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Influence of physical activity on sleep duration and quality:
a prospective cohort study

Kenji Tsunoda, Yuko Kai, Naruki Kitano, Ken Uchida, Tsutomu Kuchiki,
Tomohiro Okura, and Toshiya Nagamatsu

SUMMARY

Insufficient sleep is a known risk factor for obesity related-diseases, depression and mortality, and it can cause so-
cioeconomic damage by decreasing daytime production. Although some studies reported a positive association be-
tween habitual physical activity and better sleep, there have been few prospective cohort studies examining this rela-
tionship. The purpose of this study is to investigate whether physical activity prevents the future development of
short sleep duration and poor sleep quality. We collected survey data from annual health check-ups conducted in
2008 in Tokyo, Japan. After excluding participants who reported short sleep duration and/or poor sleep quality at
baseline, there were 6185 analysis participants. Our study followed participants until short sleep duration or poor
sleep quality had been reported or until the end of 2012. We followed participants an average of 2.8 years (17194
person-years) in which 1632 of 6185 people reported short sleep duration and/or poor sleep quality. A multivari-
able-adjusted Cox proportional hazards model showed that low-intensity (HR=0.86, 95% CI=0.75-0.97) or vigor-
ous-intensity (HR=0.81, 95% CI=0.67-0.97) physical activity performed at least once per week significantly re-
duced incident short sleep duration compared with no physical activity. Engaging in moderate-intensity physical
activity (HR=0.87,95% CI=0.70-1.07) also decreased risk of short sleep duration, but this was not significant. Low-
intensity (HR=0.80, 95% CI=0.70-0.91), moderate-intensity (HR=0.80, 95% CI=0.64-1.00) and vigorous-intensi-
ty (HR=0.74, 95% CI=0.61-0.90) physical activity also significantly reduced incident poor sleep quality. When
looking at the combination variable of short sleep duration and poor sleep quality, people who engaged in low-inten-
sity (HR=0.84, 95% CI=0.76-0.93), moderate-intensity (HR=0.85, 95% CI=0.72-1.00) and vigorous-intensity
(HR=0.79, 95% CI=0.68-0.91) physical activity had a significantly decreased risk of insufficient sleep. Our results
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suggest that physical activity, regardless of intensity levels, can reduce future incident short sleep duration and poor

sleep quality.

Key words: exercise, longitudinal study, insomnia, epidemiology.
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Participation in a health check-up program (n=16267)

Exclusions (n=10082)
Incomplete data(n=2847)
Having diagnose histories of depression and/or other
mental illness (n=272)
Reporting short sleep duration and/or poor sleep quality
at baseline (n=4411)f
No follow-up data (n=2552)

Case included analysis (n=6185)

1. DR EEIFEESNDL ETOTIM
Figure 1. Flow of participants through the study.

T At this stage, 4411 of 13148 participants (33.5%) reported short sleep duration and/or poor

sleep quality. When looking at each item, 2999 participants (22.8%) reported short sleep, and

2673 participants (20.3%) reported poor sleep quality at baseline.
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Tablel. Baseline characteristics of participants by physical activity levels.

Low-intensity PA

Moderate-intensity PA Vigorous-intensity PA

Baseline variables

<lIx/w > 1x/w <lIx/w > Ix/w <lIx/w > 1x/w

Number 3116 3069 5464 721 5176 1009
Mean (SD) age, years 48.9 (11.4) 53.4 (11.6)*  51.0 (11.7) 52.8 (11.8)*  51.1 (11.7) 51.4 (11.7)
Male Gender, % 58.2 53.2% 56.4 50.8* 54.5 61.8*
Mean (SD) BMI, kg/m? 22.5(3.1) 224 (3.1) 22.4(3.1) 22.3 (2.7) 22.5(3.2) 22.3 (2.6)
Smoking status, %

Never 50.3 54.7% 52.0 56.3% 52.6 51.8%

Former 25.0 29.3 27.0 28.4 259 33.8

Current 24.7 15.9 21.0 15.3 21.5 14.4
Alcohol consumption, %

Never 13.5 16.3* 15.0 14.1 15.5 11.7*

<20 g/day of alcohol 58.4 58.7 58.9 56.6 58.8 57.5

> 20 g/day of alcohol 28.0 25.0 26.2 29.3 25.7 30.8
Low-intensity PA

Once a week or more - - o2 37T 523 31
Moderate-intensity PA

Once a week or more 14.4 8.9% — — 10.8 16.2*
Vigorous-intensity PA

21.0 11.5% 15.5 22.6* — —

Once a week or more

* P <0.05. PA; physical activity, BMI; body mass index.
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Table2. Hazard ratios of incident short sleep duration by physical activity levels.

Hazard ratio (95% CI)

Less than once a week  Once a week or more

Low-intensity physical activity
No. of person-years
No. of caces for short sleep duration
Incidence rates per 1000 person-years
Unadjusted
Adjusted for age and gender
Model 17
Model 2 ¥
Moderate-intensity physical activity
No. of person-years
No. of caces for short sleep duration
Incidence rates per 1000 person-years
Unadjusted
Adjusted for age and gender
Model 1
Model 2*
Vigorous-intensity physical activity
No. of person-years
No. of caces for short sleep duration
Incidence rates per 1000 person-years
Unadjusted
Adjusted for age and gender
Model 17
Model 2 ¥

9042 9150
568 436
63 48
1.00 0.76 (0.67 — 0.86)
1.00 0.87 (0.77 — 0.99)
1.00 0.88 (0.77 — 1.00)
1.00 0.86 (0.75 — 0.97)
16033 2159
905 99
56 46
1.00 0.81 (0.66 — 1.00)
1.00 0.86 (0.70 — 1.06)
1.00 0.88 (0.71 — 1.08)
1.00 0.87 (0.70 — 1.07)
15200 2992
869 135
57 45
1.00 0.79 (0.66 — 0.95)
1.00 0.80 (0.66 — 0.95)
1.00 0.83 (0.69 — 0.99)
1.00 0.81 (0.67 — 0.97)

Bold numbers indicate P < 0.05.

T Adjusted for age, gender, body mass index, smoking, and alcohol consumption.

* Additional adjustment of model 1 for other intensity types of physical activity.
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Table3. Hazard ratios of incident poor sleep quality by physical activity levels.

Hazard ratio (95% CI)

Less than once a week  Once a week or more

Low-intensity physical activity
No. of person-years
No. of cases for poor sleep quality
Incidence rates per 1000 person-years
Unadjusted
Adjusted for age and gender
Model 17
Model 2 ¥
Moderate-intensity physical activity
No. of person-years
No. of cases for poor sleep quality
Incidence rates per 1000 person-years
Unadjusted
Adjusted for age and gender
Model 17
Model 2*
Vigorous-intensity physical activity
No. of person-years
No. of cases for poor sleep quality
Incidence rates per 1000 person-years
Unadjusted
Adjusted for age and gender
Model 17
Model 2 ¥

9074 9143
551 404
61 44
1.00 0.73 (0.64 — 0.83)
1.00 0.81 (0.71 — 0.92)
1.00 0.83 (0.73 — 0.95)
1.00 0.80 (0.70 — 0.91)
16045 2172
865 90
54 41
1.00 0.77 (0.62 — 0.96)
1.00 0.81 (0.65 — 1.00)
1.00 0.81 (0.65 — 1.01)
1.00 0.80 (0.64 — 1.00)
15190 3027
834 121
55 40
1.00 0.73 (0.60 — 0.88)
1.00 0.74 (0.61 — 0.90)
1.00 0.77 (0.63 — 0.93)
1.00 0.74 (0.61 — 0.90)

Bold numbers indicate P < 0.05.

i Adjusted for age, gender, body mass index, smoking, alcohol consumption, and sleep duration.

* Additional adjustment of model 1 for other intensity types of physical activity.
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Table 4. Hazard ratios of incident short sleep duration and/or poor sleep quality by physical activity levels.

Hazard ratio (95% CI)

Less than once a week  Once a week or more

Low-intensity physical activity
No. of person-years
No. of cases for short sleep duration
and/or poor sleep quality
Incidence rates per 1000 person-years
Unadjusted
Adjusted for age and gender
Model 17
Model 2 #
Moderate-intensity physical activity
No. of person-years
No. of cases for short sleep duration
and/or poor sleep quality
Incidence rates per 1000 person-years
Unadjusted
Adjusted for age and gender
Model 17
Model 2%
Vigorous-intensity physical activity
No. of person-years
No. of cases for short sleep duration
and/or poor sleep quality
Incidence rates per 1000 person-years
Unadjusted
Adjusted for age and gender
Model 17
Model 2#

8476 8718
929 703
110 81
1.00 0.74 (0.67 — 0.81)
1.00 0.83 (0.75 — 0.92)
1.00 0.81 (0.73 — 0.90)
1.00 0.84 (0.76 — 0.93)
15125 2069
1473 159
97 77
1.00 0.79 (0.67 — 0.93)
1.00 0.84 (0.71 — 0.98)
1.00 0.83 (0.71 — 0.98)
1.00 0.85 (0.72 — 1.00)
14318 2876
1417 215
99 75
1.00 0.76 (0.66 — 0.87)
1.00 0.77 (0.66 — 0.89)
1.00 0.76 (0.66 — 0.88)
1.00 0.79 (0.68 — 0.91)

Bold numbers indicate P < 0.05.

i Adjusted for age, gender, body mass index, smoking, and alcohol consumption.

¥ Additional adjustment of model 1 for other intensity types of physical activity.
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