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IN RECENT STUDIES, 4% TO 5 % OF MIDDLE AGED MEN 
ARE SUPPOSED TO SUFFER FROM OBSTRUCTIVE SLEEP 
APNEA SYNDROME (OSAS).1 OSAS IS FREQUENTLY asso-
ciated with clinical complications such as hypertension, ischemic 
heart disease and increased risk of stroke.2-4 Several studies have 
also shown a relationship between OSAS and urologic symptoms 
like erectile dysfunction5 and nocturia.6 The symptom of nocturia 
has been defined by the International Continence Society as “the 
complaint that the individual has to wake up at night one or more 
times to void”7 and can be caused by a variety of diseases,8 like 
myocardial insufficiency, benign prostate hyperplasia and over-
active bladder (OAB). The present theory about the mechanism 
resulting in increased nocturia in patients with OSAS describes 
nocturnal polyuria to be caused by elevated nocturnal atrial na-
triuretic peptide (ANP) excretion.6 This is explained by the gen-
eration of negative pressure in the chest caused by partial or full 
obstruction of the airway and sustained ventilatory effort, which 
causes the heart to receive a false signal of volume overload. The 
hormonal response to this signal is an increase in ANP secretion. 
Improvements of nocturia in OSAS patients have been described 
with nasal CPAP treatment.9

In contrast to nocturia, the overactive bladder (OAB) syn-
drome affects patients particularly at daytime. OAB is defined 
as a symptom syndrome of urinary urgency, with or without 

urgency incontinence, usually with urinary frequency and noc-
turia, in the absence of infections or other obvious pathologic 
features.10 The key symptom of OAB is urgency, the sudden, 
compelling desire to void that is difficult to defer.11 Several 
reasons11 are thought to account for the development of OAB: 
morphologic changes of the detrusor (e.g., patchy denervation 
of detrusor muscle bundles), neurologic changes (e.g., ischemic 
nerve damage), age-related causes of urinary dysfunction, and 
metabolic causes (e.g., disturbed serotonin metabolism). The 
prevalence of OAB in Europe is reported to be 4.6% to 15.0 % 
in men and 14.0% to 40.0% in women.12

In the past years, we observed a high number of patients 
with diagnosed and treated manifestations of OSAS, complain-
ing not only about nocturia, but also specifically about daytime 
symptoms of urinary urgency and frequency. Further diagnostic 
procedures in our department revealed a frequent occurrence of 
OAB in men suffering from OSAS. To confirm these subjective 
suggestions from our observations, this study was initiated to 
investigate the occurrence of OAB and urgency incontinence in 
patients with mild, moderate, and severe OSAS. Patients with 
upper airway resistance syndrome served as a reference group.

METHODS

Patients

After obtaining informed consent for this study, all male pa-
tients with symptoms of sleep disorders who underwent full-
night polysomnography as a diagnostic procedure for clini-
cal purposes between November 2006 and April 2007 were 
screened for comorbidities and previous surgery. Patients with 
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neurologic disorders (e.g., multiple sclerosis, disk herniation, 
stroke, or diabetes) or previous urogenital operations (e.g., radi-
cal prostatectomy, transurethral resection) were excluded (n = 
47). The remaining patients (n = 100) were asked to answer our 
standardized questionnaires for the purpose of this study.

Polysomnography

All patients underwent full-night polysomnography for at least 
one night. The patients went to bed between 22:00 and 23:00; 
all patients were awakened at 07:00. Central and occipital EEG 
leads, bilateral electrooculograms, and submental electromyo-
grams were used to monitor sleep. An anterior tibialis electro-
myogram was recorded to detect leg movements. A bipolar ECG 
was simultaneously recorded for cardiac monitoring. Blood oxy-
gen levels were determined by finger pulse oximetry. Respiratory 
airflow was monitored using a nasal cannula and an oral therm-
istor. Respiratory effort was monitored using rib and abdominal 
piezoelectric strain gauges. Body position was monitored using 
a sleep position sensor. All signals were acquired digitally (Al-
ice IV, Respironics, USA). Daytime sleepiness was assessed by 
a comprehensive history of a board-certified sleep specialist with 
the aid of the Epworth Sleepiness Scale.13 Apnea was defined as 
a complete cessation of airflow ≥ 10 seconds. Hypopnea was de-
fined as a flow reduction in combination with an oxygen desatu-
ration ≥ 4% or an arousal in the EEG. The severity of OSAS was 
defined by the Apnea Hypopnea Index (AHI; calculated by divid-
ing the number of apneas and hypopneas by the hours of sleep), 
where a frequency of 5–15 events/h was considered mild (n = 
33), 15–30 as moderate (n = 24) and > 30 events/h as severe (n = 
14). Upper airway resistance syndrome (UARS) was diagnosed 
in case of excessive daytime sleepiness, with arousal index > 20 
events/h and AHI < 5 events/h.14

Questionnaires

All patients were asked to answer the overactive bladder 
symptom score (OABSS),15 the International Consultation on 
Incontinence Questionnaire, Short-Form (ICIQ-SF),16 and the 
International Prostate Symptoms Score (IPSS).17

The OABSS sums the score of 4 symptoms (daytime fre-
quency, nighttime frequency, urgency and urgency inconti-
nence) and was been developed and validated in 2006. OAB 
was defined as ≥ 4 points on the OABSS. Consequently, the in-
cidence of OAB reflects the percentage of patients with a score 
≥ 4 on the OABSS. The severity of OAB was measured by the 
sum of points in the OABSS for each patient, including those 
with < 4 points.

The results of the ICIQ-SF were calculated as the sum of scores 
obtained from the frequency of urinary incontinence episodes 
(from 0 or “never,” increasing by 1 unit up to 5 or “always”), 
perceived quantity of urine losses (0 or “’no loss,” increasing by 
2 units up to 6 or “a large amount”) and quality of life (QoL) 
(from 0 or “no interference” of urinary incontinence with life, 
increasing by 1 unit up to 10 or “maximum interference”). The 
possible range of the score sum is between 0–21 points.

The IPSS is a frequently used standardized 8 question screen-
ing tool (7 symptom questions and 1 quality of life question) to 
evaluate syptoms of benign prostate hyperplasia. The possible 

range of the score sum is between 0-35. A score sum between 
0 and 7 describes a patient suffering from mild symptoms of 
bening prostate hyperplasia. A patient with a score of 8 to 19 
points suffers from moderate disease, and a patient with 20 to 
35 points has severe prostate hyperplasia.

Statistical Analysis

Statistical analyses were performed using the software Sig-
maPlot 9.0 (Systat Software Inc., Erkraht, Germany). Data were 
analysed using a Kruskal-Wallis analysis of variance (ANOVA) 
on ranks, followed by a Dunn’s test for post hoc multiple com-
parison. These data are given as median ± 95th percentiles. 
Frequencies of occurrence were analyzed using a χ2-test. These 
data are given as the percentage of all patients in one defined 
group. To adjust for potential confounders, a multiple linear re-
gression analysis was performed, using the software BiAS 8.3.8 
(epsilon, Frankfurt, Germany). For all analyses, a P-value of < 
0.05 was considered statistically significant.

RESULTS

In total, 147 patients were screened for being suitable for this 
study; 47 patients were excluded because of neurological dis-
orders or previous urogential operations. Consequentially, 100 
male patients were included; the return rate of questionnaires 
was 100% (n = 100). All patients with incomplete questionnaires 
or without evidence of OSAS or UARS in the polysomnogram 
were excluded (n = 15). Of the remaining 85 patients, 14 patients 
with UARS were classified as reference group. Therefore, 71 pa-
tients were classified in the different OSAS groups according to 
the above mentioned criteria. Table 1 shows the biometric patient 
data and the proportion of the different groups.

Analysis of the OABSS questionnaire revealed a significant 
difference of the sum score between groups (P < 0.001) (Fig-
ure 1). OABSS mean and median was significantly higher in 
both the severe OSAS group and the moderate OSAS group, 
compared with mild OSAS patients and UARS patients. Conse-
quentially, the incidence of OAB was found to be significantly 
different between groups (P < 0.001) (Figure 2). Incidence of 
OAB was significantly higher in patients with severe and mod-
erate OSAS, compared with mild OSAS and UARS. A linear 
regression analysis of the AHI and OABSS scores is given in 
Figure 3. The overall prevalence of OAB in patients with OSAS 
was 39% (n = 28). Power of the performed tests for OABSS, 
OAB and linear regression with α = 0.05 is 1.000.

Subdomain analysis of the OABSS revealed that daytime 
symptoms were noted more frequently in the severe OSAS 
groups (daytime score 1.07 ± 0.73), compared to the UARS 
(daytime score 0.28 ± 0.46), mild (daytime score 0.36 ± 0.54) 
and moderate (daytime score 0.66 ± 0.56) OSAS groups; this 
difference was statistically significant with respect to severe 
OSAS vs. UARS (P < 0.001) and mild OSAS (P < 0.001). Pow-
er of performed test with α = 0.05 is 0.931.

Analysis of the ICIQ-SF revealed a significant difference be-
tween groups (P = 0.012) (Figure 4). The mean total sum score 
was higher in men with severe and moderate OSAS, compared 
with mild OSAS and UARS; however, in a post hoc multiple 
comparison test, this difference was not statistically significant 
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between specific groups. A linear regression analysis of the AHI 
and ICIQ-SF scores is given in Figure 5. Power of the performed 
tests for ICIQ-SF and linear regression with α = 0.05 is 1.000. 
Subgroup analysis of the ICIQ-SF with respect to the section of 
urgency incontinence revealed a significantly higher incidence 
in patients with severe OSAS, compared to mild OSAS (P = 
0.019) and UARS (P = 0.011) (Figure 6). The overall preva-
lence of UI in patients with OAB was 50 % (n = 14).

A statistically significant difference was noted between groups 
with respect to IPSS (P = 0.004), but not regarding age (P = 0.251) 
or body mass index (BMI) (0.073). Nevertheless, age and BMI 
were included in the following multiple regression analysis, as 
they are recognized risk factors for OSAS. To predict for differ-
ent OSAS groups, the independent variables age, BMI, IPSS, and 
OABSS were evaluated in a multiple linear regression analysis 
(full model unadjusted multiple R = 0.55; P < 0.001). The partial 
regression coefficient was significant for OABSS (β = 0.129; P = 
0.001), but not for the variables age (β = 0.002; P = 0.70), BMI (β 
= 0.024; P = 0.098), or IPSS (β = 0.017; P = 0.392).

DISCUSSION

This study shows that moderate and severe OSAS is associat-
ed with OAB and urgency incontinence in men. Our data demon-
strate that patients with moderate and severe OSAS score signifi-
cantly higher in the OABSS compared with patients with mild 

OSAS and UARS. Daytime symptoms of urinary urgency are 
seen more frequently in patients with severe OSAS, compared 
to mild OSAS and UARS. Further, severe OSAS seems to be as-
sociated with urgency incontinence, as evaluated in the ISIQ-SF.
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Figure 1—Severity of overactive bladder in different stages of 
obstructive sleep apnea syndrome. Overactive bladder symptom 
score (OABSS) in patients with upper airway resistance syndrome 
(UARS), mild, moderate, and severe obstructive sleep apnea syn-
drome (OSAS). With higher stages of OSAS, the severity of OAB 
as measured in the OABSS is increasing significantly. An asterisk 
(*) indicates p < 0.05 vs. UARS and mild OSAS; a pound sign (#) 
indicates P < 0.05 vs. mild OSAS. Data are median ± 95th percen-
tiles; circles indicate outliners.
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Figure 2—Occurrence of overactive bladder in patients with dif-
ferent stages of obstructive sleep apnea syndrome. Percentage of 
patients with overactive bladder (OAB), defined as a score of 4 
and above in the overactive bladder symptom score evaluation, 
in patients with upper airway resistance syndrome (UARS), mild, 
moderate, and severe obstructive sleep apnea syndrome (OSAS). 
Note that in patients with severe or moderate OSAS, the percent-
age of patients with OAB is significantly increased. An asterisk 
(*) indicates P < 0.05 vs. UARS and mild OSAS.

Figure 3—Linear regression analysis of the AHI and the OABSS 
score. Linear regression analysis of the apnea-hypopnea-index 
(AHI) with the overactive bladder symptom score (OABSS) re-
veals a correlation between raw data of the AHI with OABSS 
scores (R = 0.740).
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nerve destruction has been reported e.g. in cases of diabetes20 or 
stroke.21 Thus, it is tempting to speculate that the mechanism of 
OSAS induced OAB may be related to hypoxia as well. Further-

According to our data, the overall occurrence of OAB in pa-
tients with OSAS was found to be 39% and was therefore con-
siderably higher as in the average male European population. 
Based on the OABSS, OAB was more frequently diagnosed 
in patients with higher stages of OSAS (moderate and severe 
OSAS). On the other hand, we are able to demonstrate an oc-
currence of OAB in patients with UARS (14%) and mild OSAS 
(12%) that appears to be similar to the average prevalence of 
OAB in European men. Thus, it may be assumed that patients 
with moderate and severe OSAS are more likely to present with 
symptoms of OAB compared with the average population.

OSAS has already been demonstrated to cause erectile 
dysfunction18,19 and nocturia.9 The symptom of nocturia de-
scribes the nocturnal need to void. In contrast, patients with 
OAB complain of urgency and frequency or even urgency in-
continence particularly during daytime.11 Subgroup analysis of 
the OABSS reveals that patients with severe OSAS complain 
significantly more often about daytime symptoms of urinary 
urgency, compared to mild OSAS and UARS. Nevertheless, 
the OABSS contains questions about nighttime frequency, as 
this could also be among the symptoms of OAB. Therefore, our 
findings may not solely be attributable to OAB. To analyse this 
objection, further urodynamic evaluations may be needed.

Fanfulla et al.5 suggested that the mechanism for the associa-
tion between OSAS and erectile dysfunction may be mediated by 
hypoxia-induced occult nerve dysfunction. Similar to the mech-
anism in erectile dysfunction, overactive bladder induced by 
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Figure 4—Incontinence Questionnaire Scores in different stages 
of obstructive sleep apnea syndrome. International Consultation 
on Incontinence Questionnaire, Short- Form (ISIQ-SF) score in 
patients with upper airway resistance syndrome (UARS), and 
mild, moderate, and severe obstructive sleep apnea syndrome 
(OSAS). Sum scores were significantly different between groups 
(P = 0.012). Data are median ± 95th percentiles; circles indicate 
outliners.

Figure 5—Linear regression analysis of the AHI and the ISIQ-
SF score. Linear regression analysis of the apnea-hypopnea-index 
(AHI) with the International Consultation on Incontinence Ques-
tionnaire, Short- Form (ISIQ-SF) score reveals a moderate cor-
relation between raw data of the AHI with ICIQ-SF scores (R = 
0.582).
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Figure 6—Occurrence of urgency incontinence in different stages 
of obstructive sleep apnea syndrome. Subgroup analysis of the 
International Consultation on Incontinence Questionnaire, Short- 
Form (ISIQ-SF) regarding urgency incontinence in patients with 
upper airway resistance syndrome (UARS), mild, moderate, and 
severe obstructive sleep apnea syndrome (OSAS). In patients with 
severe OSAS, symptoms of urgency incontinence were higher 
than in the reference group UARS or mild OSAS. An asterisk (*) 
indicates P < 0.05 vs. UARS and mild OSAS
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more, symptoms of OSAS as nocturia and erectile dysfunction 
are reported to improve with nasal CPAP treatment.9,22 Therefore, 
assumptions can be made that positive airway pressure therapy 
may reduce OABSS scores in affected patients as well.

Our data for the ICIQ-SF show that patients with higher stages 
of OSAS present with increasing severity of incontinence. These 
results correspond well with our data on OAB. Based on sub-
group analysis, UI occurred significantly more often in patients 
with severe OSAS. Although the sum scores may appear to be 
low, compared to the range of the questionnaire, this is not an un-
usual finding in patients with incontinence.23 The quality of life 
index within the questionnaire generates a high impact and may 
be low even in patients with severe urinary incontinence.23

This study is limited to the extent that some potential con-
founders, like diuretics intake and the relevance of nocturia, 
could not be completely eliminated. Further urodynamic stud-
ies will be needed to underline our results, as the evaluation of 
urinary symptoms was based on subjective criteria within the 
questionnaires.

The results of this investigation may have clinical implica-
tions for the management of affected patients. OAB and even 
more urgency incontinence are reported to have severe impli-
cations on social interactions, sleep, mental and sexual health, 
and overall health-related quality of life of affected patients.24 
Therefore, all OSAS patients should consequently be screened 
for overactive bladder symptoms and urgency incontinence. To 
evaluate the treatment options in patients with OSAS and OAB 
or urgency incontinence, and to analyze the possibility of CPAP 
treatment as optional treatment, further studies will be needed.	

CONCLUSIONS

This study shows that obstructive sleep apnea syndrome is 
associated with overactive bladder and urgency incontinence. 
These findings have clinical implications, as untreated OAB 
and UI may cause a relevant attenuation in quality of life in 
affected patients. Therefore, OAB should be investigated in all 
patients with higher stages of OSAS.
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