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Study Objectives: We studied sleep duration and sleep quality in relation to cardiovascular disease (CVD) incidence.

Design/Setting: Dutch population-based cohort study.

Participants: 20,432 men and women aged 20-65 y with no history of CVD.

Interventions: N/A

Measurements: Sleep duration and sleep quality were assessed by a self-administered questionnaire. Morbidity data, vital status, and causes of
death were obtained through linkage with several national registries. Hazard ratios (HRs) and 95% confidence intervals (95% Cls) were calculated
using Cox proportional hazards models.

Results: During 10-15 years of follow-up, 1,486 CVD and 1,148 coronary heart disease (CHD) events occurred. Short sleepers (< 6 h) had a 15%
higher risk of total CVD (HR: 1.15; 95%Cl: 1.00-1.32) and a 23% higher risk of CHD (HR: 1.23 [1.04-1.45]) compared to normal sleepers (7 h) after
adjustment for all confounders. Additional adjustment for intermediate biological risk factors attenuated these relative risks to 1.11 (0.97-1.27) for
total CVD and to 1.19 (1.00-1.40) for CHD. Short sleepers with poor sleep quality had a 63% higher risk of CVD (HR: 1.63 [1.21-2.19]) and a 79%
higher risk of CHD incidence (HR: 1.79 [1.24-2.58]) compared to normal sleepers with good sleep quality, after adjustments for all confounders. We
observed no associations between long sleep duration (= 9 h) and CVD or CHD incidence.

Conclusions: Short sleepers, especially those with poor sleep quality, have an increased risk of total CVD and CHD incidence. Future investiga-

tions should not only focus on sleep duration, but should also take sleep quality into account.
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INTRODUCTION

Cohort studies reported conflicting results for the associa-
tion of short sleep duration with the occurrence of cardiovas-
cular diseases (CVD). In a recent meta-analysis incorporating
15 studies by Cappuccio et al.,' short compared to normal sleep
duration was not related to total CVD (RR: 1.03 [95%CI 0.93-
1.15]), though it was related to coronary heart disease (CHD)
(RR:1.48 [1.22-1.80]) and stroke (RR 1.15 [1.00-1.31]). For
long compared to normal sleep duration, Cappuccio et al. re-
ported an RR of 1.41 (1.19-1.68) for total CVD, 1.38 (1.15-
1.66) for CHD, and 1.65 (1.45-1.87) for stroke.!

The relation between short sleep duration and CVD inci-
dence could be due to an effect of short sleep on intermediate
biological CVD risk factors such as BMI, blood lipids, high
blood pressure, and prevalence of diabetes.>* The association
between long sleep duration and CVD incidence may be ex-
plained by long sleep duration being an early symptom of dis-
ease and preceding clinical diagnoses.? Also, sleep quality may
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modify the association between sleep duration and CVD. Sleep
quality is an important factor in the physiologic recovery of the
body during sleep, and good sleep quality may prevent CVD.?
Therefore, short and long sleep duration may be adequate for
those with good sleep quality but not for those with poor sleep
quality. Chandola et al. were the first to demonstrate that the as-
sociation between short sleep duration and CHD was strongest
among those with sleep disturbance.®

The purpose of the present study was to investigate the as-
sociation between short and long sleep duration and total CVD
and CHD incidence, independent of lifestyle related factors,
subjective health and educational level. We investigated me-
diation by biological CVD risk factors by adjusting for these
factors. In a subsample of our population, we explored the
combined associations of sleep duration and sleep quality with
CVD and CHD incidence.

METHODS

Study Population

The MORGEN Study (Monitoring Project on Risk Factors
and Chronic Diseases in the Netherlands) was carried out in
the Netherlands between 1993 and 1997 in 23,033 participants
(10,422 men and 12,611 women). Random sex- and age-strati-
fied samples were drawn from municipal population registers in
3 towns in the Netherlands (Doetinchem, Maastricht, and Am-
sterdam). The average response rate in the MORGEN Study
was 45%.7 We excluded participants with prevalent CVD based
on self-report and hospital admission data, women who were
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pregnant at baseline, those with no information on sleep dura-
tion, sleep quality, or any of the covariates, as well as those
with no follow-up of vital status or of cardiovascular events.
In total 20,432 participants 9,217 men and 11,215 women re-
mained for our analyses. The Medical Ethics Committee of
the Netherlands Organization for Applied Scientific Research
(TNO) approved the study protocol and all participants signed
an informed consent form.

Sleep Duration and Sleep Quality

Information on sleep duration and on sleep quality was ob-
tained by a self-administered questionnaire. The average sleep
duration was assessed by asking “How many hours of sleep do
you usually get per 24-hour period?” with answer categories “5
hours or less,” “6 hours,” “7 hours,” “8 hours,” and “9 hours
or more.” Short sleep duration was defined as sleeping < 6 h,
normal sleep duration as 7 (reference group) or 8 h, and long
sleep duration as > 9 h.

Information on sleep quality was obtained only in the first 2
years of baseline measurements (1993 and 1994; n = §,341) as
part of the Amsterdam Biographical Questionnaire on neuroti-
cism.® It was assessed by asking “Do you usually rise rested?”
with answer categories “yes,” “don’t know,” or “no”. “Good
sleep quality” was defined as “yes” for rising rested and poor
sleep quality was defined as “no” for rising rested. We excluded
those answering “don’t know” (n = 1,658, 20%) from the analy-
ses regarding sleep quality. Thus 6,683 participants remained
for our analyses on sleep quality.

Ascertainment of Non-Fatal and Fatal CVD and CHD Events

After enrolment in the MORGEN Study, the participants
were followed for the occurrence of non-fatal and fatal CVD
and CHD by linkage with registries. Morbidity data were pro-
vided by the National Medical Registry (NMR) using the Dutch
Hospital Discharge Diagnosis Database (HDR).Vital status was
obtained through linkage with the municipal population reg-
istries. Subsequently, primary and secondary causes of death
were obtained through linkage with “Statistics Netherlands.”
Information on morbidity and mortality follow-up was avail-
able up to January 1, 2008.7 Non-fatal and fatal CVD were de-
fined according to ICD-9° codes 410— 414, 415.1, 427.5, 428,
430-438, 440444, 798.1, 798.2, and 798.9; or ICD-10" codes
G45, 121-126, 146, 150, 160-167, 169 170-174, R96 for the fatal
cases after 1996. CHD was defined as ICD9 codes 410-414 or
ICD10 codes 120-125.

Covariates

Information on educational level, current smoking, physical
activity, alcohol and coffee consumption, subjective health and
CVD risk factor medication were assessed by a self-adminis-
tered questionnaire. Educational level was assessed as the high-
est level of education reached. Smoking was assessed as “yes,”
“no,” or “former.” Information on physical activity was as-
sessed with the validated" and extended'? EPIC questionnaire
during the period 1994-1997. We included cycling and sports as
covariates, since in our population only those 2 activities were
inversely associated with CVD incidence.'? Subjective health
was assessed by a self-administered questionnaire by asking
“How do you rate your health in general?” with 5 answer cat-
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egories ranging from “excellent” to “bad.” Self-reported CVD
risk factor medication was defined as using cholesterol lower-
ing medication or antihypertensive agents. Prevalent cases of
diabetes were identified through linkage with the Dutch HDR
(1990-97) and by self-report. Cases detected by either of these
methods were verified by consulting medical records of general
practitioners.” Standardized measurements of weight, height,
and systolic and diastolic blood pressure were obtained, and
blood was drawn by trained personnel during a visit to the mu-
nicipal health service. Non-fasting plasma glucose and total and
HDL cholesterol were measured with commonly used methods.
A more detailed description of these measurements has previ-
ously been published by Beulens et al.”

Statistical Analyses

Statistical analyses were carried out using SAS statistical
software version 9.2 (SAS Institute, INC., Cary, NC). Partici-
pants’ characteristics are presented as mean + SD for continu-
ous variables, or percentages for categorical variables, in strata
of sleep duration categories. Participants were followed up to
the first non-fatal cardiovascular event, death, emigration, or
were censored at January 1, 2008, whichever came first. Cox
proportional hazards models were used to estimate hazard ra-
tios (HRs) and 95% confidence intervals (95% Cls) of total
CVD and CHD incidence in sleep categories. Participants with
anormal sleep duration of 7 h were considered as the reference
group. The Cox proportional hazard assumption was fulfilled
according to the graphical approach and according to Schoen-
feld residuals.

To assess sleep duration and sleep quality in relation to total
CVD and CHD incidence, four models were used. The first
model was adjusted for age and sex. In the second model we
additionally included current smoking (yes, no), alcohol con-
sumption (male: none, > 0-2, > 2 glasses per day/female: none,
>0-1,> 1 glass per day) and coffee consumption (< 6, > 6 cups
a day) in the model. In the third model we additionally includ-
ed educational level (low [lower vocational training or primary
school], medium [secondary school and intermediate vocation-
al training], or high [higher vocational training or university])
and subjective health (bad-reasonable, good-excellent). In the
fourth model we assessed mediation by biological risk factors,
by additionally adjusting for BMI (continuously), total-’/HDL
cholesterol ratio, systolic blood pressure (continuously), CVD
risk factor medication (yes, no), and prevalent type 2 diabetes
(yes, no).

To test for interaction in the association between sleep dura-
tion and total CVD with age (younger or older than 50 years),
sex, current smoking, hypertension, BMI categories (< 25, 25-
30, > 30 kg/m?) and sleep quality, we added interaction terms
to models adjusted for age and sex. Only the interaction term
between sleep quality and sleep duration was statistically sig-
nificant at o < 0.05.

To minimize the possibility that sleeping habits have changed
in response to subclinical disease, the analyses were repeated
after exclusion of cases in the first 2 years of CVD follow-up.
Additionally, sensitivity analyses were performed in which par-
ticipants with underweight (BMI < 18.5; n = 327), prevalent
diabetes (n = 189), and those with CVD risk factor medication
(n =1015) were excluded.
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RESULTS

During 10-15 years of follow-up
(mean 11.9 years) 1,486 total CVD
events and 1,148 CHD events oc-
curred. In total 3,387 (17%) par-
ticipants were short sleepers, and
1,480 (7%) long sleepers. At base-
line, short sleepers were generally
older, more likely to be male, and
had a less favorable risk profile
than normal sleepers (Table 1).
Long sleepers were of the same
age, less likely to be male, had less
favorable levels of lifestyle factors,
and similar levels of biological risk
factors compared to normal sleep-
ers (Table 1).

After adjustment for relevant
confounders (age, sex, lifestyle
factors, subjective health, and
educational level; model 3), short
sleepers had a 15% higher risk of
total CVD incidence (Table 2; HR:
1.15; 95%CI: 1.00-1.32) and a
23% higher risk of CHD incidence
(HR: 1.23 [1.04-1.45]) compared
to normal sleepers (Table 2). In
the subgroup of participants with
information on physical activity (n
= 16,183), additional adjusting for
cycling (yes, no) and sports (yes,
no)'? did not further attenuate the
association (results not shown).
Adjustment for intermediate bio-
logical risk factors (BMI, total-/
HDL cholesterol ratio, systolic
blood pressure, CVD risk factor
medication, and prevalent type 2
diabetes; model 4) diminished the
relative risks to 1.11% for total
CVD incidence (HR: 1.11 [0.97-
1.27]) and to 1.19% for CHD in-
cidence (HR: 1.19 [1.00-1.40]).

Long sleep duration was not as-
sociated with total CVD incidence
(HR: 0.94 [0.76-1.16]; model 3),
although long sleepers tended to
have a lower risk of CHD incidence
(HR: 0.77 [0.58-1.02]; model 3).

Table 1—Baseline characteristics of men and women; the MORGEN Study, 1993-1997
Sleep Duration
<6h 7h 8h 29h
(n=3387) (n=8216) (n=7349) (n=1480)
Demographic Factors
Age (years)? 443 (10.3) 41.7(10.6) 41.5(11.8) 41.4(12.9)
Sex (male, %) 54 50 38 32
Education (low, %) 54 44 49 57
Lifestyle Factors (%)
Current cigarette smoking 40 35 33 35
Cycling® 70 80 79 72
Sports® 36 46 43 36
Alcohol
None 15 10 15 23
Moderate® 52 58 60 54
Coffee consumption (= 6 cups a day) 44 39 31 28
General Health (%)
Good subjective health 82 92 91 79
Sleep quality®
Good 39 53 58 44
Don’t know 21 21 19 16
Poor 40 26 24 40
Biological Risk Factors
BMI (kg/m?)? 25.7(41) 249(38) 248(39) 249(4.3)
Overweight (25-30 kg/m2,%) 39 35 33 34
Obesity (= 30 kg/m?2,%) 14 9 9 "
Total cholesterol (mmol/L)? 54 (1.1) 52(1) 53(1.1) 5.3(1.1)
HDL cholesterol (mmol/L)? 1.3(0.4) 14(0.4) 14(0.4) 14(0.4)
Glucose (mmol/L)? 54 (1.5) 52(1.2) 52(1.3) 5.3(1.5)
Systolic blood pressure (mm Hg)? 123 (17) 121 (16) 120 (16) 120 (16)
Hypertension (%) 23 18 17 18
Self-reported CVD risk factor medication (%)’ 7 5 5 6
Diabetes mellitus type 2 (%) 14 0.6 0.8 14
Cardiovascular Events
Non-fatal CVD (n/%)¢ 309/9.2 531/6.5 456/6.3 97/16.7
Non-fatal CHD (n/%)" 209/6.2 345/4.3 260/3.6 51/3.5
Fatal CVD (n/%)° 42/1.2 58/0.7 64/0.9 13/0.9
Fatal CHD (n/%)" 25/0.7 25/0.3 33/0.5 5/0.3
aNumbers are given as mean (SD); ®Numbers are based on baseline data from 1994-1997; “Moderate alcohol
consumption: < 2 glasses per day for men and < 1 glass for women; “Numbers are based on baseline data
from 1993 and 1994; Systolic blood pressure = mm Hg and/or diastolic blood pressure = 90 mm Hg and/or
usage of antihypertensive medication; ‘Cholesterol lowering and/or antihypertensive medication; $<CVD were
defined according to ICD-9 codes 410-414, 415.1,427.5, 428, 430-438, 440-444, 798.1, 798.2 and 798.9 and
corresponding ICD-10 codes for the fatal cases after 1996; "CHD was defined according to ICD-9 codes 410-
414 and corresponding ICD-10 codes for the fatal cases after 1996.

In a subgroup of 6,683 partici-
pants data was available on sleep
quality. After adjustment for age and sex, participants with
poor sleep quality had a 22% (HR: 1.22 [1.02-1.44]) higher
risk of CVD and a 34% (HR: 1.34 [1.08-1.66]) higher risk of
CHD incidence than those with good sleep quality (Table 3).
After additional adjustment for sleep duration, lifestyle fac-
tors, subjective health, and educational level, this higher risk
was no longer statistically significant (HR CVD: 1.05 [0.87-
1.26]/HR CHD: 1.18 [0.94-1.49]). Interactions between sleep
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duration and sleep quality in relation to CVD and to CHD
were significant (both P < 0.05). After adjustment for all rel-
evant confounders and compared to participants with a normal
sleep duration and good sleep quality, those with short sleep
duration or with poor sleep quality were not at higher risk of
CVD or CHD incidence, whereas those with both short sleep
duration and poor sleep quality had a 63% higher risk of CVD
(HR: 1.63 [1.21-2.19]) and a 79% higher risk of CHD inci-
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dence (HR: 1.79 [1.24-2.58]) (Figure 1). Among short sleep-
ers, in our full model (adjusted for age, sex, smoking, alcohol
consumption, coffee, subjective health, and educational level)
we found an HR of 1.32 (0.95-1.84) for poor compared to
good quality in relation to total CVD and an HR of 1.57 (1.05-
2.36) for CHD.

The exclusion of participants with a CVD event during the
first 2 years of follow-up did not attenuate our results; neither
did exclusion of participants with prevalent type 2 diabetes,
with underweight, or those with CVD risk factor medication.

DISCUSSION

Table 2—Hazard ratios (95% ClI) of incident total CVD and CHD by sleep duration category; the MORGEN Study,
1993-1997

Sleep Duration

<6h 7h 8h 29h
Persons at risk, no. 3387 8216 7349 1480
Incident total CVD, no. 331 563 488 104
Person years 39738 97 980 87 967 17 468
Model 12 1.25 (1.09-1.43) 1.00 (ref) 0.99(0.88-1.12)  1.04 (0.84-1.28)
Model 2° 1.20 (1.05-1.37) 1.00 (ref) 0.98 (0.87-1.11)  1.00 (0.81-1.23)
Model 3¢ 1.15(1.00-1.32) 1.00 (ref) 0.97 (0.86-1.10)  0.94 (0.76-1.16)
Model 4¢ 1.11(0.97-1.27) 1.00 (ref) 0.95(0.84-1.08)  0.96 (0.77-1.18)
Incident CHD, no. 227 361 280 55
Person years 40185 98969 88929 17715
Model 12 1.33 (1.13-1.57) 1.00 (ref) 0.89(0.76-1.04)  0.85(0.64-1.14)
Model 2° 1.29 (1.09-1.53) 1.00 (ref) 0.88 (0.75-1.03)  0.82(0.61-1.09)
Model 3¢ 1.23 (1.04-1.45) 1.00 (ref) 0.87(0.74-1.02)  0.77 (0.58-1.02)
Model 4¢ 1.19 (1.00-1.40) 1.00 (ref) 0.85(0.73-1.00) 0.78 (0.58-1.04)

*Model 1: analyses adjusted for age and sex; "Model 2: model 1 + smoking, alcohol, and coffee; “Model 3: model
2 + subjective health and educational level; ®Model 4: model 3 + BMI, total-HDL cholesterol ratio, systolic blood
pressure, CVD risk factor medication, and prevalence of type 2 diabetes.

For short sleepers, we observed a 15% higher risk of to-
tal CVD and a 23% higher risk of CHD compared to normal
sleepers after adjustment for relevant confounders. These asso-
ciations could partially be explained by intermediate biological
risk factors. Compared to participants with a normal sleep dura-
tion and good sleep quality, those with both short sleep duration
and poor sleep quality had a 63% higher risk of total CVD inci-
dence and a 79% higher risk of CHD incidence. Long sleepers
did not have an increased risk of total CVD or CHD incidence.

The finding that short sleep
duration was associated with
increased total CVD?*!*° and
CHD incidencell,l},l5‘16,18,20,21
has previously been reported.
Epidemiological studies showed
that short sleep duration was as-
sociated with higher incidence
of overweight, obesity, and hy-
pertension, with higher levels of
blood pressure, total cholesterol,
hemoglobin A (Ic), and triglyc-
erides.>* Also, blood pressure
declines to its lowest levels dur-
ing nighttime sleep when the
parasympathetic activity is high-
est.”> Consequently, the arteries
of people with short sleep dura-
tion benefit the least from this
positive effect. Indeed, part of
the association was explained by
adjusting for BMI, total-’/HDL
cholesterol ratio, systolic blood
pressure, and prevalence of type
2 diabetes. Unfortunately, we
were unable to assess the effects

Table 3—Hazard ratios (95% Cl) of incident CVD and CHD by sleep duration and sleep quality; the MORGEN Study, 1993 and 19942
Sleep Duration Sleep Quality
<6h 7h 8h 29h Good Poor
Persons at risk, no. 1082 2669 2466 466 4332 2351
Incident CVD, no. 131 198 211 48 384 204
Model 1° 1.49 (1.19-1.85) 1.00 (ref) 1.18 (0.97-1.43)  1.36 (0.99-1.86) 1.00 (ref) 1.22 (1.02-1.44)
Model 2 1.44 (1.15-1.80) 1.00 (ref) 1.18(0.97-1.44)  1.33(0.96-1.82) 1.00 (ref) 1.17 (0.98-1.39)
Model 3¢ 1.34 (1.07-1.68) 1.00 (ref) 1.14 (0.94-1.39) 1.17 (0.85-1.62) 1.00 (ref) 1.05 (0.87-1.26)
Model 4¢ 1.26 (1.01-1.58) 1.00 (ref) 1.12(0.92-1.36) 1.19 (0.86-1.64) 1.00 (ref) 1.04 (0.87-1.26)
Incident CHD, no. 86 132 125 28 237 134
Model 1° 1.45 (1.11-1.91) 1.00 (ref) 1.05(0.82-1.34)  1.16 (0.77-1.75) 1.00 (ref) 1.34 (1.08-1.66)
Model 2° 1.38 (1.05-1.82) 1.00 (ref) 1.05(0.82-1.35)  1.12 (0.74-1.69) 1.00 (ref) 1.29 (1.03-1.60)
Model 3¢ 1.29 (0.98-1.71) 1.00 (ref) 1.03(0.80-1.32) 1.01(0.67-1.52) 1.00 (ref) 1.18 (0.94-1.49)
Model 4° 1.19 (0.90-1.58) 1.00 (ref) 1.01(0.79-1.29)  1.00 (0.66-1.51) 1.00 (ref) 1.19 (0.95-1.50)
These are the first 2 years of baseline measurement, this is therefore a subpopulation. ®Model 1: analyses adjusted for age and sex; “Model 2: model 1 +
sleep duration or sleep quality; “Model 3: model 2 + smoking, alcohol, coffee, subjective health, and educational level; *Model 4: model 3 + BMI, total-/HDL
cholesterol ratio, systolic blood pressure, CVD risk factor medication, and prevalence of type 2 diabetes.
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of hemoglobin A (lc), triglycerides, or nocturnal blood pres-
sures on our results.

In our study, long sleep duration was not associated with CVD
and tended to be protective for CHD (HR: 0.77 [0.58-1.02]).
The latter result was not found in earlier research. Cappuccio et
al. reported in their meta-analysis of long compared to normal
sleep duration, a RR of 1.41 (95%CI 1.19-1.68) for total CVD
and 1.38 (1.15-1.66) for CHD.! However, our trend towards a
protective association between long sleep duration and CVD is
consistent with the results of King et al., who observed that the
longer the (actigraphically measured) sleep duration, the lower
the 5-year incidence of coronary artery calcifications.”

We observed that short sleepers did not have a higher risk
of CVD or CHD incidence compared to normal sleepers when
both had good sleep quality. Only short sleepers with poor sleep
quality had a 63% higher risk of CVD and a 79% higher risk of
CHD. When looking within short sleepers only, poor compared
to good sleep quality increased the risk of CHD. The results
also suggest an increased risk of total CVD, but this association
did not reach statistical significance. This is consistent with our
findings that are presented in Figure 1. In line with our results,
Chandola et al. found in the Whitehall II cohort that the associa-
tion of short sleep (< 6 h) with CHD risk was greatest among
those who reported some sleep disturbance.® These findings
support the hypothesis that for some people, sleep duration of
6 hours or less may be adequate for the restorative physiologic
processes accompanied by sleep, but not for others.® Therefore,
sleep quality should be taken into account in addition to sleep
duration when investigating sleep.

We obtained data on non-fatal CVD and CHD incidence
through linkage with the Dutch Hospital Discharge Diagnosis
Database (HDR). In a validation study, with an approximate
33% overlap of participants from our study, the HDR was com-
pared with the detailed clinical registry of cardiovascular pa-
tients of the Cardiology department of Maastricht University
Hospital.** A high sensitivity (84%) and positive predictive
value (97%) were observed for CHD hospital admissions.*
Causes of death were obtained through linkage with “Statistics
Netherlands” in the present study. In a study in which causes of
death were coded again 2 years after initial coding, agreement
ranged from 77% to 89% for cardiovascular diseases.”® If non-
fatal or fatal CVD or CHD cases in our study have been missed,
this is unlikely to be related to sleep duration and will therefore
not have biased our results.

Our results must be considered in the context of the inherent
limitations of research on sleep duration. As in most other epide-
miological studies, a self-reported single survey item was used
to assess sleep duration and sleep quality. It was not feasible to
obtain more detailed and objective measures of sleep, such as
actigraphic or polysomnographic measures, from such a large
population.® Reported sleep durations may represent time spent
in bed rather than physiologic sleep duration.?® Lauderdale et al.
found that actigraphically measured sleep duration was shorter
than self-reported questionnaire sleep duration (6.06 h vs. 6.65
h on a weekday).”” This measurement error may have biased
our results since it is related to age, sex, and subjective sleep
quality.?® Sleep quality was assessed in the first two years of the
study. The question on sleep quality was dropped due to space
limitations when in the third year additional questions on other
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Figure 1—Hazard ratios (95% CI) of incident CVD (A) and CHD (B) by
sleep duration and sleep quality, adjusted for age, sex, smoking, alcohol,
coffee, subjective health and educational level; the MORGEN Study,
1993 and 1994.

topics were added to the questionnaire. Since sample selection
has not changed over the years, it is unlikely that this group
is different from the people measured in subsequent years. We
therefore do not suspect any selection bias. Sleep quality was
assessed as rising rested which is an indirect measure of sleep
quality. As in other studies assessing sleep quality by question-
naire, this question was not validated. However, those not ris-
ing rested are likely to have poor sleep quality, even detecting
people with micro-arousals or disturbances in sleep phases who
might not even know they have poor sleep quality. These people
only experience not rising rested in the morning. Moreover, we
did not have the power to analyze the “don’t know” category
of the rising rested question separately. Therefore, we excluded
those answering “don’t know” from our analyses pertaining to
sleep quality. Finally, data on physical activity, which could be
an important confounder, were available for only 77% of the
participants. Multivariate analyses with and without adjustment
for physical activity yielded similar risk estimates for sleep du-
ration and CVD incidence. Therefore, residual confounding by
physical activity is not a major issue in the present study.

A major strength of the present study was the comprehensive
data collection from a large study population that allowed us to
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adjust for a large number of potential confounders. Another ad-
vantage was that we could investigate intermediate risk factors
and explore the interaction of sleep duration with sleep quality
in relation to CVD and CHD incidence.

In conclusion, we observed that short sleep duration was
associated with total CVD and CHD incidence, whereas long
sleep duration was not. This association could partially be ex-
plained by intermediate biological CVD risk factors. The stron-
gest association with CVD and CHD incidence was found in
short sleepers with poor sleep quality. Future investigations
should not only focus on sleep duration, but should also take
sleep quality into account.
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