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Purpose: To assess the occurrence and the associated risk factors for nocturia among 
middle-aged and elderly people from public health centers in southern Taiwan.
Materials and Methods: Data were part of our previous cross-sectional study which 
used a self-administered questionnaire for the assessment of lower urinary tract symp-
toms. A total of 1011 responders who were at least 40 years of age were enrolled from 
any of four local public health centers for any reason in Pingtung County, Taiwan. 
Nocturia, as a dependent variable, was defi ned as two or more episodes per night. 
Covariables included age, gender, and chronic illnesses (obesity, hypertension, diabe-
tes, cardiovascular disease, and stroke). Multivariate logistic regression was applied to 
determine the risk factors associated with nocturia. A p-value of less than 0.05 was 
considered statistically signifi cant.
Results: About 38.1% (385/1011) of the participants reported having nocturia  2 epi-
sodes/night, and the occurrence of nocturia increased with advanced age. More than 
half (51.2%, 197/385) participants with nocturia perceived at least “a bit of a problem” 
on the sleep quality. The multivariate logistical regression showed that the indepen-
dent risk factors for nocturia were age (OR:1.06, CI:1.05-1.08), hypertension (OR:1.58, 
CI:1.16-2.16) and diabetes (OR:1.59, CI:1.03-2.45) and obesity (OR:1.47, CI:1.02-2.10), 
while a borderline effect on nocturia was produced by cardiovascular disease (OR:1.66, 
CI: 0.98-2.79) and stroke (OR:2.75, CI:0.88-8.64).
Conclusions: Several chronic illnesses coexisted with nocturia. Health care providers 
need to be aware of an increased risk of nocturia among people with certain chronic 
illnesses, and provide appropriate health care.

INTRODUCTION

In 2002, the International Continence Society 
(ICS) proposed the fi rst standardization of nocturia 
terminology. Since then, nocturia has begun to be re-
cognized as an entire clinical concern, instead of just 
a lower urinary tract symptom. Based on the ICS de-

fi nition, nocturia is defi ned as an individual needing 
to wake from sleep to void (1). Nocturia can cause 
sleep disturbances, lead to poor physical and mental 
health (2,3), and even increase the mortality risk (4).

 Nocturia is age-related and both genders 
have a similar prevalence (5-7). In previous epi-
demiologic surveys, the prevalence of nocturia ( 
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2 episodes per night) showed great variation, from 
10% (5) to 30% (6,7), depending upon the study 
population and methodology. Despite the varia-
tions, the reports revealed that nocturia is a non-
-specifi c, but common urinary symptom.

People who suffer from nocturia are usu-
ally older and may also have other chronic illnes-
ses. Clinical observations have indicated that some 
chronic illnesses are associated with nocturia. The 
Tikkinen et al. study reported that being overweight 
or obese, having coronary artery disease or diabetes 
in women and obesity in men, were signifi cantly 
associated with nocturia in Finland (8). The Gouro-
va et al. study revealed that cardiovascular disease, 
hypertension, diabetes mellitus/insipidus, and cere-
brovascular disease were independent risk factors 
for nocturia in men aged 55-75 years in the Ne-
therlands (9). The BACH study showed that noctu-
ria was signifi cantly associated with an increasing 
body mass index, type II diabetes, cardiac disease, 
and diuretics use (7). However, in a community-
-dwelling elderly population study conducted in 
Sweden, there was no correlation between noctu-
ria and a known and treated hypertension, angina 
pectoris, congestive heart failure or diabetes melli-
tus (10). The similar fi nding was also noted by a 
Dutch study that nocturia was not associated with 
cardiovascular symptoms, hypertension or diabe-
tes mellitus in men (11). Furthermore, base on fre-
quency-volume chart data, Doorn et al. also found 
different results that nocturia did not necessarily 
related to increased mortality risk (12). Thus, some 
discrepancy exists among previous reports.

 From the viewpoints of public health and 
disease prevention, it is important to identify the 
risk factors of nocturia so that effective prevention 
or treatments can be given when needed. In addi-
tion, to our knowledge, most published literatures 
were conducted in the western world (7-11). The 
data from Asia are relatively limited. Thus, we in-
vestigated the prevalence and risk factors of noc-
turia in middle-aged and elderly people in Taiwan.

MATERIALS AND METHODS

Design and sample
 The data were part of our previous cross-

-sectional study which used a self-administered 

questionnaire to assess lower urinary tract symp-
toms (13). For this study, based on a convenient 
sampling, adults who were 40 or more years of age 
and had visited any of the local four public health 
centers for a physical checkup in Pingtung County, 
Taiwan, were enrolled from March to July of 2010. 
The inclusion criteria were voluntary participation 
and being free of severe disabilities related to he-
aring, seeing, speaking, and walking. People who 
complained of active urinary tract infections or 
micturition pain were excluded.

Of the 1190 subjects who were contacted, 
135 subjects who did not complete the survey, and 
44 subjects who complained of active urinary tract 
infection or micturition pain were excluded. As a 
result, 1011 participants (539 women and 472 men) 
were included in this analysis. The sample was de-
signed to yield results within ± 3% error with 95% 
confi dence level.

Measurement
 As an outcome measure, the measure of 

nocturia was based on the nocturia item in the In-
ternational Prostate Symptom Score. Since two epi-
sodes of nocturia constitute meaningful nocturia 
affecting well-being and perceived health (14), we 
defi ned nocturia as two or more episodes per ni-
ght. Covariables included age, gender, and chronic 
illnesses. Chronic illnesses were assessed by asking 
the participants whether their doctors had told them 
about the following diseases: hypertension, diabe-
tes, heart disease (congestive heart failure, myocar-
dial infarction, angina, coronary artery bypass, or 
angioplasty), and stroke. The body weight and hei-
ght were measured after interview and obesity was 
recorded if participants had a body mass index of 
> 27 kg/m2. In addition, each participant was asked 
“How much of a problem does nocturia pose to your 
quality of sleep?” Their responses were (based on 
“not at all”, “a bit of a problem”, “quite a problem”, 
and “a serious problem”) were also documented.

 The study was approved by the Institutio-
nal Review Board of a local university in Ping-
tung, Taiwan, and written informed consent was 
obtained from all participants. During the inter-
views, if any participant felt uncomfortable and 
wanted to discontinue the interview, he or she had 
the right to do so.
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Data analysis

 Continuous variables are presented as the 
mean ± standard deviation (SD), while categorized 
variables are presented as number ± percentage (%) 
and were compared using the chi-squared test. We 
used multivariable logistic regression analysis con-
trolling age, gender, and all chronic illnesses (obesi-
ty, hypertension, diabetes, heart disease, and stroke) 
to explore the signifi cance of the factors associated 
with nocturia of  2 episodes/night, and calcula-
ted the odds ratio (OR) and 95% confi dence interval 
(95% CI). The Hosmer-Lemeshow χ2 test was used 
to test the logistic regression model fi t. Statistical 
analyses were performed using SPSS for Windows 
(version 17.0; SPSS Inc, Chicago, IL, USA). A p-
-value of less than 0.05 was considered statistically 
signifi cant.

RESULTS

 The mean age of the 1011 participants (539 
women and 472 men) was 61.5 ± 12.0 (medium 61, 
range 40-93). The prevalence of nocturia ( 2 episo-
des/night) according to the distribution of age and 
gender is shown in Table-1. Overall, 38.1% (n = 385) 
of the individuals answered that they arose for uri-
nation during the night at least twice. Excepting the 
sixth decade (47.4% vs. 33.6%, χ2 = 4.76, p = 0.029), 
both genders had similar occurrence of nocturia on 
other age groups. Facing substantial participants 

with nocturia, about half (51.2%, 197/385) of them 
perceived at least “a bit of a problem” with their 
sleep being impaired by nocturia (Table-2).

 Table-3 reveals the prevalence of noctu-
ria ( 2 episodes/night) in the potential factors and 
the multivariate logistic analysis for the risk fac-
tors of nocturia. The highest percentage of nocturia 
occurred in participants with stroke (81.0%), follo-
wed by diabetes (60.7%), and cardiovascular disease 
(60.1%). The multivariate logistic regression showed 
that nocturia was independently associated with in-
creased age (OR 1.06, 95 % CI: 1.05-1.08), hyper-
tension (OR 1.58, 95 % CI: 1.16-2.16), diabetes (OR 
1.59, 95 % CI: 1.03-2.45), and obesity (OR 1.47, 95 
% CI 1.02-2.10), while cardiovascular disease (OR 
1.66, 95 % CI: 0.98-2.79) and stroke (OR 2.75, 95 % 
CI: 0.88-8.64) had borderline effects on nocturia.

DISCUSSION

 Our fi ndings revealed that in the studied 
sample with a mean age of 60 years, approximately 
38% of participantants had nocturia twice or more 
per night, and half (51.2%, 197/385) of them per-
ceived at least “a bit of a problem” with their slee-
ping quality. Facing the fact that the percentage of 
the population who are reaching middle or old age 
is rapidly rising in Taiwan, health care providers 
should be more cognizant of nocturia.

 In addition to age, which had a strong 
association with nocturia in this study, several 

Table 1 - Prevalence of nocturia ( 2 episodes/night) by age and gender.

Age Both genders Women Men p-value

N (%) N (%) N (%)

40-49 28/197 (14.2) 18/119 (15.1) 10/78 (12.8) 0.650

50-59 74/273 (27.1) 42/147 (28.6) 32/126 (25.4) 0.556

60-69 97/242 (40.1) 43/128 (33.6) 54/114 (47.4) 0.029*

 70 186/299 (62.2) 90/145 (62.1) 96/154 (62.3) 0.962

Total 385/1011 (38.1) 193/539 (35.8) 192/472 (40.7) 0.112

Chi-squared tests were used.
*indicated p < 0.05.
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chronic illnesses were signifi cantly associated 
with nocturia ( 2 episodes/night), which implied 
that the nocturia may be multi-factorial in ori-
gin. Hypertension was signifi cantly associated 
with nocturia, similar to the fi ndings of some pre-
vious studies (6,9,15), but not others (10,11). Based 
on nocturnal polyuria, an important pathogene-
tic factor characterized by natriureses, McKeigue 

and Reynard suggested that hypertension caused 
by increased urolitidin secretion can depress the 
circadian rhythm of sodium secretion and lead to 
nocturnal polyuria (16). However, the mechanisms 
between them are not completely clear.

 Diabetes mellitus was another indepen-
dent predictor for nocturia. The result is congruent 
with numerous previous studies (6-9,15,17,18), 

Table 2 - The impact on sleeping between participants with and without nocturia ( 2 episodes/night).

Total Non-nocturia
(< 2 episodes/night)

Nocturia
( 2 episodes/night)

p-value

n = 626 n = 385

Sleeping quality N (%) N (%) 0.000*

Not a problem 702 514 (82.1) 188 (48.8)

A bit of a problem 231 100 (16.0) 131 (34.0)

Quite a problem 58 11 (1.8) 47 (12.2)

A serious problem 20 1 (0.2) 19 (4.9)

Chi-squared test was used.
*indicated p < 0.05.

Table 3 - Prevalence of nocturia ( 2 episodes/night) in potential factors and the analysis for the risk factors of nocturia.

With nocturia (%) OR (95 % CI) p-value

Age 1.06 (1.05-1.08) 0.000*

Gender (reference: female)

Women (n = 539) 193 (35.8) 1

Men (n = 472) 192 (40.7) 1.13 (0.85-1.49) 0.399

Hypertension (n = 304) 167 (54.9) 1.58 (1.16-2.16) 0.004*

Diabetes (n = 117) 71 (60.7) 1.59 (1.03-2.45) 0.035*

Cardiovascular disease † (n = 75) 45 (60.0) 1.66 (0.98-2.79) 0.059

Stroke history (n = 21) 17 (81.0) 2.75 (0.88-8.64) 0.083

Obesity (n = 180) 86 (47.8) 1.47 (1.02-2.10) 0.038*

Multivariate logistical regression was used and adjusted for all variables mentioned above.
† Includes congestive heart failure, myocardial infarction, angina, coronary artery bypass, or angioplasty.
*Statistically signifi cant.
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but a few studies have disagreed (10,11). The os-
motic diuresis and global polyuria induced by 
hyperglycemia in diabetes patients has been de-
monstrated as the major cause of urinary storage 
symptoms (19). Thus, it is logical to hypothesize 
that the association between the effects of hyper-
glycemia may, at least in part, affect the occur-
rence of nocturia. In addition, the lack of arginine 
vasopressin (AVP) secretion and renal AVP resis-
tance induced by diabetes may play a crucial role 
(20,21).

 People with obesity (BMI of > 27 kg/m2) 
had higher odds for suffering from nocturia, as 
compared to those without obesity, which was 
consistent with numerous epidemiological studies 
(5,7,8,15,17). The exact mechanism by which obe-
sity causes nocturia is not known. There is a re-
lationship between sleep apnea and nocturia (22-
24), and both are associated with obesity. Obesity 
can induce both sleep apnea and hypoxia, as well 
as possibly increasing atrial natriuretic peptide 
(ANP). Thus, the mechanism of natriuresis among 
obeses people with sleep apnea and hypoxia 
should not be overlooked (25) and may account 
for these associations.

 Heart disease had borderline signifi cance 
with nocturia, which may be resulted from the re-
latively small number of people with heart disease 
(n = 75). Some earlier epidemiologic studies repor-
ted signifi cant associations of heart disease with 
nocturia (7-9), while others did not (6,10,11,17). A 
recent study conducted by Chiu et al. demonstra-
ted that patients with chronic heart failure suffer 
from three or more episodes of nocturia as com-
pared to the controls (26). Possible reasons such as 
postural diuresis at night, nocturnal polyuria as a 
result of an increase in the atrial natriuretic pep-
tide (ANP), or wrong timing of diuretics therapy 
(particularly loop diuretics) (25) may account for 
the association.

Only 25 subjects reported to have had 
stroke and there was also a borderline effects of 
stroke (n = 25) with nocturia. Two studies rejec-
ted the association of nocturia with stroke (6,17). 
However, a previous study conducted by Asplund 
demonstrated that stroke was signifi cantly asso-
ciated with nocturia of  3 voids (18). Also, Brit-
tain et al. reported that nocturia was the most 

common urinary symptom, and that stroke survi-
vors had a higher prevalence of nocturia than the 
nonstroke population (49% vs. 19%, respectively) 
(27). The associations of stroke with nocturia may 
be partially explained by the lack of the normal 
nocturnal rise of plasma AVP in the post-stroke 
patient (28) and the uninhibited detrusor contrac-
tions secondary to the neurogenic defect. Howe-
ver, the actual mechanisms between them are not 
completely clear.

 The causes for nocturia were previously 
classifi ed as diurnal polyuria, nocturnal polyuria, 
low functional bladder capacity, or a combination 
of these, and the plasma AVP and ANP may be cru-
cial humoral factors (21,29). In our study, nocturia 
was signifi cantly associated with several illnesses, 
and some plausible mechanisms or hypotheses 
are proposed to explain these relationships. Be-
sides, psychogenic nocturia, sleep apnea, caffeine 
intake, alcohol intake, bladder outlet obstruction 
and detrusor overactivity have been considered as 
possible etologies for nocturia. Additional studies 
regarding these aspects in the future may also be 
needed.

 There are some limitations in the present 
study. First, this analysis was based on partici-
pants’ reports rather than voiding diary or the me-
asure of functional changes of the bladder. Recen-
tly in the Krimpen study, Doorn et al. also showed 
that the discrepancy during assessing nocturia 
was signifi cant between questionaire and voiding 
diary (30). Thus, the recall bias must be conside-
red. Second, all participants were recruited from 
public health centers, not from hospitals. Most 
participants could not provide the exact drug na-
mes. Thus, the effect of medications (eg, diure-
tics) on nocturia could not be understood in our 
study. Third, our study enrolled participants from 
public health centers, where the patients studied 
tended to be either elderly or patients with chronic 
illnesses. Consequently, the prevalence of 38.1% 
for nocturia may be higher than the epidemiolo-
gic rate of nocturia (5-7). We focused here on the 
association between nocturia and some specifi c 
chronic illnesses, rather than the truly epidemio-
logic rate. Overall, despite these limitations, the 
fi ndings of this study suggest relevance to clinical 
practice and directions for further research.
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CONCLUSIONS

 In our study, nocturia was signifi cantly 
associated with several illnesses, and some plau-
sible mechanisms or hypotheses are proposed to 
explain these relationships. When treating people 
with nocturia, health care providers need to be 
aware of the possible non-urogenital reasons for 
the nocturia, and provide appropriate health care.
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