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Nocturic Episodes in Patients with Benign Prostatic
Enlargement May Suggest the Presence of
Obstructive Sleep Apnea
Howard Tandeter, MD, Sammy Gendler, Jacob Dreiher, MD, MPH, and
Ariel Tarasiuk, PhD

Background: Nocturia is a common symptom of benign prostatic enlargement (BPE) that is generally
attributed to a urologic pathology. This study assessed whether nocturia severity in BPE patients may be
related to an underlying sleep disorder.

Methods: Cross-sectional study based in urban community primary care clinics. Study population
included men aged 55 to 75 years old. The research group included patients with documented BPE and
nocturia of at least once per night versus a comparison group without BPE and with either no or one
nocturia episode per night. The presence of symptoms of obstructive sleep apnea (SOSA) was assessed
using the Berlin questionnaire.

Results: Patients with BPE were significantly more likely to report weight gain (21% vs 10%), loud-
ness of snoring (22.6% vs 4%), daytime sleepiness (35.3% vs 12.0%), and hypertension (61.8% vs
41.0%). Fifty-nine patients (57.8%) in the research group were considered high risk for OSA compared
with 31 patients (31.0%) from the comparison group (P < .001). The odds ratio (OR) for SOSA gradu-
ally increased from 1.00 in patients reporting no nocturia to 2.44, 5.75, and 12.3 in patients reporting
1, 2 to 3, and >3 episodes of nocturia per night, respectively.

Conclusion: The odds for SOSA increased log-linearly in correlation with the number of nocturia
episodes. We imply that nocturic episodes in patients with BPE may suggest the presence of OSA. Physi-
cians following patients with BPE who report frequent awakenings from sleep to urinate should suspect
OSA as a possible comorbidity. (J Am Board Fam Med 2011;24:146–151.)
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Nocturia has been defined by the International
Continence Society as “the complaint that the in-
dividual has to wake up at night one or more times
to void.”1 The prevalence of nocturia rises with
age, from 3.4% in men younger than 20 up to
32.4% in men older than 60. Approximately 10%
of the general population older than 20 wakes up at

least 2 times or more per night to urinate.2 Noc-
turia has been found to be a common reason for
interrupted sleep among the adult population and
has a negative impact on quality of life, affecting
both morbidity and mortality. The etiology of noc-
turia falls into 3 categories: diurnal polyuria (dia-
betes mellitus, diabetes insipidus, primary polydip-
sia, hypercalcemia); nocturnal polyuria (congestive
heart failure, renal insufficiency, excessive intake of
fluid at night, venous insufficiency, edema, hy-
poalbuminemia, use of diuretics); and low bladder
capacity (urinary tract infection, benign prostatic
hypertrophy [BPH] or prostatic cancer, and over-
active bladder).3

Data accumulated in recent years show that noc-
turia may be related to obstructive sleep apnea
(OSA). A retrospective review of clinical and labo-
ratory polysomnographic data revealed that noctu-
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ria is common among patients with OSA.4 OSA has
been found to be an independent cause of frequent
urination during sleep among elderly men.5 Use of
a continuous positive airway pressure machine has
been found to be an effective treatment for nocturia
associated with OSA.6

Nocturia is a common symptom of benign pros-
tatic enlargement (BPE)/BPH and, when found in
patients with BPE/BPH, it is generally attributed
to the urologic pathology without looking for other
possible explanations. We hypothesize that noctu-
ria severity among patients with BPE may be re-
lated to an underlying sleep disorder (OSA) and not
solely to the urologic problem. Because BPE is a
common problem in primary care, the present
study was design to test whether primary care pa-
tients with nocturia attributed to BPE may, in fact,
have a higher prevalence of symptoms of OSA
(SOSAs), which may explain nocturnal waking to
void.

Materials and Methods
Setting
This cross-sectional study was held in 2 primary
care clinics of Clalit Health Services (the largest
health care provider organization in Israel) in the
city of Beer Sheva. The population of these clinics
is estimated at 25,000 patients; 48% of them are
men. Adult patients in both clinics are under the
care of 12 board-certified family physicians.

Study Population
This study cohort included men between the ages
of 55 and 75 years who were randomly sampled
from the primary care clinics and who had been
diagnosed with BPH (according to the electronic
medical record) and reported nocturia at least once
per night (Figure 1). To obtain a random sample,
the computer system at Clalit Health Services uses
an algorithm based on the patients’ diagnoses, the
age/sex of the patients, and the number of patients
needed. Although we searched for a diagnosis of
BPH in our medical records, this actually reflects
the presence of BPE. For a diagnosis of BPH to
appear in our electronic medical records, patients
who present with symptoms suggestive of BPE are
seen and diagnosed at least once by an urologist
(including digital rectal examination) after under-
going renal function tests, urine cytology and cul-
ture, a prostatic-specific antigen test, and an ultra-

sound of the urinary tact and prostate gland to
exclude other pathologies that may explain pa-
tient’s symptoms. Because histologic diagnosis is
not performed for these patients, the proper diag-
nosis should be BPE and not BPH. The compari-
son group included patients who did not have a
diagnosis of BPH/BPE and who reported no noc-
turia or “mild nocturia” (once per night). Patients
with a diagnosis of OSA in their medical record
were excluded. Data were collected from 202 par-
ticipants (102 in the research group and 100 in the
comparison group). The Institutional Ethics Com-
mittee approved the protocol.

Questionnaire
SOSAs were assessed using the Berlin question-
naire, the efficiency of which has been proved and
established in several different studies.4–6 The
questionnaire was translated and validated to the
Hebrew language. Patients were grouped into ei-
ther a “high risk for OSA” group or a “low risk for
OSA” group, according to the calculated score.

Data Collection and Procedure
Patients completed the Berlin Questionnaire via
telephone. The interviewer introduced himself and
asked the patient’s approval to answer the question-

Figure 1. Flow chart showing the data collecting
process for the research group (A) and comparison
group (B). BPH, benign prostatic hypertrophy.

A

B

100 (38.0%)
reported nocturia
(research group) 

   42 (15.9%)
refused to 
participate 

  36 (13.7%)
did not meet 
inclusion 
criteria

85 (32.3%)
could not 
be reached 
by phone  

Patients without BPH 
(n=1149). 

263 randomly selected for a 
telephone interview  

102 (45.1%)
reported nocturia
(research group) 

   29 (12.8%)
refused to 
participate 

  11 (4.8%)
did not meet 
inclusion 
criteria

84 (37.2%)
could not 
be reached 
by phone  

Patients with BPH (n=341). 

226 randomly selected for a 
telephone interview  

doi: 10.3122/jabfm.2011.02.100110 Nocturia and Obstructive Sleep Apnea 147

 on 2 M
ay 2025 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 M

ed: first published as 10.3122/jabfm
.2011.02.100110 on 7 M

arch 2011. D
ow

nloaded from
 

http://www.jabfm.org/


naire. Data collection occurred from January 2007
through March 2008.

Statistical Analysis
Data analysis was performed using SPSS software
(version 12.0.2, SPSS, Inc., Chicago, IL). Patients’
characteristics, answers to the questionnaire items,
and the risk grouping for SOSAs are presented
using proportions for categorical variables and
means and SDs for continuous variables. The as-
sociation between pairs of categorical variables was
tested using the �2 test, whereas association be-
tween categorical and continuous variables was as-
sessed using t tests and analysis of variance. In all
tests, P � .05 was considered to be statistically
significant. The association between the level of
nocturia (episodes of nocturia per night) and the
presence of SOSAs, according to the questionnaire
results, and the different risk groups was assessed
using odds ratios (OR) and 95% CI. The null
hypothesis was rejected at the 5% level.

Results
Figure 1 shows the data collection process. From
the population of the 2 primary care clinics we
produced a list of patients who had been diagnosed
with BPH/BPE (341 patients), of whom 226 were
randomly sampled. One-hundred and two patients
(45.1%) of the 226 sampled matched the inclusion
criteria for the study and were willing to partici-
pate. Eighty-four patients could not be reached by
phone, 11 did not meet inclusion criteria, and 29
refused to participate. The comparison group in-
cluded 1149 patients, of whom 263 were randomly
sampled. One hundred patients (38.0%) met inclu-
sion criteria for the study and agreed to participate,
whereas 85 patients could not be reached by phone,
36 failed to meet inclusion criteria, and 42 refused
to participate.

Patients’ mean age was 65.9 � 5.8 years and
65.8 � 4.8 years in the in the research and com-
parison groups, respectively (P � .769). Mean body
mass index (BMI) in the research group was 26.4 �
3.6 kg/m2 and 27.3 � 4.4 kg/m2 in the research and
comparison groups, respectively (P � .114).

Among the patients in the research group, 27
(26.4%) reported nocturia once per night, 58
(56.8%) reported nocturia 2 to 3 times per night,
and 17 (16.6%) reported nocturia �3 times per
night. Among the patients in the comparison

group, 43 (43%) reported that they do not suffer
from nocturia, and 57 (57%) reported nocturia only
once per night.

Symptom frequencies are presented in Table 1.
Patients were grouped into a “high risk for SOSAs”
group and a “low risk for SOSAs” group according
to the calculated score. Among the research group,
59 patients (57.8%) were considered to have a high
risk for SOSAs, opposed to only 31 patients
(31.0%) from the comparison group (OR, 3.05;
95% CI, 1.71–5.44) (Table 2). Thus, 65.6% of the
high-risk group, compared with 38.4% of the low-
risk group, were from the research group.

When the study population was divided accord-
ing to risk groups (disregarding the initial orienta-
tion of research/comparison groups), patients from
the high-risk group had higher BMI values (28.3 vs
25.6; P � .001) but a similar age distribution
(66.2 � 5.3 years vs 65,7 � 5.3 years; P � .749).
The proportion of patients in the high-risk group
increased in a log-linear trend as the number of
nocturia episodes per night increased. The odds for
a high risk of SOSA (defined as 1.00 for patients
without nocturia) increased in a dose–response pat-
tern, from OR, 2.44 (95% CI, 1.03–5.75) among
patients who reported one episode of nocturia per
night to OR, 5.75 (95% CI, 2.32–14.2) for those
reporting 2 to 3 episodes of nocturia per night, to
OR, 12.3 (95% CI, 3.21–46.9) among those report-
ing �3 episodes of nocturia per night (Figure 2).

Discussion
Roger von Oech wrote, “Life is ambiguous; there
are many right answers, all depending on what you
are looking for. But if you think there is only one
right answer, then you’ll stop looking as soon as
you find one.”7 Physicians often do this during
continued patient care: they stop looking for other
possible answers to a problem as soon as they find
one that seems to be correct.8 In the present study
we found that patients who had been diagnosed
with BPE and who complain of nocturic episodes
had a higher probability of reporting high risk for
SOSAs (a higher Berlin Questionnaire score). Each
additional episode of nocturia per night increased
the OR for having a high risk for SOSAs by 2.44 in
a log-linear pattern. In these cases, after a diagnosis
of BPE and after follow-up by an urologist began,
the primary care physician stopped looking for an-
other possible answer for patients’ nocturia. The
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present study suggests that there might be another
explanation for the symptom.

Our results support the hypothesis that patients
urinate when they wake up (even if patients do not
feel the need to urinate they go to the bathroom
anyway) rather than wake up because they need to
urinate.9–11 Several studies carried out in labora-
tory settings have suggested that nocturia is more
prevalent in patients with OSA12–15 and that it may

be related to the severity of OSA.10,16–19 Preva-
lence of nocturia in patients with OSA varied in
different studies, from 41.1%12 and 47.8%13 up to
64.9%14 and 70%.15 Among studies showing that
nocturic frequency relates to the severity of OSA,
Kaynak et al10 reported that nocturia of �3 times
was significantly more reported by patients with
severe OSA (P � .001). Endeshaw et al17 also found
that the mean number of nocturia episodes among

Table 1. Distribution of the Questionnaire Results by Study Groups.

Questions
Comparison Group

(n � 100)
Research Group

(n � 102) P

Screening Question
Do you wake up at night in order to urinate?

No 43 (43.0) 0 (0)
Once 57 (57.0) 27 (26.5) �.001
2–3 times per night 0 (0) 58 (56.9)
�3 times per night 0 (0) 17 (16.7)

Berlin Questionnaire
Has your weight changed?

Increased 10 (10.0) 22 (21.6)
Decreased 20 (20.0) 13 (12.7) .049
No change 70 (70.0) 67 (65.7)

Do you snore?
Yes 51 (51.0) 61 (59.8)
No 38 (38.0) 35 (34.3) .291
Do not know 11 (11.0) 6 (5.9)

Snoring loudness (n � 103)*
As loud as breathing 5 (10.0) 9 (17.0)
As loud as talking 31 (62.0) 24 (45.3) .019
Louder than talking 12 (24.0) 8 (15.1)
Very loud 2 (4.0) 12 (22.6)

Snoring frequency (n � 109)*
Almost every day 17 (33.3) 27 (46.6)
3–4 times/week 30 (58.8) 25 (43.1) .261
1–2 times/month 4 (7.8) 6 (10.3)
Never or almost never 0 (0) 0 (0)

Does your snoring bother other people? (n � 112)*
Yes 18 (35.3) 30 (49.2) .180
No 33 (64.7) 31 (50.8)

How often have your breathing pauses been noticed? (n � 199)
Almost every day 0 (0) 1 (1.0)
3–4 times/week 7 (7.1) 4 (4.0) .389
1–2 times/month 6 (6.1) 3 (3.0)
Never or almost never 86 (86.9) 92 (92.0)

Are you tired after sleeping? (n � 201)
Almost every day 12 (12.0) 19 (18.8)
3–4 times/week 11 (11.0) 18 (17.8) .215
1–2 times/month 10 (10.0) 8 (7.9)
Never or almost never 67 (67.0) 56 (55.4)

Are you tired during the time you are awake?
Almost every day 12 (12.0) 36 (35.3)
3–4 times/week 25 (25.0) 24 (23.5) �.001
1–2 times/month 16 (16.0) 6 (5.9)
Never or almost never 47 (47.0) 36 (35.3)

Have you ever fallen asleep while driving?
Yes 3 (3.0) 6 (5.9) .498
No 97 (97.0) 96 (94.1)

Do you have high blood pressure?
Yes 41 (41.0) 63 (61.8)
No 59 (59.0) 35 (34.3) .001
Do not know 0 (0) 4 (3.9)

Values provided as n (%).
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community-dwelling older adults increases with se-
verity of OSA, from 1.7 � 1.1 episodes of nocturia
in the group with an Apena-Hypopnea Index score
of �10 per hour of sleep to 2.6 � 1.4 in the group
with an Apena-Hypopnea Index score of �25 per
hour of sleep.

Our data support the possibility that SOSAs are
more common among patients who complain of
nocturia compared with the general population. In
our study, patients with frequent nocturia have
higher odds for SOSAs. Pressman et al11 found that
79.3% of the awakenings from sleep that patients
ascribed to their need to urinate were actually a
result of apnea, hypopnea, or other sleep disorders.
They suggested that OSA patients awaken from
their primary sleep disorder and feel the need to
urinate. Lowenstein et al9 performed home sleep
studies in a small group of urogynecologic patients
with nocturia and found that OSA was present in
81% of women with nocturia, compared with 40%
of the control subjects. Several studies showed im-
provement of nocturia in patients with OSA after
institution of continuous positive airway pressure
therapy.16,19–24 To explain the possible physio-
pathologic explanations for this phenomenon, Um-
lauf et al25 suggest an evoked response to condi-
tions of negative intrathoracic pressure caused by
inspiratory effort posed against a closed airway that
induces a natriuretic response (release of atrial na-
triuretic peptide because of cardiac distension).
Akashiba et al26 suggested that an abnormal renal
function, as seen in patients with OSA, is related to
hypoxemia during sleep.

Both BPH and sleep apnea are causes of nocturia
and both may be present concurrently. It is hard to
say what happens when both are present concom-
itantly and what is the relative contribution of each.

Study Limitations
The number of patients included in this study was
quite small. A relatively large proportion of poten-
tially eligible patients was either unavailable or re-
fused to participate, thus increasing the risk for
selection bias. Interviewers were not blinded to the
affiliation of each patient to the research or com-
parison groups. Some overlap exists because there
were patients with nocturia once per night in both
groups. The Berlin Questionnaire identifies SOSAs
and it is not a definitive diagnosis of OSA (as
polysomnography). However, the same question-
naire has been used in other studies to identify
associations with OSA.4–6,27 Only a few back-
ground variables were available for participants, ie,
age and BMI. The study included only men.

Conclusion
The odds for reporting SOSAs increase among
patients reporting frequent nocturia episodes.
Therefore, the diagnosis of OSA should be consid-
ered seriously whenever a patient reports frequent
awakenings from sleep to urinate, even when the
symptom was previously attributed to the presence
of BPE.
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