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INTRODUCTION

SLEEP DISORDERS ARE VERY PREVALENT IN THE GEN-
ERAL POPULATION, PARTICULARLY IN OLDER ADULTS 
AND WOMEN, AND AFFECT MILLIONS OF PEOPLE.1 Sleep 
is an important modulator of cardiovascular function associated 
with a period of decreased physiologic workload for the cardio-
vascular system.2 Relatively recently it was recognized that sleep 
plays an important role in the pathogenesis and progression of 
cardiac and vascular disease,3 but epidemiologic data on that issue 
are sparse. In the few prospective studies performed to investi-
gate the association between sleep complaints and mortality as 
well as cardiovascular morbidity, the findings are less consistent. 
While some studies found a positive relationship between sleep 
complaints and mortality,4,5 in other studies insomnia was not as-
sociated with increased mortality.6-8 The NHANES I substudy on 
sleep patterns and cardiovascular disease conducted in 1982 (n= 
4,996 women, 2,848 men, aged 32-71 years) had observed the 
greatest risk for coronary heart disease and stroke during the 10-

year follow-up for persons reporting both >8 hours of sleep and 
daytime somnolence.9 More recently, it has been reported that 
persons sleeping for short durations are also at increased risk of 
mortality10 and myocardial infarction.4,11 Analyses from the Nurs-
es Health Study showed that short and long self-reported sleep 
durations in women aged 45-65 years are independently associ-
ated with a modestly increased risk of coronary events.11 So far, 
data from the general population, including both men and women 
in a similar study design and a similar medical, cultural, and eth-
nic environment on this issue are scarce.9 In the present study, we 
investigated the association between sleep complaints and sleep 
duration and incident myocardial infarction (MI) in persons aged 
45 to 74 years from the general population. To answer the ques-
tion of whether there are gender-specific particularities, all analy-
ses were performed separately for men and women.

METHODS

The presented data were derived from the population based 
MONICA (monitoring trends and determinants in cardiovascu-
lar diseases) Augsburg (Southern Germany) studies conducted 
between 1984 and 1995. The MONICA Augsburg project was 
part of the multinational WHO MONICA project and the design 
of the project has been described in detail elsewhere.12,13 Three 
independent cross-sectional surveys were carried out in the city 
of Augsburg and the counties Augsburg and Aichach-Friedberg 
in 1984/85 (S1), 1989/90 (S2), and 1994/95 (S3) to estimate the 
prevalence and distribution of cardiovascular risk factors among 
men and women. Altogether 13,427 persons (6725 men, 6702 
women, response 76.4%) aged 25 to 74 years participated in at 
least one of the 3 cross-sectional studies. All persons who took 
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part in more than one survey were included once only, with data 
collected at the first visit. All subjects were prospectively followed 
within the framework of the Cooperative Health Research in the 
Region of Augsburg (KORA). The present study was restricted to 
45- to 74-year-old study participants (n = 7823; 3993 men, 3830 
women), since the incidence of MI is very low in younger per-
sons, particularly in younger women. By December 31, 2002, 943 
men and 483 women in this age range had died. None of the study 
participants were excluded from analysis due to insufficient fol-
low-up. 

For the analyses, we excluded 599 persons with angina pectoris 
or prevalent myocardial infarction at baseline and 328 study par-
ticipants with incomplete data on any of the included variables. 
Thus, the present study comprised 3508 men and 3388 women 
aged 45 to 74 years at baseline.

Written informed consent was obtained from each study partic-
ipant, and the study was approved by the local ethics committee.

Data Collection 

Baseline information on sociodemographic variables, smoking 
habits, physical activity level, medication use, and alcohol con-
sumption were gathered by trained medical staff during a standard-
ized interview. In addition all participants underwent an extensive 
standardized medical examination including the collection of a 
blood sample. All measurement procedures have been described 
elsewhere in detail.12 Study participants provided information 
about whether they had ever smoked cigarettes regularly (never, 
past only, occasional, or regular). During the interview participants 
were also asked whether they suffer from diabetes, and if the di-
agnosis was made by a physician. Anthropometric measurements 
were taken after participants had removed shoes, heavy clothing, 
and belts. Body weight was measured in light clothing to the near-
est 0.1 kg and height to the nearest 0.5 cm. Body mass index (BMI) 
was calculated as weight in kilograms divided by height in square 
meters. Actual hypertension was defined as blood pressure values 
≥ 140/90 mm Hg and/or use of antihypertensive medication. Dys-
lipidemia was defined as the ratio of total cholesterol to HDL cho-
lesterol ≥5.0. Each participant was questioned regarding his or her 
leisure time physical activity during the winter and summer. The 
questionnaire consisted of a 4-level graded scale for leisure time 
physical activity during summer and winter time (0, <1, 1 to 2, and 
>2 hours/week). The winter and summer responses were combined 
to create one variable of leisure time physical activity level. Partici-
pants were classified as active during leisure time if they regularly 
participated in sports in summer and winter and if they were active 
for at least 1 hour per week in either season. Depressive symptom-
atology was assessed using a subscale from the Zerssen affective 
symptom checklist. The DEpression and EXhaustion subscale 
(DEEX scale) combines 8 items (fatiguability, tiredness, irritability, 
loss of energy, difficulty in concentrating, inner tension, nervous-
ness, anxiety) ranging from 0 to 3, leading to a Likert-like scoring 
range of 0-24. Subjects in the top third of the depressive symptom 
distribution were considered as subjects with a depressed mood. 
Sex specific cutoff points were applied.14

Clinical Chemical Measurements

A non-fasting venous blood sample was obtained from all study 
participants while sitting. Total serum cholesterol analyses were 

carried out using an enzymatic method (CHOD-PAP; Boehringer 
Mannheim, Germany). HDL cholesterol was also measured en-
zymatically after precipitation of the apoprotein B-containing li-
poproteins with phosphotungstate/Mg2+ (Boehringer Mannheim, 
Germany). 

Assessment of Sleep Complaints and Sleep Duration

Two separate 3-category interview questions were asked con-
cerning the difficulty initiating sleep (“Did you have trouble fall-
ing asleep?”) and the difficulty maintaining sleep (“Did you wake 
up during the night?”). The subjects were classified into one of 
two categories: infrequent for those who indicated “sometimes” 
and “almost never” and frequent for those who indicated “often” 
in response to the questions. Furthermore, a variable “insomnia” 
was created by combining the variables difficulty maintaining 
sleep and difficulty initiating sleep. Insomnia was defined as an 
“often” response to any of these 2 questions.

Sleep duration was assessed by asking the study participants to 
give the habitual night sleep time: How many hours do you sleep 
usually each night? Response: hours |__|__|

Outcomes

The endpoint used in this study was incidence of nonfatal or 
fatal MI including sudden cardiac death. A MI was considered as 
incident if it was the first during follow-up in a person without a 
history of MI or angina pectoris in the baseline survey. Mortal-
ity was ascertained by regularly checking the vital status of all 
sampled persons of the MONICA surveys through the population 
registries inside and outside the study area; this procedure guar-
anteed that the vital status of cohort members who had moved out 
of the study area could also be assessed. Death certificates were 
obtained from local health departments and coded for the underly-
ing cause of death by a single trained person using the ninth revi-
sion of the International Classification of Diseases (ICD-9). MIs 
were identified through the population-based MONICA/KORA 
Augsburg coronary event registry which monitors the occurrence 
of all in- and out-of-hospital fatal and nonfatal MIs among the 25 
to 74-year-old inhabitants of the study region.15 Until December 
31, 2000, the diagnosis of a major nonfatal MI was based on the 
MONICA algorithm taking into account symptoms, cardiac en-
zymes, and ECG changes.15 Since 1 January 2001, all patients 
with MI diagnosed according to ESC and ACC criteria were in-
cluded.16,17 Coronary deaths were validated by death certificates, 
autopsy report, chart review, and information from the coroner or 
the last treating physician. 

Statistical Analyses

For analyses, event times were computed as the time from 
baseline examination to the occurrence of the first event. Sub-
jects without events were censored at death, at the date of the 
move outside the study area, or when they reached the age of 
75 years, after which the register-based monitoring of coronary 
events ceases. All others were censored at December 31, 2002. 
To be comparable with previous studies, the study population 
was stratified into 5 categories of sleep duration: ≤5, 6, 7, 8, ≥9 
hours per night. The reference category of 8 hours per night was 
chosen because this sleep duration is conventionally considered 
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to be the appropriate duration of sleep. Means or proportions for 
baseline demographic and clinical characteristics were computed 
for categories of sleep duration. The χ²-test was used to test the 
differences in prevalences. The general linear model was used 
to compare means (F-test). Different Cox proportional hazards 
models were computed to estimate the effect of sleep duration 
as well as sleep disturbance on the risk of an incident MI. The 
first model included sleep duration, age (continuous), and survey. 
The second model included all previous factors plus dyslipidemia 
(yes, no), education (</≥ 12 years), regular smoking (yes, no), 
alcohol intake (men: 0, >0 and < 40 g/d, or ≥40 g/d; women: 0, 
>0 and <20, or ≥20g/d), BMI (continuous), parental history of 
MI (yes/no and unknown), and physical activity (active/inactive). 
The third model included in addition to model 2, actual hyperten-
sion (yes, no), history of diabetes (yes, no), and menopause status 
(only women). The same procedure was executed to examine the 
association between difficulties initiating sleep as well as difficul-
ties maintaining sleep and incident MI. To assess the contribution 
of depressed mood to the observed effects, secondary analyses 
adjusting for depressed mood were also performed (n=3101 men 
and n=2840 women with complete data). Furthermore, in strati-
fied analyses it was assessed whether sleep duration would in-
crease the risk of an incident MI in individuals with and without a 
complaint of insomnia. 

Interactions between categories of sleep duration (coded as 
dummy variables) and sex were examined using likelihood ratio 
tests which compared the –2 log(likelihood) between the model 
which contained only the main effects and the model which con-
tained both the main effects and interaction terms. The assumption 
of proportionality of hazards was assessed by fitting models strati-
fied by risk factor categories, then plotting the log (-log(survival)) 
curves to check parallelism. No severe deviations from parallel-
ism were evident. Results are presented as hazard ratios (HRs) 
and 95% confidence intervals (CIs). Significance tests were two-
tailed and P-values less than 0.05 are stated as statistically signifi-
cant. All analyses were performed using the Statistical Analysis 
System (Version 8.2, SAS Institute Inc, Cary, NC).

RESULTS

At baseline examination significantly more women than men 
reported difficulties in initiating sleep (men 10.1%, women 
22.2%) and in maintaining sleep (men 20.0%, women 29.4%), 
whereas no gender differences for the pattern of sleep duration 
were observed.

In total, 295 (158 fatal, 137 nonfatal) incident cases of MI 
among men and 85 (48 fatal, 37 nonfatal) among women were 
registered in the 45- to 74-year-old study population between 
1984 and 2002. The mean follow-up period was 10.1 years. 

Table 1 describes the baseline characteristics by sleep duration 
categories for men. Compared with men sleeping 7 or 8 hours per 
day, men with increased or decreased sleep duration were less 
physically active and less educated. Men who slept less tended 
to have a higher BMI and to report difficulties initiating sleep 
as well as difficulties maintaining sleep, whereas men who slept 
≥9 hours were older and were more likely to have hypertension. 
The baseline characteristics of women in the various sleep dura-
tion categories are shown in Table 2. Women sleeping ≤5 hours 
reported more frequently difficulties initiating sleep, difficul-
ties maintaining sleep, and less alcohol consumed. On the other 
hand, women sleeping ≥9 hours were older, had a higher BMI, 
and more frequently dyslipidemia. Increased and decreased sleep 
duration in women were associated with an increased prevalence 
of hypertension, diabetes mellitus, menopause status, and physi-
cal inactivity.

Women but not men who reported a high frequency of dif-
ficulty maintaining sleep had a significantly higher risk for inci-
dent MI compared with those who experienced a low frequency 
of difficulty maintaining sleep in age- and survey-adjusted analy-
sis (women: HR 1.63; 95% CI, 1.06-2.53; men: HR 1.13; 95% 
CI, 0.85-1.49; Table 3). The P value for the interaction between 
difficulties maintaining sleep and sex in this model was 0.1601. 
After adjustment for further covariates (model 2 and model 3) the 
association became borderline significant in women (HR 1.53; 
95% CI, 0.99-2.37) and remained nonsignificant in men (HR 

Table 1—Means (± SD) and Prevalence of Baseline Variables According to Sleep Duration, Men Aged 45 To 74 Years at Baseline 
   Sleep duration h/day  

Men (n=3508) ≤5 6 7 8 ≥9 
 (n=184) (n=466) (n=1181) (n=1199) (n=478) 
      
Age (years) 57.4 (7.6) 56.5 (7.8) 55.5 (7.6) 58.2 (7.9) 62.0 (7.8) <0.0001
BMI (kg/m²) 28.9 (3.9) 28.1 (3.5) 27.6 (3.4) 27.7 (3.4) 27.9 (3.9) <0.0001
Difficulties initiating sleep (%) 38.0 15.2 9.0 5.9 7.3 <0.0001
Difficulties maintaining sleep (%) 54.9 28.1 17.3 15.4 16.7 <0.0001
Depressed mood (%)a 56.3 43.9 37.8 35.1 39.8 <0.0001
Diabetes (%) 6.5 7.9 5.9 6.9 9.8 0.0741
Hypertension (%) 53.8 52.4 53.3 54.2 61.9 0.0155
Dyslipidemia (%) 46.7 48.7 46.6 49.0 47.7 0.7925
Regular smoking (%) 23.9 22.8 23.4 22.8 28.5 0.1461
Alcohol intake 0 g/d (%) 24.5 15.9 14.6 16.6 18.0 0.0726
 0.1- 39.9 g/d (%) 46.2 48.9 51.1 50.0 46.4 
 ≥ 40.0 g/d (%) 29.4 35.2 34.4 33.4 35.6 
Physically active (%) 32.1 37.6 41.0 38.8 27.8 <0.0001
Parental history of MI (yes, %) 15.2 17.6 18.1 15.3 15.5 0.3372
Education (< 12 years) % 77.7 66.5 63.3 72.8 81.0 <0.0001

avariable was available for 3101 men only
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1.12; 95% CI, 0.84-1.48). Difficulties initiating sleep were not 
significantly associated with incident MI in both sexes (Table 3). 

Sleep duration was also associated with a modestly increased 
risk of incident MI in women (Table 4). For women sleeping ≤5 
hours per night the HR was 3.43 (95% CI, 1.71-6.88), and for 
women sleeping ≥9 hours per night the HR was 1.83 (95% CI, 
0.98-3.41) after age- and survey adjustment; the corresponding 
HRs for men were 1.13 (95% CI, 0.67-1.92) and 1.25 (95% CI, 
0.88-1.78). The P value for the interaction between categories of 
sleep duration and sex in this model was 0.1477. After adjusting 
for BMI, education, dyslipidemia, alcohol intake, parental history 
of MI, physical activity, regular smoking, hypertension, history of 
diabetes, and menopause status (women only), the association be-

tween short sleep duration and incident MI was somewhat attenu-
ated in both sexes (women: HR 2.98; 95% CI, 1.48-6.03; men: 
HR 1.13; 95% CI, 0.66-1.92); the P value for the sex interaction 
was 0.2546 in this model. In women, additional adjustment for 
hormone replacement therapy had virtually no impact on the ob-
served HRs (data not shown). 

Further stratification by insomnia, although limited by small 
numbers, revealed generally similar point estimates as the un-
stratified analyses (data not shown).

Inclusion of depressed mood in the models in addition to other 
risk factors had only a slight impact on the observed HRs. For 
women reporting ≤5 hours and 6 and 7 hours of sleep compared 
with women reporting 8 hours of sleep, the HRs were 3.27 (95% 
CI, 1.43-7.46), 1.05 (95% CI, 0.41-2.68), and 1.55 (95% CI, 
0.81-2.98), respectively; the corresponding HRs for men were 
0.73 (95% CI, 0.36-1.46), 1.09 (95% CI, 0.72-1.64), and 1.19 
(95% CI, 0.88-1.61), respectively. The HRs for women and men 
who slept ≥9 hours daily were 1.65 (95% CI, 0.81-3.39) and 1.06 
(95% CI, 0.72-1.57), respectively. In multivariable analysis after 
additional adjustment for depressed mood the HR was 1.10 (95% 
CI, 0.80-1.51) in men and 1.49 (95% CI, 0.89-2.49) in women 
with difficulties maintaining sleep (data not shown). 

To get around the issue of reverse causation, we repeated the 
analyses after exclusion of all subjects with ≤2 years of follow-up 
(men: n=234, 52 events, women: n=150, 11 events). Multivariable 
adjusted HRs estimated from these models were almost the same as 
the HRs estimated in the whole study sample. For women sleeping 
≤5 hours per night, the HR was 3.43 (95% CI, 1.61-7.29) and for 
women sleeping ≥9 hours the HR was 1.49 (95% CI, 0.75-2.98) 
after multivariable adjustment. The corresponding HRs for men 
were 1.10 (95% CI, 0.61-1.98) and 1.08 (95% CI, 0.72-1.62). In 
multivariable analysis difficulties maintaining sleep were not sig-
nificantly associated with incident MI in women (HR 1.50; 95% 
CI, 0.94-2.40) and in men (HR 1.10; 95% CI, 0.81-1.50). In these 
analyses, difficulties initiating sleep were also not significantly as-
sociated with incident MI in both sexes (data not shown).

Table 2—Means (± SD) and Prevalence of Baseline Variables According to Sleep Duration, Women Aged 45 To 74 Years at Baseline 

Sleep duration h/day
Women (n=3388) ≤5 6 7 8 ≥9 
 (n=193) (n=451) (n=978) (n=1283) (n=483) 
      
Age (years) 59.5 (8.2) 58.6 (8.2) 55.9 (7.6) 56.9 (7.9) 60.3 (8.3) <0.0001
BMI (kg/m²) 27.2 (4.8) 27.8 (4.8) 27.2 (4.5) 27.6 (4.7) 28.5 (4.9) <0.0001
Difficulties initiating sleep (%) 61.1 35.0 20.9 14.0 16.6 <0.0001
Difficulties maintaining sleep (%) 78.8 46.6 27.7 19.1 22.4 <0.0001
Depressed mood (%)a 56.2 47.0 38.7 36.2 35.3 <0.0001
Diabetes (%) 6.7 6.4 4.0 4.9 9.7 0.0002
Hypertension (%) 51.3 50.1 43.3 47.0 55.1 0.0005
Dyslipidemia (%) 25.9 24.6 22.9 23.6 36.0 <0.0001
Regular smoking (%) 13.5 14.4 13.8 10.7 10.8 0.0791
Alcohol intake 0 g/d (%) 58.0 48.1 46.5 45.7 53.4 0.0018
 0.1- 19.9 g/d (%) 31.1 32.2 36.3 38.1 30.2 
 ≥20.0 g/d (%) 10.9 19.7 17.2 16.2 16.4 
Physically active (%) 24.4 29.5 34.7 32.7 25.1 0.0005
Parental history of MI (yes, %) 22.8 16.6 23.5 20.0 19.1 0.0260
Education (<12 years) % 88.6 87.6 86.3 88.8 91.3 0.0750
Menopause status (yes, %) 87.6 82.9 75.8 77.7 86.1 <0.0001

avariable was available for 2840 women only

Table 3—Gender Specific Hazard Ratios (HR) and 95% CI for De-
veloping an Acute Coronary Event According to Self-reported Sleep 
Disturbance at Baseline

  Men Women
  HR (95% CI) HR (95% CI)
Difficulty initiating sleep (n=353) (n=740)
Number of incident cases 40 27
 Model 1 1.34 (0.96 – 1.88) 1.50 (0.94 – 2.37)
 Model 2 1.20 (0.86 – 1.69) 1.43 (0.90 – 2.27)
 Model 3 1.16 (0.82 – 1.63) 1.30 (0.81 – 2.06)
Difficulty maintaining sleep (n=701) (n=986)
Number of incident cases 64 35
 Model 1 1.13 (0.85 – 1.49) 1.63 (1.06 – 2.53)
 Model 2 1.14 (0.87 – 1.51) 1.62 (1.05 – 2.50)
 Model 3 1.12 (0.84 – 1.48) 1.53 (0.99 – 2.37)

Model 1: adjusted for age and survey
Model 2: adjusted for age, survey, BMI, education, dyslipidemia, alco-
hol intake, parental history of MI, physical activity, regular smoking
Model 3: adjusted for the same variables as in Model 2 plus adjusted 
for hypertension, diabetes, and menopause status (only women)
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DISCUSSION

In this large cohort of men and women drawn randomly from 
the general population, a modestly positive association between 
short sleep duration as well as difficulty maintaining sleep and 
incident MI in women but not men was observed. The association 
was independent of known cardiovascular risk factors including 
depressed mood. However, no dose-response relationship be-
tween sleep duration and incident MI was observed. Trouble fall-
ing asleep was not associated with a significantly increased risk of 
MI in either sex in the present study. 

The Augsburg cohort did not confirm recently reported gender 
differences in sleep disorders,18 with better sleep quality as well 
as longer sleep times in women compared to men, but the present 
results were in agreement with the Coronary Artery Risk Devel-
opments in Young Adults (CARDIA) cohort19 which did not find 
significant gender differences with regard to sleep duration. 

Several previous prospective studies have related sleep dura-
tion4,10 or sleep complaints20,21 to mortality. However, prospective 
studies on the association between sleep duration,11 insomnia22-25 
or the combination of both9 and incident fatal and nonfatal MI are 
scarce. Data of the Cancer Prevention Study II of the American 
Cancer Society showed that the best survival was found among 
men and women who slept 7 hours per night. Study participants 
who slept ≥8 hours experienced significantly increased mortality 
hazard, as did those who slept ≤6 hours. The increased risk exceed-
ed 15% for those reporting more than 8.5 hours sleep or less than 
3.5 or 4.5 hours. Conversely, men and women reporting insomnia 
had no increased risk of mortality.4 Wingard and Berkman10 found 
that men sleeping 6 hours or less or 9 hours or more had 1.7 times 
the total death rate of men sleeping 7 or 8 hours per night in age-
adjusted analysis. The comparable relative risk for women was 1.6. 
Recently, Ayas et al reported that in the Nurses’ Health Study, in-
cluding 71,617 US female health professionals aged 45-65 years, 
short and long sleep durations were independently associated with 

an increased risk of coronary events.11 In multivariable analyses, 
the relative risk of coronary heart disease for women reporting ≤5 
and 6 and 7 hours of sleep were 1.45 (95% CI 1.10-1.92), 1.18 
(95% CI, 0.98-1.42), and 1.09 (95% CI, 0.91-1.30), respectively. 
The relative risk for individuals who slept 9 or more hours daily 
was 1.38 (95% CI, 1.03-1.86). Thus, the present study confirms 
these results. Interestingly, in women the point estimate for the 
sleep duration of ≥9 hours daily in comparison to 8 hours daily was 
1.40 in the present study, which is almost the same as in the study 
by Ayas et al.11 However, although the point estimate was clearly 
elevated in the present study the association was not significant, 
which could be due to the relatively low power of the study.

In the Piedmont Study24 incidence density ratios of 1.58 and 
1.68, respectively, for restless sleep and trouble falling asleep with 
incident MI in older adults (≥ 65 years old) were observed after 
adjustment for classic coronary risk factors. However, the asso-
ciation lost significance after controlling for education, number 
of prescription medicines, self-rated health, and depression. Un-
fortunately, in that study no gender-specific analyses were done. 
In the Framingham Study,23 749 women aged 45-64 years, free of 
CHD at baseline were followed for 20 years. Contrary to the pres-
ent study, in that study women reporting trouble falling asleep 
had a 3.9 time increased risk of a nonfatal MI or CHD death after 
multivariable adjustment. Appels et al examined whether sleep 
complaints increased the risk for nonfatal MI or CHD death in a 
4-year longitudinal study of 3877 men, aged 39 to 65 years. After 
adjusting for age, cholesterol, systolic and diastolic blood pres-
sure, and smoking the HR was 1.62 for trouble falling asleep and 
1.52 for trouble staying asleep.22 In the Caerphilly cohort com-
pared with men who reported no such symptoms, the adjusted 
relative odds of ischemic heart disease was 1.47 (95% CI, 0.98-
2.21) in men with any sleep disturbance.25

The exact pathophysiological mechanisms underlying the as-
sociation between sleep complaints as well as short sleep duration 
and CHD have not been defined so far. However, several potential 

Table 4—Relative Risks of Acute Coronary Event According to Sleep Duration Among Men and Women

Sleep duration h/day
  ≤5 6 7 8 ≥9
Men (n=3508) (n=184) (n=466) (n=1181) (n=1199) (n=478)
No. of incident cases 16 35 102 96 46
Person-years (PY) 1,787 4,706 12,471 11,743 3,779
Crude rate per 10,000 PY 89.5 74.4 81.8 81.8 121.7
  HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
 Model 1 1.13 (0.67-1.92) 1.00 (0.68-1.48) 1.16 (0.88-1.54) 1.0 1.25 (0.88-1.78)
 Model 2 1.07 (0.63-1.83) 1.04 (0.71-1.54) 1.22 (0.92-1.61) 1.0 1.11 (0.78-1.58)
 Model 3 1.13 (0.66-1.92) 1.05 (0.71-1.55) 1.22 (0.92-1.61) 1.0 1.07 (0.75-1.53)

Women (n=3388) (n=193) (n=451) (n=978) (n=1283) (n=483)
No. of incident cases 12 9 23 24 17
Person-years (PY) 1,766 4,445 10,425 13,626 4,496
Crude rate per 10,000 PY 68.0 20.2 22.1 17.6 37.8
  HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
 Model 1 3.43 (1.71-6.88) 1.07 (0.50-2.30) 1.34 (0.76-2.37) 1.0 1.83 (0.98-3.41)
 Model 2 2.93 (1.46-5.90) 1.00 (0.46-2.16) 1.29 (0.73-2.31) 1.0 1.41 (0.75-2.66)
 Model 3 2.98 (1.48-6.03) 1.05 (0.49-2.27) 1.34 (0.75-2.40) 1.0 1.40 (0.74-2.64)

Model 1: adjusted for age and survey
Model 2: adjusted for age, survey, BMI, education, dyslipidemia, alcohol intake, parental history of MI, physical activity, regular smoking
Model 3: adjusted for the same variables as in Model 2 plus adjusted for hypertension, diabetes, and menopause status (only women)

Sleep and Myocardial Infarction—Meisinger et al



SLEEP, Vol. 30, No. 9, 2007 1126

explanations are possible. There is evidence that sleep may ex-
ert effects on the autonomic nervous system, systemic hemody-
namics, cardiac function, endothelial function, and coagulation.3 
Sleep disorders are associated with an increase in sympathetic 
activity,26,27 increases in blood pressure, or a decrease in glucose 
tolerance.28 Furthermore, recent research has demonstrated that 
sleep loss is accompanied by an elevation of inflammatory mark-
ers which could enhance the development of atherosclerosis.29,30

The findings in the present population cohort including both 
middle-aged men and women extend the literature showing that 
sleep disturbances and sleep duration are associated with an in-
creased risk of MI. While we found a modest association in wom-
en, we observed no relationship between sleep duration and sleep 
disturbances, respectively, and risk of acute coronary events in 
men, but a formal test for interaction did not reach significance. 
However, the results of the presents study were based on small 
numbers of incident cases, particularly in the subgroup with sleep 
duration of 5 hours or less. Thus, the confidence intervals sur-
rounding the point estimates for the found associations were wide. 
Further studies including a greater number of subjects and inci-
dent cases would help determine the magnitude of the associa-
tions with greater precision. 

Nevertheless, gender specific particularities in consequences 
of sleeping difficulties cannot be excluded. There are biological 
differences including genetics and sexual hormones that affect 
sleep. In addition, there are sex differences in stress and reaction 
to stress.31 Further research is necessary to determine, whether 
there are gender-specific mechanisms underlying the association 
between insomnia and CHD risk. 

The MONICA/KORA Augsburg Study has several limitations 
that need to be considered. One potential weakness of the study 
was that the information about insomnia and sleep duration was 
self-reported and that the questions were not related to a defined 
time frame. However, as investigated by other studies, self-report-
ed sleep duration seems to be valid in comparison to quantitative 
sleep assessments with actigraphy.32 Because habitual snoring and 
sleep apnea were not measured in the baseline examination, it was 
not possible to distinguish whether the observed associations in 
the present study could be due to habitual snoring, sleep debt, 
or both, respectively. Moreover, because the present study was 
observational in design, it cannot be concluded, that sleep distur-
bance or short sleep duration causes incident MI. Although we 
adjusted for a variety of confounders, residual confounding can-
not be excluded. Furthermore, sleep problems reported on only 
one occasion were used in the prediction of MI incidence. How-
ever, all of the subjects who participated in the first survey were 
invited to participate in a follow-up examination in 1987/88. At 
follow-up, all of the subjects were again asked concerning sleep 
duration and sleep complaints. Sleep duration as well as reports 
regarding difficulties maintaining sleep and difficulties initiating 
sleep did not significantly differ between the two examinations in 
either sex. About 80% of the persons (both sexes) had a variation 
of sleep duration of one hour or less. Finally, further limitations 
are the low power of the present study to detect a modest effect 
and the small number of events, particularly in the group of sleep-
ing ≤5 hours. The strengths of the MONICA/KORA Augsburg 
Cohort Study are primarily its prospective design, the population-
representativeness of the cohort, and the availability of data on 
life style and a number of cardiovascular risk factors. 

In conclusion, the present study suggested that short sleep du-

ration and sleep complaints are modestly related to incident MI in 
middle-aged women but not men from the general population. The 
finding concerns a great portion of the German population and is 
therefore of important public health relevance. Further studies are 
needed to investigate the biological mechanisms underlying these 
associations. In particular, it remains to be investigated whether 
there are gender specific particularities with regard to this issue. 

ACKNOWLEDGEMENTS

The KORA research platform and the MONICA Augsburg 
studies were initiated and financed by the GSF - National Re-
search Center for Environment and Health, which is funded by 
the German Federal Ministry of Education, Science, Research 
and Technology and by the State of Bavaria. Morbidity and Mor-
tality follow-ups were in addition supported by grants from the 
Federal Ministry of Education, Science, Research and Technol-
ogy (01 ER 9701/4) and the German Research Foundation (DFG) 
(TH 784/2-1). We thank all members of the GSF Institute of Epi-
demiology and the field staff in Augsburg who were involved in 
the conduct of the studies. 

REFERENCES

1. Vgontzas AN, Kales A. Sleep and its disorders. Annu Rev Med 
1999;50:387-400.

2. Parish JM, Shepard JW Jr. Cardiovascular effects of sleep disorders. 
Chest 1990;97:1220-6.

3. Wolk R, Gami AS, Garcia-Touchard A, Somers VK. Sleep and car-
diovascular disease. Curr Probl Cardiol 2005;30:625-62.

4. Kripke D, Simons R, Garfinkel L, Hammond C. Short and long 
sleep and sleeping pills. Arch Gen Psychiatry 1979;36:103-16.

5. Pollack C, Perlick D, Linsner J, Wenston J, Hsieh F. Sleep problems 
in the community elderly as predictors of death and nursing home 
placement. J Community Health 1990;2:123-35.

6. Foley D, Monjan A, Brown S, Simonsick EM, Wallace R, Blazer D. 
Sleep complaints among elderly persons: an epidemiologic study of 
three communities. Sleep 1995;18:425-32.

7. Althuis MD, Fredman L, Langenberg PW, Magaziner J. The rela-
tionship between insomnia and mortality among community-dwell-
ing older women. J Am Geriatr Soc 1998;46:1270-3.

8. Brabbins CJ, Dewey ME, Copeland RM, et al. Insomnia in the el-
derly: prevalence, gender differences and relationships with mor-
bidity and mortality. Int J Geriatr Psychiat 1993;8:473-80.

9. Qureshi AI, Giles WH, Croft JB, Bliwise DL. Habitual sleep pat-
terns and risk for stroke and coronary heart disease: a 10-year fol-
low-up from NHANES I. Neurology 1997;48:904-11.

10. Wingard DB, Berkman LF. Mortality risk associated with sleeping 
patterns among adults. Sleep 1983;6:102-7.

11. Ayas NT, White DP, Manson JE, et al. A prospective study of sleep 
duration and coronary heart disease in women. Arch Intern Med 
2003;163:205-9.

12. Keil U, Liese AD, Hense HW, et al. Classical risk factors and their 
impact on incident non-fatal and fatal myocardial infarction and all-
cause mortality in southern Germany. Results from the MONICA 
Augsburg Cohort Study 1984-1992. Eur Heart J 1998;19:1197-1207.

13. Tunstall-Pedoe H, WHO MONICA Project Principal Investigators. 
The World Health Organization MONICA project (monitoring of 
trends and determinants in cardiovascular disease): a major interna-
tional collaboration. J Clin Epidemiol 1988;34:105-14.

14. Ladwig, KH, Marten-Mittag B, Baumert J, Löwel H, Döring A, 
for the KORA Investigators. Case-finding for depressive and ex-
hausted mood in the general population: reliability and validity of 
a symptom-driven diagnostic scale. Results from the prospective 

Sleep and Myocardial Infarction—Meisinger et al



SLEEP, Vol. 30, No. 9, 2007 1127

MONICA/KORA Augsburg Study. Ann Epidemiol 2004;14:332-8.
15. Loewel H, Lewis M, Hoermann A, Keil U. Case finding, data quality 

aspects and comparability of myocardial infarction registers: results 
of a south German register study. J Clin Epidemiol 1991;44:249-60.

16. The Joint European Society of Cardiology/American College of Car-
diology Committee. Myocardial infarction redefined – a consensus 
document of The Joint European Society of Cardiology/American 
College of Cardiology for the redefinition of myocardial infarction. 
J Am Coll Cardiol 2000;36:959-69.

17. Luepker R, Apple FS, Christenson RH, et al. Case definitions for 
acute coronary heart disease in epidemiology and clinical research 
studies. A statement from the AHA Council on Epidemiology and 
Prevention; AHA Statistics Committee; World Heart Federation 
Council on Epidemiology and Prevention; the European Society of 
Cardiology Working Group on Epidemiology and Prevention; Cen-
ters for Disease Control and Prevention; and the National Heart, 
Lung, and Blood Institute. Circulation 2003;108:2543-9.

18. Krishnan V, Collop NA. Gender differences in sleep disorders. Curr 
Opin Pulm Med 2006;12:383-9.

19. Lauderdale DS, Knutson KL, Lijing LY, et al. Objectively measured 
sleep characteristics among early-middle-aged adults. The CARDIA 
Study. Am J Epidemiol 2006;164:5-16.

20. Mallon L, Broman JE, Hetta J. Sleep complaints predict coronary 
artery disease mortality in males: a 12-year follow-up study of a 
middle-aged Swedish population. J Intern Med 2002;251:207-16.

21. Nilsson PM, Nilsson JA, Hedblad B, Berglund G. Sleep disturbance 
in association with elevated pulse rate for prediction of mortality 
– consequences of mental strain? J Intern Med 2001;250:521-9.

22. Appels A, de Vos Y, van Diest R, Hoppner P, Mulder P, de Groen 
J. Are sleep complaints predictive of future myocardial infarction? 
Activitas Nervosa Superior 1987;29:147-51.

23. Eaker ED, Pinsky J, Castelli WP. Myocardial infarction and coro-
nary death among women: psychosocial predictors from a 20-year 
follow-up of women in the Framingham Study. Am J Epidemiol 
1992;135:854-64.

24. Schwartz SW, Cornoni-Huntley J, Cole SR, Hays JC, Blazer DG, 
Schocken DD. Are sleep complaints an independent risk factor for 
myocardial infarction? Ann Epidemiol 1998;8:384-92.

25. Elwood P, Hack M, Pickering J, Hughes J, Gallacher J. Sleep dis-
turbance, stroke, and heart disease events: evidence from the Caer-
philly cohort. J Epidemiol Community Health 2006;60:69-73.

26. Akerstedt T, Nilsson PM. Sleep as restitution: an introduction. J In-
tern Med 2003; 254:6-12.

27. Fletcher EC. Sympathetic activity and blood pressure in the sleep 
apnea syndrome. Respiration 1997;64:22-8.

28. Spiegel K, Leproult R, Van Cauter E. Impact of sleep debt on meta-
bolic and endocrine function. Lancet 1999;354:1435-9.

29. Vgontzas AN, Bixler EO, Chrousos GP. Metabolic disturbances in 
obesity versus sleep apnoea: the importance of visceral obesity and 
insulin resistance. J Intern Med 2003;254:32-44.

30. Meier-Ewert HK, Ridker PM, Rifai N, et al. Effect of sleep loss on 
C-reactive protein, an inflammatory marker of cardiovascular risk. J 
Am Coll Cardiol 2004;43:678-83.

31. Rediehs M, Reis J, Creason N. Sleep in old age: focus on gender 
differences. Sleep 1990;13:410-24.

32. Lockley S, Skene DJ, Arendt J. Comparison between subjective and 
actigraphic measurement of sleep and sleep rhythms. J Sleep Res 
1999;8:175-83.

Sleep and Myocardial Infarction—Meisinger et al


