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Objectives This prospective study aimed to examine if sleep duration is a risk indicator for ischemic heart
disease (IHD) and all-cause mortality, and how perceived stress during work and leisure time and use of tranquil-
izers/hypnotics modifies the association.

Method A 30-year follow-up study was carried out in the Copenhagen Male Study comprising 5249 men (40-59
years old). Confounders included lifestyle factors (smoking, alcohol, and leisure-time physical activity), clinical
and health-related factors (body mass index, blood pressure, diabetes, hypertension, and physical fitness) and
social class. Men with a history of cardiovascular disease at baseline were excluded.

Results During follow-up, 587 men (11.9%) died from THD and 2663 (53.9%) due to all-cause mortality. There
were 276 short (<6 hours), 3837 medium (67 hours), and 828 long (>8 hours) sleepers. Men who slept <6 hours
had an increased risk of IHD mortality but not all-cause mortality, when referencing medium sleepers. Perceived
psychological pressure during work and leisure was not a significant effect modifier for the association between
sleep duration and IHD mortality. In contrast, among men using tranquilizers/hypnotics (rarely or regularly),
short sleepers had a two-to-three fold increased risk of IHD mortality compared to medium sleepers. Among
those never using tranquilizers/hypnotics, no association was observed between sleep duration and IHD mortality.

Conclusion

Short sleep duration is a risk factor for IHD mortality among middle-aged and elderly men,

particularly those using tranquilizers/hypnotics on a regular or even a rare basis, but not among men not using

tranquilizers/hypnotics.
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Sleep duration has been associated with risk of car-
diovascular disease (CVD) and all-cause mortality in
prospective studies (1-10). A U-shaped association
where both short and long sleepers are at increased risk
is generally accepted for all-cause mortality and has
been confirmed in two recent meta-analyses (11, 12).
The same has been observed among those developing or
dying of cardiovascular outcomes (13). Whereas several
studies have shown associations between sleep duration
and CVD mortality risk among women (1-7, 11, 14, 15),
the associations among men remain more inconsistent
(1,2,4,7,14-17). Some studies show an increased risk

for CVD mortality among short sleeping men (1, 15),
long sleeping men (2, 15), or no associations (4, 6, 7,
14, 16, 17). The relationship remains unsettled for more
specific causes of mortality like death from ischemic
heart disease (IHD) (1, 4, 15, 17).

The pathophysiological mechanisms through which
sleep duration could increase the risk of IHD mortality
may be manifold and vary across individuals, including
increased sympathetic nervous activity, activated pro-
inflammatory response, and effects on the hypothala-
mus pituitary adrenal axis (18, 19). These pathways
have also been suggested to explain how psychological
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factors may be risk indicators for IHD mortality (20).
Over the past years, numerous studies have evaluated
the association between CVD and psychological stress,
eg, work-related psychosocial factors [reviewed in
(20, 21)] and leisure-time factors such as major life
events (22).

Thus associations between sleep duration or psy-
chological stress during work or leisure time on the one
hand and IHD/all-cause mortality on the other have been
studied extensively over the past years. Yet, the results
are inconsistent. Several theories [eg, the psychophysi-
ological effort-recovery theories (23, 24), the theory of
allostasis (25, 26), and the cognitive activation theory of
stress (27)] imply that it is a combination of short sleep
duration and stress rather than sleep duration and stress
independently that is important for the development of
disease and mortality. However, to our knowledge, this
has not been scientifically investigated. As a result, using
a large cohort of middle-aged men in the Copenhagen
Male Study with a 30-year follow-up, we prospectively
examined the following research questions: (i) Is sleep
duration independently associated with IHD mortality
and all-cause mortality? (ii) Does psychological stress
during work and leisure time modify the association
between sleep duration and IHD mortality? (iii) Do
use of tranquilizers/hypnotics modify the association
between sleep duration and IHD mortality?

Methods

Study design and population

The present study is a prospective cohort study with 30
years follow-up based on the Copenhagen Male Study,
which was established in 1970-1971. All men aged
40-59 years at 14 companies in Copenhagen, covering
the railway, public road construction, military, post, tele-
phone, customs, national bank, and the medical industry,
were invited to participate. In total, 5249 men, 87% of
potential participants, signed up (28, 29).

The examination consisted of a questionnaire, a
short interview, and a clinical examination including
measurements of height, weight, blood pressure, and
physical (cardiorespiratory) fitness. Indirect measure-
ment of cardiorespiratory fitness (VO,Max) was per-
formed using a bicycle ergometer. Thirty-five men with
orthopedic problems unable to perform the bicycle test
were excluded from the study.

Information about sleep duration, perceived psycho-
logical pressure during work and leisure time, lifestyle,
and general health, including history of myocardial
infarction, angina pectoris, and intermittent claudication
was obtained from the questionnaire (30). One of the
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authors clarified the information given in the question-
naire in the ensuing interview with each subject.

Sleep duration

Participants reported their daily number of hours of
sleep in categories: <6, 6—7, 8-9, and >9 hours. The dis-
tribution of answers in these groups was: 5.6%, 77.7%,
16.3%, and 0.4%, respectively, among men eligible for
the study. Due to the small number of men reporting
>9 hours sleep, the latter two groups were pooled for
the analyses. Accordingly, respondents were classified
as short (<6 hours), medium (6-7 hours) and long (8-9
and >9 hours) sleepers.

Potential markers of psychological stress

Psychological stress was assessed through three ques-
tions: (i) “Are you under psychological pressure when
performing your work?”” Answer options were: “rarely”
and “regularly”. (ii) “Are you under psychological
pressure in your leisure time?” Answer options were:
“rarely” and “regularly”. (iii) “Do you take tranquiliz-
ers or sleep medicine?” Answer options were: “rarely”,
“regularly” and “never”.

Lifestyle factors

Smoking. The men reported if they smoked currently,
previously, or had never smoked.

Alcohol. Participants also reported their daily average
alcohol consumption as the number of alcoholic bever-
ages consumed per day in categories: 0, 1-2, 3-5, 610,
and >10 drinks.

Leisure-time physical activity. This was assessed by the
question: “Which description most precisely covers
your pattern of physical activity in leisure time?”. The
response categories were: (i) “You are mainly sedentary
eg, you read, watch television, and go to the pictures. In
general you spend most of your leisure time perform-
ing sedentary tasks.” (ii) “You go for a walk, use your
bicycle a little or perform activity for >4 hours/week,
eg, light gardening, leisure-time building activity, table
tennis and bowling.” (iii) “You are an active athlete,
run, play tennis or badminton for >3 hours/week. If you
frequently perform heavy gardening, you also belong to
this group.” (iv) “You take part in competitive sports,
swim, play European football, handball or run long dis-
tances regularly ie, several times/week.” In the statisti-
cal analyses, group 1 is referred to as “low” and group
2 as “moderate”; since only 0.4% belonged to group 4,
groups 3 and 4 were pooled and referred to as “high”.
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Clinical and health-related factors

Body mass index (BMI). Based on height and weight
measurements, BMI was calculated as body weight in
kilograms by height in meters squared (kg/m?).

Blood pressure. Measurements of blood pressure were
carried out with the subject seated and after >5 minutes
rest. A 12-cm wide, 26-cm-long cuff was firmly and
evenly applied to the subject’s right upper arm with the
lower edge of the cuff placed 2 cm antecubitally. Dia-
stolic blood pressure was recorded at the point where the
Korotkoff sounds disappeared (phase 5).

Diabetes and hypertension treatment. The participants
were asked if they received treatment due to diabetes
and/or hypertension from their physician or elsewhere.
Answer options were “yes” and “no”.

Physical fitness. Physical fitness was assessed according
to Astrand’s bicycle ergometer test (31). The method
used has previously been described in detail (28).

Social class

The men were divided into five social classes according
to a system originally elaborated by Svalastoga, later
adjusted by Hansen (32, 33). This classification system
is based on education level and job position in terms of
number of subordinates.

Eligibility

In addition to the 35 men unable to carry out the bicycle
test, men with a history of myocardial infarction (N=74),
angina pectoris (N=165) or intermittent claudication
(N=105) were excluded from the prospective study. In
total, this latter group comprised 274 men leaving 4943
men for the incidence study. With respect to all variables
included, missing values ranged from 0-2.7%.

End-points

Information on death diagnoses within the period 1970—
1971 to end of 2001 was obtained from official national
registers and may therefore be considered complete. The
ICD mortality diagnoses encompassed the International
Classification of Diseases, revision 8, (ICD-8): 41014
and (from 1994) ICD-10: 120-125.

Statistical analysis

Basic statistical analyses, including Chi-squared analy-
sis (likelihood ratio), analysis of variance, trend test
(Kendall’s tau B), and regression analyses, were per-
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formed by use of SPSS version 18.0 (IBM Corporation,
Armonk, NY, USA). Relative risks were estimated by
exp(B), where B is the hazard coefficient for the variable
of interest in a Cox’s proportional hazards regression
model with the maximum likelihood ratio method.
Assumptions regarding the use of Cox’s proportional
hazards were met by inspection of the log minus log
function at the covariate mean. Confounders included
lifestyle factors (smoking, alcohol, and leisure-time
physical activity), clinical and health-related factors
(BMLI, blood pressure, diabetes and hypertension, and
physical fitness) and social class because other studies
have found them to be related to sleep duration and
cardiovascular risk. Cox proportional hazards regres-
sion analysis with [HD mortality as outcome was used
to obtain a statistical expression for the interdependency
of sleep duration and perceived stress (research ques-
tion 2) and frequency of use of tranquilizers/hypnotics
(research question 3). In addition to main effects of the
two variables, age, lifestyle factors, and other potential
confounders, we included a multiplicative interaction
term between sleep duration (3 levels) and the variables
depicting either perceived stress (no pressure, pressure
at either work or leisure, pressure at both work and
leisure) or use of tranquilizers/hypnotics ( never, rarely,
regularly). For all analyses, a two-sided probability
value of P<0.05 was a priori taken as significant.

Results

In the eligible study population of male employees with-
out history of myocardial infarction, angina pectoris, or
intermittent claudication, 587 died (11.9%) from IHD
during the period 1970-1971 to 2001. During the same
period, 2663 (53.9%) died in total.

Table 1 illustrates lifestyle and other characteristics
according to self-reported daily sleep duration among
men without history of myocardial infarction, angina
pectoris, or intermittent claudication. Long sleep duration
was associated with slightly lower VO,Max, less psycho-
logical pressure during leisure time, and more seldom use
of tranquilizers/hypnotics. Male workers sleeping 6—7
hours were slightly younger, were more physically active
during leisure time, perceived less psychological pressure
during work hours, and drank less alcohol. They also had
lower diastolic blood pressure and lower BMI than male
workers, who slept <6 or >8 hours. No significant asso-
ciations were observed between levels of sleep duration
and social class, smoking status, diabetes, systolic blood
pressure, or hypertension.

Analysis of correlations between use of tranquilizers/
hypnotics and sleep duration showed that 19% of those
not using tranquilizers/hypnotics reported exposure to
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Table 1. Lifestyle and other characteristics in 1970-1971 according to self-assessed daily sleep duration among men without history
of myocardial infarction, angina pectoris, or intermittent claudication. [% freq=frequency in percent; SD=standard deviation; VO,Max=
maximal oxygen consumption; BP=blood pressure; BMI=body mass index.]

Short Medium Long P-value @ P-value®
<6 hours (N=276) 6-7 hours (N=3837) >8 hours (N=828)
% freq Mean SD % freq Mean SD % freq Mean SD
Age 49.3 57 48.5 5.3 48.8 5.3 0.79 0.009
Low social class (IV/V) 61.2 54.7 53.5 0.09 0.07
Leisure-time physical activity 0.29 0.01
Low 24.6 16.1 17.6
Medium 64.9 73.6 71.3
High 10.4 10.3 11.1
Physical fitness
VO,Max 334 8.1 33.1 7.3 325 6.9 0.02 0.58
Lifestyle factors
Smoking 0.10 017
Current 76.4 71.8 70.5
Previous 14.5 19.4 19.1
Never 9.1 8.8 10.4
Alcohol (beverages) 48 0.001
0 34.7 33.7 341
1-2 40.5 48.8 43.2
3-5 20.1 14.8 18.6
>6 47 2.7 44
Perceived psychological pres- 0.55 0.04
sure during work hours
Rarely 72.3 78.7 774
Regularly 271.7 21.3 22.6
Perceived psychological pres-
sure during leisure time
Rarely 85.1 93.2 95.9
Regularly 149 6.8 41 <0.001  <0.001
Use of tranquilizers/hypnotics <0.001 <0.001
Never 68.0 77.2 80.0
Rarely 21.5 17.6 15.4
Regularly 10.5 5.2 46
Clinical risk factors
Diabetes © 1.8 0.6 1.0 0.81 0.12
Systolic BP (mm Hg) 135.5 19.2 134.4 19.0 135.9 18.8 0.19 0.07
Diastolic BP (mm Hg) 83.9 11.8 82.7 11.7 83.9 1.7 0.22 0.002
Hypertension ¢ 2.2 1.5 1.9 0.75 0.48
BMI (kg/m?) 25.6 3.4 25.2 3.0 254 2.9 0.75 0.007

2 P-values of trend test (Kendall’s tau B) or test for linearity in analysis of variance.
bP-values of Chi-square test or test for deviation in analysis of variance.

¢ Receives doctor’s treatment due to diabetes.

d Receives doctor’s treatment due to hypertension.

Table 2. Number of hours sleep and risk of ischemic heart disease and all-cause mortality 1970-1971 to end of 2001. Different adjust-
ment criteria are applied in Cox proportional hazards regression analyses with forced entry of variables. [HR=hazard ratios; 95% CI=95%
confidence interval; BMI=body mass index; BP=blood pressure; VO,Max=maximal oxygen consumption]

Mortality and sleep N % crude HR 2 95% Cl HR® 95% Cl HR¢ 95% Cl HR ¢ 95% Cl
duration (hours/day) incidence
Ischemic heart disease
<6 276 17.8 1.64 1.22-2.21 1.56 1.15-2.12 1.55 1.15-2.10 1.46 1.07-2.00
6-7 3837 11.1 1.00 - 1.00 - 1.00 - 1.00 -
>8 828 13.7 1.22 0.99-1.51 1.24 1.01-1.53 1.16 0.94-1.44 1.20 0.97-1.49
All-cause mortality
<6 276 61.7 1.21 1.03-1.41 1.10 0.93-1.29 1.17 0.99-1.37 1.06 0.90-1.25
6-7 3837 534 1.00 - 1.00 - 1.00 - 1.00 -
>8 828 54.5 1.02 0.92-1.13 1.00 0.90-1.11 1.0 0.90-1.11 0.99 0.84-1.09

2 Adjusted for age.

b Adjusted for age + alcohol use, smoking (current, never, previous), leisure-time physical activity.

¢ Adjusted for age + BMI, systolic BP, diastolic BP, diabetes (treatment for), hypertension (treatment of), physical fitness (VO,Max).

4 Adjusted for age + BMI, systolic BP, diastolic BP, diabetes (treatment for), hypertension (treatment of), physical fitness (VO,Max), alcohol use, smoking
(current, never, previous), leisure-time physical activity, and social class.
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work stress; among rare and regular users of tranquil-
izers/hypnotics, 27% and 44%, respectively, reported
exposure to work stress. Corresponding figures with
respect to psychosocial stress during leisure time were
5%, 10%, and 25%.

In table 2, the results of Cox proportional hazard
regression analysis for associations between sleep
duration and ITHD and all-cause mortality, respec-
tively, are presented. Short sleep duration (<6 hours)
was associated with the highest risk of IHD mortality
expressed as hazard ratio (HR) and 95% confidence
interval (95% CI) when using medium sleepers as
the reference group even when adjusting for all con-
founders (HR 1.46, 95% CI 1.07-2.0). No significant
associations were found between sleep duration and
all-cause mortality.

Table 3 shows the results of the Cox proportional
hazard regression analysis for associations between
number of hours sleep and risk of [HD mortality within
groups stratified according to self-assessed psycho-
logical pressure during work and leisure. Among men
reporting no pressure, short sleepers had an increased
risk when adjusting for age and lifestyle only. When
adjusting further for clinical factors like BMI, blood
pressure, and diabetes, and also use of tranquilizers/
hypnotics and social class, the significance disappeared.
Among men with perceived psychological pressure
either at work or during leisure time, no significant
associations were observed between sleep duration
and ITHD mortality. This was the case also among men
reporting pressure at work as well as during leisure time
when adjusting for age plus other factors. A tendency

of a higher risk was seen among a small group of men
(N=17) with long sleep duration when controlling for
clinical factors only, an observation with little impact
due to the small number in the analysis.

Table 4 shows the results of the regression analyses
for the association between number of hours sleep and
risk of IHD mortality according to the use of tranquiliz-
ers/hypnotics. Among men who reported never having
used tranquilizers/hypnotics, no association was found
between sleep duration and risk of IHD death. Among
men using tranquilizers/hypnotics rarely, an increased
risk of IHD death (HR 2.50, 95% CI 1.31-1.84) was
observed for short sleepers, referencing medium sleep-
ers when adjusting for all confounders in the analysis.
This was the case also for short sleepers who were
regular users of tranquilizers/hypnotics (HR 3.03, 95%
CI 1.32-6.95) when controlling for all confounders.
Among men with long sleep duration, when adjusting
for all confounders, no significant associations were
found between sleep duration and IHD mortality risk
among neither rare nor regular users of tranquilizers/
hypnotics.

Additional analysis

As described in the statistics section, we performed a
final formal analysis testing the interaction of sleep dura-
tion and frequency of tranquilizer use as a risk factor for
IHD mortality. The interaction was significant on the
0.05 level, whereas neither sleep duration nor tranquil-
izer use alone could uphold statistical significance as
independent risk factors.

Table 3. Number of hours sleep and risk of ischemic heart disease mortality 1970-1971 to end of 2001 according to self-assessed
psychological pressure during work and leisure. Different adjustment criteria are applied in Cox proportional hazards regression analy-
ses with forced entry of variables. [HR=hazard ratios; 95% Cl1=95% confidence interval; BMI=body mass index; BP=blood pressure;

VV0,Max=maximal oxygen consumption]

Pressure and sleep duration N % crude HR2 95% Cl HRP 95% Cl HRe 95% Cl HR?¢ 95% Cl
(hours/day) incidence

No pressure

<6 182 17.7 1.55 1.07-2.22 147 1.02-214 1.1 0.97-2.04 1.32 0.90-1.94
6-7 2899 11.3 1.00 - 1.00 - 1.00 - 1.00 -

>8 620 14.7 1.26 1.00-1.58 1.28 1.01-1.61  1.18 0.93-149 124 0.98-1.97
Pressure either at work or during

leisure time

<6 68 14.9 1.37 0.71-2.65 1.50 0.77-2.93 1.41 0.70-2.83 1.53 0.75-3.12
6-7 777 10.8 1.00 - 1.00 - 1.00 - 1.00 -

>8 182 9.4 0.92 0.55-1.55 0.93 0.54-1.60 0.88 0.52-1.50 0.94 0.54-1.64
Pressure at work and during lei-
sure time

<6 25 24.0 3.10 1.16-8.28 2.52 0.81-7.87 257 0.87-757 271  0.69-10.57
6-7 143 9.2 1.00 - 1.00 - 1.00 - 1.00 -

>8 17 235 332 1.08-1025 322 093-11.21 375 1.18-11.95 370 0.96-14.29

a Adjusted for age.

b Adjusted for age + alcohol use, smoking (current, never, previous), leisure-time physical activity.

¢ Adjusted for age + BMI, systolic BP, diastolic BP, diabetes (treatment for), hypertension (treatment of), physical fitness (VO,Max).

d Adjusted for age + BMI, systolic BP, diastolic BP, diabetes (treatment for), hypertension (treatment of), physical fitness (VO,Max), alcohol use, smoking
(current, never, previous), leisure time physical activity, use of tranquilizers/hypnotics, and social class.
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Table 4. Number of hours sleep and risk of ischemic heart disease mortality 1970-1971 to end of 2001 according to use of tranquilizers/
hypnotics: never, rarely, and regularly. Different adjustment criteria are applied in Cox proportional hazards regression analyses with forced
entry of variables. [HR=hazard ratios; 95% Cl=95% confidence interval; BMI=body mass index; BP=blood pressure; VO,Max=maximal

oxygen consumption]

Use of tranquilizers / N % Crude HR @ 95% Cl HR® 95% Cl HR ¢ 95% Cl HR ¢ 95% Cl
hypnotics and sleep incidence
duration (hours/day)
Never
<6 187 12.9 1.13 0.74-1.70 0.70-1.63  1.08 0.71-166  0.94 0.60-1.48
6-7 2957 11.0 1.00 - - . - 1.00 -
>8 661 13.1 1.15 0.91-1.46 0.91-147  1.09 0.86-1.38 1.14 0.89-1.45
Rarely
<6 59 224 2.64 1.46-4.77  2.75 1.50-5.02  2.40 1.29-4.47 250 1.31-4.80
6-7 676 10.7 1.00 - 1.00 - 1.00 - 1.00 -
>8 127 16.5 1.62 1.0-264 166 1.01-2.71 1.52 0.92-2.52  1.43 0.85-2.42
Regularly
<6 29 414 3.19 1.61-6.32 234 1.12-490 294 1.45-595  3.03 1.32-6.95
6-7 199 13.6 1.00 - 1.00 - 1.00 - 1.00 -
>8 38 15.8 1.31 0.54-318 1.28 0.52-3.13  1.61 0.65-3.97 1.72 0.65-4.56

2 Adjusted for age.

b Adjusted for age + alcohol use, smoking (current, never, previous), leisure time physical activity.

¢ Adjusted for age + BMI, systolic BP, diastolic BP, diabetes (treatment for), hypertension (treatment of), physical fitness (VO,Max).

d Adjusted for age + BMI, systolic BP, diastolic BP, diabetes (treatment for), hypertension (treatment of), physical fitness (VO,Max), alcohol use, smoking
(current, never, previous), leisure time physical activity, perceived psychological pressure during leisure time and work, and social class.

Discussion

In this large prospective study, overall we found that
men who slept <6 hours had an increased risk of [HD
mortality, when referencing those sleeping medium
length (ie, 68 hours). When controlling for age only,
some excess risk for all-cause mortality was also found
for short sleepers, but not when controlling for other
potential confounders. We therefore focused on THD
mortality. Perceived psychological pressure during work
and leisure time was not a significant effect modifier for
the association between sleep duration and IHD mortal-
ity. In contrast, among men using tranquilizers/hypnot-
ics, whether rarely or regularly, short sleepers had a two
to three fold increased risk of IHD mortality, compared
to medium sleepers. Among those never using tranquil-
izers/hypnotics, no association was observed between
sleep duration and IHD mortality.

Large individual differences in sleep duration exist
(34), and although disturbed or short sleep is a well-
known symptom of stress (35), short sleep is not nec-
essarily perceived as non-restorative (36). Users of
hypnotics must be assumed to experience negative con-
sequences of short sleep severe enough to seek medical
care. Furthermore, a quite strong association between
perceived stress and use of tranquilizers/hypnotics was
observed in the present study. Together this may reflect
that men using tranquilizers/hypnotics are more psy-
chologically stressed and experience less restorative
sleep than men exclusively reporting being stressed or
sleeping a short number of hours. If this interpretation is

valid, our findings suggest that short sleep duration (as
a measure of non-restorative sleep) alone is a risk fac-
tor for IHD mortality, and the effect is increased when
short sleep duration is combined with use of tranquil-
izers/hypnotics (as a potential measure of stress). This
fits very well with psychophysiological effort-recovery
theories (23, 24), the theory of allostasis (25, 26) and the
cognitive activation theory of stress (27). The theories
underline the combination of prolonged or repeated
stress and insufficient recovery in the development of
disease.

It should be noted that tranquilizers/hypnotics in
themselves may have physiological side effects associ-
ated with an increased risk of IHD (37). Use of hyp-
notics alone has been found to be associated with an
increased mortality risk in previous studies, even among
infrequent users of these drugs (8, 38, 39). We are aware
of only one study which has investigated the interaction
effects of sleep duration and hypnotics as risk indica-
tors for IHD mortality (14). In contrast to our findings,
Suzuki et al (14) found no effects of short sleep duration
on CVD mortality among Japanese elderly residents
with insomnia or use of hypnotics. The use of tranquil-
izers and hypnotics could theoretically induce metabolic
changes either directly or via lifestyle changes, in par-
ticular a reduced physical activity level increasing the
risk of IHD mortality. However, this explanation seems
unlikely since in our study no association was found
between the use of tranquilizers/hypnotics and IHD mor-
tality among men with medium or long sleep duration.

The potential mechanisms by which extreme sleep
habits may affect IHD mortality are not clear. However,
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short-term sleep deprivation has been associated with
several adverse physiological changes, eg, reduced
glucose tolerance, increased sympathetic nervous activ-
ity, and activation of pro-inflammation pathways in
experimental studies (18, 19). In the present study,
we observed associations between sleep duration and
specific mortality in terms of IHD mortality, but not all-
cause mortality after adjustment for potential confound-
ers. That sleep duration is associated with certain causes
of death, but not others, suggests that specific pathways
exist between sleep duration and cardiovascular mortal-
ity. The identification of specific pathways implies that
(changes in) sleep duration has specific pathophysiologi-
cal effects, rather than just being a marker of poor health
or a clustering of other risk factors.

Strengths and limitations

Basic methodological challenges confronting the
researcher in an epidemiological observational study
include temporality, good validity of the exposure and
outcome, and a sufficient confounder control. The pres-
ent study fulfills the first and the latter challenges, and
also the quality of the outcome measure must be con-
sidered sufficient, since the Danish national registers
have been shown to have a high validity (40, 41). The
present study relies on self-reports of sleep duration
rather than objective measures. However, answers to a
questionnaire addressing habitual sleep may in fact be a
more relevant measure in a prospective epidemiological
study than an objective measurement (eg, actigraphy
performed over a limited time period). Furthermore,
self-assessed sleep duration proves its internal validity
by showing its capacity to discriminate subjects with
different lifestyles and other characteristics as well as
mortality risk. Sleep duration was reported in a priori
fixed categories, which made the assessment cruder
than if reported as a continuous variable. Furthermore,
the categories may not be optimal. As an example, those
sleeping 6 hours, who may have somewhat increased
risk, are included in the mid-range sleepers and thereby
increase the risk in the reference group; those sleep-
ing 8-9 hours are included with the long sleepers and
thereby decrease the risk in this group. The conse-
quence of the potential misclassification of medium and
long sleep would be an attenuation of the risk associated
with long sleep duration, and may thus, at least to some
degree, explain the lack of association between long
sleep duration and mortality in the present study. Also
the question asked on use of tranquilizers and hypnotics
did not allow us to pin-point the indication for which
the medicine was given. Still, both drugs are markers of
subjective psychological stress. When interpreting the
results it should be remarked that the baseline of the
present study was carried out in 1970-1971 and there
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have been some changes in the type of drugs used as
tranquilizers/hypnotics, which could potentially affect
the results. During the 1970s there was a decrease in
the sale of barbiturates and sedative—hypnotics, while
the sale of benzodiazipines increased (42). During
the 1990s, benzadiazipines have to some degree been
replaced by z-hypnotics (eg, zaleplon and zolpidem).
Although there are differences in the chemical struc-
tures, they both act as benzodiazepine receptor agonists
and therefore initiate similar pathways (43). The study
population of the Copenhagen Male Study is urban
Danish male workers between 40-59 years of age in
1970-1971. The findings of this study should therefore
be tested by other researchers and in other cohorts eg,
females, younger workers, self-employed or work-
ers from other (eg, rural) communities and of other
nationalities.

Concluding remarks

The results of the present study show that short sleep
duration is a risk factor for IHD mortality only among
middle-aged and elderly men, particularly those using
tranquilizers/hypnotics on a regular or even a rare
basis, but not among men not using tranquilizers/
hypnotics. Although a strong association was observed
between perceived stress and frequency of tranquil-
izer use, no clear interplay was found between sleep
duration, self-assessed psychological stress, and risk
of IHD mortality.
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