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Table 1
Baseline characteristics by sleep duration in 13,629 participants aged 40-79 years.
Sleep duration (h/day) p Value?
<5 6 7 8 =9
No. of subjects 453 1831 4291 5265 1789
Mean age (years) (SD?) 57.5(9.7) 56.3 (9.6) 56.2 (9.3) 584 (9.1) 61.9 (85) <.0001
Women (%) 70.0 663 58.4 51.2 456 <0001
Mean weight (kg) (SD) 56.9 (10.1) 57.6(9.2) 587 (9.3) 58.8 (9.4) 58.5 (10.0) <0001
Mean BMI (kg/m?) (SD) 236 (3.3) 23.6 (3.0) 23.7 (3.0) 23.7 (3.0) 23.7(3.6) NS
Mean weight change (kg) (SD) 0.7 (5.7) 0.8 (5.0) 1.0(54) 1.1(5.8) 1.8 (74) <.0001
Education (%)
Junior high school or less 489 42.8 46.2 56.7 69.7 <.0001
High school 40.7 439 424 35.7 259
College/university or higher 10.5 133 114 7.6 4.4
Job status (%)
Employed 54.8 58.8 65.6 634 583 <.0001
No occupation or housewife 45.2 412 344 36.6 417
Smoking status (%)
Never smoker 63.7 62.9 60.6 53.1 49.0 <.0001
Past smoker 123 12.2 12.6 15.1 18.1
Current smoker <20 108 114 93 12.8 153
Current smoker >20 13.1 13.5 17.5 19.0 17.7
Alcohol drinking (%)
Never drinker 48.7 484 48.6 50.6 54.1 <.0001
Past drinker 6.3 57 4.8 6.7 6.8
Current drinker 45.0 459 46.7 4238 392
Time spent walking (%)
>1h/day 425 45.2 459 474 50.2 0.0054
<1 h/day 57.5 54.8 54.1 52.6 49.8
Sports and physical exercise (%)
>5 hfweek 8.2 53 5.8 6.9 85 0.0083
3-4 hjweek 6.1 6.5 6.2 6.2 7.0
1-2 hfweek 13.9 16.2 16.2 16.8 15.0
<1 h/week 71.8 720 71.8 70.1 69.5
Marital status (%)
Married 771 834 86.7 86.6 842 <.0001
Unmarried 229 16.6 13.3 134 158
Menopause status (%)
Premenopausal 25.6 30.0 280 18.0 8.6 <.0001
Postmenopausal 744 70.0 72.0 820 91.3
Coffee consumption (%)
>5 cups/day 6.8 5.2 32 3.1 1.7 <0001
3-4 cups/day 7.8 9.5 95 7.6 54
1-2 cups/day 27.8 346 36.8 341 29.1
<1 cup/day 57.6 50.7 50.6 553 63.8
Self-rated health (%)
Good 56.7 69.0 71.6 714 67.9 <.0001
Not good 433 31.0 285 286 32.1
Mean energy consumption/day 1405.2 1488.7 15543 1595.8 15724 <.0001
(kcal) (SD) (528.9) (550.8) (565.4) (598.4) (600.3)

? BMI, body mass index; SD, standard deviation; NS, not significant.

b p Values were calculated by chi-squared test (categorical variables), or ANOVA (continuous variables).

short sleepers and 1.06 (0.88-1.27) in long sleepers (p for trend =
0.5539). Similarly, the multivariate OR1 for obesity was 0.96
(0.59-1.57) in short sleepers and 1.06 (0.82-1.37) in long sleepers
(p for trend = 0.3267). After stratification by BMI, only obese long
sleepers also had a significantly increased risk of >5 kg weight
gain (OR: 1.41, 95%Cl: 1.04-1.92).

4. Discussion

The present results indicate that the association between sleep
duration, >5 kg weight gain and obesity showed no significant
association over a long period in Japanese subjects recruited from
the community. After stratification by BMI, obese long sleepers
showed a significantly increased risk of =5 kg weight gain (OR:
1.36, 95%CI: 1.09-1.70).

The mean age in the long sleep category was oldest and the pro-
portion of women in the short sleep category was highest in the
sleep duration categories, but the association between sleep

duration, >5 kg weight gain, and obesity also showed no signifi-
cant associations after stratification by the age categories
(<65 years or =65 years) and sexes (data not shown).

There is a possibility that the long sleep category would have in-
cluded participants who were bedridden due to physical limita-
tion. Short sleep is associated with poor self-rated health [23].
Therefore, we conducted additional analysis after excluding partici-
pants who had functional limitation, poor self-rated health, or history
of disease in order to eliminate any bias due to these effects. However,
only obese long sleepers also showed a significantly increased risk
of weight gain (OR: 1.41, 95%Cl: 1.04-1.92).

These results were different from those of previous studies con-
ducted in Japan [13-15]. However, the participants of those studies
had been recruited from among individuals undergoing health
checkups. Also, the previous studies had examined the short-term
effect of sleep duration on obesity, whereas, the present study
examined the long-term effect. On the other hand, the present re-
sults were also different from those of previous studies that had
examined the long-term effects of sleep duration on weight gain
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Table 2
The association between sleep duration, >5 kg weight gain, and obesity.

Sleep duration

<5 6 7 8 =9 p for trend®

=5 kg weight gain

Total number 453 1,831 4,291 5,265 1,789

Case 95 355 876 1113 468

Crude 1.03(0.82-1.31) 0.94(0.82-1.08) 1.00 (reference) 1.05(0.95-1.15) 1.38(1.21-1.57) <.0001

Age-sex adjusted ORs 0.98(0.77-1.25) 0.93(0.81-1.07) 1.00 (reference) 0.94(0.85-1.04) 1.07(0.93-1.22) 0.2032

Multivariate ORs1? 0.93(0.73-1.19) 0.95(0.82-1.09) 1.00 (reference) 0.94(0.84-1.04) 1.05(0.91-1.20) 0.3087

Multivariate ORs2¢ 0.93(0.73-1.20) 0.95(0.82-1.09) 1.00 (reference) 0.94(0.84-1.04) 1.05(0.91-1.20) 0.3093
Stratified analyses (BMI)

<25 kg/m? 0.99(0.72-1.35) 0.94(0.78-1.12) 1.00 (reference) 0.93(0.81-1.06) 0.91(0.76-1.08) 0.6236

>25 kg/m? 0.86(0.58-1.29) 0.96(0.76-1.23) 1.00 (reference) 0.95(0.80-1.13) 1.36(1.09-1.70) 0.0145
Obesity?

Total number 311 1,329 3,038 3,724 1,256

Case 44 177 413 539 162

Crude 1.05(0.75-1.47) -  0.98(0.81-1.18) 1.00 (reference) 1.08(0.94-1.24) 0.94(0.78-1.14) 0.9454

Age-sex adjusted ORs 1.07(0.76-1.49) 0.98(0.81-1.18) 1.00 {reference) 1.12(0.98-1.29) 1.05(0.86-1.29) 03125

Multivariate ORs1 1.08(0.77-1.52) 0.99(0.82-1.20) 1.00 (reference) 1.12(0.97-1.29) 1.06(0.86-1.30) 0.3712

Multivariate ORs2 1.08(0.77-1.51) 0.99(0.81-1.19) 1.00 (reference) 1.12(0.97-1.29) 1.06(0.86-1.29) 0.3655

2 p for trend values were calculated by sleep duration as a continuous variable.

b Multivariate ORs1 was adjusted for sex (men or women); age (continuous); body mass index (<18.5, 18.5-24.9, 25.0-29.9, or >30.0 kg/m?); education (junior high school
or less, high school, or college/university or higher); smoking status (never smoker, past smoker, current smoker consuming 1-19 cigarettes per day, or current smoker
consuming at least 20 cigarettes per day); alcohol drinking (never drinker, past drinker, or current drinker); time spent walking/day (less than 1 h, or 1 h or longer); job status
(employed, or no occupation or housewife); marital status (married or unmarried); menopause (premenopausal or postmenopausal); coffee (never or occasionally, 1-2 cups/

day, 3-4 cups/day, >5 cups/day); self-rated health (good or not good).

¢ Multivariate ORs2 was further adjusted multivariate ORs1 for energy consumption/day (tertile category).
¢ Analyses of obesity excluded the 3971 participants who was obesity from the 13,629 participants.

Table 3

The association between sleep duration, 5 kg weight gain, and obesity in healthy participants aged 40-79 years.

Sleep duration

<5 6 7 8 =9 p for trend®

5 kg weight gain

Total number 228 1185 2830 3305 1031

Case 11 222 522 652 251

Multivariate ORs1® 0.88(0.61-1.26) 1.01(0.85-1.21) 1.00 (reference) 0.95(0.83-1.09) 1.06(0.88-1.27) 0.5539
Stratified analyses (BMI)

<25 kg/m? 1.00(0.64-1.56) 1.07(0.86-1.33) 1.00 (reference) 0.90(0.76-1.07) 0.91(0.73-1.15) 02253

=25 kg/mz 0.71(0.38-1.33) 0.92(0.68-1.26) 1.00 (reference) 1.06(0.85-1.32) 1.41(1.04-1.92) 0.0073
Obesity®

Total number 160 852 2,041 2362 747

Case 20 123 282 341 101

Multivariate ORs1 0.96(0.59-1.57) 1.09(0.87-1.38) 1.00 (reference) 1.08(0.90-1.28) 1.06(0.82-1.37) 0.3267

2 p for trend values were calculated by sleep duration as a continuous variable.

b Multivariate ORs1 was adjusted for sex (men or women); age (continuous); body mass index (<18.5, 18.5-24.9, 25.0-29.9, or >30.0 kg/m?); education (junior high school
or less, high school, or college/university or higher); smoking status (never smoker, past smoker, current smoker consuming 1-19 cigarettes per day, or current smoker
consuming at least 20 cigarettes per day); alcohol drinking (never drinker, past drinker, or current drinker); time spent walking/day (less than 1 h, or 1 h or longer); sports
and physical exercise time/week (less than 1 h, 1-2 h, 3-4 h, or 5 h or longer); job status (employed, or no occupation or housewife); marital status (married or unmarried);
menopause (premenopausal or postmenopausal); coffee consumption (never or occasionally, 1-2 cups/day, 3-4 cups/day, >5 cups/day).

¢ Analyses of obesity excluded the 2417 participants who was obesity from the 8579 participants. -

and obesity [16,17}. This may have been due to differences in long-
term BMI or weight change trends between Japanese and Ameri-
cans; the former show a decreasing long-term trend for BMI [18],
and the latter an increasing long-term trend for weight increases
[16]. Over short periods, short sleep is also a risk factor for obesity
in Japanese [13-15]. Thus, after short sleepers have increased
weight, they might show a weight reduction in the long term.
Therefore, the present study found no association between short
sleep and the risk of weight gain and obesity. However, we were
unable to demonstrate whether our study participants exhibited
such weight changes during the observation period because we
only had data for their weight at the baseline and the end of follow
up.
The biological mechanism responsible for the association between
short sleep, weight gain, and obesity has mainly been considered

attributable to a decreased leptin level and an increased ghrelin le-
vel with shorter sleep duration [24-26]. Appetite increases as the
level of the satiety-promoting hormone falls and that of the appetite-
promoting hormone increases. Thus, short sleep induces an increase
of daily energy consumption and, thereby, weight gain. However,
although we did not obtain data on leptin and ghrelin levels, daily
energy consumption was lowest in short sleepers. The proportion
of women in the short sleep category was higher than that in the
long sleep category, but the above trend was also observed after
separation of the sexes (data not shown). Manini et al. and St-Onge
et al. demonstrated no association between sleep duration and en-
ergy expenditure as measured using doubly labeled water [27,28].
Therefore, the lack of association between short sleep, weight gain,
and obesity in the present study might have been attributable to
the lack of a relationship between short sleep duration and
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increased energy consumption. However, although the Nurses’
Health Study also showed that daily energy consumption was low-
est in short sleepers [16], lack of sleep duration was associated with
a risk of >15 kg weight gain. The association between changes in
hormone levels, increasing daily energy consumption, weight gain,
and obesity due to short sleep duration might be related to not
only the above mechanism, but also other unknown mechanisms.

A major strength of the present study was that it was the first to
have investigated the long-term association between sleep dura-
tion, weight gain, and obesity in an Asian general population show-
ing different long-term trends of weight change from Western
populations [16,18]. Asians have a lower prevalence of obesity
and a shorter mean sleep duration than Westerners [1,5]. To ex-
clude the effects of physical condition on sleep duration, weight
gain, and obesity, we repeated our analyses after excluding partic-
ipants who had functional limitation or history of disease.

On the other hand, several limitations should also be consid-
ered. First, we had no information about sleep quality, the timing
of sleep, the use of sleep medication, the presence of sleeping dis-
orders, rotating shift work, or night work that can influence sleep
duration and thereby affect the risk of weight gain and obesity.
Although we had no information about rotating shift work and night
work, since 18.2% of our participants were housewives, 32.6%
farmers, and 14.8% retired, such details would have been unlikely
to have changed the results. Second, the assessment of weight
was done only at the baseline and at the end of follow-up. We
had no information about the trends of weight change during the
follow-up period. Third, we used self-reported weight, height,
and BML There is a systematic bias in self-reported weight and
height. Because of this bias, there is possibility that we observed no
association between short sleep duration, weight gain, and obesity.
However, we demonstrated a high correlation and appropriate
agreement between self-reported values and measured values
(weight: r=0.96, height: r = 0.93, BMI: r = 0.88).

In conclusion, the present study showed that only obese long
sleepers have a significantly increased risk of >5 kg weight gain
in the long term among Japanese recruited from the community.
Short sleep did not carry a risk of weight gain and obesity. Further
research is needed to clarify the long-term association between
sleep duration, weight gain, and obesity in Asian populations.
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" Relationships between changes In time spent walking
since middie age and incident disability: the Ohsaki Co-
hort 2006 Study

Chou Wan-Ting*, Tomata Yasutake®, Watanabe Tekashil. Sugawara Yumi?, Kak-
tzaki Masako?, Teul lchiro®

1 pivision of Epidemiology, Department of Public Heslth and Forensic Medidine, To-
hol Universily Graduete School of Medicine

F—7—F : walk, disability. cohort
Background: In comparison with the adults who remain sedentary,
those who maintsin or increasge their physical activity have lower mor-
fality. However, the assoclation between physical activily across the lifes-
pan and incident disability has not bsen documented.
Objective: To oxamine the relationships belween changes In time
spent walking since middle age and incident disability, using data of a
population-based cohort study in Japan.
Methods: We conducted a prospective cohort study in 7,177 {men:
3,202, women: 3,975) Japanese individuals aged >65 years in 2006.
Information on time spent walking was collected via two questionnaire
surveys held in 1994 and 2006. Information on-mobility limitation status
and other lifestyle Tactors was collected in 2006 survey. Participants were
ized t0 4 groups @s: “remained sedentary” (<30 minutes in both .
1994 and 2006 surveys), “became active” (<30 minutes In 1994 survey
and >30 minutss in 2008 survey), ‘remained active” (>30 minutes in
boﬂ119943nd20063mys)and “became inactive” (>30 minutes in
1984 survey and <30 minules in 2006 survey). Primary outcome was
define as incident disability, which was retrieved from the public Long-
term Care Insurance database. We followed the subjects up for § years.
Cox proportional hazards regression analysis was used to investigate the
assodaﬂonbe:weenchangesinhespemwmandmeﬂskdm
dent disability.
Results: The 5-year Incidence of functional dissbility was 8.9% (712
cases). Compared with those remalned sedentary, the multiple-adjusted
hezard ratios (95% confidenc - Intervals) were 0.69 (0.49-0.98) among
those became active and'0.64 (0.50-0.82) among those remained aclive.
- The results did not alter after further adjusting for weight loss for more
than 5 kg beiween 1984 and 2006 surveys, or focusing on those aged
more than 75 yesrs old.
Conclusion: Increase in time spent walking among the sedentary adults
was signlficantl assoclated with a lower risk of incident disability.
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