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he relationship between obstructive sleep apnea, nocturia,
nd daytime overactive bladder syndrome in women

ior Lowenstein, MD, MS; Kimberly Kenton, MD, MS; Linda Brubaker, MD, MS; Giora Pillar, MD, PhD;
idhi Undevia, MD; Elizabeth R. Mueller, MD, MSME; Mary Pat FitzGerald, MD, MS
BJECTIVE: The purpose of this study was to corroborate the associ-
tion between obstructive sleep apnea (OSA) and nocturia in a clinical
ample of urogynecologic patients and to explore whether night-time
rine concentration predicts the presence of OSA.

TUDY DESIGN: Patients with nocturia and control subjects underwent
 home sleep study, completed validated nocturia questionnaires, and
rovided evening and morning urine specimens that were analyzed for
smolarity.

ESULTS: Twenty-one patients with nocturia (16 of whom also had
aytime overactive bladder [OAB] symptoms) and 10 control subjects
presence of OSA.
oi: 10.1016/j.ajog.2008.02.024

98.e1 American Journal of Obstetrics & Gynecology MAY 2008
ia: 13 women (81%) with OAB, 4 women (80%) with nocturia/no
AB, and 4 control subjects (40%; P � .001). The percentage of rapid
ye movement sleep time was correlated inversely with nocturic fre-
uency (� � �.51; P � .004). The presence of diluted nighttime
rine in a patient with nocturia was 88% sensitive for the presence of
SA.

ONCLUSION: We should consider a diagnosis of OSA in all patients
ith nocturia, even those patients with daytime OAB.

ey words: nocturia, obstructive sleep apnea, overactive bladder

ere studied. OSA was present in 17 of 21 women (81%) with noctu- syndrome, sleep study

ite this article as: Lowenstein L, Kenton K, Brubaker L, et al. The relationship between obstructive sleep apnea, nocturia, and daytime overactive bladder
yndrome in women. Am J Obstet Gynecol 2008;198:598.e1-598.e5.

 octuria is a bothersome and com-
mon symptom1 that, after stress/

nxiety, is the most common cause of
isturbed sleep.2 Nocturia is associated
ith several chronic medical conditions

hat include obstructive sleep apnea
OSA),3,4which is a condition that is

characterized by repetitive episodes of
complete or partial upper airway ob-
struction,5 which gives rise to negative
intrathoracic pressures and increased ve-
nous blood flow to the heart, and which
causes distention of right atrium and
ventricle. To compensate for this, brain-
type atrial natriuretic peptide (ANP) is
released from the cardiac atrium and
ventricle6,7 and inhibits the secretion of
antidiuretic hormone (ADH) and aldo-
sterone and causes diuresis through its
effect on glomerular filtration of sodium
and water.8 Treatment of OSA with con-
tinuous positive airways pressure
(CPAP) prevents upper airway obstruc-
tion and the sequence of events that lead
to nocturia, which offers a treatment op-
tion to patients with nocturia arising
from OSA.9-12 In healthy adults, secre-
tion of ADH normally increases at night,
resulting in increased resorption of so-
dium and water from the collecting tu-
bules and production of lower volumes
of concentrated urine.13 Theoretic con-
siderations suggest that the production
of less concentrated urine during the
night among patients with OSA (who
have altered balance of ADH and ANP)
may be a useful clinical indicator of the

The International Continence Society
(ICS) has recommended an assessment
algorithm for patients with troublesome
nocturia,14 but the clinical usefulness of
this algorithm remains untested. As out-
lined in Figure 1, the ICS algorithm sug-
gests that sleep disorders may be present
even when the clinical picture is consis-
tent with the presence of a bladder stor-
age problem, such as overactive bladder
(OAB) syndrome. No previous studies
have investigated this association.

In this study we had 3 main objectives:
(1) to obtain pilot data concerning the
prevalence of OSA in patients with noc-
turia, especially those patients with a
clinical diagnosis of OAB; (2) to explore
associations between the quality of sleep
and the severity of nocturia; and (3) to
determine whether patients with OSA
differ from those patients without OSA,
with respect to nocturnal urine
concentration.

M ATERIALS AND M ETHODS
After approval by our institutional re-
view board, we recruited subjects to 2
study groups. Participants in the noctu-
ria group reported at least 1 nightly
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ncluded women who reported no noc-
uric episodes or daytime symptoms of
rgency or frequency. Control subjects
ere matched by age and body mass in-
ex to women in the nocturia group. We
xcluded women with diabetes mellitus,
iabetes insipidus, finger anomaly, or
rinary retention or who were taking
ypnotics. Participants completed vali-
ated urinary symptom questionnaires
oncerning nocturia (International
onsultation on Incontinence Modular
uestionnaire-Nocturia [ICI-N], Inter-
ational Consultation on Incontinence
odular Questionnaire-Nocturia Qual-

ty of Life [ICI-Nqol]).15 and the Medi-
al, Epidemiological and Social Aspects
f Aging16 incontinence screening ques-
ionnaire. Diagnoses of OAB were based
n clinical evaluation (ie, they reported
aytime urgency with or without fre-
uency and/or urge incontinence).17

emographic data, including age, race,
nd medical history were recorded from
atients’ charts.
All participants had home sleep

tudies with the use of a Food and Drug
dministration–approved ambulatory

leep apnea monitor (Watch PAT-100;
tamar Medical, Cesaria, Israel) that

easures sleep (actigraphy) and sym-
athetic activation levels and oxygen
aturation with the use of 2 sensors that
re mounted on the fingers of the non-

FIGURE 1
ICS algorithm for investigating noc

dapted from van Kerrebroeck P, Abrams P, Chaikin D, et al
he Standardisation Sub-committee of the International Con
ominant hand (Figure 2) and has (
een shown to detect sleep-disordered
reathing events accurately.18-21 Par-
icipants slept with the device for 1
ight at home and returned the device

he next morning along with 2 urine
amples: 1 sample from the last void
efore bedtime and 1 sample from the
rst void in the morning. Urine sam-
les were analyzed for osmolarity with

micro osmometer 3MO (Baxter,
eerfield, IL). Patients were consid-

red to be diluting their urine if the
smolarity of their morning urine
ample was at least 10 mOsm less than
he osmolarity of the sample collected
efore bedtime.
Overnight sleep studies were consid-

red acceptable if the sleep time was
1.5 hours. Apnea was defined as de-

reased airflow of �90% for a mini-
um of 10 seconds. Hypopnea was de-

ned as decreased airflow of �30%
nd a 3% reduction in oxygen satura-
ion for a minimum of 10 seconds. The
pnea hypopnea index (AHI) was cal-
ulated as the sum of apnea and hypop-
ea divided by hours of sleep. Re-
orded sleep study was analyzed with
he automatic algorithm of the WP100,
hich is based on the peripheral arte-

ial tonus signal amplitude, heart rate,
nd oxygen saturation. The following
arameters were recorded at the end of
ach sleep study: rapid eye movement

ria

standardisation of terminology in nocturia: report from
ce Society. Neurourol Urodyn 2002;21:179-83.
REM) sleep stage, which was divided q

MAY 2008 America
y the total sleep time to provide the
EM percentage (%REM), time of

leep, and AHI. Patients were diag-
osed with OSA if the AHI was �5.
SPSS software (version 13; SPSS Inc,
hicago, IL) was used for data manage-
ent and statistical analysis. The
ann-Whitney test was used to com-

are independent groups with respect
o continuous variables. Spearman’s
esting was used for correlations be-
ween independent variables and Fis-
her’s exact test for proportions. A 5%
ignificance level was used for all sta-
istical tests. No 1-sided tests were
one.

ESULTS
hirty-one patients with a median age 65
ears (range, 39-81 years) were enrolled
n the study: 21 patients in the nocturia
roup and 10 patients in the control
roup. Sixteen of the patients (76%) with
octuria had a clinical diagnosis of OAB,
nd 5 patients had nocturia without day-
ime OAB symptoms. Median nocturic
requency was 3 (range, 1-4) in the noc-
uria group. Women with and without
octuria had similar ages and body mass

ndices (Table).
OSA was significantly more preva-

ent in the nocturia group: Seventeen
omen (81%) in the nocturia group

nd 4 women (40%) in the control
roup demonstrated OSA during test-
ng (P � .001). OSA was detected in 13
f the 16 patients (81%) with nocturia
nd OAB.
Significantly more patients in the

octuria group (80%) had a decrease
n urine osmolarity overnight than in
he control group (30%). Among
omen who had nocturia and also di-

uted their urine, OSA was highly prev-
lent at a rate of 88% (14/16 women
ested).

The AHI did not correlate with ICI-N,
CI-Nqol, or Medical, Epidemiological
nd Social Aspects of Aging scores (all P

.05). As detailed in the Table, patients
ith nocturia had lower median %REM

leep time than did control subjects (18
6 vs 23.8 � 6). % REM sleep time in-

ersely correlated with nocturic fre-
tu

. The
tinen
uency (� � �0.51, P � .004). Higher

n Journal of Obstetrics & Gynecology 598.e2
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cores (more bothered) on the ICIQ-
QoL questionnaire item: “On average,
ow much does having to get up at night
o urinate interfere with your everyday
ife?” significantly negatively correlated
ith %REM (� � �0.49, P � .007; Fig-
re 3). The %REM sleep time also nega-

ively correlated with total score on
CI-N and ICI-Nqol (� � �0.49, P �
009 and � � �0.42, P � .02,
espectively).

OMMENT

e found that OSA is highly prevalent
mong patients with nocturia, including
hose with a clinical diagnosis of OAB.
ur findings are in line with the recom-
endation by the ICS that even those pa-

ients with apparent bladder storage
ymptoms be evaluated for the possible
resence of OSA and other sleep disor-
ers.14 Our results also complement
hose results of previous studies that
emonstrated an association between
leep apnea and nocturia.3,22,23 The high
revalence of OSA among our control
ubjects (median age, 59 years) is similar
o the prevalence found in a large popu-
ation-based sample,24 although other
tudies found lower prevalence.25 Duran
t al24 demonstrated that 35% of the gen-
ral population aged 50-60 years had

TABLE
Demographic and sleep parameter

Variable

Age (y)a
...................................................................................................................

Body mass index (kg/m2)a
...................................................................................................................

OSA (n)
...................................................................................................................

AHIa
...................................................................................................................

International Consultation on Incontinence Mo
Questionnaire–Nocturiaa

...................................................................................................................

International Consultation on Incontinence Mo
Questionnaire–Nocturia Quality of Lifea

...................................................................................................................

%REMa

...................................................................................................................

Patients with overnight diluted urine (n)d
...................................................................................................................
a Data are presented as median (interquartile range).
b Mann Whitney test.
c Fischer exact test.
d N � 20.
Lowenstein. The relationship between obstructive sleep apnea,

98.e3 American Journal of Obstetrics & Gynecol
SA (defined by AHI � 5). The preva-
ence was even higher (47%) among
omen aged 60-70 years.
Nocturia is subdivided commonly

nto 3 groups based on its presumed

FIGURE 2
The Watch PAT-100 device for per

owenstein. The relationship between obstructive sleep apnea
m J Obstet Gynecol 2008.

y group
Group

Nocturia (n � 21)

70 (48-81)
.........................................................................................................................

28 (20-39)
.........................................................................................................................

18 (81%)
.........................................................................................................................

15.1 (1.6-43)
.........................................................................................................................

lar 18.2 (4-27)

.........................................................................................................................

lar 35 (17-56)

.........................................................................................................................

23.8 (19-35)
.........................................................................................................................

16 (80%)
.........................................................................................................................
nocturia, and daytime overactive bladder syndrome in women. A

ogy MAY 2008
athophysiologic condition,14 with
reatments chosen to address the pre-
umed underlying disorder: (1) noctur-
al polyuria, which may be a normal re-
ponse to fluid intake or as a result of

mance of sleep studies at home

turia, and daytime overactive bladder syndrome in women.

P valueControl (n � 10)

57 (39-80) .09b

..................................................................................................................

26 (20-37) .549b

..................................................................................................................

4 (40%) .001c

..................................................................................................................

4.5 (0-14.7) .016b

..................................................................................................................

1.9 (0-12) .0001b

..................................................................................................................

1 (0-44) .0001b

..................................................................................................................

18.1 (8.6-36) .004b

..................................................................................................................

3 (30%) .027c

..................................................................................................................
for

, noc
s b

......... .........

......... .........

......... .........

......... .........

du

......... .........

du

......... .........

......... .........

......... .........
m J Obstet Gynecol 2008.
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isordered fluid regulation (eg, low
DH and/or high ANP); (2) low noctur-
al bladder capacity (eg, detrusor insta-
ility, cystitis, obstruction with elevated
ostvoid residual); and (3) global poly-
ria. Mixed types are also present.26

When nocturia occurs in the clinical
etting of OAB, it seems logical to treat
oth daytime and nighttime symptoms
ith anticholinergic medications. There

s some support for this practice: for ex-
mple, in controlled trials of solifenacin
nd tolterodine, approximately 60% of
he patients reported a modest reduction
n nocturic frequency.26,27 Possible ex-
lanations for the lack of response in the
emaining patients may include the pres-
nce of other contributory conditions
such as OSA) that are not addressed by
he use of anticholinergic medications.
lthough our study suggests that OSA
ay be a contributor to nighttime symp-

oms in patients with nocturia even
hen daytime OAB is present, whether
PAP can relieve nocturia in this setting

FIGURE 3
Inverse correlation between %REM
arising from interference with slee

owenstein. The relationship between obstructive sleep apnea
m J Obstet Gynecol 2008.
emains a topic for future study. t
OSA was diagnosed in 88% of patients
ho had nocturia and diluted urine,
hich confirms the hypothesis that pa-

ients with OSA tend to produce rela-
ively dilute urine during the night. This
s in line with theoretic considerations

entioned earlier.6,7 We raise the possi-
ility that diminished nocturnal urine
oncentration, as assessed by lower
orning than evening urine osmolarity,
ay be a clinically important and useful

redictor of the presence of OSA in pa-
ients with nocturia. Further studies are
eeded to evaluate this relationship.
Finally, we also confirmed that noctu-

ia is associated with decreased sleep
uality as measured by %REM and is as-
ociated with decreased quality of life.
ne previous study similarly found that

n increase in REM sleep was associated
ith a decrease in fractional urinary flow

� � 0.67, P � .02),28 although a physi-
logic mechanism for this has not been
stablished. Several potential mecha-
isms may explain the association be-

nd bother

turia, and daytime overactive bladder syndrome in women.
ween nocturia and reduced REM sleep. a

MAY 2008 America
irst, both are associated with low qual-
ty of sleep and may affect each other.
econd, as also supported by our study,
hey may both relate to OSA. Although
SA can result in increased urine output

nd nocturia, it is also known to be asso-
iated with reduced REM sleep.29 Fur-
hermore, CPAP treatment for OSA,
hich has been shown to alleviate noc-

uria, has also been shown to increase
EM sleep.22,29 Finally, alterations in
entral and peripheral sympathetic acti-
ation may affect both nocturia and
EM sleep, although these were not as-

essed in the current study.
Strengths of our study consist of inclu-

ion of a clinically relevant sample of pa-
ients who were recruited from a urogy-
ecology clinic and were studied in their
ome environment and the collection of
ata from a relevant control group. Lim-

tations include our relatively small sam-
le size and the absence of information
bout daytime and nighttime fluid in-
ake and urine volumes.

There are still many unresolved ques-
ions regarding the relationship between
ladder disorders, nighttime urinary
utput, nighttime urinary symptoms,
nd the presence of sleep disorders. For
xample, we do not know whether sleep
ends to be interrupted by bladder sensa-
ion and the desire to void or whether
atients void because they are awakened
y a sleep disorder. Presumably, refine-
ents in our knowledge about these

omplex relationships will lead to in-
reasingly refined treatments.

In conclusion, OSA is common in pa-
ients with nocturia and OAB, and we
hould liberally consider referral of pa-
ients with nocturia for sleep study. The
resence of dilute urine in a patient with
octuria may prove to be a clinically use-

ul marker for OSA. f
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