{#738%% BULLETIN OF THE PHYSICAL FITNESS RESEARCH INSTITUTE
No.112 pp.1~7 Apr., 2014

EmEODR by FEFHHEEREFEEEDEBED LU
ABMVARCRIFTTHE

kAR R T

Effect of low-intensity stretching exercises on sleep and stress
in people with mild sleep disorders

Toshiya Nagamatsu and Yuko Kai

SUMMARY

We have previously reported that stretch training is effective for promoting improvement of sleep-related prob-
lems. However, the mechanisms underlying this effect remain unclear. This study aimed to investigate the effects of
brief, low-intensity stretching exercises on sleep and stress. We examined effects on sleep onset latency, slow-wave
sleep time, rapid eye movement (REM) sleep time, time until waking after sleep onset, occurrences of slow-wave
sleep, occurrences of REM sleep, and saliva levels of cortisol and immunoglobulin (Ig)A in middle-aged women
with mild sleep disorder in response to acute exercise.

Seven women (mean age, 48.0 + 8.6 years) who were not taking any medications affecting sleep volunteered to
participate in this study. Pittsburg Sleep Quality Index score was > 5.5 in each subject. The exercise program required
10 min of stretching using yoga techniques and poses. Exercise and control (sitting) programs were randomly per-
formed in a cross-over trial in each subject. Each trial was performed between 10:00 and 16:00. After stretching (or
sitting) , the subject immediately went to bed. Sleep indices were measured from sleep onset by polysomnography.
Sleep time was 90 min. Salivary cortisol and IgA levels were measured before and after sleep.

Significant interactions in two factors (trial and time progress) were identified for IgA level. IgA levels increased
over time in both programs, but the degree of change was greater in the exercise program than in the control pro-
gram. The number of occurrences of REM sleep was greater with the exercise program than with the control pro-
gram.

This study found that occurrences of REM sleep were more easily achieved after stretching. Stress response during
sleep also improved with stretching. These changes after exercise seemed to contribute to an improved emotional
condition.

In conclusion, performance of brief, low-intensity stretching exercises may promote improvement of sleep quality
by facilitating REM sleep, and may contribute to mental health by reducing stress among individuals with mild sleep
disorders.
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Table 1. Subject characteristics at baseline.

Variables

Age (years)
Height (cm)
Body weight (kg)

Body mass index (kg/m?)

PSQI (point)
K6 (point)

Mean SD
48.0 8.6
157.0 7.2
533 7.8
21.7 3.7
8.4 3.1
5.6 44

PSQI; Pittsburgh Sleep Quality Index.
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Table 2. Sleep characteristics in each trial.

Variables Trial Mean SD Paired #-test

) Ctrl 6.6 33

Sleep onset latency (min) P=0.497
Ex 7.7 42
, ‘ Ctrl 11.7 17.5

Slow-wave sleep time (min) P=0.387
Ex 9.8 12.7
Ctrl 8.2 14.6

REM sleep time (min) P=0.755
Ex 7.0 6.9
) Ctrl 24.1 23.5

Wake after sleep onset (min) P=0417
Ex 17.3 16.8

Ctrl; control (sedentary) trial, Ex; exercise trial, REM; rapid eye movement.
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Table 3. Cases of slow -wave sleep and REM sleep in each trial.

Variables Trial case (%) X 2
Ctrl 3 (42.9)
Slow-wave sleep occurred (n) P=0.593
Ex 4 (57.1)
Ctrl 2 (28.6)
REM sleep occurred (n) P=0.031
Ex 6 (85.7)

Ctrl; control (sedentary) trial, Ex; exercise trial, REM; rapid eye movement, x 2. Chi-square test.
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Table 4. Mean levels of stress markers in saliva before and after sleep in each trial.

Before sleep After sleep GLM-RM
Trial Time progress Interaction
Variables Trial Mean SD Mean SD
P P P
) Ctrl 0.49 0.18 0.86 0.82
Cortisol (pg/1) 0.286 0.336 0.138
Ex 0.54 0.39 0.36 0.28
Ctrl 6.4 4.7 13.8
IgA (mg/dl) 0.04 0.699 0.031

Ex 52 3.6 39.5

Ctrl; control (sedentary) trial, Ex; exercise trial, GLM-RM; general linear model-repeated measurement.
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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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2. HRFRIRERIZ 2 S AGH O — Rk

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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3. ARZREROEIIN S % ARG O — FiL

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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4. HEFRRERD U< 3ARZIERDEIIH§ 2 B AIGE O — NI

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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Table 1. Characteristics of participants in this study.

Items Values (measn * SD)
Physical activity (Mets*h/w) 23.1%42.7
total CHCW 46.4%11.5
physical factors 51.5%£10.0
psycho-behavioral factors 42.5%11.7
social factors 50.1%11.2
existential factors 48.8+12.0
Psychological resilience 3.2%0.7
novelty exploration 3.4%0.8
affective regulation 2.8%£0.9
positive future orientation 3.4%1.0

1221.5£20.0 Mets * h/week TH 0, KAWL DB ER
HDH I IZMBEEOHKREEIRETH o720 Lo T,
SlflE SN ARG E R, HDRE, B4
OHHLOH L B D,

ARWFFETIZ CHCW 2 v CTEFEI 20 B O filt
HEIRE 2 %€ L7zo CHCW 1%, HMIRBIZES
AR (RK) OLFOATS R TE 2
X9, HOREZ WA 2 720 IS &
N7zRETH 5, CHCW O FRLREEICIE, Bk
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Table 2. Mental health indices of active and non-active schizophrenic patients.

Active patients Non-active patients P-value
total CHCW 49.9+12.0 41.6%8.6 0.021
physical factors 52.8%11.5 50.1£7.7 0.445
psycho-behavioral factors 45.3%12.1 39.1+10.3 0.149
social factors 53.1%£104 46.1%=11.1 0.025
existential factors 53.5%11.7 43.4%9.8 0.013
Psychological resilience 3.4%0.8 2.9%0.6 0.034
novelty exploration 3.6+0.7 3.2%+0.9 0.096
affective regulation 3.1%£1.0 2.5%+0.7 0.052
positive future orientation 3.6x1.0 3.1+0.9 0.125

Values are means = SD. P-values are results of Mann-Whitney U test which compared active and

non-active patients.
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Table 1. Physical characteristics of participants.

Items means = SD
Age (yr) 56.2 4.4
Height (cm) 156.9 6.1
Weight (kg) 549 *88
Systolic blood pressure (mmHg) 124.5+222
Diastolic blood pressure (mmHg) 78.6 £9.6

(Japan Low back pain Evaluation Questionnaire;
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