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Study Objectives: The prevalence of sleep disturbances and 
heart failure increases with age. We aimed to evaluate the 
associations of incident heart failure and cardiac dysfunction 
with changes in sleep quality.
Methods: This prospective population-based study was 
conducted in the Rotterdam Study. Of the 3,445 eligible 
persons (mean age 72.0 ± 7.1 years) available for cross-
sectional analyses, 8.9% (n = 307) had prevalent clinical heart 
failure. In longitudinal analyses, 1,989 eligible persons (mean 
age 70.0 ± 5.8 years) were followed for an average of 6.5 ± 
0.4 years, of which 4.6% (n = 91) had prevalent or incident 
clinical heart failure. Heart failure was assessed according 
to European Society of Cardiology criteria. To estimate 
cardiac function, we measured left ventricular fractional 
shortening, left ventricular systolic function, and E/A ratio 
by echocardiography. Heart failure and cardiac dysfunction 
were studied with linear regression in relation to sleep quality, 
assessed by the Pittsburgh Sleep Quality Index.
Results: No associations between clinical heart failure and 

sleep quality were observed in cross-sectional analyses. 
Clinical heart failure predicted a reduction of sleep quality (B = 
1.00 points on the Pittsburgh Sleep Quality Index; 95% CI 0.40, 
1.60) in longitudinal assessment. This association was driven 
by the sleep onset latency and sleep quality components of 
the Pittsburgh Sleep Quality Index. Cardiac dysfunction was 
not related to sleep quality in cross-sectional or longitudinal 
analyses.
Conclusions: Clinical heart failure, but not cardiac 
dysfunction measured by echocardiography, increases the 
risk of poor sleep quality in the general population over time. 
These fi ndings suggest that clinical manifestations of heart 
failure negatively affect sleep.
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Sleep disturbances have been reported in around 60% of 
patients with heart failure (HF).1,2 Despite improved treat-

ment and an overall decline in mortality after a cardiovascu-
lar event, the number of HF patients is increasing among the 
elderly.3 This is probably due to an aging population and to 
the improved chances of survival for HF patients.4 Neverthe-
less, only 25% to 35% of patients with clinical HF survive 
up to 5 years after diagnosis, and HF poses a great burden 
in terms of treatment, hospitalization and quality of life.5–7

HF is related to multiple physical and mental problems, in-
cluding shortness of breath, depressive symptoms, cognitive 
impairment, and sleep problems.8,9 Little is known about the 
changes in sleep occurring in these patients over time.

Previous studies investigating HF and sleep have been 
mostly cross-sectional and cannot establish a temporal rela-
tion. Prospective sleep studies have demonstrated that short 
and long sleep durations increase the risk of cardiovascular 
disease.10–13 Furthermore, diffi culty maintaining and initiat-
ing sleep are associated with incident HF.14 However, there 
is evidence for a bi-directional relation between sleep and 
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heart disease. For example, poor sleep quality and diffi culty 
maintaining and initiating sleep are consequences of cardio-
vascular disease.15 How sleep quality changes over time in 
patients with cardiac dysfunction, prevalent HF or new-onset 
HF is unclear.

We examined whether prevalent and incident HF and echo-
cardiographic indicators of cardiac dysfunction are associ-
ated with sleep quality in a community-dwelling population 
using both cross-sectional and longitudinal designs. Also, the 

BRIEF SUMMARY
Current Knowledge/Study Rationale: With increasing age, the prev-
alence of heart failure and sleep disturbances increases. How sleep 
quality changes over time in patients with cardiac dysfunction, prevalent 
or new-onset heart failure is unclear.
Study Impact: Clinical heart failure, but not echocardiographic indica-
tors of cardiac dysfunction, increases the risk of poor sleep quality in the 
general population. In this population-based study no cross-sectional 
associations were observed. These fi ndings suggest that clinical mani-
festations of heart failure negatively affect sleep.

SCIENTIFIC INVESTIGATIONS
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associations between HF and the separate component scores 
of the Pittsburgh Sleep Quality Index (PSQI) were analyzed.

METHODS

Participants
This study is part of the Rotterdam Study, a prospective popu-

lation-based cohort of the general population in Rotterdam, The 
Netherlands.16 The study conforms to the principles outlined in 
the Declaration of Helsinki, and was approved by the Medical 
Ethics Committee according to the Wet Bevolkingsonderzoek 
ERGO (Population Study Act Rotterdam Study), executed by 
the Ministry of Health, Welfare and Sports of The Netherlands. 
All participants provided written informed consent.

Between 2002 and 2005, 3,711 participants aged ≥ 55 years 
completed the PSQI and underwent echocardiography. Of 
these, 266 participants were excluded because of (1) diagnosis 
of HF that did not fulfill the criteria of the European Society 
of Cardiology; (2) poor cognitive function (Mini-Mental State 
Examination score ≤ 2317); or (3) < 6 valid PSQI component 
scores. This left 3,445 participants for cross-sectional analyses. 
Five hundred forty-one participants died during follow-up. Be-
tween 2009 and 2012, 2,105 participants completed the PSQI 
again. Of these, 116 participants were excluded because of (1) 
poor cognitive function at follow-up or (2) < 6 valid PSQI com-
ponent scores at follow-up, leaving 1,989 participants for the 
longitudinal analyses.

Clinical Heart Failure
Assessment of HF in the Rotterdam Study has been described 

previously.18 In brief, HF was determined in accordance with 
the guidelines of the European Society of Cardiology, requir-
ing objective evidence of cardiac dysfunction, together with 
typical symptoms of heart failure such as breathlessness, ankle 
swelling, pulmonary crepitation, or use of cardiovascular med-
ication for HF.19 In this study, HF was defined as prevalent if 
the date of diagnosis was before the date of the PSQI baseline 
measure. Incident HF was diagnosed if it occurred between 
the baseline and repeated PSQI assessment. Information on 
incident HF cases was obtained by digital linkage with medi-
cal records of general practitioners, which allowed continuous 
monitoring. Only definite and probable HF diagnoses were in-
cluded in the analyses.20

Echocardiography
A resting echocardiogram was obtained from each participant 

at baseline to assess left ventricular systolic function (fractional 
shortening and visual assessment [normal, fair, moderate, or 
poor]) and diastolic function (E/A ratio [ < 0.75, 0.75–1.50, > 1.50]) 
according to a standardized protocol.21 Fractional shortening was 
computed as (left ventricular end diastolic dimension – left ven-
tricular end systolic dimension) divided by left ventricular end 
diastolic dimension*100%. E/A ratio was calculated as Doppler 
peak E filling velocity divided by Doppler peak A filling veloc-
ity. The echocardiograms were made with one of two commer-
cially available systems. In the analyses, moderate and poor left 
ventricular systolic function were combined because of the low 
number of participants with poor function.

Sleep Quality
Sleep quality was measured with the PSQI, a self-rated 19-

item questionnaire.22 The global PSQI score comprises of sleep 
onset latency, sleep efficiency, sleep quality, sleep disturbances, 
sleep duration, daytime dysfunction, and use of sleeping medi-
cation in the past month (range 0–21). Higher scores represent 
a poorer sleep quality. Participants with < 6 valid PSQI compo-
nent scores were excluded. The global PSQI score was calcu-
lated as the sum of the component scores. If a participant had 
only 6 valid PSQI component scores, we calculated the global 
PSQI score, but weighted the summed score by multiplying 
with 7/6 (7*the sum of the 6 valid component scores)/6). The 
PSQI has a good test-retest reliability and validity.22

Statistical Analyses
Clinical HF, fractional shortening, left ventricular systolic 

function, and E/A ratio were studied as determinants of sleep 
quality. Clinical HF was continuously monitored, the echo-
cardiographic indicators of cardiac function and confounders 
were measured at baseline, and sleep quality was measured 
at baseline and at follow-up. We performed cross-sectional 
and longitudinal analyses to examine whether clinical HF and 
echocardiographic indicators of cardiac dysfunction are asso-
ciated with sleep quality. To assess sleep quality changes in 
the longitudinal analyses, we adjusted for baseline sleep qual-
ity. Incident HF was also studied separately from prevalent HF. 
Additionally, the associations between HF and the separate 
component scores of the PSQI were analyzed longitudinally.

We adjusted the linear regressions for age and gender. Addi-
tional adjustments were made for education (low, intermediate, 
and high), possible sleep apnea, depressive symptoms (Center 
for Epidemiologic Studies-Depression scale23), diabetes melli-
tus, cognitive function (Mini-Mental State Examination score), 
diuretic use, and the echocardiographic system used, as these 
variables changed effect estimates (> 5%) or were a priori con-
founders. Possible sleep apnea was based on 2 questions of the 
PSQI. Apnea was considered possible when participants reported 
that they snored loudly ≥ 2 nights per week and if they reported 
occasional respiratory pauses, or if they reported respiratory 
pauses ≥ 1–2 nights per week.24 Diuretic use (ATC code C03) was 
assessed with pharmacy records. Participants without a diuretic 
prescription were considered non-users, participants with a pre-
scription up to the defined daily dose were considered low users, 
and participants with a prescription higher than the defined daily 
dose were considered high users. Systolic and diastolic blood 
pressure, smoking, alcohol intake, and body mass index were not 
entered as covariates, as they did not change effect estimates.

Missing values were handled by multiple imputation using 5 
imputations. The maximum amount of missing data was for frac-
tional shortening (4.9 %). A p value < 0.05 was considered statis-
tically significant. Analyses were performed in SPSS version 20 
(IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY).

A validation of PSQI measures was performed within 2 
months in a random subsample of 173 participants with actig-
raphy and sleep diary measures conducted over the course of 
one week. The global PSQI score was correlated to sleep qual-
ity measured with three questions of the sleep diary (r = −0.41, 
p < 0.001), sleep duration correlated well with actigraphic as-
sessment of average sleep duration (r = 0.33, p < 0.001).
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RESULTS

Sample Characteristics
The cross-sectional sample consisted of 3,445 eligible par-

ticipants (mean age 72.0 ± 7.1 years; 43.2% male), of which 
307 (8.9%) participants had prevalent HF at baseline (baseline 
characteristics can be found in Table S1, supplemental mate-
rial). The sample available for longitudinal analyses consisted 
of 1,989 participants (mean age 70.0 ± 5.8 years; 41.9% male), 
of which 40 (2.0%) participants had prevalent HF at baseline 
and 51 (2.6%) had incident HF during follow-up (mean follow-
up 6.5 ± 0.4 years). Therefore a total of 91 participants with HF 
were studied (baseline characteristics for the 1,989 participants 
in the longitudinal analyses can be found in Table 1).

Linear Regression
No associations between clinical HF or cardiac dysfunction 

and sleep quality were found cross-sectionally (Table 2). The 

cross-sectional analyses only including the 1,989 participants 
from the longitudinal analyses showed similar results (data 
available upon request). In Table 3, we only present the fully 
adjusted model, as the age- and gender-adjusted model had sim-
ilar results. In longitudinal analyses, HF was related to a poorer 
sleep quality, i.e., an increase in global PSQI score between 
baseline and follow-up (B = 1.00 points on the PSQI; 95% CI 
0.40, 1.60; p < 0.01; Table 3). This association was found in 
both prevalent (B = 1.04 points on the PSQI; 95% CI 0.14, 1.94; 
p = 0.02) and incident (B = 0.97 points on the PSQI; 95% CI 0.20, 
1.75; p = 0.01) HF cases. None of the echocardiographic cardiac 
parameters were associated with changes in sleep quality.

We analyzed the components of the global PSQI score sepa-
rately with logistic regression. This enabled us to test how clinical 
HF affects the change of these aspects of sleep. HF was associ-
ated with changes in sleep quality (OR = 2.63; 95% CI 1.41, 4.93) 
and sleep onset latency (OR = 2.03; 95% CI 1.11, 3.72; component 
scores 0, 1 versus 2, 3; fully adjusted), but was not associated 
with changes in sleep duration, sleep efficiency, sleep distur-
bances, daytime dysfunction, or sleep medication (Table 4).

To disentangle the effect of sleep medication on the associa-
tion between HF and change in global PSQI score, we omitted 
the sleep medication component from the global PSQI score 
(at baseline and at follow-up) and added sleep medication use 
at baseline as extra covariate in the analysis. The association 
between HF and global PSQI score was only modestly attenu-
ated (B = 0.86; 95% CI 0.31, 1.40).

DISCUSSION

Clinical HF increased the risk of sleep problems in this 
sample of middle-aged and elderly persons. In our longitudinal 
analyses, we observed that sleep quality was reduced in par-
ticipants with either prevalent or incident HF at follow-up. This 
relation could not be demonstrated with echocardiographic 

Table 1—Baseline characteristics (n = 1,989).
Measures  

Gender (male), n (%) 834 (41.9%)
Age, mean (SD) 70.0 (5.8)
Body mass index (kg/m2), mean (SD) 27.7 (4.2)
Education, n (%)

Low 316 (15.9%)
Intermediate 1,358 (68.3%)
High 315 (15.8%)

Depressive symptoms, a mean (SD) 5.1 (6.7)
Possible sleep apnea, n (%) 180 (9.0%)
Systolic blood pressure (mm Hg), mean (SD) 147.8 (19.8)
Diastolic blood pressure (mm Hg), mean (SD) 80.8 (10.3)
Diabetes Mellitus, n (%) 226 (11.4%)
Current smoking, n (%) 242 (12.2%)
Alcohol intake (units per week), mean (SD) 8.0 (9.8)
Fractional shortening, mean (SD) 38.5 (6.7)
Left ventricular systolic function, n (%)

Normal 1,160 (58.3%)
Fair 750 (37.7%)
Moderate 58 (2.9%)
Poor 21 (1.1%)

E/A ratio, n (%)
< 0.75 553 (27.8%)
0.75–1.50 1,398 (70.3%)
> 1.50 38 (1.9%)

Diuretic use, n (%)
No 1,741 (87.5%)
Low 231 (11.6%)
High 17 (0.9%)

Global PSQI score, mean (SD) 3.7 (3.4)

Baseline (imputed data), the maximum missing data was for fractional 
shortening (4.9%). a Measured with the Center for Epidemiologic Studies-
Depression scale. PSQI, Pittsburgh Sleep Quality Index. The baseline 
characteristics for the 3,445 participants in the cross-sectional sample 
can be found in Table S1.

Table 2—The cross-sectional association of heart failure 
and echocardiographic parameters with sleep quality 
(n = 3,445).

Global PSQI, B (CI) p
Heart failure

No heart failure (n = 3,138) 0 (ref)
Prevalent heart failure (n = 307) −0.131 (−0.694, 0.432) 0.65

Cardiac function
Fractional shortening (per %) −0.001 (−0.017, 0.015) 0.88

Left ventricular systolic function
 Normal (n = 1,837) 0 (ref)
 Fair (n = 1,346) −0.083 (−0.314, 0.148) 0.48
 Moderate or poor (n = 262) 0.056 (−0.369, 0.481) 0.80

E/A ratio
 < 0.75 (n = 1,079) −0.118 (−0.359, 0.123) 0.34
 0.75–1.50 (n = 2,292) 0 (ref)
 > 1.50 (n = 74) −0.231 (−1.000, 0.537) 0.56

Linear regression adjusted for gender, age, possible sleep apnea, 
depressive symptoms, diabetes mellitus, education, cognitive function, 
echo device used, and diuretic use. PSQI, Pittsburgh Sleep Quality Index.
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indicators of cardiac dysfunction. Therefore, findings suggest 
that it is clinical manifestations of HF that specifically affect 
sleep negatively.

Several studies have related poor sleep quality to preva-
lence of cardiovascular disease; however, these studies have 
not reported repeated sleep assessments.2,11,12,25 Therefore, any 
effect of cardiovascular disease upon sleep must be inferred 
from case-control studies, which have been undertaken in a 
clinical setting. Only one of the studies focused specifically 
on HF and observed that HF patients had a lower sleep qual-
ity than controls.2 In our cross-sectional analyses, we did 
not observe an association between HF and sleep. In clinical 
studies HF is probably more severe than in our study, which 
might explain the absence of the association in our cross-
sectional analyses. For our longitudinal analyses we assessed 
sleep quality repeatedly. Our study suggests that clinical HF 
might lead to sleep problems. The reason why the association 

between HF and sleep quality was observed in longitudinal 
analyses, but not in cross-sectional analyses might be due to 
two reasons. First, in the longitudinal analyses, new-onset HF 
cases are included. Patients with new-onset HF probably ex-
perience the most substantial decline in sleep quality. Second, 
in the longitudinal analyses we tested the individual change in 
global PSQI score, while in cross-sectional analyses, the ab-
solute level of this score was tested. Participants who develop 
HF might show a decline in global PSQI score compared 
to participants who do not develop HF, while their baseline 
global PSQI scores might not differ.

There are several explanations for the observed association 
between clinical HF and sleep quality. HF symptoms such as 
restless legs, orthopnea, and nocturia due to redistribution of 
extravascular fluid in supine position, can cause disturbances 
in sleep and changes in the sleep-wake pattern. Another expla-
nation is that HF and sleep problems share common etiological 
mechanisms. For example, vascular pathologies could inde-
pendently explain HF and sleep problems.26,27 Furthermore, 
sleep-disordered breathing is highly prevalent in people with 
HF.28 We adjusted for possible sleep apnea to take this into ac-
count. In our study, possible sleep apnea was assessed by two 
questions from the PSQI. However, this is not a formal diagno-
sis of sleep apnea. We cannot rule out that if sleep apnea was 
measured by polysomnography, results could differ. It would 
be optimal to replicate results with sleep apnea assessed using 
polysomnography.

Only 25% to 35% of people with HF survive 5 years after 
first diagnosis.5,7 In our study, the participants with prevalent 
HF completed the second PSQI assessment in the longitudinal 
analyses 10.2 ± 2.8 years after onset of HF. The participants 
with recent-onset HF completed the PSQI assessment 3.5 ± 1.8 
years after onset of HF. Participants with HF in population-
based studies are thus more likely to be long-term survivors 
with less severe HF, and this can lead to an underestimation 
of the impact of HF on sleep changes. However, in this study, 
the effect of incident HF upon sleep was only slightly differ-
ent than the effect of prevalent HF. We could not find any ef-
fect of cardiac dysfunction measured with echocardiography, 
and sleep problems. This suggests that HF symptoms are on 
the causal pathway between cardiac dysfunction and sleep 
disturbances.

The major strengths of this study are the prospective data 
collection and the use of general practitioners’ records to 

Table 4—The longitudinal association of heart failure with the component scores of the Pittsburgh Sleep Quality Index 
(n = 1,989). 

Sleep Quality Sleep Latency Sleep Duration Sleep Efficiency
Sleep 

Disturbances Sleep Medication
Daytime 

Dysfunction
No heart failure 
(n = 1,898) 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref) 0 (ref)

Heart failure
(n = 91)

2.63
(1.41, 4.93) **

2.03
(1.11, 3.72) *

1.33
(0.72, 2.47)

1.67
(0.96, 2.91)

1.80
(0.66, 4.88)

1.77
(0.81, 3.84)

1.80
(0.65, 4.95)

Values are odds ratio (confidence interval). Logistic regression of the Pittsburgh Sleep Quality Index component scores on heart failure (component scores 
were dichotomized into 0,1 versus 2,3). * p < 0.05, ** p < 0.01. All analyses are adjusted for the respective baseline sleep component scores to assess 
change. Further adjustments were made for gender, age, possible sleep apnea, depressive symptoms, diabetes mellitus, education, cognitive function, 
echo device used, and diuretic use.

Table 3—The longitudinal associations of heart failure 
and echocardiographic parameters with sleep quality 
(n = 1,989).

 
 

Change in Global 
PSQI, B (CI) p

Heart failure
No heart failure (n = 1,898) 0 (ref)
Clinical heart failure all (n = 91) 1.002 (0.402, 1.602) < 0.01
Prevalent heart failure (n = 40) 1.041 (0.141, 1.940) 0.02
Incident heart failure (n = 51) 0.973 (0.197, 1.749) 0.01

Cardiac function
Fractional shortening (per %-point) −0.008 (−0.028, 0.012) 0.44

Left ventricular systolic function
Normal (n = 1,160) 0 (ref)
Fair (n = 750) 0.106 (−0.163, 0.375) 0.44
Moderate or poor (n = 79) −0.092 (−0.751, 0.567) 0.78

E/A ratio
< 0.75 (n = 553) −0.019 (−0.311, 0.273) 0.90
0.75–1.50 (n = 1,398) 0 (ref)
> 1.50 (n = 38) −0.490 (−1.390, 0.410) 0.29

Linear regression adjusted for gender, age, global PSQI score at 
baseline, possible sleep apnea, depressive symptoms, diabetes mellitus, 
education, cognitive function, echo device used, and diuretic use. PSQI, 
Pittsburgh Sleep Quality Index, change modelled by correction for 
baseline PSQI.
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assess HF. HF was recorded early in the disease process, often 
before the patient was in specialist care and, hence, the chance 
of reverse causality was low. This study also has some limita-
tions. First, healthy participants were more likely to complete 
the follow-up PSQI, as observed by the reduction in prevalent 
HF. Consequently, the longitudinal analyses included more 
relatively healthy older adults and could be less generalizable. 
Second, the number of participants with HF was relatively 
small. We had sufficient power to show consistent longitu-
dinal effects, but including more participants with HF might 
strengthen the findings and would have enabled us to evaluate 
specific subgroups. Third, information on sleep disorders such 
as sleep apnea was limited. In our study, possible sleep apnea 
was assessed with the PSQI. However, this is not a formal diag-
nosis of sleep apnea. We cannot rule out that formal diagnoses 
of sleep apnea could change the results.

To conclude, clinical HF, but not cardiac dysfunction as 
measured by echocardiography, increases the risk of poor 
sleep quality in the general population over time. Moreover, no 
cross-sectional associations were observed in this population-
based study. These findings suggest that clinical manifesta-
tions of HF negatively affect sleep.
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SUPPLEMENTAL MATERIAL

Table S1—Baseline characteristics of the cross-sectional 
sample (n = 3,445).

Measures  
Gender (male), n (%) 1,487 (43.2%)
Age, mean (SD) 72.0 (7.1)
Body mass index (kg/m2), mean (SD) 27.6 (4.2)
Education, n (%)

Low 660 (19.2%)
Intermediate 2,302 (66.8%)
High 483 (14.0%)

Depressive symptoms, a mean (SD) 5.9 (7.2)
Possible sleep apnea, n (%) 288 (8.4%)
Systolic blood pressure (mm Hg), mean (SD) 149.4 (22.1)
Diastolic blood pressure (mm Hg), mean (SD) 80.0 (11.4)
Diabetes Mellitus, n (%) 504 (14.6%)
Current smoking, n (%) 456 (13.2%)
Alcohol intake (units per week), mean (SD) 7.7 (10.1)
Fractional shortening, mean (SD) 37.9 (7.3)
Left ventricular systolic function, n (%)

Normal 1,837 (53.3%)
Fair 1,346 (39.1%)
Moderate 150 (4.3%)
Poor 112 (3.3%)

E/A ratio, n (%)
< 0.75 1,079 (31.3%)
0.75–1.50 2,292 (66.5%)
> 1.50 74 (2.2%)

Diuretic use, n (%)
No 2,932 (85.1%)
Low 455 (13.2%)
High 58 (1.7%)

Global PSQI score, mean (SD) 3.9 (3.6)

Baseline (imputed data). a Measured with the Center for Epidemiologic 
Studies-Depression scale. PSQI, Pittsburgh Sleep Quality Index.
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