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Abstract

Background: This study examined the joint associations of sleep patterns and physical activity (PA) with all-cause, cardiovascular disease

(CVD), and cancer mortality.

Methods: A total of 341,248 adults (mean age = 39.7 years; men: 48.3%) were included in the study, with a 15-year follow-up. Participants reported

sleep duration and disturbances (difficulty falling asleep, easily awakened, or use of sleeping medication). PA was classified into 4 levels: <7.5,

7.5�14.9, 15.0�29.9, and �30.0 metabolic equivalent hours per week (MET-h/week). To understand the joint associations of sleep patterns and PA

with mortality, Cox proportional hazard models were conducted, with exposure variables combining sleep duration/disturbances and PA.

Results: Compared with the reference group (sleeping 6�8 h/day), individuals who slept >8 h/day had higher risk for all-cause mortality (hazard

ratio (HR) = 1.307, 95% confidence interval (95%CI): 1.248�1.369), CVD mortality (HR = 1.298, 95%CI: 1.165�1.445), and cancer mortality

(HR = 1.128, 95%CI: 1.042�1.220). Short sleep duration was not associated with mortality risk. Increased risk of all-cause and CVD mortality

was found in participants who had difficulty falling asleep (HR = 1.120, 95%CI: 1.068�1.175; HR = 1.163, 95%CI: 1.038�1.304, respectively),

and used sleeping medication (HR = 1.261, 95%CI: 1.159�1.372; HR = 1.335, 95%CI: 1.102�1.618, respectively) compared with those who

slept well. Long sleep duration and sleep disturbances were not associated with risk of all-cause and CVD mortality among individuals achieving

a PA level of �15 MET-h/week, and in particular among those achieving �30 MET-h/week.

Conclusion: Long sleep duration, difficulty falling asleep, and use of sleeping medication were related to a higher risk of death. Being physically

active at a moderate intensity for 25�65 min/day eliminated these detrimental associations.
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1. Introduction

Research has shown that more than a third (34.8%) of

American adults (n = 444,306) do not get the recommended
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amount of sleep per day (7 h/day),1 and 24% of the partici-

pants in a 10-country survey (n = 35,327) reported sleep dis-

turbances.2 Sleep disturbances have been linked to adverse

physical and mental health outcomes, such as cardiovascu-

lar disease (CVD), depression, and anxiety.3,4 Both short

and long sleep duration have been associated with increased

risk of all-cause mortality and CVD events.5�8 In addition

to sleep duration, difficulty falling asleep has been related

to increased risk of all-cause and CVD mortality, whereas
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the association of other sleep disturbances (e.g., difficulty

maintaining sleep and early-morning awakening) with the

risk of death is less clear.9

Physical activity (PA) is important for preventing several

chronic diseases and improving psychological well-being.10,11

It has also been well-established in providing protective links

against cause-specific and overall mortality.12�15

Sleep and PA are essential health behaviors that occupy the

same 24-h cycle. PA seems to affect sleep patterns,16�18 and it

may also mitigate the adverse effects of poor sleep patterns, such

as impaired glucose regulation,19 dyslipidemia, hypertension,20

and chronic pain.21 If increased PA levels are beneficial for

extending disease-free survival in those who have poor sleep pat-

terns, interventions that address both behaviors may be valuable.

This study aimed to explore the joint associations between

sleep duration and disturbances and PA in relation to mortality

risk. We examined whether the associations between poor

sleep patterns and all-cause, CVD, and cancer mortality were

attenuated or eliminated by PA.
2. Methods

2.1. Study population

Participants were from the MJ Cohort, which was estab-

lished by the MJ Health Management Institution. The study

was based on a large cohort of the general population undergo-

ing a check-up program and included more than half a million

Chinese in Taiwan, China since 1996. Participants or their

employers paid for these routine health examinations. All par-

ticipants provided informed consent authorizing MJ Health

Management Institution to process the data generated from

medical screening.22 Each participant completed a self-admin-

istered questionnaire, anthropometric measurements, physical

examination, and blood and urinary tests at the time of the

health check-ups. These check-ups have included questions

about sleep since 1996,23 and the sleep questions were modi-

fied after 2009. The entire current MJ Cohort data includes

615,350 individuals who participated from 1996 to 2017 and

were between the ages of 2 and 119 years old. In our study,

individuals who were 18 years old or above and participated in

the cohort between 1998 and 2008 were selected (n = 342,284)

since several lifestyle questions (e.g., smoking, alcohol con-

sumption, sleep, and exercise) were more consistent during

this period. To minimize the chance of reverse causality, we

excluded participants who died within the first 2 years of fol-

low-up (n = 1036). Our study was approved by the (National)

Changhua University of Education Research Ethics Commit-

tee, Taiwan, China (NCUEREC-108-072).
2.2. Data collection

2.2.1. Measures of sleep patterns

Participants were asked 2 questions concerning sleep pat-

terns. One was related to sleep duration “How long do you

sleep per day?”, and 4 response categories were provided (<4

h, 4 to <6 h, 6 to 8 h, and >8 h). Since only 1% of participants

slept less than 4 h, the categories of <4 h and 4 to <6 h were
combined for further analyses. The other question asked about

sleep disturbances “How have you slept in the past month?”,

and 5 response categories were offered (difficulty falling

asleep, easily awakened, frequent dreaming, use of sleeping

medication, and slept well).23,24 Dreaming can be positively or

negatively associated with health depending on the dream con-

tent25 and thus may not reflect sleep disturbances. Therefore,

those who reported “frequent dreaming” were excluded for

sleep disturbances analyses. Those who reported “slept well”

served as the reference group.

2.2.2. PA

Information about leisure time PA was collected by self-

completed questionnaire, which has been described in detail

elsewhere.22,26,27 Individuals were asked: “What kind of exer-

cise do you usually do?”, with multiple responses possible.

Respondents were given several examples of activity types

under 4 intensity categories, with a “yes” or “no” answer pos-

sible: light (e.g., gardening, golf), moderate (e.g., brisk walk-

ing, table tennis), medium vigorous (e.g., jogging, climbing

the stairs), and very vigorous (e.g., running, rope skipping).

Then they were asked to report how often and how much time

they participated in these activities. The questionnaire has

been shown to have acceptable convergent validity through its

association with established outcomes, including mortality,

diabetes, and systemic inflammation.26,28,29 Using established

methods,27,28 we calculated the metabolic equivalent hours per

week (MET-h/week) of PA as the intensity (2.5 METs for

light, 4.5 METs for moderate, 6.5 METs for vigorous, and 8.5

METs for very vigorous) multiplied by frequency and dura-

tion. Participants were classified into 4 levels ranging from

low to high (<7.5 MET-h/week, 7.5�14.9 MET-h/week,

15.0�29.9 MET-h/week, and �30.0 MET-h/week, respec-

tively). A 7.5 MET-h/week classification is roughly equivalent

to the minimum recommended amount of PA (3 METs£ 2.5

h/week),30 and 30 MET-h/week represents 50�65 min of mod-

erate-intensity (4�5 METs) activity per day.31

2.2.3. Ascertainment of all-cause, CVD, and cancer mortality

The mortality data were obtained through linkage with the

Chinese cause-of-death register, which records the date of

death and the underlying cause of death with the International

Classification of Diseases, Tenth Revision; these codes were

used to identify CVD mortality (I01�I02, I05�I09, I10�I15,

I20�I25, I27, I30�I52, I60�I69, I70, and I71) and cancer

mortality (C00�C97).

2.2.4. Possible confounding factors

We selected covariates a priori based on previous literature:

age, sex, education (<10 years, 10�12 years, and �13 years),

marital status (single, married, and other—divorced/separated/

widowed), smoking (never, former, and current), alcohol con-

sumption (none/occasional, former, and at least once per

week), fruit and vegetable intake (as a marker of dietary qual-

ity), and physical health status. Total fruit and vegetable intake

(portions/day) was the sum of the intake of fruits and deep- and

light-green vegetables.32 The Charlson comorbidity index
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(none = 0, mild = 1, and severe = 2+) was used to reflect physi-

cal health status.33 The Charlson index is based on the number

and self-reported severity of chronic diseases an individual

has, including hypertension, heart disease, stroke, diabetes,

cancer, chronic obstructive pulmonary disease, liver disease,

and renal disease,34,35 and has been found to be associated

with mortality.33 Weight and height were measured, and body

mass index (BMI) was calculated as weight in kilograms

divided by the square of height in meters. We used the Asian-

specific cut-points for underweight, overweight, and obesity

BMI of <18.5 kg/m2, 24 to <27 kg/m2, and �27 kg/m2,

respectively). The participants’ normal range of BMI36 was

18.5 to <24 kg/m2.

2.3. Data analyses

Cox proportional hazard models were used to examine the asso-

ciation between sleep patterns and the risk of all-cause, CVD, and

cancer mortality. The models were adjusted for PA and the other

potential confounders mentioned above. The proportional hazards

assumptions were examined using Kaplan-Meier curves. Time at

entry was the date of recruitment. Censorship was December 31,

2017, or the date of death, if earlier. To understand the joint associ-

ation of sleep patterns and PA with mortality, we developed addi-

tional Cox proportional hazard models, with exposure variables

that combined sleep (duration/disturbances) and PA levels, as in

previous studies examining the joint effects of PA and sedentary

behavior31,37 or alcohol intake.38 We derived 2 joint variables: (a)

a variable combining sleep duration and PA levels of 12 groups,

where the group that slept 6�8 h/day and had the highest PA level

(�30 MET-h/week) served as the reference group and (b) a vari-

able combining sleep disturbances and PA levels of 16 groups,

where the group having the highest PA level and the absence of

sleep disturbances (“slept well”) served as the reference group.

Our analyses did not adjust for clinical sleeping disorders

(e.g., sleep apnea) and mental health due to the absence of

such data in the MJ Cohort. To evaluate the robustness of our

results and reduce the possibility of spurious associations due

to residual confounding, we conducted a set of sensitivity anal-

yses where we excluded (a) those who were obese (as a proxy

of sleep apnea) and (b) those who used psychiatric medications

(as a proxy of mental disorders).

The level of significance was set at 0.05 for all statistical

analyses, which were performed with SPSS Version 22.0

(IBM Corp., Armonk, NY, USA).

3. Results

Among the 341,248 participants entered in the core analyses,

there were 21,893 all-cause deaths (3845 from CVD and 8386

from cancer), with a mean follow-up of 15.0 § 3.4 years (mean

§ SD). Table 1 shows the characteristics of the participants by

sleep patterns. Characteristics of participants with mortality for

various groups of PA levels and sleep patterns are presented in

Supplementary Table 1. Participants had a mean age of 39.7 §
13.4 years. The majority of the participants (70.0%) slept

6�8 h/day, 21.1% slept less than 6 h/day, and 8.9% reported

long sleep duration (>8 h/day). Nearly three-quarters of the
participants (73.5%) engaged in PA less than the recommended

amount (7.5 MET-h/week), and 15.0% reported a PA level

equal to the upper recommendation (�15.0 MET-h/week).

The association of sleep patterns and PA with all-cause,

CVD, and cancer mortality are shown in Table 2. For reference,

Supplementary Table 2 presents the Cox model results for all

covariates entered in the model. Compared with the reference

group (sleeping 6�8 h/day), individuals who slept>8 h/day had

a higher risk for all-cause mortality (hazard ratio (HR) = 1.307,

95% confidence interval (95%CI): 1.248�1.369), CVD mortal-

ity (HR = 1.298, 95%CI: 1.165�1.445), and cancer mortality

(HR = 1.128, 95%CI: 1.042�1.220). We found no association

between short sleep duration (< 6 h/day) and the 3 mortality

end-points. Increased risk of all-cause and CVD mortality were

found in participants who had difficulty falling asleep

(HR = 1.120, 95%CI: 1.068�1.175; HR = 1.163, 95%CI:

1.038�1.304, respectively) and who used sleeping medication

(HR = 1.261, 95%CI: 1.159�1.372; HR = 1.335, 95%CI:

1.102�1.618, respectively) compared with those who slept well.

We observed an increased risk of all-cause and CVD mor-

tality with lower levels of PA. Compared with individuals

reporting high PA (�30.0 MET-h/week), all-cause mortality

rates were higher in the 2 least active groups (<7.5 MET-h/

week: HR = 1.243, 95%CI = 1.165�1.327; and 7.5�14.9

MET-h/week: HR = 1.138, 95%CI: 1.060�1.223). Low PA

was also related to high risk of CVD mortality (<7.5 MET-h/

week: HR = 1.340, 95%CI: 1.147�1.565). No association was

found between PA and cancer mortality.

When combining sleep duration with PA levels (reference

group: 6�8 h of sleep/day and �30.0 MET-h/week of PA), we

observed attenuated or eliminated risk for all-cause and CVD mor-

tality in the top 2 PA groups (�15.0 MET-h/week) (Fig. 1A�B,

Supplementary Table 3 for numerical results). In the 2 least physi-

cally active groups (<15.0 MET-h/week), all sleep duration groups

were associated with elevated mortality risk, except the group that

slept <6 h/day and had 7.5�14.9 MET-h/week of PA, where the

95%CIs marginally crossed unity for CVD mortality (HR= 1.236,

95%CI: 0.982�1.557, p = 0.071). Those sleeping >8 h/day and

having <7.5 MET-h/week of PA had the highest all-cause morta-

lity risk (HR= 1.555, 95%CI: 1.428�1.693) and CVD mortality

risk (HR= 1.783, 95%CI: 1.453�2.189) compared to the reference

group (Fig. 1A�B).

Compared to those who reported sleeping well and were

highly active (�30.0 MET-h/week), use of sleeping medica-

tion, difficulty falling asleep, and easily awakened were asso-

ciated with a 33.3%�53.5%, 23.3%�33.8%, and

14.0%�23.5%, respectively increased risk of all-cause mortal-

ity among the 2 or 3 lowest PA groups (<15.0 or <30.0 MET-

h/week) (Fig. 2A, Supplementary Table 3 for numerical

results). A similar pattern was found with CVD mortality, with

the exception of difficulty falling asleep at the 7.5�14.9 PA

level, which had a marginally statistically significant associa-

tion (HR = 1.335, 95%CI: 0.983�1.812, p = 0.064) (Fig. 2B).

However, these detrimental associations with all-cause and

CVD mortality were not present among participants who

achieved at least 30.0 MET-h/week of PA. Those who slept

well but did not achieve the recommended amount of PA



Table 1

Characteristics of participants by sleep duration and sleep disturbances (n (%) or mean § SD).

Variable All sample

(n = 341,248)

Sleep duration Sleep disturbances

<6 h 6�8 h >8 h Use of medication Difficulty falling

asleep

Easily awakened Slept well

Age (year) 39.7 § 13.4 42.3 § 14.7 38.8 § 12.6 41.3 § 15.2 51.1 § 14.6 41.7 § 14.5 41.2 § 13.3 38.8 § 13.0

Sex

Male 164,750 (48.3) 32,038 (20.9) 109,447 (71.3) 12,018 (7.8) 1519 (1.1) 15,439 (11.6) 41,677 (31.4) 74,180 (55.9)

Female 176,498 (51.7) 35,016 (21.3) 112,915 (68.7) 16,376 (10.0) 2803 (2.2) 19,909 (15.4) 55,622 (43.0) 51,005 (39.4)

Education (year)

<10 67,805 (21.0) 18,350 (28.1) 38,732 (59.4) 8164 (12.5) 1852 (3.3) 10,918 (19.4) 22,888 (40.6) 20,668 (36.7)

10�12 143,873 (44.6) 28,103 (20.1) 98,820 (70.6) 13,032 (9.3) 1650 (1.5) 15,553 (13.7) 44,091 (38.8) 52,233 (46.0)

�13 111,103 (34.4) 19,714 (18.1) 82,347 (75.6) 6814 (6.3) 725 (0.8) 8391 (9.4) 29,112 (32.6) 50,988 (57.2)

Marital status

Never married 95,594 (30.1) 19,133 (20.5) 67,200 (71.9) 7138 (7.6) 573 (0.8) 10,469 (14.2) 22,696 (30.7) 40,180 (54.4)

Other 20,611 (6.5) 6135 (30.8) 11,544 (57.9) 2248 (11.3) 801 (4.7) 3377 (19.8) 6974 (40.9) 5880 (34.5)

Married 200,900 (63.4) 39,634 (20.3) 137,637 (70.4) 18,167 (9.3) 2753 (1.7) 20,278 (12.4) 64,770 (39.5) 75,986 (46.4)

Smoking

Current 70,928 (22.1) 15,585 (22.5) 46,843 (67.8) 6688 (9.7) 1158 (1.9) 10,085 (17.0) 17,525 (29.5) 30,705 (51.6)

Former 18,374 (5.7) 3455 (19.2) 12,536 (69.8) 1959 (10.9) 282 (1.9) 1649 (11.0) 5233 (34.9) 7825 (52.2)

Never 231,090 (72.1) 46,655 (20.7) 159,321 (70.8) 19,181 (8.5) 2764 (1.5) 22,854 (12.5) 72,708 (39.7) 84,776 (46.3)

Alcohol consumption

�1/week 46,487 (14.9) 10,427 (23.0) 30,500 (67.2) 4431 (9.8) 719 (1.9) 6044 (15.7) 13,419 (34.9) 18,216 (47.4)

Former 9601 (3.1) 2239 (24.1) 5782 (62.3) 1267 (13.6) 306 (3.9) 1334 (17.2) 2877 (37.0) 3251 (41.9)

None/occasional 255,150 (82.0) 50,884 (20.4) 177,021 (71.1) 21,174 (8.5) 2967 (1.5) 25,975 (12.7) 76,296 (37.3) 99,247 (48.5)

Fruit/vegetable intake

(portion/day)

2.9 § 1.2 2.9 § 1.2 3.0 § 1.2 3.0 § 1.3 2.8 § 1.2 2.8 § 1.2 3.0 § 1.2 3.0 § 1.2

BMI group (kg/m2)

Obese (�27) 43,965 (12.9) 10,749 (26.3) 26,503 (64.9) 3609 (8.8) 506 (1.4) 4634 (13.1) 11,748 (33.3) 18,401 (52.1)

Overweight (24 to <27) 76,590 (22.5) 16,886 (23.6) 48,842 (68.2) 5922 (8.3) 1027 (1.7) 7879 (12.8) 21,651 (35.2) 30,912 (50.3)

Underweight (<18.5) 31,710 (9.3) 4844 (16.5) 21,143 (71.9) 3425 (11.6) 414 (1.9) 3507 (15.9) 8687 (39.4) 9433 (42.8)

Normal (18.5 to <24) 188,007 (55.3) 34,552 (19.7) 125,792 (71.6) 15,413 (8.8) 2374 (1.7) 19,311 (13.5) 55,172 (38.5) 66,394 (46.3)

Charlson comorbidity index

2 or more 14,306 (4.2) 3682 (26.7) 8335 (60.4) 1777 (12.9) 585 (5.1) 2043 (17.8) 4491 (39.1) 4364 (38.0)

1 26,300 (7.7) 6875 (27.0) 15,798 (62.1) 2787 (10.9) 903 (4.2) 3542 (16.4) 8513 (39.4) 8672 (40.1)

0 300,186 (88.1) 56,497 (20.3) 198,229 (71.2) 23,830 (8.6) 2834 (1.2) 29,763 (13.0) 84,295 (36.8) 112,149 (49.0)

PA (MET-h/week)

<7.5 247,894 (73.5) 47,686 (21.1) 158,001 (69.8) 20,754 (9.2) 2928 (1.6) 26,223 (14.2) 69,885 (37.7) 86,232 (46.5)

7.5�14.9 39,060 (11.6) 8157 (21.2) 27,120 (70.4) 3239 (8.4) 700 (2.2) 4048 (12.6) 12,247 (38.2) 15,084 (47.0)

15.0�29.9 32,593 (9.7) 6564 (20.4) 23,009 (71.5) 2608 (8.1) 406 (1.5) 3055 (11.2) 9191 (33.7) 14,600 (53.6)

�30.0 17,775 (5.3) 3884 (22.1) 12,236 (69.6) 1452 (8.3) 222 (1.5) 1636 (10.9) 4963 (33.0) 8228 (54.7)

Notes: The sum of samples may not always be equal to 341,248 due to missing cases. Percentages may not be total 100% because of rounding.

Abbreviations: BMI = body mass index; MET =metabolic equivalent; PA = physical activity.
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Table 2

Risk of all-cause, CVD, and cancer mortality by sleep patterns and PA.

Variable All-cause mortality CVD mortality Cancer mortality

HR 95%CI p HR 95%CI p HR 95%CI p

Sleep duration (h/day) <0.001 <0.001 0.008

<6 1.023 0.985�1.063 0.246 1.006 0.919�1.102 0.893 0.994 0.934�1.057 0.844

6�8 1.000 �� �� 1.000 �� �� 1.000 �� ��
>8 1.307 1.248�1.369 <0.001 1.298 1.165�1.445 <0.001 1.128 1.042�1.220 0.003

Sleep disturbances <0.001 <0.001 0.365

Use of medication 1.261 1.159�1.372 <0.001 1.335 1.102�1.618 0.003 0.944 0.804�1.110 0.486

Difficulty falling asleep 1.120 1.068�1.175 <0.001 1.163 1.038�1.304 0.009 1.049 0.970�1.135 0.231

Easily awakened 1.026 0.989�1.064 0.172 1.037 0.950�1.132 0.416 1.037 0.978�1.099 0.221

Slept well 1.000 �� �� 1.000 �� �� 1.000 �� ��
PA (MET-h/week) <0.001 <0.001 0.058

<7.5 1.243 1.165�1.327 <0.001 1.340 1.147�1.565 <0.001 1.093 0.988�1.209 0.084

7.5�14.9 1.138 1.060�1.223 <0.001 1.185 0.999�1.405 0.051 1.036 0.926�1.160 0.537

15.0�29.9 1.076 0.999�1.159 0.054 1.131 0.948�1.350 0.170 0.998 0.887�1.122 0.971

�30.0 1.000 �� �� 1.000 �� �� 1.000 �� ��
Note: Variables were listed in Supplementary Table 1.

Abbreviations: 95%CI = 95% confidence interval; CVD = cardiovascular disease; HR = hazard ratio; MET =metabolic equivalent; PA = physical activity.
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(<7.5 MET-h/week) also had an increased risk of all-cause

mortality (HR = 1.239, 95%CI: 1.131�1.357) and CVD mor-

tality (HR = 1.457, 95%CI: 1.165�1.821) compared to the ref-

erence group.

No increased risk of cancer mortality was found with sleep

duration or disturbances in combination with PA levels, with

the exception of the group with the lowest PA level (<7.5

MET-h/week) and highest sleep level (>8 h/day), where a

15.3% increased risk was found (HR = 1.153, 95%CI:

1.009�1.318) (Fig. 1C and Fig. 2C).

We also examined an alternative combination of sleep patterns

and PA by grouping PA into 3 levels (<7.5 MET-h/week,

7.5�14.9 MET-h/week, and �15.0 MET-h/week). When PA

was divided into 3 levels, the attenuation of the association of

poor sleep patterns with all-cause and CVD mortality were less

apparent (Supplementary Table 4). Results from the sensitivity

analyses excluding participants who were obese or used psychiat-

ric medications showed a similar pattern, with high PA (�30

MET-h/week) eliminating the increased risk of all-cause mortal-

ity associated with sleep duration and the increased risk of CVD

mortality associated with sleep disturbances (Supplementary

Table 5). The detrimental association of sleep disturbance with

all-cause mortality were not present among participants who

achieved 15.0 MET-h/week of PA. The same applied to partici-

pants who achieved the recommended amount of PA (7.5

MET-h/week). Participants had no increased risk of CVD mortal-

ity among each sleep duration group.
4. Discussion

This is the first investigation, to our knowledge, examining

the joint effects of sleep patterns and PA with all-cause, CVD,

and cancer mortality. Previous research examining these asso-

ciations tended to focus on sleep duration.39,40 Long sleep

duration, difficulty falling asleep, and use of sleeping medica-

tion were all related to a higher risk of death, independent of a

wide range of potential confounders. Our results consistently
indicated that higher levels of PA appeared to attenuate or

even eliminate the detrimental association between poor sleep

patterns and increased all-cause and CVD mortality risk. Spe-

cifically, amounts of PA � 15.0 MET-h/week (and, in particu-

lar, �30.0 MET-h/week), long sleep duration, use of sleeping

medication, and difficulty falling asleep were no longer associ-

ated with all-cause and CVD mortality risk.

Our study found a 13%�31% increase in all-cause, CVD, and

cancer mortality risk among long duration sleepers, whereas there

was no significant increase in mortality risk among short duration

sleepers. Our results support previous meta-analyses showing that

long sleep duration was associated with an increased risk of all-

cause, CVD, and cancer mortality.5�7,41,42 Some earlier meta-anal-

yses have reported a significant association between short sleep

duration and increased risk of all-cause or CVD mortality,5�8

while others have not found such an association.42,43 A greater

increase in risk of death was observed among those with long sleep

duration than with short sleep duration, which is consistent with

recent systematic reviews.42,43 There are some explanations for the

detrimental association of long sleep duration with mortal-

ity.40,44�47 First, mortality risk associated with (self-reported) long

sleep duration might be partly attributable to spending a long time

in bed as a compensatory behavior for increased sleep fragmenta-

tion. Second, long periods of time spent in the dark could have

physiological effects, such as short photoperiods and photoperiodic

abnormalities, both of which have been associated with mortality.

Third, health issues, such as sleep apnea, depression, and frailty

(e.g., low PA levels, very slow walking speeds), might partly

explain the relationship between long sleep duration and mortality.

Additionally, feelings of lethargy and malaise noted in long dura-

tion sleepers could indicate a cytokine imbalance, which can

impair resistance to stress and disease. Therefore, it is possible that

the association between long sleep duration and mortality may sim-

ply be the result of reverse causality or residual confounding.40

In our study, short sleep duration was associated with all-

cause mortality in the 2 least active groups and was associated

with CVD mortality in the least active group. This finding was



Fig. 1. Joint association of sleep duration and PA with (A) all-cause mortality;

(B) CVD mortality; and (C) cancer mortality. CVD = cardiovascular disease;

HR = hazard ratio; METs = metabolic equivalents; PA = physical activity.
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not present in the full-sample analyses. Our results are novel in

that they indicate that the deleterious effect of short sleep dura-

tion on mortality may be conditional on other lifestyle health

behaviors. For example, the 45 and up study examined a life-

style risk index and multiple behavioral risk combinations,

including physical inactivity, sedentary behavior, and sleep

duration, in relation to all-cause mortality among Australian

adults aged 45 years or older. The results showed that when

sleep alone was analyzed, short sleep duration was only mar-

ginally associated with all-cause mortality (HR = 1.09, 95%CI:

1.00�1.18). However, the combination of short sleep duration

and physical inactivity was more strongly associated with all-

cause mortality (HR = 1.60, 95%CI: 1.45�1.78).40
Our study also found that increased risk of all-cause and

CVD mortality was related to difficulties in falling asleep but

not to the condition of being easily awakened, which is consis-

tent with the recent systematic review conducted by Ge et al.9

This result indicates that a delay in falling asleep is associated

with a greater mortality risk when compared to sleep mainte-

nance. In our study, the use of sleeping medications was asso-

ciated with a 26% increase in risk for all-cause mortality and

a 34% increase in risk for CVD mortality, which is similar to

the results in a systematic review showing that users of hyp-

notic/anxiolytic medications had a 43% higher risk of all-

cause mortality.48 Our data suggested that both quantity and

quality of sleep are related to mortality risk, a result that has

been noted in previous research.49 The pattern in our study

for the association between sleep disturbances and cancer

mortality was somewhat weaker, which might be due to the

lack of differentiation in site-specific cancer outcomes.

Our results related to the joint association of sleep disturban-

ces and PA with mortality showed that all sleep disturbances

were associated with an elevated mortality risk in the least active

groups PA groups (<15.0 MET-h/week and <7.5 MET-h/week).

More importantly, if individuals engaged in 50�65 min of mod-

erate-intensity (4�5 METs) activity per day (�30.0 MET-h/

week), the increased risks of all-cause and CVD mortality associ-

ated with sleep disturbances were virtually eliminated.

When PA was divided into 3 levels, with the highest level

set at �15.0 MET-h/week, the attenuation of the association

between poor sleep patterns with all-cause and CVD mortality

was less apparent compared with the highest-level PA group

(�30.0 MET-h/week) of the 4-level categorization. These

results suggest that the effects are largely driven by the highest

levels of PA exceeding current guidelines.

Our data suggest that PA might alleviate the deleterious

health consequences of poor sleep patterns. Inadequate sleep

duration is associated with obesity, inflammation, and negative

cardiovascular outcomes;50�52 and sleep disturbances are risk

factors for depression and dementia.53,54 However, higher levels

of PA are related to lower levels of depression, cognitive

decline, obesity, and CVD.55�58 The positive association

between PA and health could potentially act as a mechanism,

with PA decreasing the risk of mortality among individuals with

poor sleep patterns. This might help explain why PA attenuates

or eliminates the detrimental association of poor sleep patterns

with mortality.

Our analyses adjusted for a wide range of sociodemographic

and behavioral factors, as well as physical health status, with a

large sample size and a long follow-up period. However, our

study has some limitations. First, participants were relatively

young and tended to have a slightly higher socioeconomic status

than the general adult population. However, this lack of represen-

tativeness is highly unlikely to have influenced the associations

we examined.59 Second, our data are observational, and we can-

not rule out the possibility of unmeasured confounding. More-

over, PA and sleep data were self-reported, which may have

introduced recall bias. However, previous research suggests good

agreement between sleep self-reports and polysomnography.60 It

is also notable that some of the CIs are wide. This may have been



Fig. 2. Joint association of sleep disturbances and PA with (A) all-cause mortality; (B) CVD mortality; and (C) cancer mortality. CVD = cardiovascular disease;

HR = hazard ratio; METs =metabolic equivalents; PA = physical activity.
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due to the small sample size in specific groups (e.g., the group of

medication use with PA�30.0 MET-h/week).
5. Conclusion

Long sleep duration (>8 h/day) and sleep disturbances, such as

difficulty falling asleep and use of sleeping medication, were related

to a higher risk of all-cause and CVD death among the entire sam-

ple. Being physically active (engaging in 25�65 min of moderate-

intensity activity per day) attenuated or eliminated the deleterious

association of poor sleep patterns with mortality risk. Our results

suggest that the mortality risks from short sleep duration, long sleep
duration, or sleep disturbances are exacerbated by physical inactiv-

ity. These findings support the integration of PA into clinical sleep

interventions and public health guidelines.
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