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Abstract:
Objective It is well known that poor sleep increases the risk of heart failure (HF). However, the underlying

mechanisms remain unclear. In this study, we investigated the association of poor sleep with hemodynamic

stress on the left ventricle, which was a key factor for the development of HF in elderly individuals.

Methods A total of 2,301 participants (�65 years old) without cardiac disease were enrolled in this cross-

sectional analysis. We evaluated the subjective sleep quality, sleeping difficulty, subjective sleep duration, use

of sleeping pills, and daytime dysfunction using the Pittsburgh Sleep Quality Index, a 19-item self-reported

questionnaire. We assessed serum N-terminal pro-brain natriuretic peptide (NT-proBNP) as a marker of

hemodynamic stress on the left ventricle, and we defined high NT-proBNP as a serum NT-proBNP level �
125 pg/mL.

Results Sleeping difficulty was significantly associated with high NT-proBNP levels [odds ratio (OR), 1.46;

95% confidence interval (CI), 1.16-1.85; p<0.005]. A subjective short sleep duration was also significantly

associated with high NT-proBNP levels (OR, 1.69; 95% CI, 1.03-2.75; p<0.05). A subjective poor sleep qual-

ity, the use of sleeping pills, and daytime dysfunction were not associated with serum NT-proBNP levels. All

data were adjusted for the age, sex, body mass index, serum hemoglobin concentration, serum creatinine

level, systolic blood pressure, diastolic blood pressure, and use of antihypertensive medications.

Conclusion Poor sleep was associated with high hemodynamic stress to the left ventricle in elderly popula-

tion.
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Introduction

Sleep problems, such as difficulty initiating and maintain-

ing sleep, increase with age, and a large proportion of the

elderly population suffer from poor sleep (1). Although

some studies have reported that poor sleep increases the risk

for heart failure (HF) (2-4), the underlying mechanisms re-

main unclear. Several experimental studies have reported

that both a poor sleep quality and short sleep duration may

cause activation of the sympathetic nervous system and the

hypothalamic-pituitary-adrenal axis (5-8), elevation of blood

pressure (9-13), and development of obesity by affecting the

levels of hunger-inducing hormones (14, 15). All of these

may increase hemodynamic stress to the left ventricle,

which plays a critical role in the development of heart fail-

ure in the elderly population (16). However, few studies

have investigated the association between poor sleep and

hemodynamic stress to the left ventricle.

N-terminal pro-brain natriuretic peptide (NT-proBNP) is

１Health Management and Promotion Center, Hiroshima Atomic Bomb Casualty Council, Japan, ２Laboratory of Physiology and Morphology,

School of Pharmacy, Yasuda Women’s University, Japan, ３Department of General Medicine, Hiroshima University Graduate School of Biomedi-

cal and Health Sciences, Japan and ４Department of Cardiovascular Medicine, Hiroshima University Graduate School of Biomedical and Health

Sciences, Japan

Received: January 12, 2020; Accepted: March 11, 2020; Advance Publication by J-STAGE: June 15, 2020

Correspondence to Dr. Nobuo Sasaki, nb7ssk7@sd6.so-net.ne.jp



Intern Med 59: 2213-2219, 2020 DOI: 10.2169/internalmedicine.4470-20

2214

Figure　1.　Flowchart for the selection of participants. HIRSH study, Hiroshima Sleep and Health-
care study; NT-proBNP: N-terminal pro-brain natriuretic peptide

Participants registered in the HIRSH study (n = 12,876)

Inclusion criteria: (1) age 18 years, (2) ability to walk unassisted, (3) no work involving shifts, 

and (4) no history of treatment for psychological disorders (excluding insomnia treated by a 

general physician) or neurological diseases.

A total of 259 individuals were excluded because they were 

undergoing treatment for or had a history of cardiac diseases, 

including the following:

Coronary heart disease (n = 202)

Atrial fibrillation (n = 42)

Cardiomyopathy (n = 4)

Valvular heart disease (n = 11)

A total of 10,316 individuals were excluded because of age 

<65 years and/or no examination of NT-proBNP 

Eventually, 2,301 participants were enrolled in the present analysis

Potential subjects for this study

(n=2,560) 

an established marker of HF (17). The serum level of this

cardiac hormone reflects hemodynamic stress to the left ven-

tricle in people without cardiac disease (18), because NT-

proBNP is released from the myocardium in response to in-

creased cardiac wall stress from both volume and pressure

overload (19).

In this study, we investigated the association of the self-

reported sleep quality with the serum NT-proBNP level us-

ing the Pittsburgh Sleep Quality Index (PSQI) in elderly in-

dividuals without cardiac disease.

Materials and Methods

Study participants and design

In November 2014, we commenced the Hiroshima Sleep

and Healthcare (HIRSH) study (20-22), which was an obser-

vational study that assessed the association of sleep habits

with lifestyle-related diseases. Potential participants were re-

cruited from among residents of Hiroshima City and Mihara

City who were undergoing annual health examinations at the

Health Management and Promotion Center of the Hiroshima

Atomic Bomb Casualty Council or cooperating facilities.

The inclusion criteria for the HIRSH study were as follows:

(1) �18 years old, (2) able to walk unassisted, (3) no work

involving shifts, and (4) no history of treatment for psycho-

logical disorders (excluding insomnia treated by a general

physician) or neurological diseases.

A total of 12,876 individuals were registered in the

HIRSH study between November 2014 and September

2015. Of these individuals, 2,560 potential participants were

selected according to the following criteria: (1) �65 years

old and (2) data from an optional screening check for serum

NT-proBNP levels at the baseline examination in the HIRSH

study available. Among these participants, 259 were ex-

cluded because they were undergoing treatment for or had a

history of cardiac diseases, including coronary heart disease

(n=202), atrial fibrillation (n=42), cardiomyopathy (n=4),

and valvular heart disease (n=11). Thus, a total of 2,301

participants (1,051 men and 1,250 women) with complete

data were eventually included in the present analysis.

The mean ± standard deviation (SD) of the age was 75.7±

5.3 years, and the mean ± SD of the body mass index

(BMI) was 22.9±3.1 kg/m2 (Fig. 1). Of these participants,

958 (42%) were taking antihypertensive medications, 298

(13%) had diabetes mellitus (defined as taking antidiabetic

medications), 583 (25%) had dyslipidemia (defined as taking

antihyperlipidemic medications), 130 (6%) had a history of

stroke, 178 (8%) were current smokers (defined as having a

current smoking habit, regardless of the number of cigarettes
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smoked per day), and 689 (30%) were habitual drinkers (de-

fined as drinking alcohol for �5 days per week, regardless

of the amount consumed).

Written informed consent was obtained from all partici-

pants. The study protocol conformed to the ethical guide-

lines of the 1975 Declaration of Helsinki and was approved

by the Hiroshima Atomic Bomb Casualty Council commit-

tee.

Measurements

The sleep quality was evaluated using the Japanese ver-

sion of the PSQI (23, 24). The PSQI is a 19-item self-

reported questionnaire used to assess the degree of sleep

problems over the previous month and contains a 7-

component scale (each component is ranked 0, 1, 2 or 3),

including the following factors: subjective sleep quality

(C1), sleep latency (C2), subjective sleep duration (C3), ha-

bitual sleep efficiency (C4), sleep disturbances (C5), use of

sleeping pills (C6) and daytime dysfunction (C7). Based on

each PSQI component, we defined a subjective poor sleep

quality, short sleep duration, use of sleeping pills, and day-

time dysfunction as a C1 score �2, a C3 score �3, a C6

score �1, and a C7 score �1, respectively. Furthermore, we

defined sleeping difficulty (i.e., difficulty initiating and/or

maintaining sleep) as the sum of the C2, C4, and C5 scores

�4. A C2 score that was calculated from the results of two

different types of questions was interpreted as difficulty in-

itiating sleep, and a C5 score that was calculated from an-

swers to nine detailed questions regarding trouble sleeping

was interpreted as difficulty maintaining sleep. The C4 score

was calculated using the following formula: (total sleep time

/ time in bed) ×100. The sum of the C2, C4, and C5 scores

provides a comprehensive and effective assessment of what

is defined as sleeping difficulty.

We collected blood samples from all participants to meas-

ure the hemoglobin concentration and serum levels of cre-

atinine and NT-proBNP. NT-proBNP was measured by a

chemiluminescent enzyme immunoassay using a Cobas e601

analyser (Roche Diagnostics, Tokyo, Japan) (25). High NT-

proBNP was defined as a serum NT-proBNP level �125 pg/

mL (26). Using a digital, automatic blood pressure (BP)-

measuring instrument (Terumo, Tokyo, Japan; or Omron

Healthcare, Kyoto, Japan), the BP was measured at the heart

level with the participant in a seated position on a chair with

back support and arm support after resting for >5 minutes

while undergoing a health examination.

Statistical analyses

Continuous variables are expressed as the mean ± SD or

median (interquartile range, 25-75%). Categorical variables

are summarized as percentages and were analyzed using the

chi-square test. The relationships between characteristics of

participants and high NT-proBNP levels were evaluated us-

ing a univariate logistic regression analysis to calculate the

odds ratio (OR) and 95% confidence interval (CI). The asso-

ciations of the sleep quality (overall poor sleep, subjective

poor sleep quality, sleeping difficulty, subjective short sleep

duration, use of sleeping medications, and daytime dysfunc-

tion) with high NT-proBNP levels were assessed using a

multivariate logistic regression analysis. The model included

age, female sex (yes or no) (27), BMI, serum hemoglobin

concentration (28), serum creatinine level (29), systolic BP,

diastolic BP, and the use of antihypertensive medications

(yes or no). All of these were variables with p values <0.05

in the univariate logistic regression analysis (Model 1).

Next, the multivariate model simultaneously included sleep-

ing difficulty and subjective short sleep duration (Model 2).

P values <0.05 were considered statistically significant. All

statistical analyses were performed using the JMP 10 statis-

tical software program (SAS Institute, Cary, USA).

Results

Participant characteristics and the results of the PSQI are

shown in Table 1. The median (interquartile range, 25-75%)

NT-proBNP level was 78.0 pg/mL (range, 46.0-136.0 pg/

mL), and the proportion of all participants with high NT-

proBNP levels was 29%. The proportions of participants

with a subjective poor sleep quality, sleeping difficulty, sub-

jective short sleep duration, use of sleeping medications, and

daytime dysfunction were 19%, 22%, 4%, 21%, and 22%,

respectively. Supplementary material 1 shows the association

between serum NT-proBNP levels and each component of

PSQI including C1 to C7.

The fraction of participants with high NT-proBNP levels

among those with and without poor sleep is featured in

Fig. 2. NT-proBNP levels were significantly higher in par-

ticipants with sleeping difficulties than in those without

sleeping difficulties (37.0% vs. 26.6%, p<0.001); NT-

proBNP levels were also significantly higher in those with

subjective short sleep duration than in those without subjec-

tive short sleep duration (39.5% vs. 28.4%, p=0.031).

Table 2 shows the results of the univariate logistic regres-

sion analysis. The age, gender, BMI, serum creatinine level,

hemoglobin concentration, systolic blood pressure, diastolic

blood pressure, and use of antihypertensive medications

were significantly associated with high NT-pro BNP levels.

After adjusting for confounding factors, sleeping difficulty

was significantly associated with high NT-proBNP levels

(OR, 1.46; 95% CI, 1.16-1.85; p<0.005). A subjective short

sleep duration was also significantly associated with high

NT-proBNP levels (OR, 1.69; 95% CI, 1.03-2.75; p<0.05;

see Model 1 in Table 3). After adjusting for the presence of

sleep difficulty, the significance of the association between a

subjective short sleep duration and high NT-proBNP levels

was lost (Model 2 in Table 3).

Discussion

We investigated the association of poor sleep with serum

NT-proBNP levels in elderly individuals without cardiac dis-

ease. A subjective poor sleep quality, use of sleeping pills,
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Table　1.　Characteristics and Results of Pittsburgh 
Sleep Quality Index in Participants.

N 2,301

Mean age (years) 75.7±5.3

Female [n (%)] 1,250 (54)

BMI (kg/m2) 22.9±3.1

Hemoglobin (g/dL) 13.3±1.4

Creatinine (mg/dL) 0.79±0.21

SBP (mmHg) 133±17

DBP (mmHg) 74±11

Current smoker [n (%)] 178 (8)

Habitual drinker [n (%)] 689 (30)

Antihypertensive medications [n (%)] 958 (42)

Diabetes [n (%)] 298 (13)

Dyslipidaemia [n (%)] 583 (25)

History of stroke [n (%)] 130 (6)

NT-proBNP† (pg/mL) 78 (46–136)

High NT-proBNP [n (%)] 664 (29)

Global PSQI score 5.1±3.2

C1 score 1.0±0.6

C2 score 0.9±0.9

C3 score 1.1±0.9

C4 score 0.6±0.9

C5 score 0.7±0.5

C6 score 0.5±1.1

C7 score 0.2±0.5

Subjective poor sleep quality [n (%)] 442 (19)

Sleeping difficulty [n (%)] 495 (22)

Short sleep duration [n (%)] 86 (4)

Use of sleeping pills [n (%)] 483 (21)

Daytime dysfunction [n (%)] 495 (22)

Hypertension was defined as taking anti-hypertensive medications 

and/or having systolic blood pressure ≥ 140 mmHg and/or diastolic 

blood pressure ≥ 90 mmHg. Subjective poor sleep quality, sleep 

difficulty, short sleep duration, use of sleeping pills, and daytime 

dysfunction were defined as C1 score ≥ 2, the sum of C2, C4 and 

C5 scores ≥ 4, C3 score ≥ 3, C6 score ≥ 1, and C7 score ≥ 1, re-

spectively. The scores from C1 to C7 were components of PSQI. 

High NT-proBNP was defined as serum NT-proBNP level ≥ 125 

pg/mL. †Data are given as median (interquartile range, 25–75%).  

BMI: body mass index, DBP: diastolic blood pressure, NT-proB-

NP: N-terminal pro-brain natriuretic peptide, PSQI: Pittsburgh 

Sleep Quality Index, SBP: systolic blood pressure

and daytime dysfunction were not associated with the serum

NT-proBNP levels. Conversely, sleeping difficulty and a

subjective short sleep duration were associated with the se-

rum NT-proBNP levels, suggesting that these elements of

poor sleep may have significant hemodynamic impacts on

the left ventricle in elderly individuals without cardiac dis-

ease.

In this study, we evaluated sleeping difficulty as the sum

of the C2, C4, and C5 scores of the PSQI components,

which reflect sleep latency, sleep efficiency, and sleep frag-

mentation, respectively. Zhang et al. reported that a longer

sleep latency and lower sleep efficiency were correlated with

higher 24-hour urinary catecholamine levels in healthy sub-

jects (30). Several experimental studies showed that sleep

fragmentation increases sympathetic nervous activity,

adrenocortical activity, and BP (7, 11, 12). Chouchou et al.

reported that increased frequency of arousal, a marker of

sleep fragmentation, was associated with an increase in sym-

pathetic nervous activity based on a large population obser-

vational study (31). Taken together, these findings suggest

that sleeping difficulty, including longer sleep latency, sleep

fragmentation and resultant lower sleep efficiency, may in-

crease hemodynamic stress to the left ventricle through acti-

vation of the sympathetic nervous system and the

hypothalamic-pituitary-adrenal axis and elevation of BP.

In a laboratory setting, sleep deprivation also caused acti-

vation of the sympathetic nervous system (5), elevation of

blood pressure (9) and risk of weight gain (14, 15), all of

which can increase the hemodynamic stress to the left ven-

tricle. In this study, we defined subjective short sleep dura-

tion as a C3 score �3 (equivalent to <5 hours), which is an

extremely short duration compared with the recommended

sleep duration for optimal health (32). One possible explana-

tion for the association between a subjective short sleep du-

ration and a high NT-proBNP level is that a subjective short

sleep duration may have similar effects on the heart to those

of sleep deprivation in experimental studies (5, 9). However,

after adjusting for the presence of sleep difficulty, the sig-

nificance of the association between a subjective short sleep

duration and high NT-proBNP level was lost. Thus, the im-

pact of a subjective short sleep duration on the heart may

depend on the sleep quality, as a long sleep latency, sleep

fragmentation, and low sleep efficiency usually result in a

short sleep duration.

A number of studies have reported that poor sleep in-

creases the risk for coronary heart disease and

stroke (33-35). In contrast, available data regarding the asso-

ciation between poor sleep and HF are limited. Laugsand et

al. reported that the number of insomnia symptoms (diffi-

culty initiating sleep, difficulty maintaining sleep, and hav-

ing nonrestorative sleep) was associated with incident

HF (2). Wannamethee et al. reported that self-reported day-

time sleep longer than 1 hour, which suggested poor sleep

during the night, was associated with an increased risk of

HF in elderly men and that a self-reported short sleep dura-

tion (<6 hours) was associated with an increased risk of HF

in elderly men with pre-existing cardiovascular disease (3).

Ingelsson et al. reported that sleep disturbance (difficulty

falling asleep and/or waking up in the early hours and/or

taking sleeping pills) was associated with HF risk in partici-

pants with obesity (defined as BMI >25 kg/m2) (4). How-

ever, these studies did not suggest potential mechanisms un-

derlying the link between poor sleep and HF. In the present

study, we showed a significant hemodynamic linkage be-

tween poor sleep and the left ventricle, which may be in-

volved in the development of HF. Recently, Zonoozi et al.

reported that daytime sleep duration >1 hour was associated

with a increased risk of elevated NT-proBNP levels in eld-

erly men (36). This is partly consistent with our results, as

daytime sleep may correlate with poor sleep during the
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Figure　2.　A comparison of the proportion of participants with high NT-proBNP levels between 
those with and without poor sleep. A subjective poor sleep quality, sleep difficulty, short sleep dura-
tion, use of sleeping pills and daytime dysfunction were defined as C1 score ≥ 2; the sum of C2, C4, 
and C5 scores ≥ 4; C3 score ≥ 3; C6 score ≥ 1; and C7 score ≥ 1, respectively. The scores from C1 to 
C7 were components of the PSQI. High NT-proBNP was defined as a serum NT-proBNP level ≥ 125 
pg/mL. NT-proBNP: N-terminal pro-brain natriuretic peptide, PSQI: Pittsburgh Sleep Quality Index

28.4

30.8

26.6

37

28.4

39.5

28.2

31.3

28.9 28.9

20

25

30

35

40

45

Proportion of 
high NT-proBNP

(%)

Poor sleep absent

Poor sleep present 

** p <0.05

*
**

* p <0.001 

Table　2.　Univariate OR for High NT-proBNP (n=2,301).

Variable OR 95%CI p

Age, years 1.14 (1.12–1.16) <0.001

Female, yes or no 1.24 (1.04–1.49) 0.019

BMI, kg/m2 0.94 (0.91–0.97) <0.001

Hemoglobin, g/dL 0.63 (0.58–0.68) <0.001

Creatinine, mg/dL 4.57 (2.99–7.04) <0.001

SBP, mmHg 1.01 (1.01–1.02) <0.001

DBP, mmHg 0.98 (0.97–0.99) <0.001

Current smoker, yes or no 0.8 (0.55–1.12) 0.198

Habitual drinker, yes or no 0.98 (0.81–1.19) 0.855

Antihypertensive medications, yes or no 1.56 (1.30–1.87) <0.001

Diabetes, yes or no 0.98 (0.75–1.28) 0.892

Dyslipidaemia, yes or no 0.90 (0.73–1.11) 0.327

History of stroke, yes or no 1.19 (0.81–1.73) 0.376

Hypertension was defined as taking anti-hypertensive medications and/or having sys-

tolic blood pressure ≥ 140 mmHg and/or diastolic blood pressure ≥ 90 mmHg. High 

NT-proBNP was defined as serum NT-proBNP level ≥ 125 pg/mL. BMI: body mass 

index, CI: confidence interval, DBP: diastolic blood pressure, NT-proBNP: N-termi-

nal pro-brain natriuretic peptide, OR: odds ratio, SBP: systolic blood pressure
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Table　3.　Multivariable Adjusted OR for High NT-proBNP (n=2,301).

Variable
Model 1 Model 2

OR 95%CI p OR 95%CI p

Subjective poor sleep quality 1.18 (0.92–1.50) 0.202

Sleeping difficulty 1.46 (1.16–1.85) 0.002 1.40 (1.10–1.79) 0.007

Short sleep duration 1.69 (1.03–2.75) 0.039 1.40 (0.83–2.32) 0.204

Use of sleeping medications 0.91 (0.71–1.16) 0.440

Daytime dysfunction 0.95 (0.74–1.21) 0.664

Multivariate model 1 included age, gender, body mass index, serum creatinine, hemoglobin concentration, 

SBP, DBP and the use of antihypertensive medications. Model 2 simultaneously included sleeping diffi-

culty and short sleep duration.

Subjective poor sleep quality, sleep difficulty, short sleep duration, use of sleeping pills, and daytime dys-

function were defined as C1 score ≥ 2, the sum of C2, C4 and C5 scores ≥ 4, C3 score ≥ 3, C6 score ≥ 1, 

and C7 score ≥ 1, respectively. The scores from C1 to C7 were components of PSQI. High NT-proBNP 

was defined as serum NT-proBNP level ≥ 125 pg/mL. CI: confidence interval, DBP: diastolic blood pres-

sure, NT-proBNP: N-terminal pro-brain natriuretic peptide, OR: odds ratio, PSQI: Pittsburgh Sleep Quali-

ty Index, SBP: systolic blood pressure

night.

Several previous studies have reported that the use of

sleeping pills may have adverse effects on health, including

an increased risk for cardiovascular disease (37, 38). How-

ever, little is known about whether or not the use of sleep-

ing pills increases the risk of HF. Our results suggest that

the use of sleeping pills was not associated with a hemody-

namic impact on the left ventricle in elderly individuals

without cardiac disease.

In the present study, the assessment of sleep was based on

a self-reported questionnaire. Some studies have suggested

that self-reported questionnaires may provide crude esti-

mates of sleep habits compared with objective methods (39).

Indeed, sleep duration evaluated by objective methods is

more accurate than that by self-reported questionnaires.

However, it is well known that the amount of sleep required

by a person varies from individual to individual (32). The

measurement by objective methods does not include the

evaluation whether the amount of sleep is sufficient for

sleep needed in the individual. One merit associated with

the subjective sleep duration is that it evaluates whether the

amount of sleep obtained is enough for a given individual.

Several investigators have shown that subjective sleep evalu-

ations are equivalent to objective methods in assessing rela-

tionships with pathology (40, 41). A large number of studies

have revealed that the sleep duration and quality evaluated

using a self-reported questionnaire were associated with car-

diovascular morbidity and mortality (42, 43).

Several limitations associated with the present study war-

rant mention. First, because of its cross-sectional design, a

causal association between the sleep quality and serum NT-

proBNP levels cannot be inferred. Second, because we did

not assess obstructive sleep apnea (OSA), which frequently

accompanies a poor sleep quality and cardiac dysfunc-

tion (44), we cannot exclude the possibility that OSA was

partly involved in the association of a poor sleep quality

with high NT-proBNP levels in this study. However, daytime

dysfunction was not associated with the serum NT-proBNP

level in this study, suggesting that OSA may have a limited

impact on our results. This point was critical, as excessive

sleepiness was significantly associated with an increased risk

of HF in patients with OSA (45).

In conclusion, our cross-sectional analysis demonstrated

that sleeping difficulty and subjective short sleep duration

were associated with serum NT-proBNP levels, suggesting a

hemodynamic linkage between poor sleep and the left ven-

tricle in elderly individuals. The prevalence of HF, especially

HF with a preserved ejection fraction, is increasing with the

growing size of the elderly population. Poor sleep may be

involved in the development of HF through an increase in

hemodynamic stress to the left ventricle in the elderly popu-

lation.
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