke and cardiovascular death.2 Stroke is the second leading cause 

of death worldwide, and a major cause of mental and physical impairment.3 The preva-

lence of OSA is ~60% in stroke patients,4 which is substantially higher than the preva-

lence among the general population. Previously published data revealed that patients 

who survive a stroke and have OSA have an increased rate of mortality, especially 

mortality caused by cardiovascular events, compared to stroke survivors who do not 

have OSA.2 The OSA patients also have worse neurological and functional statuses 

and longer periods of hospitalization than the patients without OSA.5 Overall, OSA 

negatively affects short-term and long-term stroke outcomes, length of hospitalization, 

and recurrence risk.6 These effects may occur via a number of pathogenic pathways 

influenced by intermittent hypoxemia, sympathetic stimulation, and hypertension 

that in turn influence cerebral vasoregulation and atrial fibrillation.7
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Nocturia is a common problem among the elderly. More 

than one nocturia episode per night is considered pathologi-

cal, and nearly 60%–80% of elderly people have more than 

one episode per night.8 Nocturia has been found to be an 

important risk factor for falls in ambulatory elders,9 and 

elderly individuals who void three or more times per night 

have a greater mortality rate than those who void less often.10 

Global polyuria is defined as a 24-hour urinary output that 

exceeds 40 mL/kg body weight and results in increased 

24-hour urinary frequency. Nocturnal polyuria is defined 

as .20% of daily urine output occurring at night in young 

patients and .33% occurring at night in elderly patients.11 

Fitzgerald’s studies showed that nocturia is a common 

symptom in OSA, with the prevalence of nocturia in OSA 

patients being positively correlated with OSA severity.12 

Another study also found that nocturia is an independent 

predictor for severe OSA after adjusting for age, gender, 

and neck circumference, and suggested that nocturia might 

be used to screen for OSA in patients with ischemic stroke.13

Continuous positive airway pressure (CPAP) is the 

standard of therapy for OSA. CPAP therapy can reduce 

cardiovascular mortality, improve cognitive function, and 

improve quality-of-life.14 Moreover, long-term CPAP treat-

ment for OSA in ischemic stroke patients has been found to be 

associated with a reduction in the excess risk of mortality and 

improved functional neurologic outcomes.15 Another study 

also found that CPAP significantly reduces the frequency of 

nocturia in non-stroke OSA patients;16 however, the effects 

of CPAP on nocturia in ischemic stroke patients with OSA 

have yet to be well investigated. As such, the purpose of this 

study was to investigate the effects of CPAP on nocturia in 

ischemic stroke patients with OSA.

Materials and methods
Study subjects
This study was conducted in the rehabilitation wards of 

a teaching hospital from October 2013 to October 2016. 

All of the participants had been admitted to the wards 

for recent ischemic stroke (that is, a stroke that occurred 

more than 4 weeks before, but within the last 12 months) 

and were diagnosed with OSA. The diagnosis of ischemic 

stroke for each participant was made on the basis of a full 

clinical assessment with detailed neurological examina-

tions and neuroimaging studies. OSA was defined by an 

apnea hypopnea index (AHI) of .15/hour with .50% of 

respiratory events being of the obstructive or mixed type. 

Participants with central sleep apnea (.50% of respiratory 

events being of the central type), sleep hypoventilation (arte-

rial PCO
2
.55 mmHg for 10 minutes or increased arterial 

PCO
2
.10 mmHg in comparison to when awake with arterial 

PCO
2
.50 mmHg for 10 minutes), chronic obstructive 

airway disease, orofacial abnormality, urinary retention or 

incontinence, as well as patients who received other therapies 

like an oral appliance or soft palate surgery, were excluded. 

In addition, those patients who had an adjustment in their 

diuretic or medication for benign prostate hyperplasia (BPH) 

during the study period were also excluded, as were any 

potential participants who had a neurogenic bladder or active 

urinary tract infection during the study period. Meanwhile, 

those participants who refused CPAP therapy or could not 

tolerate it were classified as the control group. This study 

was approved by the institutional review board of Chang 

Gung Memorial Hospital (105–2690C), and all the subjects 

signed an informed consent form.

Risk factors survey and clinical 
presentation recording
All of the participants were screened for hypertension (a 

history of hypertension or systolic blood pressure .140 

mmHg or diastolic blood pressure .90 mmHg on the sec-

ond day of admission) and diabetes mellitus (a history of 

diabetes mellitus or fasting blood glucose  .126 mg/dL). 

The functional status (Barthel index),17 polysomnography 

parameters, body weight, age, sex, and serum creatinine level 

of each participant was recorded. The presence of significant 

renal dysfunction (serum creatinine .1.4 mg/dL), conges-

tive heart failure, poorly controlled diabetes mellitus, other 

genitourinary system diseases, or global polyuria (24-hour 

urine output of more than 40 mL/kg) was also recorded and 

reported because these factors might interfere with nocturia 

and make the association between nocturia and OSA more 

complicated. Medications for BPH, hypertension, and dia-

betes mellitus were considered confounding factors. Other 

medications, including hypnotics, anti-depressants, and 

lipid-lowering medications, may also influence nocturia. 

Thus, those medications were monitored during the urine 

frequency and volume recording period at both baseline and 

second-time measurements. If the medications were changed 

between the baseline and second-time measurements, then 

those changes were also recorded and reported.

Polysomnography
Standard overnight polysomnograms were performed using 

a computerized polysomnography system (N7000 Embla, 

Broomfield, CO). The parameters recorded were electroen-

cephalograms, bilateral electrooculograms, submental and 

bilateral anterior tibialis electromyograms, electrocardiograms, 

nasal and oronasal airflow (nasal pressure and thermistor), 
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arterial oxygen saturation by finger probe pulse oximetry, 

chest and abdominal movements (inductance plethysmogra-

phy), body position, and sound intensity. Sleep stages were 

scored manually in 30-second epochs. Obstructive apnea 

was defined as the absence of airflow for at least 10 seconds 

in the presence of respiratory effort, while central apnea was 

defined as the absence of airflow without concurrent respira-

tory effort. Hypopnea was defined as any decrease in airflow 

.30% lasting .10 seconds and followed by either an oxygen 

desaturation of at least 3% or EEG arousal. The oxyhemoglo-

bin desaturation index, defined as the number of desaturations 

per hour, was also calculated. All of the sleep stage and respi-

ratory event scoring was completed according to the criteria 

of the America Academy of Sleep Medicine version 2012.18

CPAP intervention protocol
The CPAP efficacy and compliance of the participants affected 

the study results. Therefore, a standard CPAP protocol was 

arranged to minimize the factors that influence CPAP com-

pliance and to optimize the CPAP efficacy. Before receiving 

CPAP therapy, all the participants underwent education about 

the consequences of OSA and the benefits of CPAP treatment. 

Mask selection and mask wearing training were done before 

the initial night of CPAP therapy. Most of the subjects started 

with automated CPAP (AutoSet Spirit S8, ResMed, Sydney, 

Australia). The CPAP pressure generally started with a maxi-

mum pressure of 10–16 cm H
2
O and a minimum pressure of 

4–6 cm H
2
O, after which the maximum and minimum pres-

sures were adjusted according to the given patient’s residual 

AHI record and subjective complaints. Because the residual 

AHI and duration of CPAP usage are important, regular 

checks were conducted to ensure that the CPAP recording 

included the residual AHI, average hours of daily use, and 

leak value. CPAP tracking was performed on days 3, 7, 14, 

and 28 to ensure good mask fitting and adequate CPAP usage. 

Moreover, any CPAP-related side-effects were immediately 

addressed in order to optimize CPAP compliance.

Measurements of nocturia before and 
after CPAP therapy
The urinary frequency and volume of each subject were 

recorded at two time periods, with measurements over 

3 consecutive days for each period. The baseline urine 

recording was conducted before the CPAP trial. The second 

urine recording for the CPAP group was only conducted for 

those subjects who could adequately use CPAP. Specifically, 

if a participant met the criteria of using CPAP longer than 

4 hours every day and for .70% of the days in 1 week, 

then the urinary frequency and volume of that participant 

were measured. For the control group, if a participant did 

not take part in any CPAP trial, his or her urinary frequency 

and volume were measured for a second time beginning 

2 weeks after the baseline measurement. The reason why 

the measurements were conducted 2 weeks apart was that 

it generally takes 1–2 weeks to evaluate CPAP intolerance 

or adequate usage. Meanwhile, if subjects in the control 

group had tried CPAP but found it intolerable, the second 

set of nocturia measurements was conducted 2 weeks after 

the patient stopped using CPAP, in order to minimize any 

effect from the CPAP. All of the participants were instructed 

to record the time and volume of each void, as well as their 

waking time and bedtime. Nocturia episodes are voids that 

occur between an individual’s bedtime and waking time. 

The first voiding of urine by a participant after waking 

in the morning without going back to sleep was regarded 

as nocturnal urine. The nocturnal polyuria index (NPI) 

was defined as the ratio of nocturnal urine production to 

24-hours total urine production.19 The frequency of nocturia, 

24-hours total urine output, nocturnal urine output, and NPI 

were calculated by averaging the results of the 3 days of 

recordings. The percentage changes of nocturia episodes, 

24-hours total urine output, nocturnal urine output, and NPI 

between the baseline and the second set of measurements 

were also calculated.

Statistics
The basic characteristics of the control and CPAP groups 

were compared with independent t-tests, and underlying 

diseases and medication usage were compared with the 

chi-squared test and Fisher’s exact probability test. The 

primary end-point consisted of comparing the improve-

ment in nocturia (in terms of nocturia episodes, nocturnal 

urine output, 24-hours total urine output, and NPI) between 

those two groups. Those parameters were compared with 

independent t-tests. Statistical evaluations were performed 

using the SPSS 16.0 Software (SPSS Inc., Chicago, IL). 

Data were presented as mean±SD. P,0.05 was considered 

statistically significant.

Ethics approval and informed 
consent
All procedures performed in studies involving human par

ticipants were in accordance with the ethical standards of 

the institutional review board of Chang Gung Memorial 

Hospital (105-2690C) and with the 1964 Helsinki declaration 

and its later amendments or comparable ethical standards. 

Informed consent was obtained from all individual partici

pants included in the study.
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Enrolled recent ischemic stroke patients with OSA
(AHI>15.0/hour)

N=44

Measured baseline urine frequency and volume for
3 consecutive days

CPAP trial
Patients who accepted and tolerated CPAP were classified

as CPAP group
Patients who refused or did not tolerate CPAP were classified

as control group

CPAP group
N=25

Control group
N=19

*7 participants were excluded due to
not completing the study
*1 participant dropped out due to
delirium episode
*1 participant was excluded due to a
change in BPH medication

Urine frequency and volume
were measured again for
3 consecutive days beginning
at 2 weeks without any
intervention

Control group (N=14)

Urine frequency and volume
were measured again for
3 consecutive days after
2 weeks of CPAP therapy

CPAP group (N=21)

Figure 1 Flow diagram of the study.
Abbreviations: AHI, apnea hypopnea index; BPH, benign prostate hyperplasia; CPAP, continuous positive airway pressure; OSA, obstructive sleep apnea.

Results
Forty-four participants were initially enrolled in our study, 

and the study process is shown in Figure 1. There were 

seven participants who dropped out of the study because 

they were discharged from the hospital early and, thus, could 

not complete the study. One participant suffered from an 

episode of delirium during the study period and refused to 

finish the study. Another subject was excluded because the 

medication he was receiving for benign prostate hyperpla-

sia was adjusted during the study period. As such, a total 

of 35 subjects (mean age=59.8±11.7 years old) completed 

the study. All of them were able to follow our study proto-

col. Most of the participants had moderate-to-severe OSA 

(mean AHI=42.9±16.7/hour). There were four participants 

who refused CPAP without taking part in any CPAP trial, 

and 10 participants who took part in a CPAP trial but could 

not tolerate CPAP. Those 10 participants tried CPAP only 

for a few days. These 14 participants were classified as the 

control group. The other 21 participants who could tolerate 

and accept CPAP were classified as the CPAP group. All 

of participants in the CPAP group used a nasal mask in the 

study period. The basic characteristics, underlying diseases, 
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Table 1 Basic characteristics, underlying diseases, and medication 
adjustments

  Control 
(n=14)

CPAP 
(n=21)

P-value

Sex (M/F) 10/5 17/3 0.147

Age (years) 62.2±13.8 58.2±10.2 0.328

BMI (kg/m2) 26.0±4.5 26.8±9.1 0.770

Barthel index 38.9±13.2 41.2±12.9 0.618

ESS 7.6±3.3 10.2±5.8 0.147

AHI (events/hour) 42.7±16.2 43.0±17.3 0.957

DI (events/hour) 37.0±17.5 40.1±20.9 0.654

Mean SpO2 (%) 93.0±1.9 92.7±1.7 0.633

Minimum SpO2 (%) 73.6±9.6 73.7±12.3 0.981

Arousal index (events/hour) 21.5±8.6 24.3±14.9 0.537

Underlying diseases

Hypertension (n) 11 17 0.596

Diabetes mellitus (n) 4 4 0.685

BPH (n) 2 6 0.431

Depression (n) 5 4 0.432

Insomnia (n) 9 9 0.305

CKD (Creatine .1.4 mg/dL) (n) 1 1 1.000

Congestive heart failure (n) 1 2 1.000

TOAST classification of subtypes of ischemic stroke

Large-artery artherosclerosis (n) 8 14 0.724

Cardioembolism (n) 5 4 0.432

Small artery occlusion (n) 1 1 1.000

Undetermined etiology 0 0 N/A

Other determined etiology (n) 0 2 N/A

Medication adjustments

Anti-hypertensive drugs (n) 3 3 0.664

Glucose lowering agents (n) 1 0 0.400

Hypnotic drugs (n) 4 3 0.401

Anti-depressants (n) 2 2 1.000

Abbreviations: AHI, apnea hypopnea index; BMI, body mass index; BPH, benign 
prostate hyperplasia; CKD, chronic kidney disease; CPAP, continuous positive 
airway pressure; DI, desaturation index; ESS, Epworth Sleepiness Scale; N/A, not 
applicable; SpO2, pulse oxygen saturation; TOAST, Trial of Org 10172 in Acute 
Stroke Treatment.

and medication adjustments of these two groups were not 

statistically different (Table 1). There were no participants 

who had a genitourinary system disease or global polyuria.

The average AHI of the CPAP group was decreased from 

43.0±17.3/hour to 6.5±4.9/hour after CPAP therapy. The 

average time of CPAP usage was 7.3±1.0 hours per night, 

and all of the participants used it for more than 70% of the 

days during the study period. Overall, 69% (control n=10, 

CPAP n=14) of the subjects had nocturnal polyuria according 

to the definition of a NPI .33%. Otherwise, there were 24 

(69%; control n=9, CPAP n=15) patients who had more than 

one nocturia episode per night and 11 (31%; control n=4; 

Table 2 Baseline nocturia of the control and CPAP groups

  Control 
(n=14)

CPAP 
(n=21)

P-value

Nocturia (episodes/night) 1.9±1.4 2.2±1.3 0.688
TUO (mL) 832.1±693.0 2,086.1±788.4 0.335
NUOP (mL) 668.1±314.5 847.0±341.8 0.127
NPI (%) 37±11 40±15 0.508

Abbreviations: CPAP, continuous positive airway pressure; NPI, nocturnal 
polyuria index; NUOP, nocturnal urine output; TUO, 24-hours total urine output.

CPAP n=7) patients with three or more nocturia episodes per 

night. There were no significant differences between the two 

groups in terms of baseline nocturia episodes, 24-hours total 

urine output, nocturnal urine output, and NPI (Table 2). As 

compared to the control group, CPAP therapy significantly 

decreased NPI (mean percentage change=9%  vs -21% 

(P=0.005)) and nocturnal urine output (mean percentage 

change=6% vs -26% (P=0.04)), but not the nocturia episodes 

or 24-hours total urine output (Table 3).

Discussion
Nocturia due to nocturnal polyuria is very common in post-

stroke patients with OSA. To the best of our knowledge, this 

is the first study to report that CPAP therapy can significantly 

reduce nocturnal polyuria but not nocturia frequency in 

ischemic stroke patients with OSA.

Due to multiple comorbidities, CPAP therapy does not 

significantly improve nocturia frequency in ischemic stroke 

patients with OSA. Oztura et al’s20 study revealed that the 

prevalence of nocturia is 52% in patients with primary snor-

ing, 57.2% in patients with mild OSA, 64.3% in patients with 

moderate OSA, and 76.9% in patients with severe OSA. Their 

results show that the prevalence of nocturia increases with 

increasing OSA severity. In addition, several previous studies 

found that CPAP could effectively reduce the frequency of 

nocturia and night time urine volume, while also improving 

the quality-of-life in subjects without ischemic stroke.16,21,22 

The reasons why the nocturia frequency of the stroke patients 

Table 3 Percentage changes of nocturia between the control and 
CPAP groups after CPAP therapy

  Control (n=14) CPAP (n=21) P-value

Δ Nocturia (%) -5±55 -21±48 0.384
Δ TUO (%) -4±29 4±46 0.515
Δ NUOP (%) 6±49 -26±27 0.040a

Δ NPI (%) 9±27 -21±30 0.005a

Notes: The percentage change of nocturia: Second time minus baseline nocturia 
divided by baseline nocturia. aStatistical method: Independent t-test.
Abbreviations: CPAP, continuous positive airway pressure; NPI, nocturnal 
polyuria index; NUOP, nocturnal urine output; TUO, 24-hours total urine output.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Interventions in Aging 2019:14submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

246

Yu et al

in this study was not improved by CPAP use are not clearly 

understood, but we speculate that ischemic stroke patients 

are generally elderly individuals with multiple comorbidities, 

such as insomnia, BPH, bladder dysfunction, sleep disorder, 

and heart failure, who also usually use several kinds of medi-

cations. Those are all possible factors influencing nocturia 

and could result in large variations in nocturia frequency. 

A previous study also found that younger OSA patients expe-

rienced better nocturia improvements than elderly patients 

when receiving CPAP.23 The results of this study support 

that finding and suggest that age-related urinary diseases 

and voiding dysfunction may mask the influence of CPAP 

on nocturia in ischemic stroke patients. Therefore, the effects 

of CPAP on nocturia in stroke patients are less obvious than 

in non-stroke and younger patients.

Hajduk et al’s24 study reported that nocturnal polyuria was 

found in 47.8% of non-ischemic OSA patients, a rate which 

is considerably lower than the 69% rate found in our study. 

The older ages, ischemic strokes, and multiple comorbidities 

of the patients in the present study may all have played a role 

in that difference. Miyazato et al’s22 study proved that CPAP 

could effectively reduce NPI and nocturnal urine output in 

non-stroke OSA patients, but no previous study had inves-

tigated the effects of CPAP on nocturia in ischemic stroke 

patients with OSA and multiple comorbidities. Our study is, 

thus, the first investigation of that type. OSA is caused by 

upper airway obstruction during sleep. The obstructed site 

is usually on the tongue or soft palate, and the obstruction 

leads to intermittent hypoxemia, increasing sympathetic 

activity, and altering hormone regulation.25 In addition, 

airway obstruction following continuous breathing gener-

ates an abnormal airway pressure change. This results in the 

development of an extremely high negative airway pressure 

level caused by sucking through an obstructed airway. This 

in turn causes the heart to receive a false signal of volume 

overload. The hormonal response to this signal is increased 

atrial natriuretic peptide (ANP) secretion. The normal physi-

ological response to atrial stretch is to excrete ANP, which 

is a natriuretic, diuretic, and vasorelaxant cardiac hormone.26 

ANP can also inhibit the secretion of arginine vasopressin 

(AVP), rennin-angiotensin, and aldosterone, while increasing 

glomerular filtration and further increasing nocturnal urine 

output.27 AVP is the major hormone responsible for the regu-

lation of urine formation. In healthy adults, the diurnal release 

of AVP into plasma has its peak during night time. The net 

effect of this AVP secretion is diminished urine production 

during the sleep interval.28 Sakakibara et al’s29 study revealed 

that post-stroke patients had nocturnal polyuria with abnor-

mal circadian rhythm in terms of plasma AVP secretion, and 

Umlauf et al’s26 study showed that plasma ANP levels were 

significantly higher among subjects with higher AHI levels. 

The possible mechanism of OSA in increasing nocturnal 

urine output could be that the interrupted sleep and increased 

ANP secretion cause diminished AVP levels. Meanwhile, 

CPAP could eliminate the respiratory events and reduce the 

airway pressure swings seen in OSA. Thus, the mechanism 

by which CPAP reduces nocturnal polyuria would be by 

abolishing the negative pressure swings and intermittent 

hypoxia of OSA by reducing ANP and normalizing AVP 

levels. As nocturnal urine output is less affected by insomnia, 

BPH, and other genitourinary system diseases, CPAP could 

thus significantly decrease nocturnal polyuria, but not the 

frequency of nocturia in stroke patients.

There are several limitations to this study. First, it recruited 

patients in a rehabilitation ward. Most of the patients were 

survivors of a recent ischemic stroke. However, some transient 

ischemic attack or minor stroke patients are not admitted for 

rehabilitation. Thus, such patients with minor strokes were not 

included in this study. In addition, patients who are comatose, 

too drowsy, and have an unstable clinical condition are not 

transferred to the rehabilitation ward. Therefore, the present 

study may have had a selection bias and may not represent the 

entire ischemic stroke population, and thus the results of the 

study may not be generalizable to minor or severe ischemic 

stroke patients. The second limitation was the lack of upper 

airway evaluation. Previous studies showed that the upper 

airway status, such as nasal obstruction and a floppy epiglot-

tis, might influence OSA severity and CPAP compliance.30 

Because the upper airway was not routinely evaluated in our 

study, the impact of any upper airway abnormality on group 

allocation could not be assessed. Further studies are recom-

mended to clarify this issue. The third limitation of this study 

was its relatively small sample size. This may have influenced 

the statistical power of the study, especially with respect to 

nocturia episodes. It is, thus, suggested that a large random-

ized controlled study be conducted to address this limitation.

Conclusion
In conclusion, CPAP treatment can significantly reduce 

nocturnal polyuria, but not nocturia frequency, in ischemic 

stroke patients with OSA. Treating comorbidities associated 

with nocturia while also providing CPAP is suggested as 

a way to substantially reduce nocturia in ischemic stroke 

patients with OSA.
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