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Torbjörn Åkerstedt1,2 • Francesca Ghilotti3,4 • Alessandra Grotta5,6 •

Andrea Bellavia7 • Ylva Trolle Lagerros4,8 • Rino Bellocco3,5

Received: 21 January 2017 / Accepted: 20 August 2017 / Published online: 30 August 2017

� The Author(s) 2017. This article is an open access publication

Abstract Prior work has shown that both short and long

sleep predict mortality. However, sleep duration decreases

with age and this may affect the relationship of sleep

duration with mortality. The purpose of the present study

was to assess whether the association between sleep

duration and mortality varies with age. Prospective cohort

study. 43,863 individuals (64% women), recruited in

September 1997 during the Swedish National March and

followed through record-linkages for 13 years. Sleep

duration was self-reported and measured using the

Karolinska Sleep Questionnaire, and grouped into 4

categories: B5, 6, 7 (reference) and C8 h. Up to 2010 3548

deaths occurred. Multivariable Cox proportional hazards

regression models with attained age as time scale were

fitted to estimate mortality rate ratios. Among individuals

\65 years, short (B5 h) and long (C8 h) sleep duration

showed a significant relationship with mortality (HR 1.37,

95% CI 1.09–1.71, and HR 1.27, 95% CI 1.08–1.48).

Among individuals 65 years or older, no relationships

between sleep duration and mortality were observed. The

effect of short and long sleep duration on mortality was

highest among young individuals and decreased with

increasing age. The results suggest that age plays an

important role in the relationship between sleep duration

and mortality.

Keywords Health � CVD � Cancer � Survival analysis �
Aging

Introduction

One of the most common questions concerning sleep is:

‘‘how much should we sleep?’’ Several systematic reviews

on sleep duration and mortality have found that the optimal

sleep duration is 7 h, with a significant increase of overall

mortality for individuals with short (B6 h) or long ([8 h)

sleep [1–3]. In a critical review Kurina et al. [4] argue that

results from the literature are not totally consistent. The

analysis of Kurina et al. [4] included 42 studies, giving rise

to 55 different estimates of the association between sleep

duration and overall mortality, based on which only 14

studies (25%) showed a U-shaped relationship, while 23

studies (43%) showed no association at all, and the

remainder showed associations for either short or long

sleep. Their main arguments against the presence of a
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U-shaped relationship between sleep and mortality are the

heterogeneity in the measurement of sleep duration and in

its categorization, the use of different methods and vari-

ables for adjusting for potential confounders across studies,

and different age ranges.

Since sleep duration decreases with age [5], age may be

a confounder of particular interest. Indeed, most studies

adjust for it, but the role of age as potential effect modifier

has not been explicitly studied other than in a few studies

[6]. Thus, Yeo et al. [7] and Gangwish et al. [8] reported

that individuals older than, or equal to 60 years, had a

U-shaped relationship between sleep duration and mortal-

ity, but the same pattern could not be found in those below

the age of 60. Hublin et al. [9] found a similar U-shaped

pattern for men aged 55 years or older, but this was not

seen in women in the same age group. For men younger

than 55 years only short sleep was significantly associated

with mortality. Two meta-analyses have investigated the

effect of age on the relationship between sleep duration and

mortality. Cappuccio et al. [1] divided studies into those

based on old (C60 years) or young (\60 years) cohorts,

and demonstrated a U-shaped relationship between sleep

duration and mortality in both types of cohorts. Liu et al.

[10] used 65 year as cut-off to categorize the included

studies and showed a significant association between both

short and long sleep and the risk of overall mortality among

subjects\65 years. Only long sleep duration was associ-

ated with an increased risk in participants C65. It is worth

noting that none of the studies included stratification on

age. As a consequence, there is a need for a systematic

investigation of the role of age in the relationship between

sleep duration and mortality.

The results from the meta-analyses seem to indicate that

the U-shaped relationship may be found in all age groups,

but nothing is known about more detailed effects of age.

Most of the reported original studies are small, and it is not

entirely clear why the 60-year cut-off is the most frequently

used. One particular problem is that the age group above

the age of 60 years will include a mixture of retirees and

individuals still in the workforce. Retirement may lead to a

different sleep pattern, since there is a possibility for

‘‘sleeping in’’ and nap during weekdays. Possibly, the

65-year cut-off (based on the common retirement age)

would provide more homogeneous age groups in terms of

sleep patterns.

Daytime napping will increase the total amount of sleep

during a 24 h period, and should therefore be of interest

when studying effects of sleep duration. Among the few

available studies, Lan et al. [11] adjusted for nap duration,

which did not affect the results on sleep duration and

mortality. Cohen-Mansfield et al. [12] found that 9 h sleep

plus napping was associated with increased mortality. The

meta-analysis of Liu et al. [10] found a pronounced

J-shaped relationship between 24 h sleep duration (in-

cluding naps) and all cause mortality. However, when night

sleep (without naps) was considered, an increased risk was

observed only for long sleep. Thus, napping may be an

important variable in studies of sleep duration and

mortality.

The main purpose of the present study was to quantify

the relationship between sleep duration and subsequent

mortality, while stratifying on age according to the retire-

ment age cut-off. In addition, we studied how the rela-

tionship between sleep duration and mortality was affected

by age, in a time dependent analysis.

Methods

Study population

In September 1997 a fund-raising event organized by the

Swedish Cancer Society (‘‘the Swedish National March’’)

took place on 3600 sites throughout the country. Partici-

pants were asked to fill out a 36-page questionnaire con-

cerning lifestyle and medical history [13, 14]. The study

was approved by the Regional Ethical Review Board of

Karolinska Institutet, and all subjects provided informed

consent. A total of 43,880 individuals returned the ques-

tionnaire. We excluded participants with clearly inconsis-

tent answers (n = 4) and subjects who reported an

incorrect national registration number (n = 13). Out of the

remaining 43,863 subjects we excluded those with missing

data on age (n = 11), had an age\18 (n = 1740), or who

had emigrated (n = 457), or died (n = 8) before the start

of follow-up. We also excluded individuals with missing

values on sleep duration (n = 2456). The final analysis

included 14,024 men and 25,167 women for a total of

39,191 subjects.

Exposure assessment

The Karolinska Sleep Questionnaire (KSQ) was used to

assess sleep characteristics [15]. The questions included the

following: ‘‘How many hours, approximately, per night do

you usually sleep during a weekday night?’’ The initial

response alternatives were:\5, 5, 6, 7, 8, or C9 h. Because

of insufficient number of participants in the shortest and

longest sleep categories the two lowest and two highest

categories, were collapsed. This yielded 4 categories: B5,

6, 7 (reference) and C8 h, with the extremes reflecting

short and long sleep. The reference category was set to 7 h,

since that was the most used reference in the meta-analysis

by Cappuccio et al. [1], as well as being the reference

category in the largest study on sleep duration and mor-

tality, in which more than one million participants were
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included [16]. In addition, in this large study the observed

difference in mortality between 7 and 8 h was significant.

Case ascertainment

All-cause mortality data were obtained through linkage,

using the Swedish National registration number, to the

Swedish Cause of Death Register held by the National

Board for Health and Welfare. A total of 3548 deaths (1940

men and 1608 women) occurred during 13 years of follow-

up (September 1997–December 2010). Main causes of

death were cardiovascular diseases (CVD-ICD-10 codes

I00-I99) (n = 1140) and cancer (ICD-10 codes C00-C97)

(n = 1645).

Statistical analysis

Baseline characteristics of the study cohort were described

according to the four categories of sleep duration. The

distribution of all variables, except age and sex, was

directly standardized to the age distribution of the entire

study population. Differences in baseline variables across

categories of sleep duration were statistically assessed

using the Student t-test for continuous variables and the

Chi square test for categorical variables.

Based on our a priori assumptions on the relationships

between confounders, intermediate variables, exposure,

and outcome variables, we were able to draw a directed

acyclic graph (DAG) [17], with the aim to identify the

minimal set of variables to adjust for the total effect

(presented as supplementary material). To draw the DAG,

the web-based application DAGitty (http://www.dagitty.

net) was used [18].

The association between sleep duration and mortality

(overall, CVD mortality and cancer mortality) was assessed

through a Cox proportional hazards regression model with

attained age as time scale. To estimate hazard ratios (HR)

and 95% confidence intervals (CI) age-adjusted and mul-

tivariable adjusted Cox models were computed. In the

multivariable analyses we first controlled for the following

potential confounders: sex, body mass index (BMI) (B25,

25–30, C30 kg/m2), level of education (9, 11–14,

C15 years, other), smoking status (never, former, current),

alcohol consumption (quintiles of alcohol g/month: \23,

23–124, 124–263, 263–503, C503), total physical activity

(low B34.3, medium 34.3–46.4, high C46.4 MET * h-

ours/day, where MET stands for Metabolic Energy Turn-

over [19]) and major diseases (CVD or cancer diagnosis

before October 1997, obtained from the Swedish Patient

Register). In addition, two more variables suggested by the

DAG were considered, namely occupational status (em-

ployed, unemployed, retired, sick leave, other) and

depression, based on the combination of the following five

variables: feel sad, feel lonely, feel worried, feel unsatis-

fied, feel unhealthy (never, sometimes, often, always), each

reclassified into two groups, often or always indicating

presence of the condition; depression was considered pre-

sent when at least three out of the five conditions were

present. However, these two variables were not included

due to a large proportion of missingness and degree of

potential misclassification and included only in the sensi-

tivity analysis.

We performed stratified analyses (together with a formal

test for interaction) to assess the role of sleep duration

within two different age groups separated at the retirement

age in Sweden (\65, C65). In order to investigate whether

napping would change the relationship between sleep

duration and mortality, the analyses were also stratified by

napping (‘‘never’’, ‘‘seldom’’ or ‘‘sometimes’’ vs. ‘‘most of

the time’’ or ‘‘always’’).

The proportional hazards (PH) assumption of the

covariates fitted in Cox’s regression was tested using both

Martingale’s and Schoenfeld’s residuals. Stratified Cox

models were used to adjust for variables that did not meet

the PH assumption, while predictors for which the PH

assumption was satisfied were controlled by including them

in the model.

Due to departures from the underlying proportional

hazards assumption in the exposure of interest, a simple

graphical tool based on restricted cubic splines [20] was

applied and graphs of the time-varying hazard ratio for

short and long sleep are reported. The time-dependent

coefficients for short and long sleep were modelled using

restricted cubic splines with 3 knots placed according to

Harrell’s recommended percentiles (10th, 50th, and 90th of

the distribution of the uncensored event times) [21].

The proportional hazard assumption was violated only

by the ‘‘major diseases’’ predictor, and therefore stratified

Cox models were fitted throughout the study.

To explore the time dimension of the association

between sleeping and mortality we used Laplace regres-

sion. This technique allows estimations of the differences

in age at death, as a function of the covariates of interest,

for each relevant percentile of the age distribution [22]. We

applied Laplace regression to estimate the 25th, 50th, and

75th percentiles of age at death, and we adjusted for the

same set of confounders as in our main analysis. The

Laplace models were further adjusted for baseline age,

which was the time scale in the Cox models.

Subjects dying in the first 2 years of follow-up might

have been sicker with undiagnosed diseases at the start of

follow-up. To deal with this issue of reverse causality we

performed a sensitivity analysis excluding the first 2 years

of follow-up. Furthermore, we performed sensitivity anal-

yses by additionally adjusting our model for occupational

status, depression, snoring; moreover, we also adjusted by
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self-reported sleep medication use and napping which were

considered as mediators in the proposed DAG. As sensi-

tivity analysis, we drew a secondary DAG (graph not

shown), including sleep quality and sleepiness. Both vari-

ables turned out to be part of the minimal set of covariates

we needed to adjust for in order to estimate the total effect

of sleep duration on mortality. These were thus added in

the main model.

Sleep quality was defined as ‘‘good’’ or ‘‘rather good’’

versus ‘‘neither good nor bad’’, ‘‘rather bad’’ or ‘‘bad’’;

while sleepiness was defined as being ‘‘mostly’’ or ‘‘al-

ways’’ sleepy during the day versus ‘‘sometimes’’, ‘‘sel-

dom’’ or ‘‘never’’ sleepy.

Lacking a consensus on what should be a proper refer-

ence category, we also used 7–8 h as reference, since that

was the second most common reference value in the meta-

analysis of Cappuccio et al. [1]. The age cut-point of

65 years was based on the common retirement age in

Sweden. However, since the present work focuses on age

effects we also explored a very low cut-point (45 years)

and a higher cut-point (70 years). In addition, we also

applied a cut-point of 60 years since most of the few

original studies that have analyzed age effects have used

60 years.

Analyses were performed using Stata, version 14 (Sta-

taCorp LP, College Station, Texas). All statistical tests

were two-sided, and p values less than 0.05 were consid-

ered statistically significant.

Missing data

We first studied the distribution of age, sex, BMI, educa-

tional level, smoking, alcohol consumption, physical

activity, and presence of major diseases among individuals

with (n = 39,191) and without (n = 2456) exposure data

(sleep duration during working week).

In order to study if exclusion of subjects with missing

values would have resulted in overestimation of the true

survival of the cohort, we estimated survival curves in

subjects with and without missing exposure. Survival

curves were adjusted for the before mentioned variables

and were obtained through flexible parametric survival

models, with follow-up time as time-scale [23].

The proportion of missing values was 14.9% for occu-

pational status, 7.7% for smoking status, 6.4% for physical

activity, 4.1% for BMI, 1% for educational level and less

than 1% for alcohol consumption, napping, snoring, hyp-

notics and depression. We assumed that data were missing

at random (MAR). Multiple Imputation Chained Equa-

tion (MICE) with 20 imputations was used to impute

missing data on covariates [24]. The variables in the model

were the same as the ones appearing in the complete-data

model including information on survival outcomes (Nel-

son-Aalen cumulative hazard and mortality status).

Results

Table 1 shows the distribution of background variables

across the groups defined by sleep duration. The partici-

pants with short sleep duration were on average older, more

frequently men, less educated, and had a higher physical

activity level. Participants with a longer sleep duration

were less depressed, had a lower intake of coffee, and used

less sleep medications. Background data stratified by age

are presented as supplementary data (Table S1). Figure 1

shows sleep duration across 5-year age groups. A regres-

sion analysis shows that there is a significant reduction in

sleep duration as age increases (b = -0.037 h per 10 years

(95% CI -0.043 to -0.030), R2 = 0.003), but the change

is very small.

Table 2 shows the estimated hazard ratios for the rela-

tionship between sleep duration and total mortality, both

for the entire cohort, and stratified by age. Subjects with

short and long sleep duration showed a higher mortality,

not statistically significant in the entire cohort. However,

sleep duration did not satisfy the PH assumption, which

means that the effect of sleep duration on mortality was

significantly different across ages [25]. This difference in

HR across ages was explored in Fig. 2, which shows that

the estimated time varying HRs decreased with increasing

age. As expected from the PH assumption test on the

exposure, the interaction between sleep duration and age as

binary was highly significant (p value 0.006) and in the age

stratified analyses the PH assumption was satisfied in both

age groups. Mortality was significantly higher among

individuals below the age of 65 with B5 and C8 h of sleep

compared to 7 h. No significant results were seen for par-

ticipants C65 years. Occupational status, depression,

snoring, sleep medication use, napping, sleep quality and

sleepiness did not affect the results appreciably and were

thus left out of the main analysis (data not shown).

When stratifying on napping, no significant results were

found. However, results stratified both on age and napping

showed that long and short sleepers, younger than 65 who

did not report napping during the day, retained their orig-

inal, significant results, while no significant results

appeared in the older groups (data not shown).

As a sensitivity analysis we repeated the main analysis

(fully adjusted), with the category C8 h split into the

original 8 and C9 h categories, respectively. For the

\65 year group, the 8 h category (250 deaths) remained

essentially unchanged with HR 1.28 (95% CI 1.09; 1.50),

while the C9 h category (20 deaths) showed an HR 1.11

(95% CI 0.71; 1.74). No differences in mortality rates were
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Table 1 Age-standardized baseline characteristics by categories of sleep duration in the Swedish National March Cohort

Characteristic Sleep duration, hours/day

B5 h 6 h 7 h C8 h Total sample

No. % No. % No. % No. % No. %

N 3270 9192 16822 9907 39191

Years at risk, mean (SD) 12.4 (2.5) 12.7 (2.0) 12.8 (1.8) 12.6 (2.3) 12.7 (2.1)

Deaths, n 486 761 1255 1046 3548

Cause specific deaths

CVDa 180 37.0 231 30.3 373 29.7 356 34.0 1140 32.1

Cancer 180 37.0 364 47.8 632 50.4 469 44.8 1645 46.4

Suicide 7 1.5 12 1.6 17 1.3 12 1.2 48 1.3

Respiratory disease 21 4.3 24 3.2 56 4.5 31 3.0 132 3.7

Neurological disease 13 2.7 27 3.6 36 2.9 37 3.5 113 3.2

Other 85 17.5 103 13.5 141 11.2 141 13.5 470 13.3

Age, mean (SD) 55.2 (16.5) 50.5 (15.2) 49.7 (15.0) 50.8 (17.0) 50.6 (13.3)

Gender, males 1252 38.3 3589 39.0 5970 35.5 3213 32.4 14024 35.8

BMI, mean (SD) 25.2 (4.0) 24.7 (3.6) 24.5 (3.4) 24.6 (3.5) 24.6 (3.5)

Education

9 years 1541 42.7 3292 36.6 5761 35.8 3842 38.9 14436 37.2

11–14 years 1060 35.6 3080 34.1 5395 32.2 3274 33.0 12809 33.0

15 years 595 20.8 2650 28.6 5417 31.4 2614 27.4 11276 29.1

Other 34 0.9 69 0.7 103 0.6 76 0.7 282 0.7

Employment

Employed 1278 58.7 5144 64.2 9336 63.7 3909 56.5 19667 61.8

Unemployed 70 3.1 153 2.0 274 1.9 278 3.6 775 2.4

Retired 1182 24.9 1935 24.1 3355 24.8 2948 27.0 9420 25.2

Sick leave 103 4.3 111 1.5 180 1.3 227 3.2 621 2.0

Other 233 9.0 601 8.2 1111 8.3 923 9.7 2868 8.6

Snoring

Frequent 307 9.7 744 8.1 1150 6.9 714 7.4 2915 7.5

Infrequent 2395 74.8 7156 78.2 13601 80.9 8038 81.6 31190 80.0

Uncertain 535 15.5 1240 13.7 1992 12.2 1097 11.0 4864 12.5

Good sleep quality 1490 47.3 6790 74.2 14932 89.2 9155 92.7 32367 83.11

Daytime sleepiness 505 17.4 858 9.5 951 5.7 566 5.5 2880 7.4

Work schedule

Daytime 1300 49.3 5254 57.9 10460 61.8 4973 56.5 21987 58.7

Shiftwork 460 18.6 1253 13.9 1675 9.8 773 8.8 4161 11.1

Other 77 2.9 186 2.3 289 1.9 177 1.8 729 2.0

No work 1035 29.2 1831 25.9 3327 26.5 3080 32.9 9273 28.2

Smoking

Never 1840 60.7 5153 61.7 10058 64.9 6071 64.9 23122 63.9

Former 791 27.4 2496 28.9 4443 28.0 2453 28.0 10183 28.2

Current 295 11.9 812 9.4 1151 7.1 615 7.1 2873 7.9

Alcohol g/month

0–23 g 792 22.2 1655 18.4 3215 19.8 2242 22.1 7904 20.0

23–124 g 621 19.8 1774 19.4 3274 19.4 2048 20.8 7717 20.0

124–263 g 602 18.5 1786 19.4 3419 20.2 2000 20.3 7807 20.0

263–503 g 565 17.6 1965 21.3 3502 20.6 1770 18.3 7802 20.0

[503 g 673 21.9 1973 21.5 3361 20.0 1800 18.5 7807 20.0
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seen in the oldest age group. A sensitivity analysis was also

carried out to test the effect of sleep duration on mortality

when using 7–8 h (646 deaths) as reference. Among sub-

jects \65 years the results (fully adjusted) showed an

increased mortality for the B5 h category only, with an HR

1.25 (95% CI 1.01, 1.55). Sleeping 6 h showed a HR of

0.84 (95% CI 0.72–0.98), while no increased mortality was

detected for the C9 h category (HR 1.01, 95% CI 0.65,

1.58). No significant results were observed for the same

analysis in the C65-year group.

For the relationship between sleep duration and cause-

specific mortality, and its link to age, we did not observe

any significant pattern for the overall group or among

subjects above the age of 65 years. Table 3 shows the

results from cause-specific mortality due to CVD and

cancer exclusively for subjects \65 years of age. CVD

mortality was significantly increased among individuals

with long sleep duration. For cancer, no evidence of sig-

nificant associations was found after full adjustment.

To explore the age effect further, time varying HRs are

graphically reported in Fig. 2. The HRs for both short and

long sleep present a decreasing pattern with respect to age,

being greater than 2 in the youngest and equal to 1 or even

below, in the oldest. The age span of significant excessive

mortality for short sleepers was 41.0–74.5 years. This

represents 70.9% of the sample, with 19.1% below and

10.0% of the sample above the span. For long sleepers the

corresponding age span was 27.0–75.5 years, while a

reduced mortality was observed beyond 88.6 years. The

age span with higher mortality represents 82.9% of the

Table 1 continued

Characteristic Sleep duration, hours/day

B5 h 6 h 7 h C8 h Total sample

No. % No. % No. % No. % No. %

Self-reported health

Very good 558 18.5 2278 25.1 4744 28.5 2706 28.1 10286 26.8

Good 1618 51.0 5046 56.2 9295 56.6 5331 55.0 21290 55.7

Average 756 23.5 1442 16.2 2083 12.9 1336 13.7 5617 14.7

Poor 181 6.1 200 2.2 300 1.8 259 2.8 940 2.5

Very poor 26 0.9 28 0.3 32 0.2 44 0.4 130 0.3

Physical activity

Low 1103 35.1 3620 42.2 6794 42.9 4476 48.7 15993 43.6

Medium 1018 34.2 2956 34.4 5726 35.8 3063 33.0 12763 34.8

High 898 30.7 1984 23.4 3322 21.3 1733 18.3 7937 21.6

Coffee intake, cups/day

None 314 11.0 972 11.2 2068 12.6 1497 14.2 4851 12.7

1–3 1699 49.7 4489 50.0 8780 53.3 5281 54.2 20249 52.5

4–6 1023 33.0 3119 33.8 5180 30.9 2704 28.8 12026 31.1

C7 161 6.3 464 5.0 551 3.2 251 2.8 1427 3.7

Nap during day 315 8.1 626 7.1 1069 7.0 1080 10.2 3090 7.9

Hypnotics 951 25.4 1390 15.4 1647 10.3 997 10.0 4985 12.8

Diabetes 128 3.5 222 2.6 333 2.2 251 2.6 934 2.5

Depression 558 18.7 993 10.8 1194 7.0 722 7.4 3467 8.9

Major diseasesb 677 16.5 1384 15.4 2294 14.6 1632 15.8 5987 15.3

a Cardiovascular disease
b Diagnosis of cardiovascular disease or cancer before October 1997

Fig. 1 Weekday sleep according to age in 5-year intervals.

Mean ± SD
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sample, with 13.3% below and 3.7% of the sample above

the span, but below 88.6 years. Only 0.1% of the long

sleepers was above this age.

To complement the results from the previous analysis,

multivariable Cox regressions were run by stratifying on

two different cut points (45 and 70 years). In both cases

significant results were observed only in the category

including the younger subjects. In those below 45 years the

HR was 2.45 (95% CI 1.19–5.04) for short sleep (B5 h)

and 2.10 (95% CI 1.32–3.34) for long sleep. In those below

70 years the corresponding HR values for short and long

sleep were 1.38 (95% CI 1.16–1.65) and 1.20 (95% CI

1.06–1.36), respectively. Finally, we also used the standard

60-year cut-point, given that it has been used in the few

studies that have been carried out on age effects. This

yielded results very similar to those with the cut-point at

65 years. See Table S2.

The influence of age was also examined by using

Laplace regression to estimate different percentiles of the

distribution of age at death. Table 4 shows that at the 25th

Table 2 Sleep duration and mortality: overall and age stratified analysis

Sleep duration, hours/day Crude Multivariable adjusteda

No. of deaths Person-years HR 95% CI No. of deaths Person-years HR 95% CI

B5 h 486 40,469 1.13 1.01, 1.25 337 31,571 1.12 0.99, 1.27

6 h 761 116,938 1.00 0.92, 1.10 564 95,917 0.98 0.88, 1.09

7 h 1255 215,222 1.00 Referent 984 181,815 1.00 Referent

C8 h 1046 124,483 1.15 1.05, 1.24 805 103,352 1.10 1.00, 1.20

Age\65

B5 h 127 28,119 1.45 1.19, 1.77 98 22,409 1.37 1.09, 1.71

6 h 262 96,875 0.99 0.85, 1.15 211 80,596 0.92 0.77, 1.08

7 h 482 181,293 1.00 Referent 396 154,272 1.00 Referent

C8 h 340 95,764 1.32 1.15, 1.52 270 80,051 1.27 1.08, 1.48

Age C65

B5 h 359 12,350 1.02 0.90, 1.16 239 9162 1.05 0.90, 1.22

6 h 499 20,063 1.01 0.90, 1.13 353 15,321 1.03 0.90, 1.17

7 h 773 33,930 1.00 Referent 588 27,542 1.00 Referent

C8 h 706 28,719 1.06 0.96, 1.18 535 23,301 1.01 0.90, 1.14

a Hazard ratios were adjusted for age, sex, BMI, smoking status, alcohol consumption, educational level, physical activity and major diseases.

Attained age was used as time scale

(a) (b)

Fig. 2 Mortality expressed as time-varying Hazard ratios and 95% confidence intervals for short (a) and long (b) sleepers versus the 7-h

reference group
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percentile of age at death, short and long sleepers died 8.5

(95% CI -16.7; -0.4) and 6.6 months (95% CI -12.4;

-0.7) earlier, respectively. Smaller estimates and no sig-

nificant relationships were seen for the other age per-

centiles, denoting a stronger effect of sleeping among

subjects who died younger.

After excluding cases occurring in the first 2 years of

follow-up, only minor changes in the results were

observed. For subjects\65 years we confirmed a statisti-

cally significant association between sleep duration and

mortality (for B5 h of sleep, HR 1.31, 95% CI 1.03–1.65;

for C8 h of sleep, HR 1.23, 95% CI 1.05–1.45). For

subjects aged 65 or older no statistically significant asso-

ciation was detected.

We lacked information on sleep duration for 2456 sub-

jects. These were older, less educated and with more health

problems. By comparing the adjusted survival curves of

individuals with and without information on the exposure,

no difference in survival was observed. As a result, when

eliminating subjects with missing values on sleep duration

from the analysis, the true survival of the cohort ought not

be overestimated.

The results obtained using the imputed dataset are

similar to those after excluding subjects with missing

Table 3 Sleep duration and cause specific mortality for subjects\ 65 years

Sleep duration, hours/day \65 years

Crude Multivariable adjusteda

No. of deaths Person-years HR 95% CI No. of deaths Person-years HR 95% CI

CVD mortality

B5 h 22 28,119 1.40 0.87, 2.24 18 22,409 1.41 0.83, 2.37

6 h 44 96,875 0.96 0.66, 1.38 33 80,596 0.84 0.56, 1.28

7 h 83 181,293 1.00 Referent 66 154,272 1.00 Referent

C8 h 66 95,764 1.45 1.05, 2.01 55 80,051 1.54 1.07, 2.21

Cancer mortality

B5 h 73 28,119 1.25 0.97, 1.61 56 22,409 1.13 0.83, 1.53

6 h 163 96,875 0.92 0.76, 1.11 132 80,596 0.86 0.70, 1.07

7 h 323 181,293 1.00 Referent 271 154,272 1.00 Referent

C8 h 212 95,764 1.25 1.05, 1.48 168 80,051 1.16 0.94, 1.42

a Hazard ratios were adjusted for age, sex, BMI, smoking status, alcohol consumption, educational level, physical activity and major diseases.

Attained age was used as time scale

Table 4 Differences in months in age at death across levels of sleep duration in the Swedish National March Cohort

Sleep duration, hours/day No. of deaths Person-years 25th PD, months 50th PD, months 75th PD, months

PD 95% CI PD 95% CI PD 95% CI

Model 1a

B5 h 486 40,469 -8.8 -15.3, -2.3 -6.7 -12.9, -0.5 -7.0 -12.8, -1.2

6 h 761 116,938 -0.5 -5.9, 4.9 -0.3 -5.5, 4.8 -0.9 -6.0, 4.1

7 h 1255 215,222 0 Referent 0 Referent 0 Referent

C8 h 1046 124,483 -9.5 -14.7, -4.4 -6.9 -11.5, -2.2 -6.9 -11.5, -2.2

Model 2b

B5 h 337 31,571 -8.5 -16.7, -0.4 -6.2 -13.2, 0.9 -6.5 -13.4, 0.4

6 h 564 95,917 1.4 -4.8, 7.7 1.7 -4.2, 7.6 0.2 -5.5, 5.8

7 h 984 181,815 0 Referent 0 Referent 0 Referent

C8 h 805 103,352 -6.6 -12.4, -0.7 -5.3 -10.6, 0.1 -3.6 -9.1, 1.9

PD percentile difference
a Estimates were obtained by fitting a Laplace regression on the 25th, 50th, and the 75th percentiles of age at death adjusted for age at baseline
b The model was further adjusted for sex, body mass index, smoking status, alcohol consumption, educational level, physical activity and major

diseases
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values on covariates: with 7 h as reference the estimates

among the youngest (\65 years) were 1.38 (95% CI

1.13–1.68) for short sleep and 1.29 (95% CI 1.12–1.48) for

long sleep. No significant association was detected among

the oldest (C65 years) (for B5 h HR 1.07, 95% CI

0.94–1.22; for C8 h, HR 1.02, 95% CI 0.92–1.13).

Discussion

In this large, prospective cohort, individuals younger than

65 years, who at baseline reported either short or long sleep

duration, showed an increased mortality. In those aged 65

or older, there was no significant association between sleep

duration and mortality. The effect of sleep duration on

mortality was highest among young individuals and

decreased with increasing age. The quantile regression

analysis supported this finding.

The U-shaped relation between sleep duration and

mortality essentially agrees with previous meta analyses

[1–3, 10], except for Liu et al [10], who found a J-shaped

one.

Still, the present results deviate from the meta-analyses

of Cappuccio [1] and Silva [3] in which, in contrast to our

findings, a clear effect of sleep duration in individuals

C60 years was shown. This relationship was also sup-

ported by three original studies [7–9], whereas Liu et al.

[10] in their meta-analysis did find an increased effect for

long sleep but not for short sleep in individuals[65 years.

However, if the decrease in HR with age is a correct

conclusion, then the strength and the significance of the

effect of sleep duration on mortality will depend on the

proportion of older participants in the study. The larger the

proportion, the less the likelihood would be of a significant

result. Thus, varying proportions of older participants in

different studies could contribute to the variability in

conclusions found in the literature. In the present cohort,

the proportion of individuals C75 years (at which point the

HR was no longer significantly above unity) among par-

ticipants aged 65 or older was 19%. Corresponding pro-

portions are not available from other studies.

The observed decline in the hazard ratio as a function of

age is a new finding and there is no clear explanation for

this decreasing pattern. However, the spectrum of causes of

death changes with age and this may dilute any effect of

sleep duration on mortality in higher age groups. Another

explanation of the lack of effect of sleep duration in higher

age groups may be that older individuals represent a sur-

vivor population that may be particularly resilient to neg-

ative health effects. A third explanation may be the effects

of being retired on the precision of estimations of sleep

duration. Not having to rise at a certain time to go to work

could deprive the individual of an important time

reference. This loss of reference may reduce the precision

of estimates of sleep duration and thus result in misclas-

sification of the exposure and in a weaker association

between sleep duration and mortality. This issue does not,

however, seem to have been formally investigated. It

should be emphasized that there was very little change in

sleep duration across age groups (1.2 min per year), sug-

gesting that mean sleep duration is unlikely to be a part of

the loss of relationship between sleep duration and mor-

tality with increasing age.

Our original hypothesis was that the decreased sleep

duration with age [5] would result in a stronger link to

mortality for long sleepers, because long sleep would

deviate from the norm. Similarly, short sleep in younger

individuals was expected to lead to increased mortality,

again because short sleep would deviate from the age

norm. These hypotheses were not confirmed; rather it

seems that long and short sleep have similar relationships

with mortality regardless of age group and that the asso-

ciation disappears in higher age groups. In fact, inspection

of Fig. 2 shows that mortality hazard ratio falls below unity

above the age of approximately 87 years. This might be a

spurious result based on rather few deaths. It might pos-

sibly also indicate that with increasing age, the ability to

produce long sleep might be an indication of good health.

Addressing this interesting age issue will require a larger

sample in higher age groups than what is available in the

present study.

The explanation of the U-shaped relationship between

sleep duration and mortality has been discussed in most

previous work in this area. Conditions like comorbidities,

BMI, alcohol consumption, education, employment status,

work schedules, snoring, physical activity, napping, use of

hypnotics, depression, sleep quality, sleepiness and snoring

were considered and adjusted for in the present study, or

tested separately, and should not have affected outcomes.

Grandner et al. [6] suggested that sleep loss might have

similar effects to those caused by low grade inflammation

and that increased levels of ghrelin, increased lipid levels,

and insulin resistance could be involved in this process.

The mechanism involved in the association between long

sleep and mortality still defies speculation, apart from the

possibility of residual confounding or undetected diseases.

The reason for the lack of effect of napping may be that

napping was rarely reported in the present cohort, partic-

ularly in younger individuals. Furthermore, we did not

collect information on the duration of the naps, which is a

limitation. Still, the few previous original studies on nap-

ping do not provide any clear conclusions [11, 12, 26].

Leaving out napping resulted in a lack of significant effect

for short sleep in the meta regression of Liu et al. [10].

Still, the role of napping in relation to mortality remains

unclear.
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The sensitivity analysis using different cut-offs for sleep

duration showed that long sleep defined as C9 h yielded a

non-significant hazard ratio in both age groups. The reason

for this is not clear, but the number of deaths in subjects

below the age of 65 in this sleep category was very low

(20), as was the number of person-years (6379). This

invites chance effects – only a few more deaths would have

increased the estimate for the hazard ratio, albeit with large

confidence intervals. Short sleep (B5 h), the second

smallest category, contained 5 times as many deaths and

3.5 times as many person-years.

Using 7–8 h of sleep as reference and defining long

sleep as C9 h had two consequences. Firstly, long sleep

duration was not significant and the point estimate became

closer to one. It’s likely that the higher mortality in the 8 h

category raised mortality above the level of that of 7 h of

sleep, thus reducing the difference between the reference

and the C9 h category. Secondly, for the same reason, the

6 h category showed a significant HR below 1. It was also

associated with the lowest mortality in the original analysis

with 7 h as reference, but the estimated HR, despite being

below 1, was not significant. These results might suggest

that, in the present cohort, the optimal sleep duration with

respect of mortality is 6 h, rather than 7 h.

The strengths of the present study are its size, the length

of the follow-up, the ability to directly link baseline

information with mortality registers through the national

registration number and the high quality of the data.

However, as with virtually all studies of sleep duration, it

relies on self-reported information. This is clearly a

weakness, but one which is shared with many other

exposure variables in the field of lifestyle epidemiology.

Though, it has been found a strong correlation between the

average sleep measured through 7-day diaries and that

obtained from one sleep-duration question [27] with small

systematic bias caused by a tendency of overestimation

[28].

Similarly, most confounders are also self-reported. One

confounder not included was sleep apnea, however, we did

adjust for snoring, which is probably a reasonable proxy.

Another limitation of our study concerns the measurement

of the exposure only at baseline, thus potential changes in

sleep duration during follow-up would go undetected.

Major disease is generally seen as the most crucial

variable to adjust for in studies of sleep duration and

mortality. This was done in the present study, however,

precursors of major diseases (such as increased levels of

lipids or blood sugar) could also play a role, but this

information was not available. Kurina et al. [4] have

remarked that major diseases, not yet diagnosed, may be an

important contributor to unreliable results. To minimize the

risk of reverse confounding, we excluded cases occurring

in the two first years of follow-up, but the results remained

virtually unchanged.

Kurina et al. [4] also pointed out that an important issue

is the subjective estimate of sleep duration. This may be a

problem, but it does not seem likely that individuals who

are healthy at baseline would misclassify their sleep

duration to a higher degree based on future mortality. Van

den Berg et al [29], however, found that subjective esti-

mates of sleep duration differed more from objective ones

depending on sleep quality, gender, poor cognitive function

and functional disability. We adjusted for the two first, but

the two latter variables may have affected the estimates of

sleep duration, particularly among the older participants.

This could have contributed to the lack of significant

association between sleep duration and mortality in the

older group. It should be emphasized that in the present

study, as in most other studies [30], we analyzed weekday

sleep, which means that sleep was restricted by work for

most individuals. Possibly, weekend sleep may also be of

interest for studying the relationship between sleep dura-

tion and mortality.

In conclusion, the present study showed that increasing

age reduces the relationship between sleep duration and

mortality and that the relationship is particularly strong in

younger individuals.
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