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Abstract
Nocturia in older adults has been reported to be a risk factor for cardiovascular outcomes, and the stiffening of large arteries
might be an underlying mechanism. To clarify the possible association between nocturia and arterial stiffness, we analyzed a
dataset from the Japanese general population. Study participants consisted of 5928 community residents (mean age: 60.0 ±
11.8 years). The frequency of nocturnal urination was recorded for 1 week using a sleep diary. Arterial stiffness was assessed
by brachial-to-ankle pulse wave velocity (baPWV). Sleep blood pressure was measured automatically at 0000, 0200, and
0400 hours by wearing a cuff on the upper arm during sleep. The mean baPWV was 1278 ± 227 cm/s. The frequency of
nocturnal urination showed a linear positive association with baPWV (P < 0.001). The association between a sleep diary-
based nocturnal urination frequency > 1.5 times/night (corresponding to a ≥ 2 times/night frequency obtained by the
questionnaire) and baPWV remained significant after adjusting for major covariates, including office blood pressure (β=
0.051, P < 0.001) and sleep blood pressure (β= 0.040, P < 0.001). This association was more prominent in men (β= 0.069,
P < 0.001) than in women (β= 0.023, P= 0.013), particularly in older (β= 0.068, P= 0.006) compared with younger (β=
0.029, P= 0.270) men. Frequent nocturnal urination was independently associated with baPWV in older men. Nocturia may
be a marker for cardiovascular disease risks that cannot be assessed by conventional risk factors such as blood pressure.
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Introduction

Nocturia is a frequently observed phenomenon, particularly
in older individuals [1]. Nocturia has been reported to be a
major cause of poor self-reported health and is strongly
associated with depressive and anxiety symptoms [2].
Although a major cause of nocturia has been considered to
be polyuria, particularly nocturnal polyuria [1], systemic
atherosclerosis has also been suggested as another causal
factor of nocturia. Atherosclerosis may decrease bladder
compliance and cause lower urinary tract syndromes,
including nocturia, by decreasing blood perfusion at the
bladder neck [3]. Given findings supporting the concept of
nocturia as a risk factor for increased coronary heart disease
and mortality [4], it was hypothesized that this urinary
condition may represent potential systemic atherosclerosis.

We have previously reported that nocturia is strongly
associated with high nocturnal blood pressure (BP), inde-
pendent of poor sleep characteristics, and that individuals
with frequent urination show smaller nocturnal BP dips [5].
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Because nighttime BP is a stronger predictor of composite
cardiovascular endpoints than daytime BP [6] and
abnormalities in circadian BP rhythm have been reported to
be a risk factor for atherosclerotic vascular changes [7],
there may be intercorrelations between nocturia and struc-
tural changes in the large artery that are mediated by high
BP during sleep.

To clarify whether nocturia represents a structural change
in the large artery independent of BP during sleep, we
analyzed a dataset from the Nagahama study, a general
population-based cohort study conducted in Japan, for
which the number of nocturnal urinations, BP values at
home and while sleeping, and arterial stiffness measure-
ments were available for analysis.

Methods

Study participants

In this cross-sectional study, we analyzed a dataset of the
second-visit investigation of the Nagahama study, per-
formed between 2013 and 2016 (n= 9.850) [8, 9]. Partici-
pants in this study are community residents from
Nagahama, a rural city of 125,000 inhabitants located in
central Japan. Individuals aged between 30 and 74 years old
during recruitment, living independently without physical
impairment or dysfunction, were eligible to participate.

Among a total of 6249 participants who successfully
measured BP at home and while sleeping, which was an
optional examination provided upon request, 5928 partici-
pants were ultimately included in the analysis after applying
the following exclusion criteria: pregnancy (n= 4), pace-
maker implantation (n= 4), hemodialysis therapy (n= 4)
obstructive sleep apnea therapy (n= 33), suspected cases of
shift working (n= 12), severe renal functional decline
[estimated glomerular filtration rate < 30 ml/min/1.73 m2 or
urinary albumin ≥ 300 mg/day] (n= 40), large bilateral dif-
ferences in brachial-to-ankle pulse wave velocity (baPWV)
(n= 34), lack of clinical data or incomplete response to a
questionnaire used in this study (n= 1), and lack of a sleep
diary (n= 189).

All study procedures were approved by the Ethics
Committee of Kyoto University Graduate School of Medi-
cine and by the Nagahama Municipal Review Board.
Written informed consent was obtained from all
participants.

Frequency of nocturnal urination

The frequency of nocturnal urination each night was
recorded by the participants in their sleep diary for 7 days.
Means of all recorded values were used for analysis.

Subjective frequency of nocturnal urination was assessed
using the International Prostate Symptom Score, which
considers one of the score’s 7 items as relevant for a usual
frequency of nocturnal urination.

Arterial stiffness assessment

Arterial stiffness was assessed by baPWV. To measure
baPWV, cuffs were attached to the brachia and ankles, and
pulse volume waveforms were simultaneously recorded
while the participant was in a sitting position, using a ple-
thysmographic sensor connected to the cuffs (Vasera-1500,
Fukuda Denshi Co., Ltd., Tokyo, Japan). baPWV was cal-
culated from the time interval between the wave fronts of
the brachial and ankle waveforms and the path length from
the brachia to the ankle calculated from the participant’s
body height [10]. baPWV has been reported to be closely
correlated with carotid–femoral PWV, a standard measure
of arterial stiffness [11, 12].

Home BP measurement

Participants were required to measure home BP (morning
and evening BP) for 7 days and sleep BP for the last 5
nights (days 3 to 7) using an automatic cuff-oscillometric
device (HEM-7080IC, Omron Healthcare, Kyoto, Japan)
[5] according to the following procedures described in the
guidelines from the Japanese Society of Hypertension [13];
(1) morning BP: measure BP in a sitting position within 1 h
of waking up, after urination and a few minutes of rest in a
sitting position, and before taking antihypertensive drugs
and eating breakfast; (2) evening BP: measure BP in a sit-
ting position within 1 h before going to bed after urination
and a few minutes of rest in a sitting position; and (3) sleep
BP: measure BP during sleep by positioning the cuff on the
upper arm before going to sleep. The BP monitor was
programmed to automatically measure BP at 0000, 0200,
and 0400 hours. All BP values were stored in the built-in
memory of the device.

Among the different recorded BP values, including
irregularly measured BP values, sleep BP was determined
with reference to actigraphy, recorded using a wrist-
wearable activity monitor (Actiwatch 2 or Actiwatch
Spectrum Plus, Philips Respironics, Murrysville, PA, USA),
and a sleep diary. BP values measured within 1 h after
waking up and within 1 h before sleeping, also determined
with reference to actigraphy, were considered morning and
evening BPs, respectively. If there were multiple readings in
each 1-h slot, the mean value was calculated as the repre-
sentative value. Participants with continuous evening, sleep,
and morning BP measurements for at least 1 day were
included in the analysis. The mean value of all measure-
ments was used for analysis.
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Basic clinical parameters

The basic clinical parameters used in this study were
obtained from personal records measured at the second-visit
investigation.

Office BP was measured at the second-visit investigation
using a standard cuff-oscillometric device (HEM-9000AI,
Omron Healthcare, Kyoto, Japan). Measurements were
taken twice after a few minutes of rest in a sitting position,
and the mean value of both measurements was used for the
analysis. Hypertension was defined as systolic BP ≥ 140
mmHg, diastolic BP ≥ 90 mmHg, and/or the use of
antihypertensive drugs.

Smoking and alcohol drinking habits and medication use
were queried using a structured questionnaire. Alcohol
consumption was calculated by multiplying the amount of
alcohol consumed in a single day by the number of drinking
days per week and is represented using traditional Japanese
units of alcohol (Go), where 1 Go corresponds to 22 g of
ethanol. Diabetes was defined as high glucose levels [fast-
ing ( ≥ 4 h): ≥ 126 mg/dl; occasional: ≥ 200 mg/dl], HbA1c ≥
6.5%, and/or use of antihyperglycemic drugs.

Statistical analysis

Data are expressed as the mean ± standard deviation or
frequency. Group differences in continuous and categorical
variables were assessed by analysis of variance and chi-
squared tests, respectively. Linear regression analysis was
used to identify factors independently associated with
baPWV. Statistical analyses were performed using JMP Pro
14.2.0 software (SAS Institute Inc., Cary, NC, USA). A P
value < 0.05 was considered statistically significant.

Results

The clinical characteristics of the study participants are
summarized in Table 1. In the total population, a sleep diary
was available for 6.6 ± 1.1 days. Figure 1 shows the asso-
ciation between nocturnal urination frequency assessed
using the sleep diary and the self-administered ques-
tionnaire. Because frequencies were considerably different
due to measurement methods, the usual nocturia definition
(≥1-time voiding/night), as well as the clinically relevant
nocturnal voiding frequency (≥2 time/night), according to a
questionnaire, were not simply extrapolated in this analysis.

The frequency of nocturnal urination showed a linear
positive association with baPWV, both in the sleep diary-
based analysis (Fig. 2) and in the questionnaire-based ana-
lysis (none: 1197 ± 189, 1 time: 1299 ± 233, 2 times: 1407 ±
233, 3 times: 1453 ± 220, ≥ 4 times: 1394 ± 259 cm/s, P <
0.001). Although other factors, including age, sex, systolic

BP, and body mass index (BMI), were also significantly
associated with the frequency of nocturnal urination (all P <
0.001), the association of nocturnal urination – particularly
>1.5 times/night – with baPWV remained significant after
adjusting for these covariates, as did current smoking,
alcohol consumption, use of antihypertensive drugs, HbA1c,
triglycerides, and high-density lipoprotein cholesterol
(Table 2). The association between frequent nocturnal

Table 1 Clinical characteristics of study participants (n= 5928)

Age (years) 58.0 ± 11.8

Sex (men, %) 30.8

BMI (kg/m2) 22.2 ± 3.3

Current smoking (%) 8.2

Alcohol consumption (Go/week) 3.6 ± 7.5

Office BP

Systolic (mmHg) 124 ± 18

Diastolic (mmHg) 72 ± 11

Heart rate (beats/min) 68 ± 10

Antihypertensive medication (%) 22.5

Hypertension (%) 34.2

Home BP

Systolic (mmHg) Morning 126 ± 18

Sleeping 112 ± 15

Diastolic (mmHg) Morning 77 ± 11

Sleeping 66 ± 9

Glycemic traits

Glucose (mg/dl) 87 ± 12

HbA1c (%) 5.5 ± 0.5

Antihyperglycemic medication (%) 4.3

Diabetes (%) 6.1

Lipid traits

HDL cholesterol (mg/dl) 68 ± 17

LDL cholesterol (mg/dl) 119 ± 29

Triglycerides (mg/dl) 91 ± 56

Renal function

eGFR (ml/min/1.73 m2) 76.7 ± 14.0

baPWV (cm/sec) 1,278 ± 227

Nocturnal urination (times/night) 0.6 ± 0.7

Values represent mean ± standard deviation or frequency

Alcohol consumption was measured using the traditional Japanese
alcohol unit, Go, where 1 Go corresponds to 22 g ethanol.
Hypertension was defined as systolic BP ≥ 140 mmHg, diastolic
BP ≥ 90 mmHg, and/or use of antihypertensive drugs. Diabetes was
defined as glucose ≥ 126 mg/dl (fasting) or ≥ 200 mg/dl (nonfasting),
HbA1c ≥ 6.5%, or use of antihyperglycemic treatment. Estimated
glomerular filtration rate (eGFR) was calculated using the following
formula; 194 × Creatinine−1.094 × age−0.287 × 0.739 (if women). Fre-
quency of nocturnal urination was obtained using 7-day sleep diary

BMI body mass index, BP blood pressure, HbA1c hemoglobin A1c,
HDL high-density lipoprotein, LDL low-density lipoprotein, baPWV
brachial-to-ankle pulse wave velocity

1998 Y. Tabara et al.



urination (>1.5 times/night) and baPWV (Table 3, Model 1)
was independent of sleep systolic BP (Model 2, VIF= 1.93)
and was more prominent in men (Model 3) than women
(Model 6), particularly in older (Model 4) compared with
younger (Model 5) men; this finding was possibly due to the
higher frequency of nocturnal urination in the older popu-
lation (Fig. 3).

Discussion

In this cross-sectional study conducted in a large general
population, we found a strong positive association between
the frequency of nocturnal urination and arterial stiffness in
older men. Sleep diary-assessed nocturnal urination fre-
quency >1.5 times/night (which is close to the generally
accepted clinically relevant frequency of ≥2 times/night
obtained by conventional questionnaire method) was iden-
tified as a risk factor for high baPWV. This association was
independent of sleep BP and more prominent in men, par-
ticularly older men. Nocturia may therefore be a useful
marker for potential cardiovascular disease risk that cannot
be assessed by conventional risk factors, such as high BP.

According to a previous report from our group, the
frequency of nocturnal urination is a strong determinant
of increased sleep BP [5]. Although high BP, either an
office- or home-measured value, is a strong risk factor for
arterial stiffness, the association between nocturnal uri-
nation frequency and baPWV was independent of BP,
suggesting a BP-independent pathophysiological rela-
tionship between nocturnal urination and arterial stiff-
ness. Although the cross-sectional observational nature of

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0 0.
5

>0
.5

, 
1.

0

>1
.0

, 
1.

5

>1
.5

, 
2.

0
>2

.0

Sleep diary-based 
nocturnal urination frequency 

(times/night)

Questionnaire-based
nocturnal urination frequency

(times/night)

1

0

2
3

4

5

Fig. 1 Correlation between nocturnal urination frequency determined
through a sleep diary and a questionnaire. Sleep diary-based frequency
was calculated as the mean of all values recorded in a 7-day sleep
diary. Questionnaire-based frequency was obtained using the Inter-
national Prostate Symptom Score (IPSS)

1100

1200

1300

1400

1500

0
0.

5

>0
.5

, 
1.

0

>1
.0

, 
1.

5

>1
.5

, 
2.

0
>2

.0

b
aP

W
V

(c
m

/s
ec

)

Nocturnal urination
(times/night)

1,
70

3

1,
62

8

1,
37

4

56
8

F = 222.6
P <0.001

37
7

27
8

Fig. 2 Differences in baPWV according to frequency of nocturnal
urination. Values represent the mean baPWV. Frequency of nocturnal
urination was determined using a sleep diary. Statistical significance
was assessed by analysis of variance. The number of participants in
each subgroup is shown in the columns

Table 2 Multiple linear regression analysis for baPWV (n= 5928)

Coefficient β P

Age (years) 8.03 0.419 <0.001

Sex (men) 1.17 0.002 0.799

BMI (kg/m2) −4.65 −0.067 <0.001

Current smoking −5.41 −0.007 0.424

Alcohol consumption (Go/week) −0.08 −0.003 0.757

Office systolic BP (mmHg) 5.70 0.445 <0.001

Antihypertensive medication 38.32 0.071 <0.001

HbA1c (%) 33.18 0.067 < 0.001

Triglycerides (mg/dl) 0.19 0.046 <0.001

HDL cholesterol (mg/dl) −0.31 −0.024 0.011

eGFR (ml/min/1.73 m2) 0.29 0.018 0.042

Nocturnal urination (times/night)

None

≤0.5 0.78 0.002 0.869

>0.5, ≤ 1.0 11.88 0.022 0.022

>1.0, ≤ 1.5 13.00 0.017 0.060

>1.5, ≤ 2.0 49.01 0.053 <0.001

>2.0 36.49 0.034 <0.001

Alcohol consumption was measured using the traditional Japanese
alcohol unit, Go, where 1 Go corresponds to 22 g ethanol. β indicates
standardized regression coefficient. Frequency of nocturnal urination
was obtained using a sleep diary

baPWV brachial-to-ankle pulse wave velocity, BMI body mass index,
BP blood pressure, HbA1c hemoglobin A1c, HDL high-density
lipoprotein, eGFR estimated glomerular filtration rate
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this study did not allow us to clarify its underlying
mechanisms, bladder ischemia caused by arterial stiffness
that worsens voiding symptoms via decreased bladder
compliance may be hypothesized as a plausible expla-
nation. An observational study [3] found a significant
decrease in blood perfusion of the bladder neck in
patients with lower urinary tract symptoms and that blood
perfusion level was inversely associated with nocturnal
urination frequency.

Nocturia may thus be a consequence but not a cause of
arterial stiffness. However, as nocturnal urination frequency
is easily assessable and accurately measurable by multiday
recording, frequent nocturnal urination should be regarded
as a simple marker for potential arterial stiffness. We
investigated the nocturnal urination frequency using a sleep
diary, and the frequencies were considerably different from
those observed using a self-administered questionnaire.
When the frequency was assessed by the conventional

questionnaire, a ≥ 2 times/night frequency may therefore be
the threshold considered for risk of arterial stiffness.

The association between nocturnal urination and baPWV
was prominent in older men, possibly due to the higher
urination frequency in this subgroup. However, there was a
nonnegligible number of younger men and women com-
plaining of frequent urination during the night. Additional
large-scale studies may clarify whether urination frequency
in the middle-aged population should be overlooked as a
potential risk factor for arterial stiffness.

The association between nocturia and arterial stiffness
was somewhat weakened by adjustment for sleep BP,
suggesting that the association was partially mediated by
high sleep BP. High BP, measured either awake or sleeping,
is a well-known risk factor for arterial stiffness, and sleep
BP lowering intervention may be effective, particularly in
individuals with nocturia, not only to decrease urination
frequency but also to decrease cardiovascular risk. Redu-
cing salt intake may be a simple nonpharmacological way to
decrease nocturnal BP, particularly in older individuals who
are likely to be salt sensitive. As salt sensitivity causes
excessive body fluid retention, it may consequently increase
sleep BP by carrying over sodium excretion and natriuresis
into the sleep period [14–16].

There were several study limitations that warrant men-
tion. First, the frequency of nocturnal urination was deter-
mined using a sleep diary with potentially associated
misclassifications. However, the use of multiday urination
records potentially allowed for the minimization of such
misclassifications. Second, antihypertensive drug classes
used by participants were not considered. The association
between nocturnal urination and baPWV in individuals
taking antihypertensive drugs, particularly drugs with
vasodilatory action or diuresis, may be slightly different
between individuals. Third, study participants were

Table 3 Multiple linear regression analysis for baPWV

Total Men Women

Model 1

(5928)

Model 2

(5928)

Model 3
All
(1828)

Model 4
≥60 years old
(1065)

Model 5
<60 years old
(763)

Model 6

(4100)

β P β P β P β P β P β P

Systolic BP

Office (mmHg) 0.446 <0.001 0.366 <0.001 0.347 <0.001 0.382 <0.001 0.490 <0.001 0.367 <0.001

Sleep (mmHg) 0.154 <0.001 0.141 <0.001 0.176 <0.001 0.090 0.008 0.157 <0.001

Nocturnal urination

>1.5 times/night 0.051 <0.001 0.040 <0.001 0.068 <0.001 0.068 0.006 0.029 0.266 0.023 0.015

Adjusted factors were age, sex (except for the sex-separated analysis), body mass index, current smoking, alcohol consumption, antihypertensive
medication, hemoglobin A1c, triglycerides, HDL cholesterol, and estimated glomerular filtration rate. Frequency of nocturnal urination was
obtained using a sleep diary. β indicates standardized regression coefficient
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recruited from the general Japanese population, for which
salt intake has been reported to be higher than in Western
countries [17]. Studies in other populations with different
lifestyle habits may strengthen the present findings.

In conclusion, frequent nocturnal urination may represent
a potential risk for arterial stiffness, independent of office
and sleep BP. Careful attention should be paid to this
common phenomenon in older populations with the purpose
of not only maintaining quality of life and mental equani-
mity but also preventing cardiovascular disease.
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