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Introduction and Hypothesis: The aim of the present study 
was in a case-control design to evaluate the association be-
tween nocturia and obstructive sleep apnea, in men and 
women who had nocturia ≥ 2 per night (nocturics) compared to 
those without nocturia (controls).
Methods: Participants were randomly selected among re-
spondents in a population study of 4000 elderly individuals. 
Nocturia was assessed using the validated Nocturia, Noctur-
nal Enuresis, and Sleep-interruption Questionnaire (NNES-Q). 
Nocturia (≥ 2 voids/night) or control (< 1 void/night) status was 
assessed by a 3-day frequency volume chart (FVC). Further-
more, all participants completed an overnight ambulatory poly-
graphic recording to identify obstructive sleep apnea (OSA).
Results: Of 1111 eligible individuals, a total of 75 nocturics 
and 75 controls (13.5%) were included. Overall, the preva-
lence and severity of OSA among nocturics and controls was 
not signifi cantly different. In a sub-analysis we found that 

22 nocturics with OSA (69%) had nocturnal polyuria. This 
led to a signifi cantly increased risk of having OSA (OR 2.8, 
95% CI: 1.1-7.3, p < 0.05) when having nocturnal polyuria 
compared to other pathophysiological causes of nocturia 
(polyuria, low bladder capacity, a combination of nocturnal 
polyuria/low bladder capacity, and neither nocturnal poly-
uria/low bladder capacity).
Conclusions: Nocturia twice or more was not signifi cantly as-
sociated with OSA. However, nocturics with nocturnal polyuria 
had a signifi cantly higher risk of having OSA than nocturics 
with other pathophysiologies.
keywords: Case-control study, elderly, nocturia, nocturnal 
polyuria, obstructive sleep apnea.
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Sleep apnea patients often have nocturia, mainly due to noc-
turnal polyuria,1,2 possibly because of increased plasma 

and urine levels of atrial natriuretic peptide (ANP), leading to 
increased natriuresis and diuresis.3,4 Treatment of obstructive 
sleep apnea with continuous positive airway pressure (CPAP) 
treatment may reduce the nocturia.5-7

The frequency of sleep disordered breathing (SDB), includ-
ing obstructive sleep apnea (OSA) and central sleep apnea 
(CSA), increases with age.8 The main cause of SDB is OSA, 
a repetitive partial or complete obstruction of the upper airway 
during sleep leading to repetitive hypoxic episodes.9 If OSA is 
combined with excessive daytime sleepiness (EDS), the condi-
tion is termed obstructive sleep apnea syndrome (OSAS). The 
prevalence of OSA in Denmark is 10% to 15% of men and 5% 
to 8% of women 30-60 years old10; however, a minority of per-
sons with OSA have OSAS, estimated at 2% to 4% of men and 
1% to 2% of women.11 Despite the common occurrence of OSA 
in older adults, its clinical signifi cance remains unclear12,13; it is 
especially unclear whether there is an association between noc-
turia and OSA in a general population. Data regarding this issue 
have mostly emerged from sleep clinic populations14,15; results 
from unselected populations are sparse.12,26 However, data dem-
onstrate that older adults with severe sleep disordered breathing 
have an increased number of nocturia episodes.
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Nocturia, defi ned as waking up at night to void,2 is highly 
prevalent in the elderly population.16-18 The pathophysiological 
causes of nocturia are polyuria, nocturnal polyuria, low bladder 
capacity, sleep disorders, or combinations of these. Age-related 
changes in the lower urinary tract (including prostatic disease) 
may cause nocturia, but factors unrelated to the lower urinary 
tract may also play a role.19,20 Factors like excessive fl uid before 
bedtime, alcohol, caffeine, diuretics, and pathological condi-
tions such as hypertension, congestive heart failure, diabetes 
mellitus, neurological diseases, and OSA may be involved.2,19,21

Data regarding nocturia and OSA emerging from a general 
population are sparse; however, such data might elucidate the 
overall risk of having OSA in nocturics. This might support the 
clinician in selecting individuals with nocturia who should be 
referred for further work-up in a sleep clinic.

BRIEF SUMMARY
Current knowledge/Study Rationale: Nocturia and OSA are common 
conditions in the elderly population. Is there an association between the 
two conditions in the general population?
Study Impact: The study showed no overall difference in prevalence of 
OSA among nocturics and controls. However, nocturics having nocturnal 
polyuria, had a signifi cant increased risk of having OSA.
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The aim of the present study was in a case-control design to 
evaluate the association between nocturia and obstructive sleep 
apnea by comparing men and women who had nocturia ≥ 2 per 
night (nocturics) to those without nocturia (controls).

MATERIALS AND METHODS

Nocturia was defined as waking up at night to void. Noctur-
nal polyuria was defined as nocturnal urine volume larger than 
33% (in the elderly) of the total 24-h urine volume. All defini-
tions were in accordance with ICS terminology.2

Nocturia was assessed in a population study using the new 
and validated Nocturia, Nocturnal Enuresis, and Sleep-inter-
ruption Questionnaire (NNES-Q).18,22 Daytime sleepiness was 
evaluated using Epworth Sleepiness Scale (ESS).23 The ESS is 
designed to provide a measurement of an individual’s general 
level of daytime sleepiness. Respondents are asked to rate on a 
scale of 0-3 how likely they would be to doze off or fall asleep 
in 8 situations, based on their usual way of life in recent times.

Except for gender-specific items (e.g., deliveries, hormonal 
treatment, prior gynecological surgery, prior prostate surgery) 
the questionnaire as a whole, was similar to all. The total number 
of items in the questionnaire was 98 for women and 94 for men.

Participants were randomly recruited among respondents in 
a population study of 4000 men and women aged 60-80 years. 
Details from this study have previously been reported.18 The 
inclusion criterion was if participants had completed a ques-
tion on nocturia. Exclusion criteria were night shift work, se-
vere physical disability, or mental impairment (dementia) and 
inability to follow instructions. Eligible for inclusion were par-
ticipants who confirmed nocturic or control status by using a 
3-day frequency volume chart (FVC), which recorded volumes 

and time of each micturition over 3 representative days. Voids 
that occurred between the time recorded for initiation of night-
time sleep and wake time in the morning were considered noc-
turia episodes; all other voiding was diurnal. Based on the FVC 
findings, individuals were categorized as nocturics if they had 
an average ≥ 2 nocturia episodes/night; controls had an average 
< 1 nocturia (less than one) episode/night over a 3-day period. 
Participants were asked to report urinary incontinence episodes 
in FVCs (Figure 1).

Medical history was obtained through semi-structured in-
terviews. Physical examination was performed, and height and 
weight measured. All participants completed an overnight am-
bulatory polygraphic recording identifying chest and abdomi-
nal movements, airflow through the nose, and pulse oximetry 
(Embletta PDS, Flaga, Iceland), which is a valid standard meth-
od of screening for SDB.24

Participants were given oral and written instructions on how 
to use the polygraphic equipment on the day of the sleep study. 
The sleep recording equipment was returned within 1-2 days 
and data downloaded. Sleep data was evaluated for technical 
quality; if insufficient, the study was repeated.

Data analysis was performed by initial automatic scoring, 
supervised by an experienced polygraphic technician and lastly 
evaluated by one of the authors (PJ) who was blinded for knowl-
edge of nocturic or control status. Technically adequate record-
ings of ≥ 5 h sleep were required for the recording to be scored. 
When scoring the sleep recordings the following conventional 
definitions were used: Apnea was defined as the cessation of 
airflow through the nose ≥ 10 sec, and hypopnea was defined as 
the reduction in airflow ≥ 50% associated with a decrease in the 
pulse oximetry reading (desaturation) ≥ 4%.9 The severity of 
obstructive sleep apnea was described by number of apneas and 

Figure 1—Flow-chart of participants
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hypopneas per hour of sleep (apnea-hypopnea index [AHI]). A 
central apnea event occurred if no abdominal movements were 
registered during an apnea event. OSA was defined as an AHI ≥ 
5, and we defined OSAS as an AHI ≥ 5 and excessive daytime 
sleepiness (ESS score > 12).

Statistical Analysis
A total of 46 participants in each group were needed to de-

tect a difference ≥ 20% in frequency of OSA, with a statistical 
power of 80% and a 2-tailed type 1 error rate of 0.05. Fisher ex-
act test or χ2 test was used to compare frequency data. Unpaired 
t-test or Wilcoxon rank sum test were used to compare continu-
ous data. A logistic regression model was used to analyze the 
relationship between nocturic and control status, and the odds 
of having OSA. Prevalence of potential confounding factors in 
nocturic and control group was analyzed. Only factors in which 
a priori χ2 test (categorical data) or ANOVA (continuous data) 
was significant were included in the model. In all analyses, a 
5% significance level was used.

The study was approved by the local ethics committee, Co-
penhagen County (KA 02049).

In all analyses, the significance level was chosen to be 0.05. 
The statistical packages JMP, Version 5 (SAS Institute Inc., 
http://www.jmpdiscovery.com) and SAS, Version 8.2 were 
used in the calculations.

RESULTS

Recruitment of Participants
Of 4,000 questionnaires sent, 2,799 (70.0%) answered affir-

matively the question regarding nocturia, thereby becoming po-
tential candidates for participation in the study. Of these, 1,022 
participants were initially classified as nocturics and 1,777 par-
ticipants as controls.18

A total of 607 nocturics and 615 controls were invited to par-
ticipate; 93 (7.7%) respondents did not fulfill inclusion criteria 
according to FVC findings. Another 18 individuals were not eli-
gible for inclusion (1 had died, 6 had concomitant medical dis-
eases prohibiting their participation, 7 had moved away, and 4 

withdrew consent). A total of 1,111 individuals were eligible for 
inclusion. We included 50 women in each group; however, we 
were only able to include 25 men within the time period from 
January 2003 to January 2005. Thus, a total of 75 nocturics and 
75 controls (13.5%) were included. Median age was 71 years 
(range: 60-82) in nocturics and 66 years (range: 60-82) in con-
trols (Table 1). Participants in this study were slightly younger 
(median age 67 years [range: 60-82]) than participants in the 
population study (median age 70 years [range: 60-80]).18,22

Frequency Volume Charts
Mean (95% CI) number of nocturia episodes in nocturics was 

2.5 (2.3-2.6), and in controls 0.2 (0.1-0.2), with no significant 
difference between genders (Table 2). Frequency of individu-
als having nocturnal polyuria was 55% in nocturics vs. 20% in 
controls (p < 0.0001).

Obstructive Sleep Apnea
Eleven initial sleep recordings (7.3 %) required repeated 

evaluation. Two participants with apneas/hypopneas had miss-
ing oxygenation recording even after repeated measurements; 
however they were classified according to their AHI. Further, 
more women nocturics had oxygen desaturation < 90% com-
pared to controls (Table 2), whereas there was no difference 
in men. As seen in Figure 2 and Table 2, mean AHI in women 
was significantly higher in nocturics than controls, whereas no 
difference in men was observed. In terms of the Epworth Sleep-
iness Scale, score no significant difference between nocturics 
and controls was observed.

In nocturics and controls, no significant difference in preva-
lence and severity of OSA was observed (Table 3). In women, 
34% of nocturics had AHI ≥ 5 vs. 24% of controls; in men 56% 
of nocturics had AHI ≥ 5 vs. 60% of controls. With a more strict 
definition of OSA based on AHI ≥ 15, the prevalence among 
nocturics dropped to 16% of nocturics vs. 4% of controls 
(women) and 32% of nocturics vs. 32% of controls (men). Only 
one nocturic had OSAS, and this patient had been previously 
diagnosed with narcolepsy.

Overall, no significant association between OSA and nocturia 
in general was demonstrated (OR 1.4, 95% CI: 0.7-2.9; Table 4). 

Table 1—Characteristics of participants
Men Women

Variable Nocturics (n = 25) Controls (n = 25) p£ Nocturics (n = 50) Controls (n = 50) p£

Age (years), median (range) 72 (62-82) 67 (60-82) NS 66 (60-81) 66 (60-81) NS
BMI (kg/m2), mean (95% CI) 25.3 (23.4-27.2) 24.9 (23.7-26.1) NS 26.4 (24.9-27.9) 24.4 (23.5-25.2) *
Smoking (cigarettes/day), mean (95%CI) 6.4 (2.7-10.1) 5.3 (1.8-8.9) NS 3.3 (0.8-5.9) 7.2 (4.7-9.7) *
Alcohol (units/day), mean (95% CI) 1.2 (0.7-1.8) 1.6 (1.0-2.1) NS 1.7 (1.2-2.1) 1.4 (1.0-1.8) NS
Time in bed (h), mean (95% CI) 8.4 (8.1-8.7) 7.8 (7.5-8.1) * 8.6 (8.2-8.9) 7.8 (7.5-8.1) ***
Hypertension 8% 32% NS 40% 40% NS
Heart disease 6% 24% NS 10% 6% NS
Neurological symptoms§ 16% 12% NS 24% 10% NS
Diabetes mellitus 8% 0% NS 2% 2% NS
Use of hypnotics 4% 0% NS 10% 0% NS

£Fisher exact test (frequency data) and unpaired t-test (continuous data). §Paresthesia, headache, epilepsy, cerebrovascular disease, Ménière Disease, 
narcolepsy. NS, nonsignificant; *p < 0.05; ***p < 0.001.
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One participant had both OSA and central apnea events, and one 
had predominantly central apnea events. Exclusion of these par-
ticipants did not change the result. Among those with nocturnal 

polyuria, there was no significant association between OSA in 
nocturics vs. controls (OR 1.3 [95% CI: 0.4-4.3]).

In a sub-analysis among nocturics only, we found that 22 in-
dividuals with OSA (69%) had nocturnal polyuria. This gives a 
significant increased risk of having OSA (OR 2.8, 95% CI: 1.1-
7.3) when a nocturic had nocturnal polyuria compared to other 
pathophysiological causes of nocturia (polyuria, low bladder ca-
pacity, a combination of nocturnal polyuria/low bladder capacity, 
or neither nocturnal polyuria/low bladder capacity). In addition, 
only 7 controls with OSA (27 %) had nocturnal polyuria, and 
there was no significant increased risk of having OSA when noc-
turnal polyuria occurred in controls (OR 1.9, 95% CI: 0.6-6.0).

We found no significant difference in the prevalence of po-
tential confounders such as hypertension, cardiac disease, neu-
rological disease, use of hypnotics, diabetes, or alcohol intake 

Table 4

Nocturics vs. Control
Crude OR
(95% CI)

Adjusted OR
(95% CI)*

Men and Women 1.4 (0.7-2.7), NS 1.4 (0.7-2.9), NS
Men 1.7 (0.5-5.4), NS 1.8 (0.5-7.1), NS
Women 1.3 (0.6-2.8), NS 1.4 (0.6-3.8), NS

Logistic regression model of OSA in nocturics vs. controls, crude and 
adjusted odds ratios (nocturics: n = 25 men, 50 women; controls: n = 25 
men, n = 50 women). NS, nonsignificant. *Adjusted for BMI, smoking, and 
time in bed.

Table 3—Obstructive sleep apnea (OSA) distribution according to nocturic or control status, stratified by gender
AHI classifications, frequency

Variable Gender Normal, 0-4 Mild OSA, 5-14 Moderate OSA, 15-29 Severe OSA, ≥ 30 p*
Nocturics Women (n = 50) 66% 18% 10% 6%

0.1170
Controls Women (n = 50) 76% 20% 4% 0%
Nocturics Men (n = 25) 44% 24% 20% 12%

0.9887
Controls Men (n = 25) 40% 28% 20% 12%

*χ2 test.

Table 2—Nocturia, Epworth Sleepiness Scale (ESS) score, and sleep variables in participants
Men Women

Variable Nocturics (n = 25) Controls (n = 25) p Nocturics (n = 50) Controls (n = 50)  p
Nocturia episodes, mean (95% CI) 2.4 (2.1-2.6) 0.2 (0.1-0.3) ****£ 2.5 (2.3-2.7) 0.2 (0.1-0.2) ****£

% nocturnal/24 h urine vol., mean (95% CI) 39.2 (34.8-43.6) 24.6 (21.3-28.0) ****£ 37.5 (34.5-40.6) 26.2 (24.1-28.3) ****£

Epworth Sleepiness Scale, mean (95% CI) 4.8 (3.5-6.1) 5.0 (3.8-6.3) NSΔ 5.2 (4.2-6.1) 3.8 (2.8-4.8) NSΔ

AHI, mean (95% CI) 13.8 (7.1-20.5) 11.8 (5.1-18.5) NSΔ 6.1 (3.5-8.8) 3.2 (1.5-5.0) *Δ

Oxygen desaturations < 90% (no.), mean (95%CI) 35.0 (13.5-56.5) 29.5 (8.9-50.1) NSΔ 24.4 (13.1-35.8) 10.1 (1.3-21.5) *Δ

NS, nonsignificant; *p < 0.05; ****p < 0.0001; £unpaired t-test; ΔWilcoxon rank sum test.
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Figure 2—AHI index in relation to nocturic and control status in men (A) and women (B)

The solid line is the median, the box the interquartile range, the bars the 10th and 90th percentile and the points the outliers.
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between nocturics and controls (Table 1). Only time spent in 
bed differed between the groups. BMI and smoking differed 
only between women nocturics and controls (Table 1).

DISCUSSION

Our study assesses the association between nocturia and 
OSA in an unselected elderly population of nocturics and con-
trols. We used the validated Nocturia, Nocturnal Enuresis and 
Sleep-interruption Questionnaire (NNES-Q) for assessing noc-
turia22; nocturia was defined according to the International Con-
tinence Society2 and OSA according to the American Academy 
of Sleep Medicine Task Force.9 Assessing voiding and sleep 
related respiratory variables within the same sample, selected 
from a general population have only been addressed in few 
studies.12,26 These studies demonstrated that older adults with 
severe sleep disordered breathing have an increased number of 
nocturia episodes. Most previous studies have been performed 
in patients attending sleep clinics.37,39

The protocol included an intensive examination program, 
which may partly explain the low participation rate (13.5%). It 
is likely that the subgroup studied represents a more mobile and 
healthier population than the total population, which may limit 
the external validity of the study.

Except from time spent in bed, and BMI, and smoking in 
women, the frequency of potential confounders did not differ 
between nocturics and controls (Table 1). This is in contrast 
with results from our earlier population study, which showed 
that several morbidities were associated with increasing noc-
turia severity.29 It has previously been demonstrated that time 
spent in bed differed between nocturics and controls,25 which 
was confirmed in our study, and we thus adjusted for this effect 
in the analyses (Table 4).

Frequency Volume Charts
We found that significantly more nocturics than controls had 

nocturnal polyuria (p < 0.0001), with no difference between 
genders.41 This finding corresponds with studies by Swithin-
bank et al. (women),30 Rembratt et al. (men and women),31 and 
Massolt et al. (incontinent women)32 who found a markedly 
higher frequency of nocturnal polyuria in subjects having noc-
turia (≥ 2 voids) compared to no nocturia.

Obstructive Sleep Apnea
We found no significant association between nocturia per se 

and obstructive sleep apnea (Table 4). An explanation could be 
that the association between nocturia and OSA is only found in se-
vere OSA as previously described in a study of community dwell-
ing elderly.12 Further, a type II error may influence the results.

The finding of nocturnal polyuria in the vast majority of 
nocturics with OSA emphasizes the importance of elucidating 
the pathophysiology of nocturia in the individual person with 
nocturia twice or more. The present study shows that AHI was 
significantly higher in women with nocturia (Table 2); however, 
the AHI level was relatively low in both nocturics and controls, 
and the clinical impact of this gender difference remains unclear.

In a cross-sectional study of community older adults, Ende-
shaw et al.12 observed that elderly with an AHI of 25 or greater 
had significantly more nocturia episodes. This finding agreed with 

reports on sleep clinic patients.33 Endeshaw et al.12 noted that sub-
jects were not randomized, which could have biased the results.

OSA may be associated with increased renal sodium and 
water excretion mediated by plasma atrial natriuretic peptide 
(ANP) levels.7,34,35 However, whether ANP level is associated 
with nocturnal polyuria in the elderly remains unclear.36 In a 
recent study by Svatikova et al.,37 the effect of moderate-to-se-
vere OSA (AHI ≥ 20) on plasma ANP levels was examined. The 
authors concluded that acute untreated OSA and subsequent 
treatment with CPAP significantly altered the levels of ANP. 
Among contributing factors to nocturnal polyuria may be an 
age-related reduction in the diurnal variation in the secretion of 
plasma arginine vasopressin (AVP)38; AVP is often undetectable 
in elderly with nocturia. However, studies of elderly persons 
have failed to find any correlation between nocturnal polyuria 
and AVP levels.42

Mechanisms other than those mentioned above may be in-
volved in the pathogenesis of nocturia. Sagaya et al.40 studied 
biochemical and body composition differences between elderly 
with nocturia ≥ 2 with young and elderly control groups. The 
main finding was that in elderly persons with nocturia, a sleep 
disorder related to a decrease of melatonin may be considered, 
and a sleep disorder may decrease the threshold for awakening 
by the desire for voiding.

The above studies demonstrate that the mechanism explain-
ing the association between nocturia and obstructive sleep ap-
nea in the elderly remains unclear.

In conclusion, nocturia twice or more was not significantly 
associated with OSA in the present study. However, female 
nocturics had significantly higher AHI and more desaturations 
< 90% than female controls, indicating a trend towards women 
having more severe obstructive sleep apnea if they had noctu-
ria. Furthermore, nocturics with nocturnal polyuria had a sig-
nificantly higher risk of having OSA than nocturics with other 
pathophysiologies.
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