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Sufficient sleep duration contributes
to lower cardiovascular disease risk in
addition to four traditional lifestyle
factors: the MORGEN study

Marieke P Hoevenaar-Blom1,2, Annemieke MW Spijkerman1,
Daan Kromhout2 and WM Monique Verschuren1

Abstract

Background: The contribution of sufficient sleep duration to lower CVD risk in addition to sufficient physical activity, a

healthy diet, (moderate) alcohol consumption, and non-smoking has not been investigated yet.

Design: The MORGEN study is a prospective cohort study including 8128 men and 9759 women aged 20–65 years, free

of CVD at baseline.

Methods: Sufficient physical activity (�3.5 h/week cycling or sports), a healthy diet (Mediterranean Diet Score �5),

(moderate) alcohol consumption (�1 beverage/month), non-smoking, and sufficient sleep duration (�7 hours) were

assessed by self-administered questionnaires between 1994 and 1997. Cardiovascular morbidity and mortality were

ascertained through linkage with national registers. Hazard ratios and preventable proportions were calculated adjusted

for age, sex, and educational level.

Results: During 10–14 years of follow up, 607 composite CVD events (fatal CVD, nonfatal myocardial infarction and

stroke) occurred, of which 129 were fatal. Those with the four traditional healthy lifestyle factors had a 57% lower risk of

composite CVD (HR 0.43, 95% CI 0.31–0.59) and a 67% lower risk of fatal CVD (HR 0.33, 95% CI 0.16–0.68) compared

with those with none or one healthy lifestyle factor. Sleeping sufficiently in addition to the four traditional lifestyle factors

resulted in a 65% lower risk of composite CVD (HR 0.35, 95% CI 0.23–0.52), and an 83% lower risk of fatal CVD (HR

0.17, 95% CI 0.07–0.43).

Conclusions: Sufficient sleep and adherence to all four traditional healthy lifestyle factors was associated with lower

CVD risk. When sufficient sleep duration was added to the traditional lifestyle factors, the risk of CVD was further

reduced.
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Introduction

Physical activity,1,2 diet,3,4 alcohol consumption,5,6 and
smoking7–9 have all been individually associated with
incident cardiovascular diseases (CVD). Since these
lifestyle factors tend to cluster in individuals,10 different
combinations of these factors in relation to incident
CVD have been investigated.11–20 When investigating
scores of healthy lifestyle factors, the highest compared
with the lowest adherence to a healthy lifestyle was
associated with hazard ratios (HRs) ranging from
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0.24 to 0.35 for fatal CVD.11–14,17–19 Similarly, these
HRs ranged from 3.12 to 8.17 for scores representative
of unhealthy lifestyle factors.15,16

Most studies investigating combinations of lifestyle
factors have included physical activity, diet or dietary
components, alcohol consumption, smoking, and body
mass index (BMI) or waist circumference.11,12,14–18,20–24

Recently, it has been shown that poor sleep duration is
an independent risk factor for CVD.25,26 So far, only
two studies have included sleep duration as a lifestyle
factor.11,17 Both studies showed independent associ-
ations of sleep with CVD risk, and a reduction in
CVD risk for a lifestyle score incorporating sleep.
However, without providing insight into the additional
impact of sleep on top of the other healthy lifestyle
factors. In addition, these studies were performed in
Chinese and Japanese populations, respectively, and
generalizability to European populations needs to be
shown.

The purpose of the present study was to examine
whether sufficient sleep duration further reduces CVD
incidence in addition to sufficient physical activity, a
healthy diet, (moderate) alcohol consumption, and
non-smoking.

Methods

Study population

The Monitoring Project on Risk Factors for Chronic
Diseases (MORGEN) was carried out in the
Netherlands between 1993 and 1997 with 10,448 men
and 12,652 women aged 20–65. Municipal population
registers were used as sampling frames to draw random
sex- and age-stratified samples in three cities in the
Netherlands (Doetinchem, Maastricht, and
Amsterdam). The response rate in the MORGEN
study was 45%.27

We excluded participants examined in 1993 due to
the use of a different physical activity questionnaire
(n¼ 5213), persons with prevalent CVD or type 2 dia-
betes based on self-report and hospital discharge data
(n¼ 613) and women who were pregnant at baseline
(n¼ 115). Furthermore, we excluded persons with
extremely low or high reported energy intakes (i.e.
those in the lowest and highest 0.5% of the ratio of
energy intake over basal metabolic rate according to
Schofield,28 corresponding to average energy intakes
of 1061 and 3854 Kcal/day for the lowest and highest
0.5% respectively) (n¼ 166). Finally, we excluded those
with no information on one or more of the lifestyle
factors or covariates (n¼ 683), as well as those with
no information on vital status or cardiovascular
events (n¼ 1671). After these exclusions, 6672 men
and 7967 women remained for our analyses.

There was no meaningful difference in age and sex
between those included and those excluded; however,
those excluded had a slightly lower educational level.

Lifestyle

Physical activity. Physical activity was assessed with a
validated questionnaire29 developed for the European
Prospective Investigation into Cancer and Nutrition
(EPIC) from 1994 onwards. In a previous investigation,
we showed that only cycling and sports were associated
with a lower CVD incidence (including fatal CVD) in
the present population.2 Cycling was assessed with an
open-ended question on the number of hours spent per
week, separately for summer and winter, and the aver-
age number of hours was included in our analyses. For
the MORGEN study, the EPIC questionnaire was
extended with two open-ended questions on type, fre-
quency, and duration of sports per week. The recom-
mendation in the Netherlands is 30 minutes of
moderate to vigorous physical activity per day for 5–7
days a week.30 Therefore, spending 3.5 hours or more
per week on cycling plus sports (�4 MET31) was con-
sidered sufficient physical activity and less than 3.5
hours per week insufficient physical activity.

Diet. Dietary intake was assessed with a validated food
frequency questionnaire.32,33 Coloured photographs
were used to estimate portion sizes of 28 food
items.32,33 We operationalized the concept of a healthy
diet with the modified Mediterranean Diet Score
(MDS) defined by Trichopoulou et al.34 For vegetables,
fruits, legumes and nuts, grains, fish and seafood, and
the ratio of unsaturated to saturated fatty acids, intakes
equal to or above the sex-specific median were assigned
a value of 1, and intakes below that median a value of
0. As the traditional Mediterranean diet is character-
ized by a low intake of meat and dairy products, the
scoring of these products was inverted. The MDS could
result in a value from 0 (minimal adherence) to 8 (max-
imal adherence). We classified an MDS of 5 or higher
as a healthy diet and the remainder as an unhealthy
diet.

Alcohol consumption. Alcohol consumption was also
assessed with the food frequency questionnaire.33 A
recent comprehensive meta-analysis showed that for
fatal CVD, the lowest risk occurred with alcohol
intake of 15–30 g/day (25% lower risk of fatal CVD
than non-drinkers). Up to an alcohol consumption of
60 g/day, risk of fatal CVD was lower than that of non-
drinkers.5 For public health policy, usually an upper
limit of around 20 g/day is used. Classifying consump-
tion of more than 2 drinks per day (20 g/day) as high-
risk behaviour for fatal CVD would result in

2 European Journal of Preventive Cardiology 0(00)
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misclassification since those consuming 20–60 g/day are
still at lower risk of fatal CVD than non-consumers.
Therefore, we dichotomized to non-consumption (less
than on glass per month) and (mainly) moderate con-
sumption (one glass per month or more). Because of the
relatively low level of alcohol consumption in the
MORGEN population, consumption of alcohol was
considered moderate and therefore a healthy lifestyle
factor for CVD. Of the total population, 23% con-
sumed more than two glasses of alcohol per day.

Smoking. Information on smoking was obtained by a
self-administered questionnaire.27 Since CVD risk
swiftly declines after smoking cessation,8 never or
past smoking (non-smoking) was classified as a healthy
lifestyle factor and current smoking as an unhealthy
lifestyle factor.

Sleep duration. Information on sleep duration was
obtained by a self-administered questionnaire. The
usual sleep duration was assessed by the question
‘How many hours of sleep do you usually get per 24-
hour period?’. We showed in a previous study that
short (�6 hours) compared with normal (7–8 hours)
sleep duration increased CVD risk, whereas long (�9
hours) sleep duration did not.25 Therefore, we classified
sleep duration of �7 hours as sufficient and the remain-
der as insufficient.

Ascertainment of fatal and nonfatal CVD events

Participants were followed to the first nonfatal cardio-
vascular event, death, or emigration or were censored
at 1 January 2008. Morbidity data were provided by the
National Medical Register (NMR) with the Dutch
Hospital Discharge data. Of the hospital admissions,
88% can be linked uniquely to an individual on the
basis of sex, date of birth, and postal code.35 We
obtained vital status through linkage with municipal
population registers. Subsequently, primary and sec-
ondary causes of death were obtained through linkage
with data from ‘Statistics Netherlands’.27

Composite CVD was defined as fatal CVD (ICD936

codes 390–459 and 798), plus nonfatal myocardial
infarction (410–412 and 414) and stroke (430–434,
and 436). Causes of death after 1996 were coded
according to the corresponding ICD1037 codes (fatal
CVD: I00–I99, G45, and R96, myocardial infarction:
I21–I25 stroke: I60–I66). For the composite CVD end-
point, person time was calculated as time from inclu-
sion to the first event, which can be a nonfatal
cardiovascular event, death, emigration or end of
follow up at 1 January 2008. After their first event,
participants are censored and no longer contributed
person time. For fatal CVD, all fatal CVD events

were taken into account, including those occurring in
people with previous nonfatal CVD events.
Accordingly, for fatal CVD, person time was calculated
as time from inclusion to CVD death, emigration or
end of follow up at 1 January 2008.

Covariates

Information on age, sex and the highest educational
level achieved was obtained by questionnaire.27

Educational level was classified as low (lower voca-
tional training or primary school), medium (secondary
school and intermediate vocational training), or high
(higher vocational training or university). To calculate
BMI, weight was measured to the nearest 0.1 kg and
height to the nearest 0.5 cm.27 Non-fasting plasma
total cholesterol and high-density lipoprotein (HDL)
cholesterol were determined in the Lipid Reference
Laboratory of the University Hospital Dijkzigt in
Rotterdam by standardized enzymatic methods.27

Systolic blood pressure was recorded twice with a
random zero sphygmomanometer at the appearance
of sounds (first-phase Korotkoff) in sitting position.27

The average of the two blood pressure measurements
was included in current analyses.

Statistical analyses

Statistical analyses were performed with SAS 9.3 soft-
ware (SAS Institute, Cary, NC, USA). Participants’
characteristics are presented as means and standard
deviation for continuous variables and as percentages
and number for categorical variables. We used Cox
proportional hazards models to estimate HRs and
95% confidence intervals (CI) for (combinations of)
lifestyle factors in relation to composite and fatal
CVD. We assessed these associations in categories
with none or one healthy lifestyle factor as the reference
category and continuously per healthy lifestyle factor.
Because there were only 74 participants who had no
healthy lifestyle factors, we combined persons with no
and one healthy lifestyle factors into one reference cat-
egory. We assessed interaction on a multiplicative scale
for age (as a continuous variable and for ages under
and above 50), sex, educational level, and BMI with the
number of healthy lifestyle factors in relation to com-
posite and fatal CVD at p< 0.10. The proportional
hazard assumption was fulfilled according to the graph-
ical approach and according to Schoenfeld residuals.
We performed our analyses separately for the four
traditional lifestyle factors (five-point score: 0–4) and
for the traditional lifestyle factors plus sleep duration
(six-point score: 0–5). In order to compare the six-point
score to the five-point score, the six-point score was
recalculated to the five-point score by multiplying the

Hoevenaar-Blom et al. 3
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logarithmof the estimatedHRsby6/5before exponentiat-
ing them. To estimate the proportion of cases that could
theoretically be prevented or postponed by adherence to a
healthier lifestyle, we calculated the preventable propor-
tion with the equation developed by Wahrendorf.38 All
analyses were adjusted for age, sex, and highest educa-
tional level achieved. In a sensitivity analysis, we addition-
ally adjusted the analyses for BMI, systolic blood
pressure, and the ratio of serum total cholesterol to
HDL cholesterol. In another sensitivity analysis, CVD
cases in the first 2 years of follow up were excluded. A
p-value of 0.05 was considered statistically significant.

Results

During 10–14 years of follow up (mean 12 years), 607
composite CVD events occurred; 129 fatal events
(21%), 367 nonfatal myocardial infarctions (60%)
and 111 nonfatal strokes (18%). Table 1 shows the dis-
tribution of participants’ characteristics and risk factors
at baseline and CVD incidence stratified by sex.
Participants were on average 42 years of age at baseline,
and 46% were male. Men were slightly better educated
than women. Of the total population, 52% were suffi-
ciently physically active, 37% consumed a healthy diet,
and 91% of the men and 78% of the women consumed
alcohol. About 65% was non-smoker, and 80% of the
men and 86% of the women slept a sufficient number of
hours. The distribution of the number of healthy life-
style factors was similar for both men and women; 6%
adhered to none or one healthy lifestyle factor, and
12% adhered to all five healthy lifestyle factors.

Table 2 shows the associations of the single lifestyle
factors with composite and fatal CVD after adjustment
for age, sex, educational level, and with and without
mutual adjustments for the other lifestyle factors. With
mutual adjustments, non-smoking was strongly inversely
associated with composite CVD (HR 0.57, 95% CI 0.48–
0.67), as were sufficient sleep duration (HR 0.78, 95% CI
0.65-0.94) and (moderate) alcohol consumption (HR
0.79, 95% CI 0.63–0.98). Non-smoking (HR 0.61, 95%
CI 0.43–0.86) and sufficient sleep duration (HR 0.57,
95% CI 0.39–0.83) were both strongly inversely asso-
ciated with fatal CVD. For sufficient physical activity,
a healthy diet, and (moderate) alcohol consumption the
associations with composite and fatal CVD were all
inverse, although mostly not statistically significant.
Without mutual adjustments, most associations were
slightly stronger, especially for diet and physical activity.

The number of healthy lifestyle factors was inversely
related to fatal and composite CVD. The largest
decrease in risk for two adjacent risk categories was
for two healthy lifestyle factors compared to none or
one (Table 3). Adherence to all four traditional healthy
lifestyle factors was associated with a 57% lower risk of

composite CVD (HR 0.43, 95% CI 0.31–0.59), and a
67% lower risk of fatal CVD (HR 0.33, 95% CI 0.16–
0.68) compared with adherence to none or one. After
addition of sufficient sleep duration to adherence to all
four traditional healthy lifestyle factors – thus compar-
ing five to none or one healthy lifestyle factor – the
CVD risk was even lower: HR 0.35 (95% CI 0.23–
0.52) for composite CVD and HR 0.17 (95% CI
0.07–0.43) for fatal CVD. Additional adjustments for
the intermediate factors systolic blood pressure, BMI
and the ratio of serum total to HDL cholesterol did not
change the associations. The preventable proportions
showed that, if all participants adopted all four trad-
itional healthy lifestyle factors, 36% of the composite

Table 1. Participants’ characteristics at baseline and CVD

incidence by sex, the MORGEN study 1994–1997a

Men

(n¼ 6672)

Women

(n¼ 7967)

Age (years, mean, (sd)) 42 (11) 41 (11)

Educational level

Low 42 (2777) 51 (4039)

Medium 31 (2038) 27 (2159)

High 28 (1857) 22 (1769)

Sufficient physical activityb 52 (3436) 53 (4222)

Healthy dietc 37 (2489) 37 (2986)

Alcohol consumptiond 91 (6068) 78 (6182)

Intake among consumers

(median (q1–q3))e
14 (6–28) 6 (2–14)

Non-smokingf 66 (4379) 65 (5172)

Sufficient sleep durationg 80 (5346) 86 (6880)

No. of healthy lifestyle factorsh

0 or 1 5 (331) 6 (472)

2 19 (1272) 20 (1623)

3 33 (2174) 33 (2685)

4 32 (2129) 29 (2271)

5 11 (766) 12 (943)

Composite CVDi 6 (384) 3 (223)

Fatal CVD 1.3 (87) 0.5 (42)

aAll data are shown as ‘% (n)’ unless otherwise indicated; bSufficient

physical activity was defined as � 3.5 hrs/wk cycling and sports; cA healthy

diet was defined as a Mediterranean Diet Score of 5–8 (range 0–8);
dAlcohol consumption was defined as � one glass per month; eGrams/

day; fNon-smoking was defined as never or past smoking; gSufficient sleep

duration was defined as � 7 hours; hSufficient physical activity, a healthy

diet, moderate alcohol consumption, non-smoking, and sufficient sleep

duration; iComposite of fatal CVD plus nonfatal myocardial infarction and

stroke

4 European Journal of Preventive Cardiology 0(00)
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CVD cases and 46% of the fatal CVD cases could the-
oretically be prevented or postponed. The percentage of
composite CVD cases that would theoretically be pre-
vented or postponed by adherence to all five lifestyle
factors remained 36%. However, for fatal CVD, this
percentage increased from 46% to 57%.

There were no statistically significant interactions for
age, sex, educational level, and BMI in any of the asso-
ciations. Exclusion of the first 2 years of follow up
slightly attenuated the results.

Discussion

In this study, the combination of sufficient physical
activity, a healthy diet, (moderate) alcohol consump-
tion, and non-smoking was associated with a 57%
lower risk of composite CVD and a 67% lower risk
of fatal CVD compared with adherence to none or
one of these healthy lifestyle factors. The addition of
sufficient sleep to adherence to all four traditional
healthy lifestyle factors resulted in a 65% lower risk
of composite CVD and an 83% lower risk of fatal
CVD. If all participants adhered to all five healthy life-
style factors, 36% of composite CVD and 57% of fatal
CVD could theoretically be prevented or postponed.

Some limitations of the study need to be addressed.
All lifestyle factors were self-reported. We have no infor-
mation on the reproducibility and validity of sleep dur-
ation. Lauderdale et al. found that actigraphic-measured
sleep duration was about 10% shorter than self-reported

sleep duration.39 This measurement error may have
biased our results, since it is related to age, and sex.40

Median reproducibility for physical activity,29 dietary
intake,32,33 and alcohol consumption33 ranged from 0.5
for cycling to 0.9 for alcohol consumption, and median
relative validity ranged from 0.5 for cycling and food
groups to 0.8 for alcohol consumption. From 1994
onwards, physical activity was assessed with the vali-
dated EPIC-physical activity questionnaire.29 From the
questionnaire used in 1993, the number of hours of phys-
ical activity could not be estimated, leading to exclusion
of participants from that year. Since a new random
sample was drawn from the population registries every
year, these people are missing at random. We therefore
expect no selection bias. All lifestyle factors were
assessed only once and may have changed during
follow up, resulting in non-differential misclassification
that may have attenuated our associations.

Our study has several strengths. The MORGEN
study is a large, prospective cohort study that includes
both men and women from the general population,
with a broad age range and a long follow-up period.
We are the first to investigate whether the addition of
sleep duration to the four traditional healthy lifestyle
factors contributed to an association with CVD.

Cardiovascular follow up was obtained by linkage to
several national registers. In a validation study con-
ducted in a subsample of this population, a high sensi-
tivity was observed for acute myocardial infarction
hospital admissions (84%) comparing the Dutch

Table 2. Hazard ratios of lifestyle factors for composite and fatal CVD, in 14,639 persons at risk in the MORGEN study 1994–1997

Composite CVD (n¼ 607) Fatal CVD (n¼ 129)

Model 1 Model 2 Model 1 Model 2

Physical activity

Insufficient 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Sufficienta 0.80 (0.68–0.94) 0.87 (0.74–1.03) 0.67 (0.47–0.95) 0.74 (0.52–1.06)

Diet

Unhealthy 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Healthyb 0.84 (0.71–1.00) 0.88 (0.74–1.05) 0.68 (0.46–1.01) 0.73 (0.50–1.08)

Alcohol consumption

No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Yesc 0.81 (0.65–1.00) 0.79 (0.63–0.98) 0.70 (0.44–1.10) 0.70 (0.44–1.10)

Smoking

Yes 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Nod 0.56 (0.48–0.66) 0.57 (0.48–0.67) 0.57 (0.40–0.82) 0.61 (0.43–0.86)

Sleep duration

Insufficient 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Sufficiente 0.76 (0.63–0.91) 0.78 (0.65–0.94) 0.55 (0.38–0.80) 0.57 (0.39–0.83)

Values are hazard ratios (95% CI). Model 1, Adjusted for age, sex, educational level; Model 2: model 1 plus mutually adjusted for the other lifestyle

factors; a
�3.5 h/week cycling and sports; bMediterranean Diet Score 5–8 (range 0–8); cOne or more glass per month.; dNever or past smoking;

e
�7 hours

Hoevenaar-Blom et al. 5
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Hospital Discharge data with that of a detailed clinical
register.41 In a study in which causes of death were
coded again 2 years after initial coding, the agreement
was 89% for myocardial infarction, 79% for stroke,
and 92% for total CVD.42 Despite the relatively high
level of agreement, non-differential misclassification of
cardiovascular morbidity and mortality may have atte-
nuated our results.

Comparison with the results of other studies was
hampered by differences between studies in definition
and operationalization of lifestyle factors and CVD
events. In this study, adherence to the four traditional
lifestyle factors was associated with a 57% lower risk of
composite CVD compared with a 75% lower risk
observed by Stampfer et al.20 for a score including
these four factors and a desirable BMI. We found a
67% lower risk for fatal CVD which is comparable to
the 65–76% lower risk observed by others.12–14,18,19

Despite differences between studies, adherence to the
four traditional healthy lifestyle factors was consist-
ently associated with a lower CVD risk of at least 50%.

We observed that sufficient sleep duration was inde-
pendently and strongly associated with a lower risk of
composite CVD and an even lower risk of fatal CVD.
Additional adjustments for the intermediate factors
systolic blood pressure, BMI, and the ratio of serum
total to HDL cholesterol slightly attenuated the
associations. In a recent meta-analysis by Cappuccio
et al.26 that incorporated 15 cohort studies, short
sleep duration was associated with a greater risk of
fatal and non-fatal coronary heart disease (relative
risk 1.48, 95% CI 1.22–1.80) and stroke (relative risk
1.15, 95% CI 1.00–1.31), but not total CVD (HR 1.03,
95% CI 0.93–1.15). Short sleep duration has also been
associated with a higher incidence of overweight, obes-
ity and hypertension and with higher levels of blood
pressure, total cholesterol, haemoglobin A (1c), and
triglycerides.44 Mechanisms include activation of low-
grade inflammation, and changes in circulating levels of
leptin and ghrelin that, in turn, increase appetite and
caloric intake, reduce energy expenditure, and facilitate
the development of obesity and impaired glycaemic
control.43,44 Although we cannot exclude depressive
symptoms, sleep apnoea or psychological stress as
partial explanations for the observed associations,45

the mechanisms are consistent with the hypothesis
that short sleep duration is directly associated with
CVD risk.

In conclusion, sufficient sleep duration was inde-
pendently associated with both composite and fatal
CVD. Although the risk was low in persons adhering
to the four traditional healthy lifestyle factors, the add-
ition of sufficient sleep duration to these factors further
reduced CVD risk. If replicated in other studies, the
public health impact of sufficient sleep duration, in

addition to the traditional healthy lifestyle factors,
could be substantial.
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