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B SEEIRE S

FHSEEIRES REH R BIFEE *ANCOVA
BRI T — (Wikg) 11.58F 11.6 - 14.5 14.6L4

AN 155 145 153

EuroQol: Y55 (IRHERE) 0.83 (0.16) 0.91 (0.13)° 0.94 (0.11) p<0.001
Ty aFb)—F (em) 30200 30.3 - 34.7 34.8LL F

N 154 145 154

EurcQol: 15 (ZHERE) 0.85 (0.16) 0.91 (0.13)* 0.92 (0.12)° p<0.001
Timed Up and Go Test (sec) 9.44L) £ 8.04-9.43 8.03LAF

AB 151 149 153

EuroQol: Y1 (EHERE) 0.85 (0.16) 0.90 (0.14)¢° 0.94 (0.11)® p<0.001
10mER A A TEE (m/min) 1.73LF 1.74 - 1.97 1.98LL F

AE ' 151 151 151 .

EuroQol: 15 (IZHERE) | 0.83 (0.16) ~0.93(0.12¢° 0.92 (0.12) p<0.001

HEEE: £l (ERER)
a p<0.05 (vs R E{ﬁ), b p<0.05 (vs FEEEERE), £ B LB (Tukey 1%)
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JEEERE FEE PEEH  BREFH FEE iR BRIFH
BER/ T — (W/Ke) 1L5BAF 11.6-14.5 14 684E  6.0BAF 6.1-8.8 8 9LAL
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GDSILAELL EDEIE (%) 33.3 24. 7 19. 1 41,2 39, 1° 34, 0°
Ty raFi)—Fcn) 30.2BAF 30.3-34.7 348041k 25.8LAF 25.9-30.9 31.O0LLE
HREK . 155 145 154 209 206 218
GDSIIA LA EDEIE (%) 34.8 22. 1 20. 1 46. 4° 38. 4° 29. 8°
Timed up and go test (sec) 9.44B Lt 8.06-9.43 8. 052LF  10.27LL L 8 75-10. 26 8. T4LLF
FREH 152 151 151 210 211 212
GDSII AL EDEIE (%) 34,9 23. 8 18. 5 45, 9° 39, §° 29. 3¢
10mRAH THE L73BAF 1.74-1.97 L 98BALE L 42BIF 1.43-1.71 1.72BE
HHEK 153 149 152 204 214 215
GDSI1ELL EDEIE (%) 35.3 27. 5 14.5 48, 5° 37. 4° 28. 8°

<0, 05 (vsEARBREE) , "p<0.05 (vsBAZER) , °p0.05 (vsBRIFH) , b1 2BRE
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Hh sk ns ns ns ns k% ns ns ns ns ns ns ns
i B nsS ns ns ns NS  ns nS ns ns NS  Os #
s ADHEE ns  ns * ns % ns ns ns  ns # ns  ns
BT ns ns nS ns ns ns ns ns ns ns # ns
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# p<0.1, % p<0.05, **p<0.01

R0 mammugyzy
. Fy Xt 95%EEXE  plE
FHR(RLERHY) 110 (1.01-1.19)  <0.01
% ~ 1.58  (0.48-5.21) 0.45
AR 6.19  (1.34-28.53) 0.012
BRE (SmmHg E & H7=) 1.35  (1.04-1.75) 0.03

WHRERME (5mmHg L&/ &H7=U) 114 (0.95-1.36) 0.13
YARHEAIE (SmmHg EF H7=U) 097  (0.70-1.34) 0.84
EHMmE (SmmHe EFHY) " 1.08  (0.82-1.42) 0.58
"IREDKDYICEFIVIIRA
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F 11 HILEHT SHEMECAERE & fEE & OBGE

INF~REE
Unadjusted model Adjusted model
B it B ik
BiE Fy Xtk Ay XL it/ B Fu Xtk Ay XLk it/ B
(O5%EFARE)  (5%EIARM) (OSHEHXM)  (95%EMEXM) (I5%ESHERE)  (O5%{EHExE)
s 1.000 0.910 0.910 1.000 0.869 0.869
: (0.722-1.146)  (0.722-1.146) (0.686-1.100)  (0.686-1.100)
1.263 1.083 0.858 1.335 1.067 0.799
1FIFBT ’
(0.916-1.740) ~ (0.839-1.398)  (0.630~1.167) (0.964-1.851)  (0.821-1.387)  (0.583-1.096)
A 1473%% . 1129 0.767%% 1.485%% 1121 0.755%%
—abIl
B (1.144-1.896) (0.912-1.398)  (0.634-0.927) (1.145-1.927)  (0.802-1.394)  (0.619-0.921)
1.938%% 343%x 0.693%% 1.908%x 284% 673%%
E0FBE 1 1.284 0673
(1.488-2.524)  (1.091-1.654)  (0.568-0.846) (1.451-2509)  (1.038-1588)  (0.545-0.830)
255244 18228 0.714%% 2.555%% 674%2 655%%
gqrzgy 1.674 0.655

(1.935-3.365) (1.485-2.236)  (0.578-0.881)

(1.929-3.385)

(1.356-2.067)

(0.528-0.814)

#& 12 STARIBRD 2 %0 QOL

BiE Tk

arka—) AR arka—ib AR

(n=12) (n=12) (h=15) (n=33)
&iEEE S Bl 48 + 06 43+ 1.0 47 + 08 46 + 08
MAE 47+ 05 43+ 10 48 + 04 47+ 07
25 1% 47+ 05 38 £ 13% 39+ 15%x AT+ 07
BESRRE g 29+ 03 23+ 1.1 23+ 1.1 23+ 09
NAR 27+ 07 23+ 08 23+ 12 24 £ 07
25F1% 24+ 08% 22+ 12 20+ 11%x 24% 09
ABYR—PEREE 1 30+ 00 28 + 06 29+ 03 29+ 04
N A% 30+ 00 28 + 09 29 + 03 30+ 02
251k 30+ 00 29 + 03 28 + 04 29+ 0.3
IR &1 #i 16+ 07 20 = 0.0 1.7+ 07 16+ 0.6
MTAE 17 07 18+ 06 17+ 07 16+ 06
2% 15+ 07 18+ 04 16+ 07 16+ 07
B E i 14+ 10 10+ 1.2 14+ 10 10+ 08
N A% 10+ 10 13+ 12 1.1+ 11 10+ 10
2% 08+ 09% 13+ 12 11+ 09¢x 12+ 10
EEE A B 26+ 05 19+ 1.1 22+ 11 22+ 09
N AL 28 + 05 21+ 11 22+ 11 23+ 09
25FE 1R 27+ 05 20 £ 1.0 18 + 13 20 £ 1.1

‘ , (CEH+iZERE)

$% p<0.05, % p<0.1 BIL2FERDIEDpaired-THRERE
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The effect of mobility on QOL in the elderly

—DPsychological, physical and sociological survey of the elderly in Shizuoka Prefecture—

Akio Kubota*, Noriko Watanabe*,
Makoto Fujita* and Kazuko Takada**

Abstract

The purpose of this study was to clarify the effect of mobility on QOL' in the elderly.

The subjects of this study were residents (65-84 years old) in Shizuoka Prefecture. The first
survey was carried out with a questionnaire composed of mobility and QOL by 6 subscales in 1999
(Ist survey). The second survey was carried out with the same questionnaire 3 years later in 2002
(2nd survey), and 11,462 people who returned both of them were analyzed in this study. The
difference from the st survey to the 2nd survey was evaluated on the changes of mobility and
QOL scores. In addition we applied 2-variable logistic regression analysis to evaluate the
influence of mobility changes (independent variable) on maintaining or improving QOL scores
(dependent variable).

The results were as follows:

1) Those who answered “Going out alone is possible” in the 1st survey were 869 males, and
759% females. _

2) - Those who answered “Going out alone is possible” in both surveys were 69% of the old-old
females at the lowest of all.

3) When the state of mobility was low; the QOL scores also became low.

4) The effect of mobility on QOL subscales; in males mobility had a significant relation to the
QOL subscales except “Satisfaction with economic state”, and in females to all of them.

These results suggest that the mobility affected the QOL in the elderly. From now on, in
order to keep “high level of QOL”, it seems that the effort of maintenance and supplement of
mobility is more needed for the elderly health and welfare.

(F—7—F) Sk, BEEESH, QOL, MR
the elderly, mobility, QOL, longitudinal study

EEX N — Y 2004 Vol. 2, No. 1

* BRREREREY Y — T411-0801 ZETHAH2276
Shizuoka Health Institute

** MOITEOE N ERCER - SREPINAT  T162-8636 HEXFILI1—23—1
National Institute of Health and Nutrition
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A Longitudinal Study on the Relationship between
Quality of Life and Mortality among the Elderly

Akio KUBOTA

The purpose of this study was to clarify the relationship between quality of
life (QOL) and mortality using a three year longitudinal study among the elderly.
The subjects were residents (between 65 and 84 years old) in Shizuoka Prefec-
ture. The baseline data such as age, sex, medical histories, life style, mobility, and
QOL (using the “Index of QOL”) were collected in 1999 (n = 14001) . 781 people
from baseline survey died during three—year (1999-2001), and 11509 people lived,
and 1711 people were missing. The results were as follows : (1) Low score on “In-
dex of QOL” was significantly related to three~year mortality. (2) Logistic regres-
sion analysis adjusted for sex, mobility, and medical histories indicating odds of
mortality showed significantly high with lower score in the Index of QOL. These
findings suggest that mortality affected the QOL among the elderly.

Key Words: QOL, Mortality, Elderly, Longitudinal study
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Figure 11. Scatter plots of the average TICS-J scores versus duration of education (A) and
age (B). Trend line (A): Average TICS-J = -0.037*Education? + 1.8318*Education + 24.47

(coefficient of determination: r2 = 0.913) and (B): Average TICS-J = -0.013*Age? +
1.776*Age -24.83 (x2 = 0.915) where Age 2 65.
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The purpose of this study was to clarify the effect of daily physical activity on maintaining
mobility in the elderly. The subjects were residents (between 65 and 84 years old) in Shizuoka
Prefecture. The first survey was carried out with a questionnaire composed of physical

independency and daily physical activity in 1999 (1st survey). The second survey was carried

out with the same questionnaire 3 years later in 2002 (2nd survey), and 11,462 people who
returned both of them were analyzed. The difference from the 1st survey to the 2nd survey
was evaluated on the changes of mobility. In addition we applied logistic regression analysis
to evaluate the influence of mobility changes (independent variable) on daily physical activity
(dependent variable). The analysis showed that the daily physical activity influenced the
change of mobility. Among the daily physical activity, walk speed was the most influenced the
changes of mobility. These results indicate that the daily physical activity was important in

the maintaining mobility in the elderly.

Keywords: Mobility, Elderly, Follow - up Survey

[International Journal of Sport and Health Science Vol.3, 83-90, 2005]

1. Intreduction

The U.S. Preventive Services Task Force (1996)
and others report that insuring daily physical activity
(referred to as physical activity hereafter) is effective
as a prophylactic against life style-related discases.
Previous westeri studies have reported that physical
activity is not only good to prevent life style-related
diseases but to decrease the mortality of the elderly
(Kaplan, et al., 1987; Leveille, et al., 1999; Fraser, et
al., 1997), and to prevent decline in function (Burke,
et al., 2003; LaCroix, et al., 1993, Wu, et al., 1999).
In Japan, although studies on the relation between
physical activity and physical independency among
elderly are gradually increasing, there are still few
studies on it; there are a few exceptions such as a
study by Seki (2001) on the decrease of mortality in
the elderly through physical activity and by Shinkai,
et al. (2000) on the prevention of declining physical
independency. Especially on physical research,
of primary focus are studies relating to physical
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activity of the elderly, exercise prescriptions and
methods to enhance physical fitness (Yamauchi, et
al., 2003; Fujita, et al., 2000, Oida, et al., 1999), and
measurement and evaluation of physical function
of the elderly (Demura, et al., 2004; Kato, et al.,
2003; Shigematsu, et al., 2001). Many Japanese
studies on the elderly are of cross-sectional surveys
with relatively few subjects. Therefore, judgment
on the effectiveness of subsistence and physical
independency by physical activity of the elderly
resorts to previous western studies in its scientific
foundation.

Yet, studies on physical activity of Japanese elderly
are necessary in addition to western studies for
planning measures to effectively promote physical
activity of the elderly. Because the drawing of
healthy life span has been given more focus than
the drawing of average life span in recent Japan,
and in order to ease social burdens due to the rapid
increase in the number of elderly as a segment of the
Japanese population, accumulation of extended basic
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data that makes scientific foundation of measures
to prevent functional decline is as important as or
more important than reducing mortality by physical
activity,

The purpose of this study is to examine
how physical activity affect mobility among
elderly population, using a longitudinal survey
over three years with more than ten thousand
community-dwelling elderly, by defining the degree
of physical independency assessed by self-reported
mobility.

2. Methods
2.1. Subjects and content of survey

The subjects were elderly people over 65 years old
living in Shizuoka Prefecture as of October 1, 1999.
The subjects, from all cities, towns and villages of
the prefecture (74 in total at the time), accounted for
75 subjects each in all areas according to sex / age
with a total of 22,000 extracted from the Resident
Register in a stratified random sampling method. We
used the mail detention method for our survey, in
which we performed two surveys: The first survey
took place in December, 1999, and the second
survey was conducted three years later in 2002 as
a follow-up survey. As a result, we had 14,001
subjects who made valid responses in the second
survey subsequent to the first survey. During the total
three years, the subjects neither received any special
guidance nor information about healthy living. The
content of both the first and second surveys included:
1) quality of life, 2) physical activity / activity of
daily living, 3) lifestyle, 4) financial condition, 5)
social activity, 6) diseases / disorders, and 7) health
management,

Physical activity and mobility of the elderly treated
in this study are categorized in content area 2 above,
physical activity / daily living function. Physical
activity is represented by three questions relating
to quantitative aspects of physical activity and one
question relating to qualitative aspects of physical
activity. The three quantitative physical activity
questions were: 1) How often do you walk more than
totally thirty minutes a day by going outside, etc.?,
2) How often do you exercise (physical exercises,
Japanese croquette, strolling, walking, hiking, etc.)
more than thirty minutes a day?, and 3) How often do
you physically work more than totally thirty minutes

84

a day (farm work, gardening, carpentry, housework,
etc.)?.

Although possible responses to 1) through 3)
were none, once or twice a week, three or four
times a week, and more than five times a week, we
categorized them into two groups of less than three
times a week and more than three times a week for
analysis.

The one qualitative physical activity question
was Is your walking speed faster than those about
the same age? and its responses were among faster,
similar, slower, and don’t know. We classified the
responses into two groups, one being faster and the
other consisting of similar, slower, and don’t know
(referred as other than faster hereafter) in this study.

Mobility was asked according to the following
six grades: going out alone by bicycle / car / bus /
tramcar (going out alone); moving freely in the house
and neighborhood but cannot go far alone (a near
house); going out to my garden and walking in the
house a little (inside of a house); getting out of bed
but cannot move freely (weak mobility); getting in
bed but out of bed for meals, (close to bedridden),
and staying in bed whole day (bedridden).
Responses were of ordinal scale with stay in bed
whole day being the lowest mobility, in other words,
the lowest in physical independency.

We also considered the presence of lifestyle-related
diseases (stroke, heart disease, diabetes or high blood
pressure) because they might affect the changes of
independency.

2.2. Analysis method

First, we checked the presence of a follow-up
survey of each subject. We compared the mean
age and mobility state according to sex between the
subjects responded in the first and second surveys
(follow-up group) and the subjects responded in the
first survey but did not respond in the second survey
(non follow-up group). We verified the change of
mobility from the first to the second survey with the
follow-up group.

Next, to examine the effect of physical activity on
maintaining mobility, we made a logistic regression
analysis (variable forced input method) by making
mobility change (keeping mobility =0, declining
mobility =1) to be the objective variable, physical
activity items (less than three times a week / other
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Table 1 Mobility of the 1st survey of follow-up group and non-follow-up group

. Number (%)
Mobifity of the 15t survey
Sex Grow  Ging out alone A near house  "519° 02 wealc mobility Sleseto - godridden Total
Follow-up 9517(85.1) 1151(10.3) 315(2.8) 92(0.8) 82(0.7) 32(0.3) 11189(100)
ot Non—follow-up  1536(62.7)  413(16.9) 233(9.5) 77(3.1) 102(4.2) 90(3.7) 2451(100)
Valo Follow-up | 5077(90.7) 313(5.6) 114(2.0) 36(0.6) 42(0.8) 18(0.3) 5600(100)
Non~follow-up 938(68.9) 156(11.5) 109(8.0) 43(3.2) 59(4.3) 57(4.2) 1362(100)
Follow-up 4440(794) 938(15.0) 201(3.6) 5,6 (1.0) 40(0.7) 14(0.3) 5589(100)
P nfolowue 598(549) 257(236)  124114)  34(31)  43(39)  33(30) 1089(100)
Table 2 Change of mobility among the subjects answered going out alone in the 1st survey
Number (%)
The 2nd survey - 3 years later - -
Sex  Goingoutalone Anearhouse "0 ' % Weak mobility lose 1 Bedridden "
Keeping Decline(Total=1277(13.7), Male=504(10.1), Female=783(17.9))
Total 8087(86.4) 964(10.3) 198(2.1) 41(04) 58(0.6) 16(0.2) 9364(100)
Male 4505 (899) 346(6.9) 92(1.8) 22(0.4) 38(0.8) 6(0.1) 5009(100)
Female 3582(82.3) 628(14.2) 106(2.4) 19(0.4) 20(0.5) 1000.2) 4355(100)

than faster =0, more than three times a week / faster
=1) to be the explaining variable, and sex, age, and
the presence of lifestyle-related disease in the past
(No =0, Yes =1) to be the adjusting variables. The
logistic regression analysis was conducted among the
subjects answered going out alone in the first survey,
because 85% (9,517 subjects) of the follow-up group
answered going out alone in the first survey.

2.3, Informed consent and observation on confidentiality

In the survey, we stated the purpose and
confidentiality the survey ‘in the survey questions and
asked for written informed consent. We used those
who consented for our analysis.

3. Results
3.1. Characteristics of the Subjects

Table 1 shows distribution of mobility in the
first survey of the follow-up and the non follow-up
groups . The follow-up group consisted of 11,189
subjects (82.0%) and the non follow-up group,
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2,451 subjects (18.0%). The mean age and standard
deviation of the follow-up group and non follow-up
group were 73.6+5.4 years old and 75.9+5.4 years
old, respectively, though the values are not shown in
the table. When the mean age was compared by an
un-paired t ~test, a significant difference (P <0.001)
was recognized.

Those who answered going out alone is possible
were 9,517 (85.1%) in the follow-up group and 1,536
(62.7%) in the non follow-up group. Male subjects
showed higher tendency in the answer going out
alone is possible than female subjects both in the
follow-up group and the non follow-up group.

3.2. Mobility change

Table 2 shows mobility changes of those who
answered going out alone in the first survey. In total,
8,087 subjects (86.4%) answered again going out
alone in the second survey. In the meantime, 277
subjects (13.7%) declined in mobility in the second
survey, Male subjects also showed higher tendency
in the answer going out alone is possible than female
subjects in the second survey.
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Table 3 Relation of mobility and physical activity

Classification Variable Model studied Odds 95% Cl P-value
Walk for =30 minutes per day Going out alone 1,21 1.02~144 *
Exercise for =30 minutes per day <3 days per week vs. =3 days per week 1.19 1.03~1.38 *

Phsical activity
Work for =30 minutes per day

<3 days per week vs. =3 days per week 1.63

1.31~2.03  #kk

Walk speed Slow and Same and Unknown vs, Fast 2.27 1.90~2.70 ok
Stroke Presence vs. Absence 1.16 0.36~1.55 032
The presence of Heart disease Presence vs. Absence 0.90 0.74~110 030

lifestyle—velated
disease Diabetes Presence vs. Absence 0.97 0.76~1.24 083
Hypertension Presence vs. Absence 0.98 0.85~1.13 0.81
Sex Male vs. Female 0.42 0.37~0.49  Hork

Property

Age Get 1 age older 0.86 0.85~0.87 ek

#1: Number of people (9616)
¥ % % - P<0,001, % -:-P<0.05

3.3. Relationship between mobility and physical activity

Table 3 shows the result of the logistic regression
analysis, examining the effect of physical activity on
changes in mobility. There was a significant relations
(P < 0.001-0.05) between mobility change and all
items of physical activity. The odds ratio and 95% of
confidence interval showed more than 1 in all items
of physical activity. It was verified that physical
activity prevented declining of mobility. Namely, the
subjects who walked, exercised, or worked less than
three times a week decreased their mobility more
than those who doing these activity more than three
times a week. It was also shown that the subjects
who can walk faster kept mobility more than those
who answered slower. Further, the odds ratio of
walking speed was 2.27 (95%CL 1.90 ~2.70), which
was the highest value. It decmonstrated that walking
speed affects more on keeping mobility than other
physical activity items.

In the items used in the logistic regression analysis
as the adjusting variable, there was a significant
relationship in mobility change (P < 0.001) in sex
and age while there was no significant relationship in
mobility change in presence of lifestyle-related diseases.

4. Discussion
4.1. Survey items

Because the subjects in the present study counted
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more than ten thousand in the follow-up survey,
they received surveys delivered by mail. The
information on physical activity and mobility was
asked via self-reported questionnaire. Self-reported
questionnaire was thought to be poorer in validity
and reliability than surveys of actual measurement or
hearing. Therefore, it was necessary to discuss which
question items should be used. Since the subjects of
this study were Japanese elderly, previous Japanese
studies were referred to for each question item. In
relation to physical activity of the elderly, the subjects
were asked in their quantitative and qualitative
aspects of physical activity. These question items
were used in the Elderly People Lifestyle Survey
(2001).

The questions of quantitative physical activity
were concerned with frequency of exercise and
physical activity, which were relatively casy for the
subjects to answer. They must be highly valid as an
indicator to express quantitative physical activity.
Although the question items in previous studies
were slightly different from those in this study, it has
been reported that question items for frequency of
physical activity are highly correlated with energy
expenditure (Iwai, et al., 2001). In walking speed
surveyed as a qualitative aspect of physical activity,
we asked if the subjects could walk faster than others
of their age. Although the definition of speed lacks
objectivity, previous studies, which compared the
results of actual measurement of walking speed
and results of self-reported questions, reported that
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there was a positive correlation but not a strong
relationship (Hoeymans, et al., 1996; Guralnik, et
al., 1994), and that the measured walking speed had
a higher correlation with the result of self-reported
questionnaire than the other measured physical
functions (Cress, et al., 1995). Accordingly, we
thought that self-reported walking speed was feasible
as an index of quality of physical activity among the
large population group.

In the present study, mobility was used as an
index of physical independency. The question
items relating to mobility were quoted from the
comprehensive mobility scale of Shinkai, et al.
(2001). The levels of this comprehensive mobility
followed Ministry of Health, Labour and Welfare’
s "criteria of daily living independency for frail
elderly" (Health and Welfare Statistics Association,
1997), with which we thought it had relatively
high validity as an indicator to express the degree
physical independency among Japanese.

4.2. Mobility and its change

In the present study, those who answered going
out alone in the first survey accounted for 80%
of all respondents. In the analysis of the elderly
people lifestyle survey (2001), the 13,339 Japanese
elderly subjects who answered going out alone also

accounted for 80%. It can be said that the Japanese

community-dwelling elderly might moderately secure
physical independence.

However, 10% of those who answered going out
alone in the first survey had declined their mobility.
Although we did not show the data, when we added
the subjects who did not answered going out alone
in the first survey also, 30% of the total subjects
declined their mobility during three years. Although
we did not compare this result with the young and
middle aged, we thought it hardly happened that
those young and middle aged show such declination
in mobility over three years. Therefore, it might be
important to cope with maintaining mobility of the
elderly, or maintaining physical independency:.

4.3. Relationship between physical activity and mobility

The present study examined the effect of physical
activity on mobility. There have been several reports,
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mostly from western countries, on the relationship
between physical activity and physical independency
among the elderly using a different criteria of
independency from the present study. LaCroix, et al.
(1993) reported from surveys conducted in 1981 and
1983 with 6,981 elderly subjects over 65 years old
that a high physical activity group marked a relative
risk of 0.6 in the loss of mobility when compared
with a low physical activity group. Also, Wu, et
al. (1999) reported from surveys in 1993 and 1996
with 1,321 subjects that a group performing routine
exercises had a relative risk of 0.52 in the occurrence
of morbidity disorder of daily living activities when
compared to a group without any exercises. Burke,
et al. (2001) reported from a follow-up survey with
5,888 subjects for a maximum of seven years that
a group with high exercise. intensity had a relative
risk of 1.42 that constitutes a healthy period when
compared with a group without exercises. In all these
previous westemn studies, the elderly evidenced that
physical activity was effective to maintain physical
independency and retention of good health.

The logistic regression analysis of this study also
recognized a significant relationship in all physical
activity items and mobility maintenance. The result
showed that if the subjects performed more than three
times a week in walking more than thirty minutes,
exercising more than thirty minutes, or working more
than thirty minutes, and if the subjects walk faster
than the others in their age, it would effect favorably
on mobility maintenance. The result supports
previous studies in that retention of physical activity
is fairly meaningful for the elderly to maintain
physical independency.

From the odd ratio (2.27, 95%CI: 1.90 ~2.70),
walking speed was recognized affected most on
mobility among physical activity factors analyzed in
this study. Walking speed was used as a qualitative
item of physical activity in the analysis. Walking
speed can be reworded as ambulation velocity. In
previous studies, there are reports that ambulation
velocity of the elderly has a favorable effect on
physical independency and mortality. In Japan,
Sugiura, et al. (1998) longitudinally observed 510
community-dwelling elderly and reported that those
whose ambulation velocity declined in the second
observation subsequently showed higher mortality
and higher incidence in expedient ADL disorder.
Shinkai, et al. (2000) analyzed physical measurement
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and occurrence of ADL disorder of 748 elderly
and reported that slow walking velocity made the
incidence of ADL disorder to be high. Further, in
a study (Shinkai, et al., 2001) that examined the
incidence and risk factors of quasi bed-ridden of
community-dwelling elderly by the same indicators
of mobility as the present study, they reported that

slow walking speed was a risk factor of occurrence |

of quasi bed-ridden. In the meantime, there are
western studies reporting that walking velocity
affects mortality (Guralnik, et al., 1994; Laullanen,
et al.,, 1995). Further, there are reports that walking
velocity related with the incidence of depression and
decline of physical functions other than physical
independency and mortality (Buchner, et al., 1996,
Friedman, et al., 1995). From the result of these
previous studies and the present study, walking speed
as a qualitative aspect of physical activity is thought
to be an important factor for physical independency
and retention of good health of the elderly.

Most of the current policy of health and welfare
for the elderly might focus on quantitative physical
activity and try to increase it. In Health Japan 21,
which is a recent health policy in Japan, a target is set
on increasing the number of steps as a quantitative
aspect of physical activity of the elderly. However,
relating to qualitative aspects of physical activity, it
is regarded as necessary to positively examine and
adopt qualitative aspects as health and welfare policy
of the elderly.

The present study input the past experience of
lifestyle-related diseases into logistic regression
analysis as the adjusting variable and acknowledged
no significant relationship with mobility. Therefore,
past lifestyle-related diseases might not be an
important factor for mobility maintenance. But the
result might explain that retention of physical activity
of the elderly is significant even if a person develops
a lifestyle-related disease.

4.4. Limitations of this study
The present study examined the effect of physical

activity on mobility maintenance with over ten
thousand local elderly subjects. The result must be

meaningful because domestically there has rarely

been a longitudinal survey study extracting subjects
in stratified random sampling in the sample size
similar to the present study. However, the result was
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obtained from the elderly of only one prefecture in
Japan. Therefore, the locality of the prefecture might
affect the result.

Additionally, the present study excluded
approximately 20% of the elderly who could not
follow up after three years for analysis. There is a
report that, in longitudinal surveys, those who are low
in physical, mental and social health might be left out
(Sugisawa, et al., 2000). Therefore, in the present
study, consideration should be taken that there is a
possibility that we analyzed relatively healthy elderly.

Also, the present study examined factors that
might affect mobility of the elderly only by their
physical activity. Basically, because other social
and environmental factors such as traffic and
family-related matters can influence mobility, these
factors should bé considered for analysis. Further,
relating to ambulation velocity as it was clarified in
this study, the cause of declining ambulation velocity
cannot be clarified only by the results of this study.

We think that, these points should be examined for
future study since they are information necessary for
planning more effective health and welfare policy.

4.5. Summary

In the present study, we conducted a longitudinal
survey with subjects exceeding ten thousand local
elderly for three years in order to examine the
effects of physical activity on mobility maintenance.
As aresult, it was revealed that physical activity
of the elderly affected mobility maintenance, or
maintenance of physical independency. Most of all,
the effect of walking speed as a qualitative physical
activity is notable. It can be said that it should be
an important factor for the elderly to retain physical
independency.

Acknowledgement
We thank all of the local officials of Shizuoka Prefecture who

supported this study and the respondents who willingly answered
the surveys. We also would like to show our sincere gratitude
to the staff of the Health Science Section of Shizuoka Health
Institute who supported and helped in this study. Lastly, we

appreciate Mr. Makoto Fujita for his kind advice on this paper.

References

Buchner, D.M., Cress, M.E., Esselman, P.C., Margherita, A.J.,
Lateur, B.J., Campbell, A.J. and Wagner, E.H. (1996). Factors
associated with changes in gait speed in older adults. J.

International Journal of Sport and Health Science Vol.3, 83-90, 2005

http://www.soc.nii.acjp/jspe3/index.htm

115



|

Gelontol., 5STA:M297-M302.

Burke, G.L., Arnold, A.M., Bild, D.E., Cushman, M., Fried,
L.P., Newman, A., Nuan, C. and Robbins, J. (2001). Factors
associated with healthy aging: the cardiovascular health study.
J.Am.Geriatr.Soc, 49:254-262.

Cress, MLE., Schechtman, K.B., Mulrow C.D., Fiatarone, M.A .,
Gerety, M.B. and Buchner, D.M. (1995). Relationship
between physical performance and seltf-perceived physical
function. J Am Geriatr Soc, 43(2):93-101.

Demura, S., Sato, S. (2004). Functional assessment for the elderly
by using activities of daily living(ADL). Japan Journal of
Physical Education, Health and Sport Sciences, 49(6):519-533.

Elderly-people lifestyle survey. (2001). The Science and
Technology Agency citizen needs research [Research on the
local system which promotes maintenance and improvement,
and social participation of elderly people of a life function] :
(in Japanese).

Fujita, K., Nagatomi, R., Sato, K., Saitoh, M., Irie, N., Ohkubo,

T., Tamagawa, A., Tsuji, 1., Ohmori, H. and Hisamichi, S.

(2000). Effect of Exercise Training on Functional Fitness in
Older People:Sendai Silver Center Trial (SSCT). Research in
Exercise Epidemiology, 2(Supplement):44-53.

Fraser, G.E., Shavlik, D.J. (1997). Risk factors for all-cause
and coronary heart disease mortality in the oldest-old. The
Adventist Health Study. Arch Intern Med, 157(19):2249-2258.

Friedman. P.J., Richmond, D.E. and Baskett, J.J. (1988).
A prospective trial of serial gait speed as a measure of
rehabilitation in the elderly. Age Aging, 17:227-235.

Guralnik. J.M., Simounsick, E.M., Ferrucci, L. Glyan, R.T,,
Berkman, L.F., Blazer, D.G., Scherr, P.A. and Wallace, R.B.
(1994). A short physical performance battery assessing lower
extremity function: association with self-reported disability
and prediction of mortality and nursing home admission. J
Gerontol, 49(2):M85-M9%4.

Health and Welfare Statistics Association. (1997). Annual
Statistical Report of National Health Conditions. Journal of
health and welfare statistics, 48(9):127: (in Japanese).

Hoeymans, N., Feskens, E.J., van den Bos, G.A. and Kromhout,
D. (1996). Measuring functional status: cross-sectional and
longitudinal associations between performance and self-report
(Zutphen Elderly Study 1990-1993). J Clin Epidemiol,
49(10):1103-1110. \

Twai, N., Hisamichi, S., Hayakawa, N., Inaba, Y., Nagaoka, T,
Sugimori, H., Seki, N., Sakata, K., Suzuki, K., Tamakoshi,
A., Nakamura, Y., Yamamoto, A., Nishino, Y., Ogihara, A.,
Okamoto, N., Suzuki, H., Morioka, S., Ito, Y., Wakai, K.,
Ojima, T., Tanaka, H., Nose, T. and Ohono, Y. (2001). Validity
and reliability of single-item questions about physical activity.
J Epidemiol, 11(5):211-218.

Kaplan, G.A., Seeman, T.E., Cohen, R.D., Knudsen, L.P. and
Guralnik, J. (1987). Mortality among the elderly in the
Alameda County Study: behavioral and demographic risk
factors. Am J Public Health, 777:307-312.

Kato, T., Shimizu, K., Kurosawa, Y., Kato, T., Nagao, M. and
Hatano, Y. (2003). The research for the evaluation of the
health status in older women. Japan Journal of Lifelong Sport,
1:35-44. .

LaCroix, A.Z., Guralnik, .M., Berkman, L.F., Wallace, R.B. and
Satterfield, 8. (1993). Maintaining mobility in late life. II.
Smoking, alcohol consumption, physical activity, and body
mass index. Am J Epidemiol, 137:858-869.

Laukkanen, P., Heikkinen, E. and Kauppinen, M. (1995). Muscle

International Journal of Sport and Health Science Vol.3, 83-90, 2005

http://www.soc.nii.ac.jp/jspe3/index.htm

116

Mobility in the Elderly

strength and mobility as predictor of survival in 75-84-year-old

~ people. Age Aging, 24:468-473.

Leveille, S.G., Guralnik, .M., Ferrucci, L. and Langlois, J.A.
(1999). Aging successfully until death in old age: opportunities
for increasing active life expectancy. Am J Epidemiol,
149(7):654-664.

Ministry of Public Management, Home Affairs, Posts and
Telecommunications. (2002). Estimation population in the
heisei 14 years: (in Japanes). '

Oida, Y., Kitabatake, Y., Arao, T., Kohno, H., Egawa, K.,
Nagamatsu, T., Nishijima, Y. and Maie, H. (1999). Effect of
three years-intervention program on functional fitness and
medical health status in community-dwelling elderly. Bulletin
of the Physical Fitness Research Institute, 97:1-13.

Seki, N. (2001). Relationships between Walking Hours, Sleeping
Hours, Meaningtulness of Life (Ikigai) and Mortality in
the Elderly:Prospective Cohort Study. Japanese Journal of
Hygiene, 56(2):535-540.

Sugisawa, H., Kishino, H., Sugihara, Y. and Shibata, H. (2000).
Characteristics of dropouts and participants in a twelve-year
longitudinal research of Japanese elderly. Japanese journal of
public health, 47(4):337-349.

Sugiura, M., Nagasaki, H., Furuna, T. and Okuzumi, H. (1998).
Walking Ability of Older Adults in tha Community — A
Four-year Follow-up Study -. Japanese Journal of Physical
Fitness and Sports Medicine, 47:443-452.

Shinkai, S., Watanabe, S., Kumagai, S., Yoshida, Y., Fujiwara,
Y., Yoshida, H., Ishizaki, T., Yukawa, H., Kim, H., Suzuki, T.,
Amano, H. and Shibata, H. (2001), Incidence and prognosis
of, and risk factors for the home-bound in a community elderly
population. Japanese journal of public health, 48(9):741-752.

Shinkai, S., Watanabe, S., Kumagai, S., Fujiwara, Y., Amano, H.,
Yoshida, H., Ishizaki, T., Yukawa, H., Suzuki, T. and Shibata,
H. (2000). Walking speed as a good predictor for the onset
of functional dependence in a Japanese rural community
population. Age and Ageing, 29, 441-446.

Shigematsu, R., Tanaka, K., Nakamura, Y., Sakai, T., Nakagaichi,
M., Nho, H., Kim, H. and Inoue, M. (2001). Applicability
of Functional Fitness Tests in Older Persons with Chrounic
Disease. Japanese Journal of Physical Fitness and Sports
Medicine, 50:347-360.

U.S. Preventive Services Task Force. (1996). Guide to Clinical
Preventive Services, 2nd ED., Williams & Wilkins, Baltimore.

Wu, S.C., Leu, S.Y. and Li, C.Y. (1999). Incidence of and
predictors for chronic disability in activities of daily living
among older people in Taiwan. Journal of the American
Geriatric Society, 47:1082-1086.

- Yamauchi, T., Yamada, T., Islam, M.M., Okada, A., Takahashi, T.

and Takeshima, N, (2003). Effects of Well-rounded Exercise
Program on Overall Fitness in Older Outpatients. Japanese
Journal of Physical Fitness and Sports Medicine, 52:513-524.

89



Kubota, A. Ishikawa-Takata, K. and Ohta, T.

Name:
Akio Kubota

Affiliation:
Shizuoka Health Institute

Address:

2276 Yata, Mishima, Shizuoka 411-0801 Japan

Brief Biographical History:

1996~ Shizuoka Health institute

2005- Doctoral Program Social welfare, Kyusyu Health and
welfare university

Main Works:

o Kubota, A. and Hatano, Y. (2004). The actual condition and
relation between physical activity and degenerative disease
risk factors and QOL among the young and middle aged
people. Japan Joumal of Test and Evaluation of Physical
Education and Sports, 4, 19-27.

» Kubota, A., Watanabe, N., Fujita, M. and Takada, K. (2004).
The effect of mobility on QOL in the elderly —Psychological,
physical and sociclogical survey of the elderly in Shizuoka
Prefecture— . Japan Journal of Lifelong Sport, 2(1), 31-40.

« Kubota, A., Fujita, M. and Hatano, Y. (2004). Development
and effects of a health promotion program utilizing the mail
function of mobile phones. Japanese Journal of Public Health,
51(10), 862-873.

e Kubota, A. (2004). Survey of physical activities outside
of physical education for primary and secondary students
in Shizuoka Prefecture. Tokai annual report of health and
physical education, 26,41-51.

s Kubota, A. and Suzuki, T. (2003). Development and Efficiency
of Support Program to Promote Habitual Exercises through
Internet (i-exer). Journal of Health, Physical Education and
Recreation, 53(7), 543-547. (in Japanese)

Membership in Learned Societies:

o Japan Society of Physical Education, Health and Sport
Sciences

» Japanese Society of Lifelong Sport

» Japanese Society of Test and Measurement in Health and
Physical Education

« Japanese Association of Exercise Epidemiology

= Japanese Society of Public Health

« Japanese Society for the Study of Social Welfare

International Journal of Sport and Health Science Vol.3, 83-90, 2005
http://www.soc.nii.acjp/jspe3/index.htm

90

117



ELSEVIER

Green Tea Consumption and Mortality among Japanese Elderly People:
The Prospective Shizuoka Elderly Cohort

ETSUJI SUZUKI, MD, PuD, TAKASHI YORIFUJI, MD, PuD, SOSHI TAKAQO, MD, PuD,
HIROKAZU KOMATSU, MD, PuD, MASUMI SUGIYAMA, BA, TOSHIKI OHTA, MD, PuD, -
KAZUKO ISHIKAWA-TAKATA, puD, AND HIROYUKI DOI, MD, PuD

PURPOSE: To investigate the association between green tea consumption and mortality from all causes,
cancer, and catdiovascular disease (CVD) among elderly people.

METHODS: In a population-based, prospective cohort study, a total of 14,001 elderly residents (aged
65-84 years), randomly chosen {rom all 74 municipalities in Shizuoka, Japan, completed questionnaires
that included items about frequency of green tea consumption. They were followed for up to 6 years,
from December 1999 to March 2006. Consequently, 12,251 subjects were analyzed to estimate the hazard
ratios (HRs) for all-cause mortality, cancer, and CVD.

RESULTS: Among 64,007 person-years, 1,224 deaths were identified (follow-up rate, 71.6%).
The multivariate HRs and 95% confidence intervals (Cls) for CVD mortality compared those who
consumed seven or more cups per day with those who consumed less than one cup per day, were 0.24
(0.14-0.40), 0.30 (0.15-0.61), and 0.18 (0.08-0.40) for total participants, men, and women, respectively.
Although green tea consumption was not inversely associated with cancer mortality, green tea
consumption and colorectal cancer mortality were inversely associated with a moderate dose-response
relationship.

CONCLUSIONS: Green tea consumption is associated with reduced mortality from all causes and CVD.

This study also suggests that green tea could have protective effects against colorectal cancer.
Ann Epidemiol 2009;19:732-739. © 2009 Elsevier Inc.  All rights reserved.

KEY WORDS: Aged, Cohort Studies, Japan, Prospective Studies, Tea.

INTRODUCTION

Green tea has been extensively studied for its potential
preventive and therapeutic roles, especially for cardiovas-
cular disease (CVD) and cancer (1, 2). In vitro and animal
studies have provided strong evidence that tea polyphe-
nols, including the catechins found predominantly in tea,
may be sufficiently bioreactive to affect the pathogenesis
of these chronic diseases (1-5). Epidemiological studies,
however, have yielded inconsistent results concerning
the associations between green tea and health, and thus,
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the effects of green tea remain unclear in humans (1, 2,
6-14).

In a recent cohort study in Miyagi, Japan (10), green tea
consumption was shown to be associated with reduced all-cause

. mortality and CVD, but not with reduced mortality from

cancer. One potential limitation of this study is the lack of
a group which drank large amounts of green tea as the highest
category only consumed five or more cups per day. This may
have resulted in the moderate effects on reduced all-cause
mortality and CVD as well as in the null association between
green tea and cancer mortality (15). Furthermore, the associa-
tions were examined among subjects who were 40 to 79 years of
age. However, these chronic diseases may have different
etiology according to age, and these diseases are commonly
observed among the elderly. Indeed, the possible benefits of
green tea may be restricted to high intakes in high-risk popula-
tions (9, 16). Thuws, it would be more appropriate to investigate
the potential effects of green tea by targeting elderly people,
who are expected to have consumed green tea for a longer
period, since early childhood.

We thetefore investigated the associations between
green tea consumption and all-cause mortality and cancer,
as well as CVD among the elderly in Shizuoka, which has
the highest production of green tea leaves in Japan (17).

1047-2797/09/$—see front matter
doi: 10.1016/j.annepidem. 2009.06.003
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CVD = cardiovascular disease

ICD = International Classification of Diseases
BMI = body mass index

HR = hazard ratio

CI = confidence interval

Furthermore, we examined the effects of green tea consump-
tion on specific cancer mortalities.

METHODS
Participants

Individual data were extracted from the participants of the
Shizoka Elderly Cohort Study, an ongoing population-
based, prospective cohort study in Shizuoka prefecture, an
industrialized urban area in Japan. Shizuoka prefecture is
located almost in the center of Japan and has an area of
7,780 km?, a population of 3.8 million people, and 1.3
million households (18, 19): In December 1999, a total of
22,200 residents, who were stratified by both sex and age
group (65 to 74; 75 to 84), were randomly chosen from all
of the 74 municipalities in Shizuoka using random number
lists. Then, the questionnaires were distributed to the
subjects and returned from 14,001 residents (resporise rate:
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63%). The self-administered questionnaire included the
frequency of green tea consumption as well as age, sex,
body weight, height, smoking habit, the frequency of alcohol
consumption, past illness history (e.g., stroke, cancer, heart
disease, hypertension, and diabetes), and other characteris-
tics. The participants were followed up in December 2002
and March 2006 by using the same questionnaires. The
14,001 baseline respondents were defined as the Shizuoka
cohort (Fig. 1).

We excluded participants without green tea consump-
tion frequency data (n = 365); thus 13,636 subjects were
eligible. Among these participants, 1,302 were lost to

follow-up between 1999 and 2002, and 2,567 were lost

between 2002 and 2006. Consequently, 8,460 survivors
and 1,307 decedents were identified in March 2006. In the
analyses, we excluded those who were lost to follow-up by
December 2002 (n = 1,302), and those whose date of death
was not available (n = 83). Those who were lost to follow-
up between December 2002 and March 2006 were treated as
censored at 3 years and included in the analyses. Conse-
quently, a total of 12,251 subjects were analyzed in the
present study.

Data Assessment

The frequency of green tea consumption during the past
month was determined from the questionnaires at baseline

December 1999 | Randomly selected subjects

n=22,200

¢

n=14,001
Shizuoka cohort

Questionnaire returned

v

s> Tea missing (n=365)

Eligible population
n=13,636

21 Lost to follow up (n=1,302) |

December 2002
Death (n=741)

Survived and returned questionnaire (n=11,478)

Survived but did not return questionnaire (n=115)

B Lost to follow up (n=2,452) |

March 2006
Death (n=566)

Survived and returned questionnaire (u=8,460)‘

FIGURE 1. Flow diagram of participants in the Shizuoka Elderly Cohort study. Since we could not obtain the vital status of those who
were lost to follow-up between 1999 and 2002, they were excluded from the analysis.
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from four predetermined categories: less than one cup per
day, and one to three, four to six, and seven or more cups
per day. Within the study region, the volume of a typical
cup of green tea is 60 to 90 mL.

Identification of the causes of death of the deceased
subjects was accomplished by record linkage of the cohort
database with the National Vital Statistics Database from
the Ministry of Health, Labour and Welfare of Japan, by
matching birthday, sex, and residential area. The underlying
causes of death were coded according to the International
Classification of Disease, Tenth Revision (ICD-10). The
numbers of deaths from all causes, cancer (ICD-10 codes:
C00-C97), CVD (ICD-10 codes: 100-199), gastric cancer
(ICD-10 code; C16), lung cancer (ICD-10 codes: C33-
(34), and colorectal cancer (ICD-10 codes: C18-C21)
were determined. Approval for this study was obtained
from the Institutional Review Board of Okayama Graduate
School of Medicine, Dentistry and Pharmaceutical Sciences

on July 24, 2007 (No. 172).

‘We considered the following variables as potential
confounders a priori: sex, age (continuous variable) at base-
line, smoking status (never-, former-, and current smoker),
habitual alcohol consumption (none or rarely, one to three
times/week, four to six times/week, or everyday), body mass
index (BMI), and the frequency of physical activity for more
than 30 minutes (none, one to two times/week, three to four
times/week, or five or more times/week). BMI was calculated
as -body weight in kilograms divided by height in square
meters, and it was split into three parts (<20.5; 20.5-
23.1; > 23.1) to create dummy variables.

Statistical Analysis

For each study subject, person-years were counted from the
baseline to the date of death, the date of censorship, or the
end of the follow-up, whichever occurred first. Dummy vari-
ables were created for green tea consumption categories, and
the lowest category (i.e., less than one cup per day) was used
as a reference. Then, the age- and sex-adjusted hazard ratios
(HRs) and 95% confidence intervals (Cls) of all causes and
cause-specific mortality according to green tea consumption
categories were estimated using the Cox proportional
hazards model. Multivariate HRs were also estimated by
including all the relevant confounders into the models.
We conducted these analyses after stratifying on sex. To
examine further the relationship of green tea consumption
and cancer mortality, Cox proportional hazards regression
analyses were conducted according to the specific cancer
mortality. The analysis of linear trends was conducted by
assigning the midrange scores of consumption categories
(20), and HRs for an increased consumption of a cup of green
tea were estimated. Regarding the uppermost, open-end
category, the lower bound plus the width of the second-
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highest category was assigned (20). Furthermore, trend esti-
mation analyses excluding the participants with the lowest
category were also conducted to examine whether it is
acceptable to use those who rarely consumed green tea as
the reference (21).

To examine the possible effect-measure modtﬁcatlons,
we performed a stratified analysis by smoking status
(never/former vs. current). We also performed a stratified
analysis for mortality from all causes, cancer, and CVD by .
dividing the follow-up period into the first and the second
3 years of follow-up. Furthermore, we also repeated all the
analyses after excluding those who had died in the first 2
years of follow-up.

To enhance the precision of the estimates, we also con-
ducted the analyses by using the participants who consumed
one to three cups per day as the referent category. Further-
more, all the analyses were repeated after the data from
the lower two categories were collapsed into the single
category of three or less cups per day.

The Cox proportional hazards assumption was examined
by visual inspection of log-log plots, with no violations
detected. A p value of less than 0.05 (two-sided test) was
considered statistically significant. SPSS 15.0 J (SPSS
Inc., Chicago, IL) was used in the analysis.

RESULTS

The baseline characteristics of all the eligible subjects
(N = 13,636) are shown according to the follow-up status
in Table 1. The mean age of the participants was 74.3 years,
49.3% were women, and approximately 70% had never
smoked. The proportions of subjects drinking less than
one, one to three, four to six, and seven or more cups of green
tea per day were 2.8%, 25.2%, 48.1%, and 23.9%, respec-
tively. The deceased tended to be slightly older and were
more likely to be men, smokers, and had sedentary life styles.
Those who were lost to follow-up tended to consume
alcohol slightly less and, compared with survivors, were
more likely to be smokers and had a sedentary life style.

Table 2 shows the baseline characteristics of the analyzed
subjects according to the green tea consumption categories.
Those who consumed less than one cup per day tended to be
men, smokers, and had a sedentary lifestyle.

Over the 6 years of follow-up, among 64,002 accrued
person-years, a total of 1,224 deaths were identified with
the information of the date of death (400 from cancer, and
405 from CVD). The follow-up rate was 71.6% with
a mean follow-up of 5.2 years. Table 3 shows the association
between green tea consumption and mottality from all
causes, cancer, and CVD for the total participants and each
sex. Green tea consumption and mortality from all causes
and CVD were inversely associated. Regarding all-cause
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TABLE 1. Baseline characteristics of all participants according to follow-up status, Shizuoka, Japan, 1999 to 2006

Lost to follow-up

Total subjects Survivors Decedents Censored during 2002-2006 Censored during 1999-2002

Baseline characteristics (N = 13,636) (n = 8,460) (n = 1,307) (n = 2,567) (n = 1,302)
Sex (%)

Male 6,916 (50.7) 4,166 (49.2) 889 (68.0) 1,232 (48.0) 629 (48.3)

Female 6,720 (49.3) 4,294 (50.8) 418 (32.0) . 1,335 (52.0) 673 (51.7)
Mean age, years {SD) 74.3 (5.4) 73.4 (5.3) 77.4 (5.0) 74.9 (5.5) 75.6 (5.4)
Mean BMI, kg/m? (SD) 21.8 (3.1) 22.1 (29) 20.8 (3.2) 21.7(3.2) 21.6 (3.4)
Daily alcohol intake (%)

None/rarely 9,069 (66.5) 5,468 (64.6) 897 (68.6) 1,808 (70.4) 896 (68.8)

“1-3 timesfwk 1,198 (8.8) 814 (9.6) 86 (6.6) 200 (7.8) 98 (7.5)

4-6 timesjwk 692 (5.1) 475 (5.6) 52 (4.0 118 (4.6) 47 (3.6)

Every day 2,420 (17.7) 1,561 (18.5) 249 (19.1) 396 (15.4) 214 (16.4)

Missing 257 (1.9) 142 (1.7) 23 (1.8) 45 (1.8) 47 (3.6)
Smoking status (%) '

Never 9,468 (69.4) - 6,028 (71.3) 790 (60.4) 1,796 (70.0) 854 (65.6)

Former 1,581 (11.6) 967 (11.4) 210 (16.1) 275 (10.7) 129 (9.9)

Current 2,242 (16.4) 1,279 (15.1) 264 (20.2) 436 (17.0) 263 (20.2)

Missing " 345 (2.5) 186 (2.2) 43 (3.3) 60 (2.3) 56 (4.3)
Physical activity (%)

None 6,480 (47.5) 3,783 (44.7) 750 (57.4) 1,286 (50.1) 661 (50.8)

1-2 times/wk 2,392 (17.5) 1,587 (18.8) 173 (13.2) 431 (16.8), 201 (154)

34 times/wk 1,751 (12.8) 1,139 (13.5) 136 (10.4) 332 (12.9) 144 (11.1)

= 5 times/wk 2,368 (17.4) 1,591 (18.8) 181 (13.8) 409 (15.9) 187 (14.4)

Missing 645 (4.7) 360 (4.3} 67 (5.1) 109 (4.2) 109 (8.4)
Green tea consumption (cups/day)

<1 376 (2.8) 170 (2.0) 66 (5.0) 89(3.5) 51(3.9)

1-3 3,432(25.2) 1,899 (22.4) 404 (30.9) 712 (27.7) 417 (32.0)

4-6 6,563 (48.1) 4,202 (49.7) 589 (45.1) 1,207 (41.0) 565 (43.4)

=7 3,265 (23.9) 2,189 (25.9) 248 (19.0) 559 (21.8) 269 (20.7)

SD = standard deviation; BMI = body mass index.

mortality, 62 deaths were observed in 1,465 person-years
(42.3 deaths per 1,000 person-years; 95% ClI, 32.4-54.3)
among those who consumed less than one cup per day,
whereas 231 deaths were observed in 16,049 person-years
(14.4 deaths per 1,000 person-years; 95% CI, 12.6-16.4)
among those who consumed seven or more cups per day.
Regarding CVD mortality, 25 deaths (17.1 deaths per
1,000 person-years; 95% CI, 11.0-25.2) and 51 deaths
(3.2 deaths per 1,000 person-years; 95% Cl, 2.4-4.2) were
observed, respectively. Green tea consumption and
mortality from cancer, however, were not inversely associ-
ated. Thirteen deaths from cancer (8.9 deaths per 1,000
person-years; 95% Cl, 4.7-15.2) were observed among those
who consumed less than one cup per day, whereas 106 deaths
(6.6 deaths per 1,000 person-years; 95% Cl, 5.4-8.0) were
observed among those who consumed seven or more cups
per day. After exclusion of the subjects with the lowest cate-
gory, the HRs for trend analyses did not vary substantially
{data not shown). When the lower two categories were
collapsed, similar patterns were observed, and the precision
of the estimates for cancer mortality among women was
improved; the multivariate HRs and 95% Cls, compared
with those subjects who consumed three or less cups per

day, were 1.65 (0.89-3.06) for four to six cups per day, and
1.17(0.55-2.46) for seven or more cups per day, respectively.

In the further analyses of specific cancer mortalities, the
green tea consumption and colorectal cancer mortality (28
from colon, 15 from rectum) were inversely associated in
the total participants, whereas no clear pattermns were
observed with gastric and lung cancer mortality (Table 4). .
When the lower two categories were collapsed, the inverse
relationship between green tea and colorectal cancer
mortality still remained; the multivariate HRs and 95%
Cls, compared with those who consumed three or less cups
per day, were 0.67 (0.30-1.49) for four to six cups per day,
and 0.69 (0.27-1.79) for seven or more cups per day, respec-
tively. Similar patterns were also observed when we
restricted to colon cancer deaths,

The results of stratified analyses according to 3-year
follow-up periods are shown in Table 5. The multivariate
HRs for mortality from all causes and CVD tended to be
further away from the null in the second 3-year follow-up.
No substantial differences were observed in cancer
mortality. When we stratified by smoking status, similar
results were obtained among the never-/former-smokers
(data not shown).
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TABLE 2. Baseline characteristics of all participants according to green tea consumption categories, Shizuoka, Japan, 1999 to 2006

Green tea consumption, cups per day

<1(n=321) -3 (n = 2,981) 4-6 (n = 5,970) =7 (n = 2979)

Sex (%)

Male 209 (65.1) 1,621 (54.4) 2,859 (47.9) 1,542 (51.8)

Female 112 (34.9) 1,360 (45.6) 3,111 (52.1) 1,437 (48.2)
Mean age, years (SD) 74.3 (5.6) 74.6 (5.5) 74.1 (5.4) 73.6 (5.3)
Mean BMI, ls:g/mZ (SD) 21.5(3.3) 21.8(3.2) 21.9 (3.0) 21.9 (3.0
Daily alcohol intake (%)

None/rarely 222 (69.2) 1,946 (65.3) 3,983 (66.7) 1,960 (65.8)

1-3 times/wk 17(5.3) 250 (8.4) 552 (9.2) 279 (9.4)

4-6 times/wk 16 (5.0) 149 (5.0) 314 (5.3) 160 (5.4)

Every day 64 (19.9) 573 (19.2) 1,019 (17.1) 538 (18.1)

Missing 2 (0.6) 63(2.1) 102 (L.7) 42 (1.4)
Smoking status (% ‘ :

Never 212 (66.0) 2,078 (69.7) 4,271 (71.5) 1,999 (67.1)

Former 39(12.1) 347 (11.6) 697 (11.7) 359 (12.1)

Cutrent 69 (21.5) 470 (15.8) 873 (14.6) 553 (18.6)

Missing 1{0.3) 86 (2.9) 129 (2.2) 68(2.3)
Physical activity (%)

None 201 (62.6) 1,557 (52.2) 2,705 (45.3) 1,299 {43.6)

1-2 timesfwk 36 (11.2) 485 (16.3) 1,125 (18.8) 541 (18.2)

34 timesfwk 33 (10.3) 362 (12.1) 828 (13.9) 377 (12.7)

= 5 times/wk 42 (13.1) 456 (15.3) 1,039 (17.4) 633 (21.2)

Missing 9(2.8) 273 (4.6) 129 (4.3)

121 (4.1)

SD = standard deviation; BM1 = body mass index.

When we used those who consumed one to three cups per
day as the reference, the precision of the estimates moderately
improved, and we reached the same conclusions (data not
shown). When we excluded people who had died in the first
2 years of follow-up {140 from cancer, 167 from CVD) the
results did not significantly change (data not shown).

DISCUSSION -

The inverse associations between green tea and mortality
were observed in an ongoing population-based, prospective
cohort study among the elderly in Shizuoka prefecture,
which has the highest production of green tea leaves in
Japan (17). We found significant inverse associations
between green tea consumption and mortality from all
causes and CVD. Those who consumed seven or more
cups per day, compared with those who consumed less
than one cup per day, had a risk of all-cause and CVD
mortality that was 55% lower and 75% lower, respectively.
These inverse associations were observed in both sexes,
and no substantial differences were observed. Although
green tea consumption and mortality from cancer were
not inversely associated, green tea consumption was associ-
ated with lower risk of colorectal cancer mortality with
a moderate dose-response relationship.

While the findings that consumption of green tea is asso-
ciated with lower risk of CVD mortality are consistent with
past studies (10, 13, 14), the magnitude of the current
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associations are larger than the results of past studies in Japan.
For example, Nakachi et al. (13) reported that those who
consumed 10 or more cups per day, compared with those
who consumed three or less cups per day, had a risk of CVD
mortality that was 28% lower. And, in a recent study, Kuriya-
ma et al. (10) reported that those who consumed five or more
cups per day, compared with those who consumed less than
one cup per day, had a risk of all-cause and CVD mortality
that was 16% lower and 26% lower, respectively. The reason
for larger differences in the present study may be the result of
the participants’ age. Whereas both studies included subjects
older than 40 years, we restricted our subjects to those who
were 65 to 84 years of age at baseline. Assuming that green
tea consumption at the time of assessment is sufficiently
representative of long-term, previous exposure to make
a plausible link with the risk of mortality, the longer cumula-
tive exposure to green tea may be responsible for the stronger
effects of the present study. It is indeed likely that the current
participants had consumed freshly brewed green tea for
decades, even from their childhood, since family expenditure
for tea leaves in the city of Shizuoka is highest in Japan (22).
Another possible explanation is the differences in the
amount of green tea leaves used to brew the drink and the
frequency of renewing a tea batch in the urn (23).

To our knowledge, this is the first cohort study that shows
the inverse association between green tea and colorectal
cancer mortality (10, 13, 24-26). To date, only one cohort
study among Chinese women reported that regular
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TABLE 3. Hazard ratios for mortality from all causes, cancer, and cardiovascular disease by green tea consumption, Shizuoka, Japan,

1999 to 2006
Green tea consumption, cups/day
<1 -3 4-6 =7 Test for trend HR* (95% CI)
Total participants
Person-years 1,465 14,932 31,556 16,049
All-cause mortality
No. of deaths 62 370 561 231
Apge- and sex-adjusted HR (95% CI) 1.00 0.57 (0.44-0.75) 0.45 (0.34-0.58) 0.37 (0.28-0.49) 0.94 (0.92-0.96) -
Multivariate HR (95% CI) 1.00 0.63 (0.47-0.84) 0.50 (0.37-0.66) 0.42 (0.31-0.56) 0.94 (0.92-0.96)
Cancer mortality
No. of deaths 13 85 196 106
Age- and sex-adjusted HR (95% CI) 1.00 0.66 (0.37-1.19) 0.79 (0.45-1.39) 0.83 (0.47-1.47) 1.02 (0.99-1.05)
Multivariate HRT (95% CI) 1.00 0.63 (0.34-1.16) 0.76 (0.42-1.37) 0.82 (0.45-1.50) 1.02 (0.99~1.06)
Cardiovascular disease mortality
No. of deaths 25 139 190 51
Age- and sex-adjusted HR (95% CI) 1.00 0.52 (0.34-0.79) 0.36 (0.24-0.55) (.20 (0.13-0.33) 0.88 (0.85-0.91)
Multivariate HRT (95% CI) 1.00 0.61 (0.39-0.98) 0.43 (0.27-0.67) 0.24 (0.14-0.40) 0.88 (0.84-0.92)
Men
Person-years 940 8,093 14,814 8,196
All-cause mortality
No. of deaths 45 244 369 175
Age-adjusted HR (95% CI) 1.00 0.57 (0.41-0.78) 0.47 (0.35-0.64) 0.42 (0.30-0.58) 0.95 (0.93-0.97)
Multivariate HR (95% CI) 1.00 0.63 (0.44-0.88) 0.53 (0.38-0.74) 0.48 (0.33-0.68) 0.96 (0.93-0.98)
Cancer mortality
No. of deaths i1 C 69 135 89
Age-adjusted HR (95% CI) 1.00 - 0.69 (0.37-1.31) 0.74 (0.40-1.37) 0.90 (0.48-1.68) 1.03 (0.99-1.07)
Multivariate HRY (95% CI) 1.00 0.61 (0.32-1.17) 0.69 (0.37-1.27) 0.82 (0.44-1.55) 1.03 (0.99-1.07)
Cardiovascular disease mortality
No. of deaths 15 83 117 29
Age-adjusted HR (95% CI) 1.00 0.56 (0.32-0.97) 0.44 (0.26-0.75) 0.21 (0.11-0.39) 0.88 (0.84-0.92)
Multivariate HRY (95% CI) 1.00 0.79 (0.42-1.50) 0.62 (0.33-1.16) 0.30 (0.15-0.61) 0.89 (0.84-0.94)
Women
Petson-years 525 6,839 16,742 7,853
All-cause mortality
No. of deaths 17 126 192 56
Age-adjusted HR (95% CI) 1.00 0.58 (0.35-0.97) 0.40 (0.24-0.66) 0.28 (0.16-0.47) 0.90 (0.87-0.94)
Multivariate HR (95% CI) 1.00 0.70 (0.40-1.23) 0.47 (0.27-0.82) 0.32 (0.17-0.58) 0.90 (0.86-0.94)
Cancer mortality
No. of deaths 2 16 61 17
Ape-adjusted HR (95% CI) 1.00 0.61 (0.14-2.67) 1.03 (0.25-4.20) 0.66 (0.15-2.88) 0.99 (0.92-1.06)
Multivariate HRT (95% CI) 1.00 1.14 (0.15-8.82) 1.85 (0.25-13.57) 1.31 (0.17-10.01) 1.00 (0.93-1.09)
Cardiovascular disease mortality
No. of deaths 10 56 73 22
Age-adjusted HR (95% CI) 1.00 0.45 (0.23-0.88) 0.27 (0.14-0.52) 0.19 (0.09-0.41) 0.88 (0.82-0.93)
Multivariate HRY (95% CI) 1.00 0.46 (0.23-0.91} 0.27 (0.13-0.53) 0.18 (0.08-0.40) 0.87 (0.81-0.93)

HR = hazard ratio; CI = confidence interval.

*Hazard ratios for an increased consumption of a cup of green tea per day are shown.

Smoking status, alcohol consumption, body mass index, and the frequency of physical activity were also adjusted for.

consumption of green tea may reduce risk of colorectal
cancer incidence (27), and a recent review concluded that
epidemiologic data are insufficient to conclude that green
tea may protect against colorectal cancer (28). The inverse
association in the current study, however, seems to be large
enough to be explained by residual confounding. Indeed,
a recent study in Japan found no association between Japa-
nese dietary pattern (which is highly correlated with green
tea consumption) and colorectal adenomas (29), indicating

that the possible confounding due to “Japanese-style” diet is
not a major concern. Besides, considering the inverse associ-
ations between green tea and all-cause and CVD mortality,
which are consistent with past findings (10, 13, 14), it is
unlikely that our finding regarding colorectal cancer is due
to chance. Regarding gastric and lung cancer mortality,
the precision of the estimated HRs were fairly lower than
that of colorectal cancer, and the epidemiological studies
have yielded inconsistent findings (1, 2, 6-10, 30). Although
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TABLE 4. Hazard ratios for mortality from specific cancers by green tea consumption among the total participants, Shizucka, Japan,

1999 to 2006

Green tea consumption, cups/day

<1 1-3 4-6 =7 Test for trend HR* (95% CI)

Person-yeats 1,465 14,932 31,556 16,049
Gastric cancer mortality

No. of deaths 2 14 32 20

Age- and sex-adjusted HR (95% CI) 1.00 0.72 (0.16-3.18) 0.86 (0.21-3.61) 1.04 (0.24—4.45) 1.04 (0.96-1.12)

Multivariate HR (95% ClI) 1.00 0.49 (0.11-2.28) 0.78 (0.19-3.30) 0:81 (0.18-3.54) 1.04 (0.95-1.13)
Lung cancer mortality ‘

No. of deaths 2 15 45 - 26

Age- and sex-adjusted HR (95% CI) 1.00 0.82 (0.19-3.58) 1.30 (0.32-5.37) 1.40 (0.33-5.91) 1.05 (0.98-1.13)

Multivariate HR! (95% CI) 1.00 0.85(0.19-3.74) 1.13 (0.27-4.68) 1.24 (0.29-5.25) 1.04 (0.97-1.12)
Colorectal cancer mortality

No. of deaths 3 12 20 8

. Age- and sex-adjusted HR (95% CI) 1.00 0.38 (0.11-1.35) 0.32 (0.09-1.08) 0.26 (0.07-0.98) 0.93 (0.84-1.04)
Multivariate HR! (95% CI) 1.00 0.47 (0.10-2.18) 0.35 (0.08-1.55) 0.36 (0.07-1.74) 0.95 (0.84-1.08)

HR = hazard ratioy Cl = confidence interval.

*Hazard ratios for an increased consumption of a cup of green tea per day are shown.

1Smoking status, alcohol consumption, body mass index, and the frequency of physical activity were also adjusted for.

the associations between green tea and overall cancer rates
remains unclear, because it is possible that green tea has
organ-specific benefits (1), our research needs to be repli-
cated in further studies.

In the stratified analyses on the follow-up periods, we
found that the associations for all-cause and CVD mortality
tended to be weaker in the first half period. If green tea
consumption at the baseline had been altered by the preclin-
ical disease status, the associations during the first half
period are more likely to be influenced by residual confound-
ing. Analyses of the second half period yielded larger
impacts of green tea consumption, a finding that supports
the protective effects of green tea on all-cause and CVD
mortality, and that would not be expected if our findings
were due to residual confounding.

Our study has several limitations. First, 28.4% of the
participants were lost to follow-up and it is possible that

the participants with less consumption of green tea were
more likely to be lost to follow-up. Although the accurate
reasons of lost to follow-up of individuals are unknown, given
that those who were lost to follow-up tended to be smoking
and have a more sedentary lifestyle compared with survivors,
this may have resulted in an underestimate of the magnitude
of the effects of green tea consumption. Second, green tea
consumption was assessed by a single question in a self-
administered questionnaire, which is yet to be validated.
Since this may have resulted in non-differential misclassifica-
tion, it is likely that the current findings are underestimated.
Indeed, similar methods to assess green tea consumption
have been employed in other studies in Japan, implying the
reasonable validity of this assessment (10, 30-33). Third,
detailed information about other food items and sociceco-
nomic status is not available. Thus, the possibility of residual
confounding ‘cannot be ruled out. Nonetheless, BMI was

TABLE 5. Multivariate hazard ratios* for mortality fram all causes, cancer, and cardiovascular disease by green tea consumption,

stratified on follow-up periods, Shizuoka, Japan, 1999 to 2006

Green tea consumption, cups/day

<1 1-3 4-6 =7 Test for trend HR' (95% CI)

All-cause mortality

HR for first 3 yr (95% CI) 1.00 0.97 {0.68-1.38) 0.83 (0.58-1.18) 0.74 (0.50-1.09) 0.97 (0.94-0.99)

HR for second 3 yr (95% CI) 1.00 0.69 (0.40-1.21) 0.69 (0.40-1.18) 0.56 (0.32-0.98) 0.97 (0.94-1.00)
Cancer mortality

HR for first 3 yr (95% CI) 1.00 0.73 (0.34-1.57) 0.93 (0.44-1.97) 1.08 (0.50-2.36) 1.04 (0.99-1.09)

HR for second 3 yr (95% CI) 1.00 0.65 (0:23-1.86) 0.92 (0.34-2.53) 0.88 (0.32-2.48) 1.02 (0.97-1.08)
Cardiovascular disease mortality

HR for first 3 yt (95% CI) 1.00 1.03 (0.60-1.76) 0.80 (0.47-1.39) 0.52 (0.27-1.00) 0.92 (0.88-0.97)

HR for second 3 yr (95% CI) 1.00 0.78 (0.28-2.20) 0.76 (0.28-2.09) 0.38 (0.13-1.14) 0.92 (0.86-0.98)

HR = huzatd ratio; Cl = hazard ratio.

*Smoking status, alcohol consumption, body mass index, and the frequency of physical activity were also adjusted for.

tHazard ratios for an increased consumption of a cup of green tea per day are shown.
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adjusted for to attenuate the possible confounding effect due
to the overall dietary patterns of the subjects, Furthermore,
the impact of green tea consumption on mortality did not
change substantially when a variety of potential confounders
were adjusted for in an earlier study among a Japanese cohort
(10). These facts indicate that our indings are unlikely to be
fully explained by residual confounding. Fourth, the number
of cases for cancer mortality in the referent category (i.e., less
than one cup per day) was comparatively small. This is

expected to be achieved in future studies by continuing the

follow-up assessments in this cohort.

In conclusion, the present study provides more evidence
of the protective effects of green tea on all-cause and CVD
mortality. The protective effects could have significant
implications for public health. This study also suggests
that green tea could have protective effects against colo-
rectal cancer. Since higher cumulative exposure to green
tea may produce these benefits, future studies with long-
term follow-up assessments are warranted.

This study was funded by Health and Labour Sciences Research Grants,
Comprehensive Research on Aging and Health, The authors are grateful
to Ichiro Kawachi for his valuable comments on the results of the current
study. We also thank Saori Kashima for her assistance with data linkage,
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E ARTICLE INFO ABSTRACT

Objective. To investigate the associations between sleep duration and mortality in the elderly by
controlling for sleep quality.

- Method. Data were collected from participants in a cohort study in Shizuoka, Japan. A total of 14,001
| Aged, . elderly residents (aged 65-85 years), randomly chosen from all 74 municipalities in the prefecture,
" ggfgft\'z;c:%:; diseases completed questionnaires that evaluated sleep duration, sleep complaints, and the use of hypnotics,
| Sleep Participants were followed from 1999 to 2006. We analyzed 11,395 subjects to estimate the hazard ratios

(HR) for mortality from all causes and cardiovascular disease (CVD).

Results. With 60,252 person-years, 1004 deaths were identified. While short sleep duration and mortality
were not associated, longer sleep duration was associated with higher risk of mortality in both sexes.
Compared with those who slept 7 h, the multivariate HR and 95% confidence interval of CVD mortality for
those who slept =10 h was 1.95 (1.18-3.21) and, for those who slept <5 h, it was 1,10 (0.62-1.93). Although
no clear association was found between sleep quality and mortality, long sleep duration was associated with
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Keywords:

higher risk of CVD mortality among those with poor sleep quality.
Conclusion. Long sleep duration is associated with higher risk of CVD mortality among the elderly with

poor sleep quality.

© 2009 Elsevier Inc, All rights reserved,

Introduction

Shorter and longer sleep duration has been found to be assaciated
with increased risk of mortality and morbidity among middle-aged
adults (Ferrie et al., 2007; Gottlieb et ai,, 2005; Gottlieb et al., 2006;
Grandner and Drummond, 2007; Hublin et al., 2007; Kaplan et al,,
1987; Kojima et al., 2000; Kripke et al., 2002; Patel et al,, 2004;
Tamakoshi and Ohno, 2004; Youngstedt and Kripke, 2004), However,
evidence remains sparse among elderly populations (Grandner and
Drummond, 2007).

Despite these findings, it remains unclear whether sleep duration,
particularly long sleep duration, is a real cause of mortality, While the
association between long sleep duration and increased risk of
mortality may be confounded or modified by poor sleep quality
(Grandner and Drummond, 2007; Stamatakis and Punjabi, 2007;
Youngstedt and Kripke, 2004), the relationship between sleep quality
and mortality has been less extensively investigated. Furthermore,

* Corresponding author. Fax: +81 86 235 7178.
E-mail address: etsuji-s@cc.okayama-w.acjp (E. Suzuki).

0091-7435/% ~ see front matter © 2009 Elsevier Inc. All rights reserved.
doi:10.1016/j.ypmed.2009.06.016
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earlier studies have not investigated the combined effects of sleep
duration and sleep quality on cause-specific mortality among elderly,

Therefore, we investigated the associations between sleep dura-
tion and quality and mortality from all causes or cardiovascular
disease (CVD) among elderly people. Furthermore, we examined
whether the associations between sleep duration and mortality are
influenced by poor sleep quality.

Methods
Participants

Individual data were collected from the participants of the Shizuoka
Study. an ongeing population-based cohort study in Shizuoka prefecture, a
mid-sized urban area in Japan. The primary purpose of the study is to
investigate the longitudinal effects of clinical, environmental and beha-
vioural factors on health conditions. In December 1999, a total of 300
residents, stratified by both sex and age group (65 to 74; 75 to 84), were
randomly chosen from each of the 74 municipalities in Shizuoka for a total
of 22,200 people, Then, the questionnaires were distributed to all of the
subjects and were returned by 14,001 (response rate: 63%), The self-
administered questionnaire included several questions about sleep dura-
tion, sleep cornplaints and the use of hypnotics, The participants were also
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asked to answer questions regarding age, sex, body weight, height, smoking
habits, frequency of alcohol consumption, socioeconomic status (SES).
mental status, activities of daily living (ADL), past illness history and other
characteristics. ADL was assessed using a single question (Appendix A). The
participants were then followed up in December 2002 and March 2006
using the same questionnaires. The 14,001 respondents at baseline were
defined as the Shizuoka cohort (Fig. 1).

For this study, we excluded participants with missing data for ADL
(n=361), as well as those with extremely poor ADL (n=306) because the
participants with extremely poor ADL tended to take naps and to spend all
day in bed, precluding the rigorous examination of night-time sleep and
mortality, In addition, we excluded participants with missing data on sleep
duration (n=671), and those who reported extremely short (2 h/day, or

-less) or long (13 h/day, or more) sleep duration (n=62). Thus 12,601

subjects were eligible for the present study. Of these, 1136 participants
were lost to follow-up between 1999 and 2002, and 2344 participants were
lost between 2002 and 2006. Consequently, 8047 survivors and 1074
decedents were identified up te March 2006. In the analyses, we excluded
those who were lost to follow-up at December 2002 (n==1136), and those
whose date of death were not available (1 =70). Those who were lost to
follow-up between December 2002 and March 2006 were (treated as
censored at 3 years, and were included in the analyses. Therefore, a total of
11,395 subjects were analyzed in the present study.

Measures

The average sleep duration during the preceding month was obtained at
baseline using a single question “How many hours of sleep do you have per
day?" with respondents giving an integer number, Dummy variables were
created for sleep duration; participants reporting <5 h/day or =10 h/day
sleep were grouped as short sleep duration and long sleep duration,
respectively. Sleep of 7 h per day was used as a reference, because the
mean and the median sleep duration were 7.3 and 7.0 h, respectively.
Information on sleep complaints was obtained by asking whether the subjects
experienced any of the following three types of sleep problems, three or more
times per week: experiencing difficulties in falling asleep lasting for 30 min or
longer, waking up frequently during the night, or waking up too early in the
morning and being unable to go back to sleep. Those who reported at least
one sleep complaint were defined as having insomnia (Edinger and Means,
2003; Ohayon, 2002). The questionnaires also asked whether participants
had used hypnotics three or more times per week,

December 1999 Rundom)y sclecied subjects
=22 2(H}

}

Questionnaire returened
n= 14001
Shizugka cohort

ADL missing (n=361)
sy Poor ADL (n=306)
Steep missing (n=6713

Slecp outlier (n=62}
v

Swdy subjects
u=| 2601

24,051 1o follow up (1=1136) |

v
December 2002 {Survived and returned questionmire (n=10390)
Death (n=581)
Survived hut did not return guestionmaire (n=92)

#1Lost 1o follow up (1=2232) |

v
March  2006]Survived and returned questionnuire (n=8047)
Death (n=493)

Fig. 1. Participant flow (Shizuoka, Japan) 1999-2006. A total of 14,001 elderly residents
(aged 65-85 years) were randomly chosen from all 74 municipalities in the prefecture.
The subjects who answered with numbers 5 or 6 (Appendix A) were considered to have
extremely poor ADL, and were excluded from the present study. Those who reported
extremely short (2 h/day, or less) or long (13 h/day, or more) sleep duration were
considered to be sleep outliers, and were also excluded from the present study.

Identification of the cause of death was accomplished by record linkage of

- the cohort database with the National Vital Statistics Database from the

Ministry of Health, Labour and Welfare of Japan, by matching dates of birth,
sex, and residential area. The underlying causes of death were coded according
to the International Classification of Disease, Tenth Revision (I(D-10), and the
number of deaths from CVD (ICD-10 codes: 100-199) was determined.
Approval for this study was obtained from the Institutional Review Board of
Okayama University Graduate School of Medicine, Dentistry and Pharrmnaceu-
tical Sciences on July 24th, 2007 (No. 172).

We considered the following variables as potential confounders: sex, age
(continuous variable) at baseline, smoking status (never, former, or current),
alcohiol consumption (none or rarely, 1-3 times/week, 4-6 times/week, or
everyday), body mass index (BMI), frequency of physical activity of more than
30 min (none, 1-2 times/week, 3-4 times/week, or 5 or more times/week),
SES, mental status, hypertension, and diabetes mellitus. BMI was calculated as
weight (kilograms) divided by the square of height (meters). SES was
assessed by asking whether they were financially independent, and answered
in two categories (independent or dependent). Mental status was measured
by asking the single question “Do you feel depressed?”, for which two
responses were offered, depressed or not depressed,

Statistical analyses

Person-years were counted for each subject from baseline to the date
of death, the date of censorship, or the last follow-up, whichever occurred
first. Then, the age- and sex-adjusted hazard ratios (HRs) and 95%
confidence intervals (CIs) for mortality according to sleep duration were
estimated using Cox's proportional hazards model. Multivariate HRs were
determined by including all the relevant confounders into the models, To
examine the relationship between sleep quality and mortality, Cox's
proportional hazards analyses were also conducted for the presence of
each sleep complaint separately, as well as according to the number of
sleep complaints, We additionally performed subgroup analyses by sex.

To examine whether the associations between sleep duration and
mortality are influenced by the presence of poor sleep quality, we performed
a stratified analysis by dividing the participants into those who neither had
insomnia nor used hypnotits, and those who either had insomnia or used
hypnotics. We also assessed this possible interaction by including multi-
plicative interaction terms between sleep duration (<6 hvs.7,and =8 hvs, 7)
and sleep quality into regression models.

To assess the possible influence of the subjects’ physical illness on sleep
duration, we also performed an additional stratified analysis according to the
presence of chronic illness (cancer, stroke, and heart disease) at baseline.
Furthermore, analyses were conducted excluding deaths in the first 2 years of
follow-up or with additional adjustment for ADL at baseline. The relationship
between sleep duration at baseline and at three year follow-up was examined
by Pearson's correlation coefficient,

The proportional hazards assumption was examined by Schoenfeld
residuals, with no violations detected with relevant confounders. A p value
of less than 0,05 (two-sided test) was considered statistically significant. SPSS
15.0J (SPSS Inc., Chicago, USA) was used.

Results

Baseline characteristics of the eligible subjects (n=12,601) are
shown in Table 1 according to follow-up status, Table 2 shows the
baseline characteristics of the analyzed subjects (n=11,395) accord-
ing to sleep duration.

Over the 6 years of follow-up, of the 60,252 accrued person-
years, a total of 1004 deaths (310 from CVD) were identified with a
known date of death. The follow-up rate was 72.4% with a mean
follow-up of 5.3 years, Longer sleep duration was associated with
higher risk of mortality from all causes, as well as CVD, for the total
participants while short sleep duration and mortality were not
associated (Table 3), With regard to all-cause mortality, 188 deaths
were observed in 15,660 person-years (12.0 deaths per 1000 per-
son-years; 95% Cl, 104-13.9) among those who slept 7 h, whereas
156 deaths were observed in 3898 person-years (40.0 deaths per
1000 person-years; 95% Cl, 34.0-46.8) among those who slept 10 h
or longer. These associations remained largely unchanged after
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Table 1

Baseline characteristics of all participants according to foliow-up status (Shizuoka, Japan) 1999-2006.

Baseline characteristics All subjects (n==12,601)

Survivors (n=18047)

Decedents (n=1074) Lost to follow-up

Censored between

Censored between

1999 and 2002 2002 and 2006
(n=1136) (n=2344)
Sex (%)
Men 6423 (51.0) 3992 (496) 738 (68.7) 549 (48.3) 1144 (48.8)
Women 6178 (49.0) 4055 (50.4) 336 (31.3) 587 (51.7) 1200 (51.2)
Mean age, years (5D) 74.1 (5.4) 733 (5.2) 771 {51) 75.5 {5.5) 74.7 (5.5)
Mean sleep duration, h/day (SD) 73 (1.5) 7.2 (14) 7.8 (1.6) 75 (1.6) 7.3 (16)
Short steepers (<5 h/day) (%) 1287 (10.2) 826 (10.3) 81 (75) 264 (11.3) 116 (10.2)
Long sleepers (=10 h/day) (%) 978 (7.8) 451 (5.6) 167 (15.5) 216 (9.2) 144 (12.7)
Difficulty falling asleep (%) 3005 (23.8) 1869 (23.2) 263 (24.5) 286 (25.2) 587 (25.0)
Frequent awakening (%) 3973 (31.5) 2453 (30.5) 364 (33.9) 375 (33.0) 781 (33.3)
Early morning awakening (%) 2293 (18.2) 1457 (18.1) 180 (16.8) 218 (19.2) 438 (18.7)
Use of hypnotics (%) 1512 (12.0) 902 (11.2) 158 (14.7) 149 (13.1) 303 (12.9)
Mean BMI, kg/m? (SD) 219 (3.0) 221 (2.9) 210 (3.2) 217 (3.3) 217 (32)
Daily alcohol intake (%)
None/rarely 8178 (64.9) 5104 (63.4) 602 (64.4) 758 (66.7) 1624 (69.3)
1-3 dmes/weel 1117 (8.9) 771 (8.6) 77 (72) 84 (74) 185 (7.9)
4-6 times/week 645 (5.1) 449 (5.6) 46 (4.3) 40 (3.5) 110 (4.7)
Everyday 2260 (17.9) 1477 (18.4) 232 (216) 193 (17.0) 358 (15.3)
Missing 401 (3.2) 246 (3.1) 27 (2.5} 61 (54) 67 (2.9)
Smoking status (%) '
Never 8584 (68.1) 5635 (70.0) 620 (57.7) 713 (62.8) 1616 (68.9)
Former 1473 (11.7) 925 (11.5) 182 (16.9) 119 (10.5) 247 (10.5)
Current 2063 (16.4) 1201 (14.9) 229 (21.3) 229 (202) 404 (17.2)
Missing 481 (3.8) 286 (3.6) 43 (4.0) 75 (6.6) 77(3.3)
Physical activity (%) ’
None 5805 (46.1) 3546 (44.1) 566 {52.7) 544 (47.9) 1149 (49.0)
1-2 times/week 2230 {17.7) 1498 (18.6) 158 (14.7) 185 (16.3) 389 (16.6)
34 times/week 1630(12.9) 1064 (13.2) 126 (11.7) . 132 (11.6) 308 (13.1)
5 or more times/weel 2243 (17.8) 1529 (19.0) - 166 (15.5) 164 (14.4) 384 (164)
Missing 693 (5.5) 410 (5.1) 58 (5.4) 111 (9.8) 114 (4.9)
Socioeconemic status {%) .
Low 3873 (30.7) 2342 (291) 305 (28.4) 416 (36.6) 810 (34.6}
High 7203 (57.2) 4822 (59.9) 625 (58.2) 553 (48.7) 1203 (51.3)
Missing " 1525 (121) 883 (11.0) 144 (13.4) 167 {14.7) 331 (141)
Mental status (%) .
Not depressed 7298 (57.9) 4978 (61.9) 530 (49.3) 522 (46.0) 1268 (54.1)
Depressed 3771 (299) 2194 {27.3) 385 (35.8) 427 (37.6) 765 (32.6)
Missing 1532 (12:2) 875 (10.9) 159 (14.8) 187 (16.5) 311 (13.3)
Hypertension (%)
Absent 7798 (61.9) 4929 (61.3) 690 (64.2) 729 (64.2) 1450 (61.9)
Present 3970 (31.5) 2386 {32.1) 324 (30.2) 319 (281) 741 (31.6)
Missing 833 (6.6) 532 {6.6) 60 (5.6) 88 (7.7) 153 (6.5)
Diabetes mellitus (%)
Absent 10,808 (85.8) 6990 (86.9) 886 (82.5) 943 (83.0) 1989 (84.9)
Present 960 (7.6) 525 (6.5) 128 (11.9) 105 (9.2) 202 (8.6)
Missing 833 (66) 532 (6.6) 60 (5.6) 88 (7.7) 153 (6.5)

Abbreviations: BMI, body mass index; SD, standard deviation.

adjustment for relevant potential confounders, Similar patterns
were observed for both sexes, "

Overall, no significant associations between each sleep complaint
and mortality risk were observed in the total group of participants, as
well as in both sexes (Table 4). Furthermore, no clear patterns were
found when we further examined the relationship between the
number of sleep complaints and mortality risk (data not shown),

We performed stratified analyses according to the presence of
insomnia and the use of hypnotics (Table 5). With regard to all-
cause mortality, no substantial difference was observed between
the subgroups, and long sleep duration was associated with higher
risk of mortality. In contrast, regarding CVD mortality, no con-
sistent association was found among those who neither had
insomnia nor used hypnotics, while long sleep duration was
associated with higher risk among those who either had insomnia
or used hypnotics. ’

When we performed stratified anpalyses according to the
presence of chronic iliness at the baseline, we found that long
sleep duration was associated with higher risk of mortality both in
both the strata (data not shown), When we performed further
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analysis after excluding deaths in the first 2 years of follow-up or
after adjusting for ADL at baseline, the results did not change
substantially {data not shown), The Pearson’s correlation coefficient
between sleep duration at baseline and three year follow-up was
0,591 (p< 0.01).

Discussion

Long sleep duration was associated with increased risk of
mortality from all causes, as well as CVD, among elderly people.
Those who slept for 10 or more hours, compared with those who
slept 7 h, had approximately double the risk of mortality, whereas
short sleep duration was not associated with increased risk of
mortality in both sexes, Overall, no clear associations were observed
between sleep quality and mortality,. When we examined sleep
duration and mortality according to the presence of poor sleep
quality, however, long sleep duration was associated with higher
risk of CVD mortality only among those who had insomnia or used
hypnotics. This difference was not found with regard to all-cause
mortality.
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Table 2

Baseline characteristics of all participants according to steep duration (Shizuol<a, Japan) 1999-2006.

Baseline characteristics Sleep duradon, h/day

<5 (n=1169) 6 (n=1994) 7 (n=2885) 8 (n=13554) 9 (n="970) >10 (823)
Sex (%) .
Men 521 (44.6) 913 (45.8) 1371 (47.5) 1940 (54.6) 554 (57.1) 526 (63.9)
Women 648 (55.4) 1081 (54.2) 1514 (52.5) 1614 (45.4) 416 (42.9) 297 (361)
Mean age, years (SD) 741 (5.3) 73.2 (5.3) 73.0 (5.3) 74.0 {5.3) 751 (5.3) 76.7 (5.3)
Difficulty falling asleep (%) 527 (45.1) 615 (30.8) 601 (20.8) 631 (17.8) 169 (17.4) 158 (19.2)
. Frequent awakening (%) 695 (59.5) 817 (41.0) 772 (26.8) 814 (22.9) 251 (25.9) 222 (27.0)
Early morning awakening (%) 537 (45.9) 537 (26.9) 402 (13.9) 398 (11.2) 89 (9.2) 95 (11.5)
Use of hypnotics (%) 334 (286} 325 (16.3) 292 (101) 275 (7.7) 65 (6.7) 60 (7.3)
Mean BMI, kg/m® (SD) 21.8 (3.2) 22.2 (3.0) 221 (2.9) 218 (3.0) 21.7 (3.0) 215 (3.2)
Daily alcohol intake (%)
None/rarely 778 (66.6) 1318 (66.1) 1941 (67.3) 2233 (62.8) 606 (62.5) 492 (59.8)
1-3 times/week 95 (8.1) 196 (9.8) 258 (8.9) 342 (96) 78 (8.0) 63 (7.7}
4-6 times/weelc 57 (4.9) 117 (5.9) 156 (5.4) 188 (5.3) 47 (4.8) 35 (4.3)
Everyday 193 (16.5) ’ 314 (15.7) 457 (15.8) 684 (19.2) 208 (21.4) 200 (24.3)
Missing 46 (3.9) 49 (2.5) 73 (2.5) 107 (3.0) 31(32) 33 (4.0)
Smoking status (%)
Never 860 (73.6) 1439 (72.2) 2046 (70.9) 2361 (66.4) 618 (63.7) 499 (60.6)
Former 114 (9.8) 230 (11.5) 301 (10.4) 428 (12.0) 138 (14.2) 135 (16.4)
Current 146 (12.5) 265 (13.3) 455 (15.8) 632 (17.8) 175 (18.0) 151 (18.3)
Missing 49 (4.2) 60 (3.0) 83 (2.9) 133 (3.7} 39 (4.0) 38 (4.6)
Physical activity (%) ’
None . 581 (49.7) 891 (44.7) 1245 (43.2) 1584 (44.6) 450 (46.4) 464 (56.4)
1-2 times/weelc - 205 (17.5) 393 (19.7) 539 (18.7) 639 (18.0) 161 (16.6) 104 (12.6)
3-4 times/week 135 (115) 280 (14.0) 386 (13.4) 481 (13.5) 131 (13.5) 79 (9.6)
5 or more times/week 173 (14.8) 352 (17.7) 584 (20.2) 659 (18.3) 174 (17.9) 126 (15.3)
Missing 75 (6.4) 78 {3.9) 131 (4.5) 191 (5.4) 54 (5.6) 50 (6.1)
Sodoeconomic status {%) - )
Low 459 (39.3) 644 (32.3) 805 (27.9) 1009 (28.4) 252 (26.0) 262 (31.8)
" High 555 (47.5) 1133 (56.8) 1748 (60.6) 2129 (59.9) 588 (60.6) 459 (55.8)
Missing 155 (13.3) 217 (10.9) 332 (115) ) 416 (11.7) 130 (13.4) 102 (12.4)
Mental status (%)
Not depressed 518 (44.3) 1139 (57.1) 1773 (61.5) 2255 (63.4) 627 (64.6) 432 (52.5)
Depressed 497 (42.5) 643 (32.2) 794 {27.5) 830 (24.8) 225 (23.2) 274 (33.3)
Missing 154 (13.2) 212 (10.6) 318 (11.0) 419 (11.8) 118 (12.2) 117 (14.2)
Hypertension (%} ’
Absent 717 (61.3) 1222 (61.3) 1763 (61.1) 2209 (62.2) . 604 (62.3) 506 (61.5)
Present 376 (32.2) 661 (331) 921 (31.9) 1108 (31.2) 310 (32.0) 255 (31.0)
Missing 76 (6.5) 111 (5.6) 201 (7.0) 237 (6.7) 56 (5.8) 62 (7.5)
Diabetes mellitus (%)
Absent 1003 (85.8) 1726 (86.6) 2483 (86.1) 3054 (85.9) 847 (87.3) 690 (83.8)
Present 9% (7.7) 157 (7.9) 201 (7.0) 263 (74) 67 (6.9) 71 (8.6}
Missing 76 (6.5) 111 (5.6) 201 (7.0) 237 (6.7) 56 (5.8) 62 (7.5)

Abbreviations: BMI, body mass index; SD, standard deviation.

While several studies have shown that sleep duration is less
likely to be associated with mortality among the elderly (Kapfan
et al, 1987; Rumble and Morgar, 1992), recent studies have shown
associations between both short and long sleep duration (Gang-
wisch et al,, 2008), or only long sleep duration (Gale and Martyn,
1998; Lan et al, 2007) with all-cause mortality among elderly
people, Here, we found that only long sleep duration is associated
with increased risk of all-cause and CVD mortality. among the
elderly, with a threshold or a J-shaped’association between sleep
duration and mortality. Although long sieep duration.has been
shown to be associated with abnormal fipid profile and elevated
markers of inflammation (Kaneita et al,, 2008; Williams et al,
2007), the mechanisms underlying the association between long
sleep duration and higher risk of mortality remain unclear (Grand-
ner and Drummond, 2007), and long sleep duration may be a
symptom of early disease, preceding the diagnosis (Stranges et al,,
2008). However, analyses restricted to those without a diagnosis of
chronic illness at baseline ‘as well as analyses excluding deaths in
the first 2 years of follow-up yielded similar findings. Indeed, as the
results did not change significantly, even after adjusting for
hypertension, diabetes mellitus and ADL at baseline, such an
explanation of our findings appears to be less likely.

Although several studies have shown that increased mortality
risk is associated with sleep complaints that are more common in

fong sleep (Grandner and Drummond, 2007; Mallon et al., 2002;
Nilsson et al., 2001), sleep complaints have also been indicated to
have less impact on mortality among the elderly (Althuis et al,
1998; Newman et al, 2000; Rumble and Morgan, 1992). Indeed,
symptoms of insomnia without sleep dissatisfaction may be weakly
associated with physical diseases and mental disorders among the
elderly (Ohayon, 2002). However, Dew et al. found that poor sleep
quality, as assessed by electroencephalographic measurements, is
associated with increased risk of all-cause mortality among healthy
elderly volunteers (Dew et al,, 2003), Because our assessment of
sleep quality did not include the frequency or severity of symp-
toms, future studies using more rigorous and objective assessments
are warranted,

To our knowledge, this is the first study to have examined the
combined effects of sleep duration and quality on cause-specific
mortality among elderly people. While it seems unlikely that a
disease such as sleep apnoea is the mechanism explaining the
association between long sleep duration and mortality (Grandner
and Drummond, 2007), it has been suggested that the association
between longer sleep duration and increased risk of mortality is
confounded or modified by poor sleep quality (Grandner and
Drummond, 2007; Stamatakis and Punjabi, 2007; Youngstedt and
Kripke, 2004). In the present study, we fouynd that long sleep
duration is associated with higher risk of all-cause mortality
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Hazard ratios for mortality from all causes and cardiovascular disease by sieep duration {Shizuoka, Japan) 1999-2006.
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Sleep duration, h/day

<5 6 7 8 9 =10
All participants
Person-years 6181 10,699 15,660 18,775 5039 3898
All-cause mortality
Deaths (1) 79 130 188 341 110 156
Age- and sex-adjusted HR (95% CI) 1.03 (0.74-1.43) 110 (0.84-144) 1.00 139 (1.11-1.74) 143 (106-1.92) 2.29 (1.75-3.00)
Multivariate HR? (85% C1) 0.93 (0.66-1.29) 1.07 (0.82-1.41) 1.00 1.37 (1.10-1.72) 141 (1.05-1.90) 200 (1.52-2.63)
Multivariate HR® (95% CI) 0.92 (0.66-1.28) 1.06 (0.80-1.39) 1.00 1.36 (1.09-1.70) 141 (1.05-1.90) 1.96 (1.49-2.57)
Cardiovascular disease mortality
Deaths (n) 28 34 53 112 32 51
Age- and sex-adjusted HR (95% C1) 128 (0.73-2.25) 0.91 {0.53-1.55) 1.00 1.53 (1.01-2.30) 1.58 (0.93-2.68) 2.36 (1.44-3.86)
Multivariate HR? (95% Q) 110 (0.62-1.94) 0.88 (0.51-1.51) 1.00 1.54 (1.02-2.32) 1.56 {0.92-2.66) 2.04 (1.24~-3.37)
Multivariate HR? (95% C1) 110 (0.62-193) 0.85 (0.50-1.45) 1.00 1.52 (1.01-2.29) 155 (0.91-2.63) 1.95 (118-3.21)
Men
Person-years 2722 ' 4870 7357 10,106 2809 2508
All-cause mortality
Deaths (n) 52 83 121 241 83 109
Age-adjusted HR (95% CI) 116 (0.78-1.73) 1.08 (0.77-1.50) 100 1.40 (1.07-1.83) 1.53 (1.08-2.15) 2.16 (1.57~-2.98)
Multivariate HR?* (95% C1) 1.08 (0.72-1.62) 1.07 (0.77-1.49) 1.00 1.37 (1.05-1.79) 1.52 (1.08~2.14) 1.90 (1.37-2.62)
Multivariate HR® (95% Cl) 1.08 (0.72-161) 1.05 (0.75-1.47) 1.00 1.36 (1.04-1.78) 152 (1.08-2.15) 1.86 (1.34-2.56)
Cardiovascular disease mortality
Deaths (n) 15 17 32 66 19 35
Age-adjusted HR (95% C1) 114 (0.54-2.38) 0.79 (0.40-1.56) 1.00 1.08 (0.65-1.81) 1.27 (0.66-2.46) 2.08{116-3.73)
Multivariate HR® (95% (T) 0.98 (0.46-2.05) 0.78 (0.39-1.53) 1.00 1.07 (0.64-1.80) 1.28 (0.66-2.48) 1.81 (1.00-3.28)
Multivariate HR (95% C1) 0.97 (0.46~2.05) 0.75 (0.38-1.48) 100 1.05 (0.63~1.75) 1.26 (0.65-2.45) 1.71 (0.94-3.11)
Women
Person-years 3459 5829 8303 8669 2230 1390
All-cause mortality
Deaths (n) 27 47 67 100 27 47
Age-adjusted HR (95% 1) 0.82 (0.46-148) 1.14 (0.71-1.83) 1.00 1.37 (0.91-2.07) 114 (0.63-2.06) - 2,65 (1.614.37)
Multivariate HR® (95% C1) 0.71 (0.39-1.28) 1.08 (0.67-1.74) 100 1.38 (0.92-2.07) 117 (0.65-2.12) 230 (1.39-3.83)
Multivariate HR® (95% CT) 0.71 (0.39-1.29) 1.08 (0.67-1.74) 1.00 1.39 {0.92-2.09) 115 (0.64-2.09) 227 (1.37-3.76)
Cardiovascular disease mortality
Deaths (1) 13 17 21 46 13 16
Age-adjusted HR (95% 1) 1.68 (0.68-4.15) 118 (0.48-2.91) 100 2.67 (132-5.43) 2.30 (0.93-5.69) 2.85(114-712)
Multivariate HR* (95% (1) 145 (0.58-3.61) 110 (0.45-2.71) 100 2.75 (1.35-5.59) 2.34 (0.94-5.82) 2.35 (0.93-5.94)
Multivariate HR® (95% CI) 1.48 (0.59-3.67) 1.08 (0.44-2.66) 1.00 2.83 (1.39-5.76) 2.32 (0.93-5.77) 2.31 {0.91-5.82)

Abbreviations: HR, hazard ratio; Cl, confidence interval.
* Adjusted for age, sex (only in the madels for all participants), body mass index, smoking status, alcohol consumption, the frequency of physical activity, socioeconomic status, and

mental health.

b Adjusted for above plus hypertension and diabetes mellitus.

irrespective of sleep quality. In contrast, long sleep duration was
associated with higher risk of CVD mortality among those who either
had insomnia or used hypnotics, while no consistent association was
found among those who neither perceived insomnia nor used
hypnotics, Similarly, Qureshi et al, demonstrated that both longer
sleep duration and daytime sleepiness are independent predictors of
mortality from stroke and coronary heart disease, and that those
who suffered from both have the highest risk (Qureshi et al., 1997).
Further studies are needed to investigate the combined effects of
sleep duration and quality on specific causes of mortality.

In the present study, only small differences were observed between
men and women, Although daytime sleepiness among the elderly has
been previously found to be more strongly associated with all-cause
mortality and CVD morbidity in women than in men (Newman et al.,
2000), evidence for sex differences in the associations between sleep
duration and mortality among the elderly remains sparse, Because
these sex differences can vary according to the causes of death, our
research needs to be repeated to better understand these findings.

Study limitations
First, sleep duration was assessed by a single question, The pos-
sibility that the sleep duration may reflect actual physiologic sleep time

or time merely spent in bed is implicit. Although self-reported sleep
duration has been demonstrated to be a valid measure consistent with
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quantitative sleep assessments with actigraphy (Lockley et al,, 1999),
some misclassification seems likely. Nevertheless, because any mis-
classification would be non-differential for mortality, it is likely that the
current findings are underestimated, Furthermore, we found that short
sleep duration is associated with a sedentary lifestyle, depressive
symptoms and lower SES, which is consistent with earlier studies
(Edinger and Means, 2005; Chayon, 2002), implying the acceptable
validity of self-reported sleep duration of this study.

Second, there is a possibility that short sleepers with higher risk of
mortality were more likely to be lost to follow-up, which may have
resulted in an underestimate of the magnitude of the effects among
short sleepers,

Third, we did not assess the subjects’ mental health status using a
validated measurement, and detailed information about SES was not
available. Therefore, the possibility of residual confounding cannot be
excluded,

Fourth, the follow-up period of the present study is comparatively
shorter than previous studies.

Conclusions

In conclusion, the present study suggests that long sleep duration
is associated with increased risk of mortality from all causes and CVD
in elderly. Although no associations were found between sleep quality
and mortality, long sleep duration was apparently associated with
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Table 4

Hazard ratios for mortality from all causes and cardiovascular disease by the presence of specific sleep complaints (Shizuoka, Japan) 1999-2006.
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Sleep complaints

Difficulty falling Frequent Early morning
asleep awaleening awaleening
All participants
All-cause mortality
Deaths (n) 245 337 163

Age- and sex-adjusted HR (95% CI)
Multivariate HR® (95% C1)
Multivariate HRP (95% CI)
Cardiovascular disease mortality
Deaths (n)
Age- and sex-adjusted HR (95% Cl)
Multivariate HR® (95% (1)
Multivariate HR® (95% (1) -

Men

All-cause mortality
Deaths (n) '
Age-adjusted HR {95% CI)
Multivariate HR? (95% CT)
Multivariate HRP (95% CI)

Cardiovascular disease mortality
Deaths (n)
Age-adjusted HR (95% (1)
Muitivariate HR? {95% Cl}
Multivariate HR® (95% C1)

Women
All-cause mortality
Deaths (1)
Age-adjusted HR (95% )
Multivariate HR®* (95% (1)
Multivariate HRP (95% C1)
Cardiovascular disease mortality
Deaths (n)
Age-adjusted HR (95% )
Multivariate HR? (95% (1)
Multivariate HR® (95% 1)

122 (1.02-146)
1.08 (0,89-1.29)
1.06 (0.88-128)

74
121 (0.87-167)
105 (0.75-147)
102 (0.73-143)

149

129 (104-161)
112 (0.90-141)
111 (0.88-1.39)

38
1.26 (0.82-195)
1.06 (0.68-166)
1.03 (0.66-161)

96

109 (0.80-149)
1.01 (0.74-140)
0.99 (0.72-137)

36

114 (0.70-187)
104 (0.63-1.74)
101 (0.61-168)

113 (0.96-1.34)
1.01 (0.85-1.21)
0.99 (0.83-118)

101
112 (0.82-152)
0.95 (0.69-131)
0.91 (0.66-1.26)

218

114 (0.93-140)
103 (0.83-1.27)
1.00 (0.81-1.24)

57
122 (0.81-181)
1.02 (0.68-1.55)
0.97 (0.64-148)

19
110 (0.81-1.48)
0.98 (0.72-1.35)
0.96 (0.69-1.31)

44
0.99 (0.61-1.60)
0.84 (0.51~1.40)
0.81 (0.49-1.35)

. 0.89 (0.72-110)

0.80 (0.65-1.00)

-0.80 (0.64-0.99)

56

0.94 (0.64-137)
0.82 (0.56-1.21)
0.81 (0:55-119)

105

094 (0.72-121)
0.86 (0.66-112)
0.85 {0.65-1.10)

28

0.80 (047-137)
0.70 (0.41-1.21)
0.68 (0.39-1.16)

58

0.80 (0.55-1.16)
0.71 {0.48-103)
0.71 (0.48-1.04)

28

111 (065-191)
0.99 (0.57-1.74)
1.00 (0.57-1.75)

Abbreviations: HR, hazard ratio; (1, confidence interval.

* Adjusted for age, sex (only in the models for all participants), body mass index, smoking status, alcohol consumption, the frequency of physical activity, socioeconomic status, and

mental health.

b Adjusted for above plus hyperténsion and diabetes mellitus.

higher risk of CVD mortality only among those who either had

insomnia or used hypnotics,
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Appendix A. Activities of daily living (ADL) questionnaire

Please encircle the answer that most applies to your condition of
mobility in daily life, .

1. t can go out alone using a bicycle, a car, buses or trains without
problems,

2. lcan go around the neighbourhood almost without problems, but [
cannot go to a distant place alone,

3. I can walk around the house and garden.

Note, The subjects who answered with numbers 5 or 6 were
considered to have extremely poor ADL, and were excluded from the
present study.
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Hazard ratios for mortality from all causes and cardiovascular disease by sleep duration, stratified by insomnia status and for the use of hypnotics (Shizuoka, Japan) 1999-2006.

Sleep duration, h/day

<3 6 7 8 9 210
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Person-years 916 3465 7279 9881 2587 1829
All-cause mortality
Deaths (n) 8 32 69 139 56 69
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Abbreviations: HR, hazard ratio: Cl, confidence interval.

With regard to all-cause mortality, the p value for the interaction rerm between short sleep duration (<6 h vs. 7 It) and sleep quality was 0.550, whereas the p value for the
interaction term berween long sleep duration (=8 hvs. 7 h) and sleep quality was 0.744. Regarding cardiovascular disease mortality, the p value for the interaction term between
short sleep duration and sleep quality was 0.433, whereas the p value for the interaction term between long sleep duration and sleep quality was 0.391,

? Insomnia was defined as the presence of either difficulty in falling asleep, frequent awakening, or early morning awakening.

b Adjusted for age, sex, body mass index, smoking status, alcohol consumption, the frequency of physical activity, socioeconomic status, and mental health.

¢ Adjusted for above plus hypertension and diabetes mellitus.
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ABSTRACT

Objectives The number of studies investigating the
health effects of long-term exposure to air pollution is
increasing, however, most studies have been canducted
in Western countries. The health status of Asian
populations may be different to that of Western
populations and may, therefore, respond differently to air
pallution exposure. Therefore, we evaluated the health
effacts of long-term exposure to traffic-related air
pollution in Shizuoka, Japan.

Methods Individual data were extracted from
participants of an ongoing cohort study. A total of
14001 alder residents, who were randomly chosen from
all 74 municipalities of Shizuoka, completed
questionnaires and were followed from December 1999
to March 2008. individual nitrogen dioxide exposure data,
as an index for traffic-related exposure, were modelled
using a land use regrassion model. We assigned
participants an estimated concentration of nitrogen
dioxide exposure during 2000—2006. We then estimated
the adjusted HR and their Cl for a 10 pg/m® increase in
exposure to nitrogen dioxide for all-cause or cause-
specific martality.

Results The adjusted HR for all-cause mortality was
1.02 (95% Cl 0.96 to 1.08). Regarding cause-specific
mortality, the adjusted HR for cardiopulmonary mortality
was 1.16 (92% Cl 1.06 to 1.26); in particular the
adjusted HR for ischaemic heart disease mortality was
1.27 (95% Ci 1.02 to 1.58) and for pulmonary disease
mortality it was 1.19 {95% C! 1.02 to 1.38). Furthermore,
among non-smakers, a 10 pg/m® increase in nitrogen
dioxide was associated with a higher risk for lung cancer
mortality (HR 1.30, 95% CI 0.85 to 1.93).

Conclusion Long-term exposure to traffic-related air
pallution, indexad by nitrogen dioxide concentration,
increases the risk of cardiopulmanary mortality, even in
a population with a relatively low body mass index and
increases the risk of lung cancer mortality in non-
smakers,

INTRODUCTION

There is heightened concern about the potential
deleterious effects of ambient air pollution on
health outcomes.! A large number of studies
throughout the world have evaluated the effects of
short-term exposure to air pollution and have
demonstrated a positive association between air
pollution and health outcomes.>™ In contrast,
although the number of studies evaluating the
effects of long-term exposure is increasing, most
studies have been conducted in the US and
Europe.> 1 These studies in Western countries have
consistently demonstrated that long-term exposure

Occup Environ Med 2010,67:111—117. doi:10.1136/0em.2008.045542

P Studies in Western countries have consistently
demonstrated that long-term . exposure to air
pollutants is associated with all-cause and
cardiopulmonary montality, and some studies
have also suggested associations with lung
cancer. However, the health status of Asian
populations may be different to that of Western
populations and may, therefore, respond differ-
ently to air pollution exposure.

> The present study suggests that long-term
exposure to traffic-related air poliution increases
the risk of cardiopulmonary mortality, even in
a population with a relatively low body mass
index.

B Furthermore, non-smokers have an increased
risk of lung cancer mortality due to traffic-related
air pollution compared to former and current
smokers. .

» These results indicate that caution is needed
with respect to long-term exposure to traffic-
related air poliution in Asia,

to air pollutants is assomated with all-cause and
cardiopulmonary mortality,'' and some studies
have also suggested associations with lung cancer
(LC).7 12 13 However, whether there are specific
individuals or subsets of patients at increased or
decreased risk (effect modification) is less well

‘ documented.! 1

While many similarities exist in the constituents
of air pollution around the world, the populations
of Asia may differ from those of the US and Europe
with respect to health status.'® Indeed, Asian
populations have lower total cholesterol levels and
body mass indices (BMI) than Western populations
and also have lower rates of coronary heart disease
mortality.’® V7 These differences may result in
different patterns between long-term air pollution
and health outcomes. Therefore, studies that eval-
uate long-term exposure among Asian populations
would yield significant insight into effect modifi-
cation of air pollution exposure and help to direct
environmental health policies in Asian countries.

Therefore, in the present study, we evaluated the
health effects of long-term exposure to traffic-
related pollution, indexed by NO; levels, including
all-cause, cardiopulmonary and LC death rates in
Shizuoka, Japan. We also examined whether the
effect of air pollution was influenced by individual
characteristics.
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METHODS

Participants

Individual data were extracted from participants of an ongoing
cohort study: the Shizuoka elderly cohort.’® The Shizuoka
prefecture is located in the approximate centre of Japan and has
an area of 7780 km? a population of 3.8 million people and 1.3
million households. It has a southern coastline facing the Pacific
Ocean and there are mountains exceeding 3000 m in altitude in
the north.”? In December 1999, 22200 residents were randomly
chosen from all 74 municipalities in Shizuoka by stratifying sex
and age groups (65~74; 75—84). Then, questionnaires were
distributed to the participants, resulting in responses from 14 001
residents (response rate; 63%). The self-completed questionnaire
included age, sex, smoking habit (non-smoker, ex-smoker or
current smoker), body weight, height, medical history (hyper-
tension, diabetes mellitus and so on), financial capability and
other characteristics. Socioeconomic status was assessed by
asking whether participants considered themselves to be finan-
cially capable, with the possible answers being non-capable or
capable. Participants were followed-up in December 2002 and in
March 2006 using the same questionnaire.

Because we modelled traffic-related pollution, indexed by~

NO;, using the participants’ baseline residential information, we
excluded 271 participants whose residential information was not
available and 286 participants who moved during the study
period. Therefore, we targeted 13 444 participants. As shown in
figure 1, 1829 participants were lost to follow-up during the
period December 1999 to 2002 and 2264 participants were lost to
follow-up during the period 2002 to March 2006. Finally, 8412
survivors and 1318 deaths were identified up to March 2006. In
the analyses, we treated those who survived but did not return
the questionnaire from December 2002 (n=121) and those who
were lost to follow-up during the period 2002 to March 2006
(n=2264) as censored at 3 years. Survivors at March 2006 were
treated as being censored at the end of the study.

Exposure data

To evaluate the health effects of traffic-related exposure, indexed
by NO;, we modelled individual mean NO; exposure during
April 2000 to March 2006 using a land use regression (LUR)
model, which has recently been used in several epidemiological
studies.’® 7?2 LUR models have been developed and used to
model traffic pollutants within the framework of a geographic
information system (GIS).%?

Figure 1 Follow-up flow diagram of participants fram Decemt

The details are described elsewhere,' however, we will briefly
describe the modelling approach adopted. First, we constructed
a model which best predicted the monitored levels of NO; using
geographical variables. Mean exposure data (NO,) during April
2000 to March 2006 were available from the environmental
database managed by the National Institute for Environmental
Studies in Japan. During the study period, 67 sampling sites for
NO; were available, The observed annual mean NO, concen-
tration across all 67 sites was 35.75 pg/m® (SD of 11.28) and
ranged from 14.66 to 68.24 ng/m3. Geographic variables of
interest were listed as follows: road type (distance from major
road, number of major roads within circular buffers); traffic
intensity (road density of large roads (=13 m) and of medium
roads (5.5—13 m) within circular buffers, traffic counts (of cars,
buses, trucks, big trucks, sum of all vehicles) on weekdays and on
weekends within circular buffers); land use (building, farm,
forest, water area within circular buffers); and physical compo-
nent (population and housing density within circular buffers,
elevation data and distance from coastline). All geographical
variables were collected by the GIS software ArcGIS V.9.2 (ESRI
Japan, Tokyo, Japan).

The geographical variables selected in the final model, which
had the highest adjusted determination coefficient (R?), were as
follows: road density of medium roads (1000), number of major
roads (400), traffic counts ‘of cars on weekends (100), distance
from coastline and farmland (100). Figures in parentheses show
circle buffer metres from the sampling sites. As described else-
where,' the validity of the exposure model was evaluated by
crossvalidation, and the adjusted R? of the model was 0.54. In
contrast, although we also modelled suspended particulate
matter (particulate matter with an aerodynamic diameter less
than 8 pm), the adjusted R? was quite low (R?=0.11).%

After the most appropriate model was constructed, each
participant was assigned geographical information of the
selected variables according to their geocoded residence. Then, -
individual NO, exposure was estimated using geographical
information as prediction variables,

Outcome data

Vital statistics for determining the causes of death of partici-
pants were obtained from the database of the Ministry of
Health, Labour and Welfare of Japan. We linked the deceased
participants and the causes of death using birthday, sex and
residential area. The undetlying causes of death were coded

1999 to 2006.

December 2002

March 2606

112
134

1999 In domly sel d particip ?I

n=22,040

Questionnaire returned
n=14,001
Shizuoka cobort

s Excluded
-Inadequate residential information (n=271)
-Move out during study period (n=286)

A
Study participants
n=13,444

& [ Lost to follow up (n=1,329) ]

V.
Survived and returned questionnaire (n=11,235)
Death (n=759)
Survived but did not return questionnaire (n=121)

~+{ Lost to follow up (n=2,264) |

Survived and veturned questionnaire (n=8,412)
Death (n=559) '
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according to the 10th International Classification of Disease
(ICD-10). The numbers of deaths from all causes, cardiopul-
monary disease (ICD-10 code: 110—-70/J00—J99), LC (ICD-10
code: C33—C34) and other causes (deaths excluding cardiopul-
monary and LC deaths) were determined. Furthermore, regarding
cardiopulmonary disease mortality, we more finely classified the
causes of death as follows: circulatory disease (110-70),
ischaemic heart disease (IHD) (I20—125), other cardiac disease
(such as dysthythmias, heart failure, cardiac arrest) (126—51),
cerebrovascular disease (I60—69), other circulatory disease
(causes of deaths excluding those specified in 110—70), pulmo-
nary disease (J0O0—]99), pneumonia and influenza (fj10—29),
chronic obstructive pulmonary disease and allied conditions
(J40~47), and other pulmonary disease (causes of deaths
excluding those specified in JO0—-J99). Approval for this study
was obtained from the Institutional Review Board of the
Okayama Graduate School of Medicine, Dentistry and Pharma-
ceutical Sciences.

Statistical analysis

For each study participant, person-years were cournted from the
baseline to the date of death or to the date of censorship,
whichever occurred first. First, we categotised modelled exposure
into quartiles (<20.3; 20.3—26.5; 26.5-32.1; >32.1 ug/m? and
calculated the number of deaths according to these quartiles.
Then, the crude and adjusted HR for a 10 pg/m® increase in NO,
levels for allcause or cause-specific mortality were estimated
using the Cox proportional hazards model. At first, we adjusted
for age and sex. Then, ‘we adjusted for age, sex, smoking (non-
smoker, ex-smoker or current smoker), BMI, hypertension,
diabetes and financial capability. These potential confounders
were decided a priori. BMI was defined as body weight (kg)
divided by height squared (m?) and treated as a continuous
variable.

To evaluate whether the effect of air pollution is influenced by
age (65—74; 75—84), sex, smoking habit (non-smoker, ex-smoker
or current smoker), BMI, hypertension, diabetes and financial
capability, we separately stratified the participants and we esti-

" mated HR by mutually adjusting for other confounders in each

stratum (fe, sex, smoking, BMI, hypertension, diabetes and

Table 1 Baseline characteristics of participants overall and at the endpaint

financial capability in model for age category). A test of interac-
tion was conducted by entering into the model multiplicative
terms for interaction between the respective factors and
exposure,

For sensitivity analyses, instead of financial capability, we used
area mean income as socioeconomic status, and estimated the
multivariate HR for all-cause, cardiopulmonary and LC mortality.
The area mean income was derived by dividing total taxable gain
of each municipality in 1998 by the number of taxpayers in the
municipality in 1998. The data were obtained from the Statistics
Bureau, Japan.” In addition, some participants lived far from the-
sampling sites (eg, arounid 50 km), possibly resulting in extrap-
olation too far outside the NO, measurement area. Therefore, we
restricted participants to those who lived within 25 km from the
sampling sites and examined the air pollution effect on all-cause,
cardiopulmonary and LC mortality. Furthermore, among the
geographic variables selected in the final model, only distance
from the coastline had a negative slope (—0.78/km).’® Conse-
quently, some participants would be assigned negative exposure
concentrations. Therefore, we also restricted participants to
those who were assigned positive concentrations (over 0 pg/m®
of NO,). Finally, we dropped distance from the coastline from
the prediction variables in the LUR model and constructed an
alternative model using the same model building strategy. Then,
we examined the air pollution effect adapting the concentration
estimated from the alternative model.

All CIs were estimated at the 95% level. SPSS V.14.0] software
(SPSS Japan, Tokyo, Japan} was used for the analysis.

RESULTS

The baseline characteristics of all participants (n=13444) are
shown in table 1. As expected, the mean BMI was much lower
than that of participants in studies from Western countries (eg,
25—26 in the Harvard Six Cities Study® and around 25 in the
American Cancer Study?5). The estimated NO, concentration
ranged from —19 to 75 pg/m®. There were 709 participants who
were assigned negative concentrations. Table 1 also shows the
baseline characteristics of participants according to the endpoint.
Those who were deceased tended to be older, male, a current
smoker and to have diabetes. Those who were lost to follow-up

Censored Censored
during during
Overalt Survivors Deaths 2002—2006 19992002
{n=13444} (n=8412) (n=1318) {n=2385) (n=1329)

Mean age, years (SD) 74 (5.5) 73 (5.3) 77 {5.0) 75 (5.4) 16 (5.4)
Female {%)* 6580 (49) 4246 (51) 426 (32) 1231 (52) 677 (51)
Mean body mass index (SD}+ 22 (3.1) 22 (2.9) 21 (3.2) 22 (3.2) 22 (3.5)
Smoking category®

Non-smoker 8135 {68) 5876 (70) 782 (59) 1631 (68) 846 (64)

Ex-smaoker 1537 (11} 951 (11) 198 {15) 261 (11) 127 (9.6)

Current smoker 2176 (16) 1262 (15) 260 (20) 398 (17) 256 (19)

Unknown 596 (4.4) 323 (3.8) 78 (5.9) 95 (4.0} 100 (7.5)
Hypertension (%} 4144 (31) 2659 (32) 376 (29) 749 (31) 360 (27)
Diabetes {%) 1045 (7.8) 556 (6.6) 163 (12) 209 (8.8) 127 (9.6)
Financial capabiity* ,

Capable 7340 (55) 4881 (58) 696 (53) 1162 (49) 601 {45)

Nor-capable 4064 (30) 2394 (29) 389 (30) 804 (34) 477 (386)

Unknown 2040 {15} 1137 (14) 233 (18) 419 (18) 251 {19)
Mean NO, concentration for 2000—2005, 25 (12} 25 (12) 25 (12) 26 {12) 26 (12)
ug/m® (SD)

Participants were men and women aged 65 years or over living in the study areas in 1938

~ *No. {%) of participants is shown. Percentages may not sum to 100% due to rounding,

1Body mass index is calculated as bady weight (kg} divided by helght squared (m?).
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during 1999-2002 tended to be older, current smokers, have
diabetes, be financially non-capable and live in a more polluted
area compared to survivors,

The baseline characteristics of participants and the number of
deaths according to the exposure category are shown in table 2.
We could not link 86 deaths with a cause of death, thus we
excluded them from the subsequent analyses. In addition, we
excluded those who were lost to follow-up during 19992002
(n=1329). Thus, 12029 participants were included in the
subsequent analyses. The estimated NO, concentrations among
those 12029 participants show a normal distribution, as shown
in figure 2. In table 2, the mean age was similar across exposure
categories and those who lived in more polluted areas tended to
be financially capable. Total person-years across exposure cate-
gories were similar. While the number of cardiopulmonary deaths
increased from the lowest exposure category to the highest, the
number of all-cause and other-cause deaths decreased. Among
cardiopulmonary mortality, the number of [HD and pneumonia
and influenza deaths increased from the lowest exposure cate-
gory to the hxghest

The crude and adjusted HR following a 10 pg/m® increase in
NOj, levels for all-cause and cause-specific mortality are shown in
table 3. We found a multivariate HR of 1.02 (95% CI 0.96 to 1.08)
for all-cause mortality. Regarding cause-specific mortality, we
found a positive association between NOj levels and cardiopul-

. monary mortality (HR 1.16, 95% CI 1.06 to 1.26). On the other

hand, no association between NO; levels and LC mortality was
observed (HR 095, 95% CI 0.78 to 1.17), and NO; levels were
significantly associated with a lower risk of mortality due to
other causes (HR 0.92, 95% CI 0.85 to 0.99). Among cardiopul-
monary mortality, the strongest association for increased risk
was observed for IHD (HR 1.27, 95% CI 1.02 to 1.58). Although
less precise, positive associations with other cardiac diseases (HR
1.19, 95% C1 0.97 to 1.47), cerebrovascular disease (HR 1.09, 95%
CI0.94 to 1.27), pneumonia and influenza (HR 1.18, 95% CI 0.96
to 1.45) and other pulmonary disease (HR 1.28, 95% CI 0. 94 to
1.74) were indicated.

The results of stratified analyses for cardiopulmonary and LC
mortality are shown in figures 3 and 4, respectively. The effect
estimate for LC among non-smokers (HR 1.30, 95% CI 0.85 to

Table 2 The baseline characteristics of participants and death rates according to exposure category
Mean NO, concentration for 20002005 (ng/m%)

<203 203265 26.5--32.1 >32.1
{n=3008)" {n=3007}* (n=23007)* ‘ (n=23007)*
Person-years 15928 15725 15805 15721
Mean age, years {SD} 14 (5.4) 74 (5.4) 74 (5.4) 74 (5.5)
Female (%}1 1484 (49) 1452 (48) 1466 (49) 1473 (49}
Mean body mass index (SD}# 22 {3.0) 22 (3.1} 22 (3.1} 22 (3.0
Smioking categoryt

Non-smoker 2069 (69) 2062 {69) 2040 (68) 2063 (69}

Ex-smoker 356 (12) 348 {12) 353 {12) 343 (i1)

Current smoker 464 (15) 480 (16) 488 {16) 475 (16)

Unknown 119 (4.0} 117 {3.9) 126 (4.2) 126 (4.2)

Hypertension {%) 979 (33) 915 {30) 975 {32) 893 (30)
Diabetes (%)} 218 (1.2 228 (76) 225 (1.5) 239 (7.9
Financial capabilityt

Capable 1872 (52) 1677 {56) 1699 (57) 1748 {58)

Non-capable 964 (32) 887 (30) 861 (29) 845 (28)

Unknown 472 (16) 443 (15) 447 (15) 414 (14)

Death rate (%) T

All cause 318 (") 311 {10) 322 (11} 281 (9.3}
Cardiopuimonary (110—-70/ 131 (4.4) 149 (5.0) 147 (4.9) 166 (5.5)
J00—J98)

Circulatory disease (110—70) 82 {2.7) 108 (3.6) 101 (3.4) 103 (3.4)
Ischaemic heart disease 19 {0.6) 17 (0.6) 22 {0.7) 33(1.1)
{120—125}

Other cardiac disease 17 (0.6) 33 (1.1} 26 (0.9} 30 (1.0)
(126—51)
Cerehrovascular disease 44 (1.5) 57 (1.8) 51 (1.7) 39 (1.3)
{160—69)
Other circulatory disease 2 (0.1) 1 (0.0) 2 {0.1) 1 {0.0)

Pulmonary disease (J00—J98) 44 (1.6) 41 {(1.4) 46 (1.5) 63 (2.1)
Pneumonia and influenza 24 {0.8) 21 (6.7} 28 (0.9) 35 (1.2)
(J10—29)

COPD and allied conditions 12 (0.4) 8 (0.3) 7(0.2) 8 (0.3)

(J40—47)

Other pulmonary disease 13 (0.4) 12 (0.4) 11{04) 20 {0.7)
Lung cancer (C33—C34} 23 {0.8) 16 (0.5) 27 {0.9) 20 (0.7)
Other causes§ 164 {5.5) 146 (4.9) 148 (4.9) 95 (3.2)

Participants were men and women aged 65 years or over living in the study areas in 1999.

*In the subsequent analyses, totally 12 029 participants were included after exclusion of those without a known cause of death and
those who were lost to foliow-up during 1993--2002.

No, (%) of pamcnpams is shown. Death rates {%) are calculated by dividing the number of mortalities by the total number of
participants in each category. Percentages may not sum to 100% due to rounding.

+Body mass index is calculated as body weight (kg) divided by height squared (m®).

§Mortality from other causes is defined as deaths due to causes other than cardiopulmonary disease or (ung cancer.

COPD, chronic obstructive pulmonary disease.
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Figure 2 Distribution of estimated nitrogen dioxide (NO,) concentra-
tions among participants.

1.99) was higher and qualitatively different compared to former
and current smokers (HR 0.87, 95% CI 0.69 to 1.09) and the p
value (two-sided test) for interaction was 0.10 (figure 4). There
were no meaningful differences among other stratifications.
The results of sensitivity analyses for cardiopulmonary
mortality only are shown in table 4. When we used area mean
income as a sociceconomic factor, no substantial changes were
obsetved. Furthermore, when we restricted participants to those
living within 25 km of sampling sites, the number of participants
was reduced from 12209 to 10708. In consequence, the effect
estimate was also almost the same. When we restricted partici-
pants to those who were assigned positive concentrations and
the number of participants was reduced from 12 209 to 11 500. As
a consequence, the effect estimate was again almost the same.
Finally, we dropped distance from the coastline and adagted an
alternative model. Although the adjusted R? declined (R*=0.45)
and some HRs slightly fluctuated, the positive relationships
between air pollution and mortality were not changed.

DISCUSSION

We used data from an ongoing cohort study to evaluate the
health effects of long-term exposure to traffic-related pollution,
indexed by NO,, in Shizuoka, Japan. We found an adverse effect

of traffic-related pollution on cardiopulmonary mortality,
especially on IHD mortality. No associations of traffic-related
pollution with all-cause and LC mortality were observed,
however, in the stratified analyses, non-smokers were indicated
to have higher risks of LC mortality associated with air pollution
exposure. This is the first cohort study to have evaluated the
long-term effects of exposure to traffic-related pollution in Asia.

Even in a study population with a relatively low BMI, long-
term air pollution was shown to increase the risk of cardiopul-
monary mortality, especially of IHD, and, although estimates
were less precise, of other cardiac disease (dysrhythmias, heart
failure, cardiac arrest, etc), cerebrovascular disease, and pneu-
monia and influenza. These results are consistent with previous
findings.? 26 The mean BMI in the present study was much lower
than that in earlier studies from Western countries. Compared to
previous studies, which used a 10pg/m® increase in NO,
concentration as a traffic-related exposure indicator, the effect
estimates of the present study were of similar magnitude and
precision. For example, a study in Norway showed that NO, was
related to myocardial infarction mortality (HR 1.08, 95% CI 1.03
to 1.12), respiratory mortality (HR 1.16,95% CI $.06 to 1 26) and
cerebrovascular mortality (HR 1.04, 95% CI 0.94 to 1.15),° and
a study in France also demonstrated that NO; was associated
with cardxopulmonary mortality (HR 1.27, 95% CI 1.04 to
1.56).1 Recently, a study in The Netherlands also showed that
NO, was assoclated with respiratory mortality (HR 1.37, 95% CI
1.00 to 1.87).5 Together, these data suggest that air pollutlon
causes the same adverse effects with the same magnitude, even in
a low BMI population.

Overall, our study did not provide evidence that air poflution
was related with LC mortality, in contrast to previous
studies.” 12 '3 This might be due to the short follow-up (6 years)
of the present study compared to other studies (eg, 27 years in
Nafstad er al,'® 25 years in Filleu er a/,'? and 16 years in Pope
et af’). However, in the stratified analyses although less precise,
a positive association between air poliution and LC mortality

* was suggested among non-smokers. This finding is consistent

with previous studies in The Netherlands and US, which indi-
cated stronger association between air pollution and LC
mortality in non-smokers compared tor former and current

Table 3 Crude and adjusted HR following a 10 ug/m® increase in NO, levels and 95% Cl for all-cause and cause-specific mortality

Mortality {n} Crude HR {95% CI) ' HR* {95% Cl) HRt (95% Cl)
All-cause mortality 1232 0.98 0.94 to 1.03 0.98 0.94 t0 1.03 1.02 0.96 to 1.08
Cause-specific mortality
Cardiopulmonary (1107—7G/J00—J99) 593 1.08 1.01to 1.16 1.08 1.01 to 1.16 1.16 1.06 to 1.26
Circulatory disease (110—70) 394 1.06 0.97 to 1.15 1.06 0.97 to 1.15 1.15 1.03 to 1.28
Ischaemic heart disease ‘(IZO—IZS) ' 91 1.18 0.97 to 1.39 1.16 0.97 to 1.39 1.27 1.02 to 1.58
Other cardiac disease (126—51} 108 1.17 0.99 to 1.38 1.17 0.99 to 1.39 1.19 0.97 to 1.47
Cerebrovascular disease (160—69) 191 0.97 (.87 to 1.09 097 0.86 to 1.09 1.09 0.94 t0 1.27
Other circulatory disease [ 0.77 0.43 t0 1.37 0.77 043 to 1.37 0.68 0.36 to 1.23
Pulmonary disease {J00—J98) 199 1.14 1.01 to 1.28 114 1.01t01.28 1.19 1.02 to 1.38
Prneumonia and influenza {J10—29) 108 1.24 1.05 to 1.46 1.24 1.05 10 1.47 1.18 0.96 to 1.45
COPD and allied conditions (J40—47) 35 0.85 0.66to 1.10 0.85 0.66 to 1.09 1.1 (.78 to 1.56
Cther pulmonary disease 56 1.18 094 to 1.49 1.18 0.94 to 1.49 1.28 0.94 to 1.74
Lung cancer (C33—C34) 86 0.97 0.82 to 1.15 0.97 0.82 to 1.15 0.95 0.78 to 1.17
Other causes$ 553 0.90 0.84 to 0.96 0.90 0.84 to 0,96 0.92 0.85 to 0.99
The participants were men and women aged 65 years or over living in the study areas in 1999,
=Adjusted for age and sex.
+Adjusted for age, sex, smoking category, BMI category, hypertension, diabetes and financial capability.
+Mortality from other causes is defined as deaths due to causes other than cardioputmonary disease or lung cancer.
BMI, hody mass index; COPD, chronic obstructive pulmonary disease.
Oceup Environ Med 2010:67:111—117. doi:10.1138/0em.2008.045542
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Figure 3 Associations between estimated nitrogen dioxide (NO,) levels
and cardiopulmonary mortality in each subgroup of the Shizuoka eldery
cohort {age category (<75; 75=), smoking habit (non-smoker, ex-
smoker or current smoker}, sex, body mass index (BMi) {<21.8; 21.8<},
hypertension {HTN), diabetes (DM} and financial capability}. The
interactions with exposure were examined and p values (two-sided test)
for statistical interaction are shown.

smokers.® ° This finding might reflect greater sensitivity of non-
smokers to air pollution. The effects of air pollution on LC
mortality in all participants will be evaluated in a future follow-
up study.

In the present study, air pollution was significantly associated
with a lower risk of mortality from other causes. This might be
because participants in areas with higher air pollution were also
of higher socioeconomic status (table 2).

Individual exposure modelling by LUR is an important area of
this study, which made it possible to conduct a precise exposure
assessment. Former studies used exposure data from monitoring
stations instead of from individual measurement, which ma
cause underestimation of mortality risks by up to threefold.
The present modelling has been properly validated and the R?
value was moderate (R?=0.54), comparable to values found in
certain LUR models for traffic-related pollution exposure,? 272
but lower compared to those in others, !0 28 30 81

A limitation of our exposure modelling is that there were 709
participants who were assigned negative concentrations due to
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Figure 4 Associations between estimated NO, expesure and lung
cancer mortality in each subgroup of the Shizuoka elderly cohort (age
category (<75; 75<), smoking habit (non-smoker, ex-smoker or current
smoker), sex, body mass index (BMI) (<21.8; 21.8=<), hypertension
{HTN), diabetes (DM) and financial capability), The interactions with
exposure were examined and p values {two-sided test) for statistical
interaction are shown.
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Table 4 Sensitivity analyses: adjusted HR with a 10 pug/m® increase in
NO; levels and 95% Cl for cardiopulmonary mortality

HR {95% CI)

Sensitivity analysis 1*
Area mean income as a sociceconomic 1.14
factor

1.05 t0 1,24

Sensitivity analysis 2t

Restriction to participants living within 1.13 1.0210 1.25
25 km of the sampling sites

Sensitivity analysis 3+ '
Restriction to participants who were 1.15% 1.04 t0 1.27

assigned positive NO;, concentrations

*Adjusted for age, sex, smoking category, BMI category, hypertension, diabetes and area
mean income.

tAdjusted for age, sex, smoking category, BMI category, hypertension, diabetes and
financial capability. ’

BML, body mass index.

extrapolation far outside the NO, measurement area. Because
the adopted model included distance from coastline as a predic-
tion variable, the participants who lived in inland regions were
assigned such extrapolated negative concentrations. However,
since we considered the estimated concentration as an index for
traffic-related air pollution and as a relative indicator, we
analysed all participants. When we restricted participants to
those living within 25 km of the sampling sites, we obtained
similar effect estimates. Even when we restricted participants to
those who were assigned positive concentrations, we still
obtained similar effect estimates.

Another potentially confounding limitation of the present
study was the inability to obtain rigorous sociceconomic factors
(eg, occupation, education and income). Since our study
participants were older, the potential confound of occupation is
likely to be negligible. Indeed, when we used area mean income
as a sociceconomic factor, the obtained HR values were almost
the same. Thus, the potential confound of unknown socioeco-
nomic status is unlikely to fully explain the present results. In
addition, since the information about smoking pack-years
(1 pack-year is defined as one pack smoked per day for 1 year) is
not available, the possibility of a residual confounding factor
rernains. However, in the stratified analyses, the effect estimates
for cardiopulmonary mortality in non-smokers were also signif-
icantly elevated. Thus, although the possibility of a residual
confound cannot be completely ruled out, the present results
seem robust.

In the present study, selection bias was non-negligible,
because almost 10% of participants (1829 out of 13 444 partici-
pants) were lost to follow-up during 1999—2002 and did not
contribute to person-years. According to table 1, participants
who were lost to follow-up during that period were older, more
likely to smoke, more likely to be diabetic and more likely to be
financially non-capable, and they tended to live in more polluted
areas compared to survivors, which might have caused underes-
timation of effect estimates.

When we linked deceased participants and the causes of death
using birthday, sex and residential area, we could not link 83
deaths. This could be due to participants moving away or to
coding error. However, it would probably be non-differential
disease misclassification, leading to an underestimation of the
elevated effects.

‘This is the first cohort study to evaluate the long-term
exposure to traffic-related air pollution in a country other than

Occup Environ Med 2010;67:111-117. doi:10.1136/0em.2008,045542
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in Europe or the US. In the present study, we used NO; as an
indicator of traffic-related air pollution. Since fine particles
<2.5 um in diameter (PM3 5) are considered to be a more sensitive
indicator of air pollution than NO,, further studies adopting
PMs 5 are expected to provide more evidence of adverse health
effects of air pollution in Japan.

In conclusion, the present study suggests that long-term
exposure to traffic-related air pollution increases the risk of
cardiopulmonary mortality, especially of IHD mortality, even in
a population with a relatively low BMIL The present findings
also provide additional evidence that non-smokers have higher
risks of LC mortality due to air pollution. Further research is also
needed to examine the long-term effects of air pollution in
various Asian populations.
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‘Physical Activity and Mortality Risk in
the Japanese Elderly
A Cohort Study

Kazumune Ueshima, MD, Kazuko Ishikawa-Takata, PhD, Takashi Yorifuji, MD, PhD,'
Etsuji Suzuki, MD, PhD, Saori Kashima, PhD, Soshi Takao, MD, PhD, Masumi Sugiyama, BA,

Toshiki Ohta, MD, PhD, Hiroyuki Doi, MD, PhD

Background: Physical activity recommendations for older adults with poor health needs to be
understood.

Purpose: This study aims to examine the association between the frequency of physical activity and
mortality among a sample of elderly subjects, most of whom were under treatment for pre-existing disease.

Methods: Data on the frequency of leisure-time physical activity, walking for transportation, and
non-exercise physical activity were obtained from a population-based cohort study in Shizuoka,
Japan. Of the randomly selected 22,200 residents aged 65-84 years, 10,385 subjects were followed
from 1999 to 2006 and analyzed. Hazard ratios (HRs) and 95% Cls were obtained for all-cause;
cardiovascular disease (CVD); and cancer mortality, after adjusting for covariates such as pre-
existing disease(s). A subgroup analysis that was restricted to subjects under treatment for pre-
existing disease(s) at baseline was further conducted. Data were collected between 1999 and 2006,
and all analyses were conducted in 2008 and 2009.

Results: Every physical activity was associated with a reduced risk of all-cause and CVD mortality,
among not only the total sample but even those under treatment. The HRs for CVD mortality among
participants with 5 or more days of non-exercise physical activity per week for the total sample and
those with pre-existing disease(s) were 0.38 (95% CI=0.22, 0.55) and 0.35 (95% CI=0.24, 0.52),
respectively, compared with no non-exercise physical activity. The association between physical
activity and cancer mortality was not clear.

Conclusions: This study suggests a protective effect of physical activity on all-cause and CVD

mortality among Japanese elderly people with pre-existing disease.
(Am J Prev Med 2010;38(4):410 - 418) © 2010 American Journal of Preventive Medicine

Introduction

ince the 1950s, the association between physical activ-
ity and premature mortality has been discussed.* It is
now recognized that physical activity can, to a certain

extent, reduce premature mortality from all causes®*°; car-
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diovascular disease (CVD)*'°"'4, and total cancer, particu-
latly colon cancer.'>'® Accordingly, in 1995 the CDC and
the American College of Sports Medicine (ACSM) recom-
mended a moderate amount of physical activity (e.g., 30
minutes of brisk walking) on most days, preferably all days,
of the week for every U.S. adult."?

However, the evidence as a whole has been derived
from studies targeting the middle-aged and the elderly
combined, including three previous studies in Ja-
pan.®'”'® Studies that have investigated physical activity
exclusively in the elderly remain fairly sparse.>'®'*
Indeed, frail and older people may gain more from mod-
erate levels of physical activity,”® but possible adverse
effects of physical activity have been also indicated.””*
Although most studies have reported physical activity to
be beneficial in preventing premature mortality in the
elderly,>®191922-2% some studies have claimed that phys-

@ 2010 American Journal of Preventive Medicine e Published by Elsevier Inc.
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jcal activity may be harmful to the elderly.***"** An

update of the 1995 CDC/ACSM recommendations tar-
geting the elderly, which was published in 2007, also
suggests 5 or more days of moderately intense activity per
week.? The 2008 guidelines from the USDHHS™ are
similar for healthy older adults, but they recommend that
when health conditions do not permit this, they should be
as physically active as their ability allows. Because of its
importance, there is further need to understand how to
develop physical activity recommendations.

In this study, the associations between several types of
physical activity and all-cause, CVD, and cancer mortal-
ity were examined, using data from a Japanese elderly
cohort. Further, the modification of effects as a result of
pre-existing disease(s) was examined.

Methods
Participants

Data were collected in Shizuoka prefecture, a mid-sized
urban area in Japan. The Shizuoka Study is an ongoing
population-based prospective cohort study, with the pri-
mary purpose of investigating the longitudinal effects of
clinical, environmental, and behavioral factors on health
conditions. After stratifying by gender and age group (65-
74, 75— 84 years), 300 residents were randomly chosen from
each of the 74 municipalities in Shizuoka (N=22,200). In
December 1999, they were sent a questionnaire, which was
completed and returned by 14,001 subjects (response
rate=63%). These participants were then followed up in
December 2002 and March 2006, using the same question-
naire. The 14,001 respondents were defined as the Shizuoka
cohort.31-** Some participants were lost to follow-up or did
not return a complete questionnaire and were excluded
from the analyses.

Measures

Information was obtained on the amount of physical activity
by asking how many days a week the subjects spent 30 or
more minutes on leisure-time physical activity (such as
walking, gateball, and callisthenics; hereafter described as
LTPA); on walking for transportation (not including time
walking as an exercise; Walk); and non-exercise physical
activity (such as farmwork, gardening, and housework; non-
exercise PA). For each type of physical activity, the subjects
chose an answer from the following: none, 1-2 days per week,
3-4 days per week, and 5 or more days per week. The physical
activity categories were based on past studies,>*** but the
frequency categories were slightly modified to make it ap-
propriate for Japanese elderly people. The same modified
frequency categories were used in later studies.’®*

To examine the overall relationship between physical ac-
tivity and mortality risk, the subjects were classified into

April 2010

mutually exclusive groups according to the most frequently
performed of the three types of physical activity. Subjects
who did not spend 30 or more minutes a day on any kind of
physical activity (LTPA, Walk, and non-exercise PA) were
categorized as low. Mid-low was defined as subjects who
spent 30 or more minutes a day on any kind of physical
activity 1-2 days per week. Mid-high was defined as subjects

“who spent 30 or more minutes a day on any kind of physical

activity 3- 4 days per week. High was defined as subjects who
spent 30 or more minutes a day on any kind of physical
activity 5 or more days per week.

Identification of the causes of death was accomplished by
record linkage of the cohort database with the National Vital
Statistics Database from the Ministry of Health, Labour and
Welfare of Japan, by matching date of birth, gender, and
residential area. The underlying causes of death were coded
according to the ICD-10, and the numbers of death from all

‘causes; CVD (ICD-10 codes: 100-199); and cancer (ICD-10

codes: C00—C97) were determined. Approval for this study
was obtained from the IRB of Okayama University Graduate
School of Medicine, Dentistry and Pharmaceutical Sciences.

The following variables were considered as potential con-
founders: gender; age (continuous variable) at baseline;
smoking status (never, former, or current); alcohol con-
sumption (none or rarely, 1-3 times a week, 4-6 times a
week, or everyday); BMI (continuous variable); self-rated
health; SES; mood status; and pre-existing illness at baseline.
BMI was calculated as body weight (kg) divided by the
square of height (m). Self-rated health was measured by
asking whether the participant felt healthy or not. SES was
assessed by asking whether they were financially indepen-
dent, and it was answered in two categories (independent or
dependent). Mood status was measured by asking the single
question Do you feel depressed? offering two responses, de-
pressed or not depressed. Pre-existing disease was assessed by
asking whether the subject was being treated for the fol-
lowing diseases at baseline, without considering the type of
medication: stroke, hypertension, heart disease, cancer, dia-
betes, fracture, gastrointestinal disease, lung disease, joint
disease, and others. When applicable, the existence of each
disease was adjusted in the following analyses. Selections of
the potential confounders were determined a priori based
on past findings.>!5*%?% All data for the covariates were
assessed from the baseline questionnaire, consequently
treating the covariates as fixed.

Statistical Analyses

Participants with missing data for mobility status (n=
361) as well as those with extremely poor mobility status
(n=306) were excluded, which was assessed using a single
question (see Appendix A, available online at www.ajpm-
online.net). Consequently, a total of 1663 participants were
excluded from the analysis who did not provide answers
regarding any one of the three types of physical activity.
Thus, 11,671 subjects were eligible for the present study. Of
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these, 1286 participants were lost to follow-up between 1999
and 2002, and 1977 participants were lost between 2002 and
2006. Consequently, 7409 survivors and 999 decedents were
identified up to March 2006.

In the analyses, those who were lost to follow-up at De-
cember 2002 (n=1286) were excluded. Those who were lost
to follow-up between December 2002 and March 2006 were
treated as censored at 3 years and were included in the
analyses. Therefore, a total of 10,385 subjects were analyzed
in the present study (Figure 1).

Person-years were counted for each subject from baseline
to the date of death, the date of censorship, or the end of
follow-up, whichever occurred first. Then, the age- and gen-
der-adjusted hazard ratios (HRs) and 95% ClIs for all-cause,
CVD, and cancer mortality according to the number of days
per week spent on LTPA, Walk, and non-exercise PA were
estimated using the Cox proportional hazards model. Mul-
tivariate HRs were determined by including all the relevant
confounders into the models. Analyses were also conducted
accordingly for activity index categorized by the overall
frequency, as previously defined. To test for dose-response
relationships, p-values for linear and quadratic trends were
calculated.

As the presence of pre-existing disease(s) at baseline may
influence the effect of physical activity, additional subgroup
analyses were conducted, restricting to participants with at
least one pre-existing disease, with two or more pre-existing
diseases, with hypertension, and with heart disease, for ho-
mogeneity. In the analysis, the existence of each pre-existing
disease was not adjusted. Further analyses were conducted
excluding deaths in the first 2 years of follow-up. Moreover,
a stratified analysis by gender was conducted in examining
the consistency with each gender, and p-values for the inter-
action term between each of the types of physical activity
were obtained. To examine multicollinearity, variance infla-
tion factors®® (VIFs) were calculated for each variable.

A p-value less than 0.05 (two-sided test) was considered
significant. SPSS 15.0] was used in the analyses. All data

22,200 randomly selected
subjects (Dec 1999)

v

14,001 questionnaires returned
(Shizucka cohaort)

*—————»

11,671 study subjects

gy ————

9833 survived and returned
questionnaire (Dec 2002)

‘-——»

7409 survived and relumed
questionnaire (Mar 2006}

2330 Excluded
306 poor mobility status
361 mobility status missing
1663 did not answer one or
more of the physical activity
questions

1286 lost to follow-up
552 died

1977 lost to follow-up
447 died
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Figure 1. Study flow chart (Shizuoka, Japan) 1999-2006

collection was conducted between 1999 and 2006, and all
analyses were conducted in 2008 and 2009.

Results

The baseline characteristics of all the eligible subjects
(n=11,671) are shown according to the follow-up status
in Table 1. The deceased subjects tended to be slightly
older and were likely to be men, were current smokers or
ex-smokers, had poor self-rated health, felt depressed, or
had sedentary lifestyles. Compared with survivors, those
who were lost to follow-up were about equally diseased at
baseline (data not shown).

During the 6 years of follow-up, of the 55,161 accrued
person-years, a tolal of 999 deaths were identified with a
known date of death. A total of 294 died from CVD and
332 from cancer. The follow-up rate was 72.0%, with a
mean follow-up period of 5.3 years.

Table 2 shows the associations between the frequency
of the three physical activity categories and mortality
among participants in the total sample. Inverse associa-
tions were observed between all the physical activity cat-
egories and all-cause mortality. CVD mortality was also
inversely associated with all the categories, although not
significant in some categories in LTPA and Walk. In most
cases, the dose-response relationships were apparent, but
the effects of LTPA on CVD mortality were most appar-
ent in the category of 1-2 days of LTPA per week. The
assocjations between physical activity and cancer mortal-
ity were not clear.

Table 3 shows the results of the analysis using the
overall index categorized by physical activity frequency.
Compared with the results from any single physical activ-
ity, further reduction was observed in the risk of mortality
from all causes and CVD, with clearer dose-response
relationships. Although no clear associations were found
between each type of physical activity and cancer mortal-
ity, the overall index of physical activity was associated
with a moderately reduced cancer mortality risk.-

Appendixes B-E (available online at www.ajpm-online.
net) show the results of subgroup analyses restricting the par-
ticipants to those who had at least one pre-existing disease and

- those who had two or more pre-existing diseases at baseline.

Those with at least one pre-existing disease showed almost
identical results to the participants in the total sample (e.g., HR
for all-cause mortality among participants with 5 or more days
of non-exercise PA was 046 [95% CI=0.37, 0.57]). Because of
limited number of participants, the results for those who had
two or more pre-existing diseases at baseline were somewhat
unstable, with wider Cls (e.g., HR was 0.39 [95% CI=0.28, 0.54]
for the same category as above), but the overall association
persisted. When stratified by hypertension and heart disease,
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Table 1. Baseline characteristics of study subjects according to follow-up status in Shizuoka, Japan (1999-2006),

n (%) unless otherwise indicated

Lost to follow-up
Total subjects Survivors Decedents [ d during Censored during
Baseline charagteristics (n=11,671) (n=7409) (n=999) 1999-2002 (n=1286) 2002-2008 (n=1977)
Men 6041 (51.8) 3728 (50.3) 699 (70.0) 651 (50.6) 963 (48.7)
Age (years; M [SD]) 74.0 (5.4) 73.2(5.2) 77.1(5.1) 75.3 (5.6) 74.6 (5.4)
BMI (kg/m? M [SD]) 21.9(3.0) 22,1 (2.9) 21.0(3.1) 21.6 (3.3) 21.7(3.2)
Daily alcohol intake®
None/rarely 7715 (66.1) 4778 (64.5) 657 (65.8) 899 (69.9) 1381 (69.9)
1-3 times/week 1070 (9.2) 730(9.9) 72(7.2) 104 (8.1) 164 (8.3)
4-6 times/week 633 (5.4) 441 (6.0) 46 (4.6) 53 (4.1) 93 (4.7)
Every day 2119 (18.2) 1378 (18.6) 215(21.5) 210 (16.3) 316 (16.0)
Smoking status?®
Never 8067 (69.1) 5262 (71.0) 580 (58.1) 845 (65.7) 1380 (69.8)
Former 1411 (12.1) 876 (11.8) 176 (17.6) 133(10.3) 226 (11.4)
Current 1987 (17.0) 1150 (15.5) 219(21.9) 280 (21.8) 338(17.1)
Self-rated health® '
Good 7250 (62.1) 5005 (67.6) 434 (43.4) 666 (51.8) 1145 (57.9)
Poor 3520 (30.2) 1916 (é5.9) 466 (46.6) 480 (37.3) 658 (33.3)
SES®
Low 3647 (31.2) 2176 (29.4) 300(30.0) 480 (37.3) 691 (35.0)
High 6769 (58.0) 4495 (60.7) 580 (58.1) 645 (50.2) 1049 (53.1)
Mental status®
Not depressed 6887 (59.0) 4662 (62.9) 493 (49.3) 612 (47.6) 1120 (66.7)
Depressed 3580 (20.7) 2055 (27.7) 384 (38.4) 511 (39.7) 630 (31.9)
Spent =30 minutes a day on leisure-time
physical activity (days/week)?
None 5671 (48.6) 3421 (46.2) 567 (56.8) 690 (53.7) 993 (50.2)
1-2 2212 (19.0) 1479 (20.0) 152 (15.2) 226 (17.6) 355 (18.0)
3-4 1623 (13.9) 1047 (14.1) 124 (12.4) 164 (12.8) 288 (14.6)
=5 2165 (18.6) 1462 (19.7) 156 (15.6) 206 (16.0) 341 (17.2)
| Spent =30 minutes a day on walking for
transportation (days/week)®
None 2946 (25.2) 1637 (22.1) 375(37.5) 415 (32.3) 519 (26.3)
1-2 2798 (24.0) 1797 (24.3) 226(22.6) 303 (23.6) 472 (23.9)
3-4 2089 (17.9) 1353 (18.3) 140 (14.0) 221 (17.2) 375 (19.0)
=5 3838 (32.9) 2622 (35.4) 258 (25.8) 347 (27.0) 611 (30.9)
Spent =30 minutes a day on non-exercise
physical activity (days/week)®
None 1770 (15.2) 776 (10.5) ‘ 312(31.2) 327 (25.4) 355 (18.0)
1-2 days/week 1684 (14.4) 997 (13.5) 189 (18.9) 198 (15.4) 300 (15.2)
3-4 days/week 2046 (17.5) 1347 (18.2) 154 (15.4) 194 (15.1) 351 (17.8)
=5 days/week 6171 (52.9) 4289 (57.9) 344 (34.4) 567 (44.1) 971 (49.1)

2Percentages do not add up to 100 because of missing data.
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Table 2. Hazard ratios (95% Ci) for mortality within the total sampie according to the type of physical activity

None 1-2 days/week 3-4 days/week =5 days/week p for trend®
LEISURE-TIME PHYSICAL ACTIVITY
Person-years 25,925 10,787 7814 10,638
All-cause mortality
Number of deaths 567 152 124 156
Age- and gender-adjusted 1.00 0.65(0.52,0.81) 0.76(0.60,0.96) 0.62(0.50,0.77) <0.001
Multivariate® 1.00 0.70(0.56, 0.87) 0.82(0.65,1.03) 0.70(0.56, 0.88) 0.001
Cardlovascular disease mortality
Number of deaths 174 39 36 45
Age- and gender-adjusted 1.00 0.42(0.26,0.67) 0.73(0.48,1.11) 0.65(0.48, 0.96) 0.01
Multivariate® 1.00 0.46(0.28,0.74) 0.79(0.52,1.21) 0.78(0.53,1.15) 0.13
Cancer mortallty
Number of deaths 161 68 51 52
Age- and gender-adjusted 1.00 1.05(0.76,1.46) 1.18(0.84,1.67) 0.79(0.56,1.13) 0.43
Multivariate® 1.00 1.08(0.78,1.51) 1.22(0.86,1.72) 0.82(0.58,1.17) 0.58
WALKING FOR TRANSPORTATION ‘
Person-years 12,812 13,320 9986 19,045
All-cause mortality
Number of deaths 375 226 140 258
Age-adjusted 1.00 0.67(0.55,0.82) 0.55(0.44,0.70) 0.51(0.42,0.62) <0.001
Multivariate® 1.00 0.77(0.63,0.95) 0.66(0.52,0.84) 0.68(0.55,0.83) <0.001
Cardiovascular disease mortality ‘
Number of deaths 115 73 37 69
Age-adjusted 1.00 0.64(0.45,0.92) 0.46(0.30,0.72) 0.47(0.33,0.67) <0.001
Multivariate® 1.00 0.75(0.59,1.22) 0.59(0.37,0.92) 0.68(0.47,0.99) 0.02
Cancer mortality '
Number of deaths 97 84 53 98
Age-adjusted 1.00 0.94(0.68,1.32) 0.82(0.56,1.19) 0.73(0.53,1.01) 0.04
Multivariate® 1.00 1.00(0.72,1.40) 0.89(0.61,1.31) 0.83(0.59, 1.15) 0.21
NON-EXERCISE PHYSICAL ACTIVITY
Person-yeats 6722 7662 9932 30,848
All-cause mortality
Number of deaths 312 189 154 344
Age-adjusted 1.00 0.63(0.50,0.78) 0.38(0.30,0.49) 0.36(0.29,0.43) <0.004
Multivariate® 1.00 0.72(0.57,0.89) 0.47(0.37,0.61) 0.47(0.39,0.58) <0.001
Cardlovascular disease mortallty
Number of deaths 109 53 43 89
Age-adjusted 1.00 0.47(0.341,0.70) 0.26 (0,16, 0.41) 0.26(0.19,0.37) <0.001
Multivariate® 1.00 0.57(0.38,0.86) 0.35(0.22,0.55) 0.38(0.22,0.55) <0.001

{continued on next page)
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Table 2. (continued)

None 1-2 days/week 3-4 days/week

=5 days/week  p for trend”

Cancer mortailty
Number of deaths 58 70
Age-adjusted

Multivariate®

1.00 1.26(0.85,1.89) 0.82(0.54,1.25)
1.00 1.32(0.88,1.98)

60 144
0.81.(0.57, 1.15) 0.04

0.892(0.58,1.36) 0.91(0.63, 1.32) 0.19

Note: Significant results are presented in boldface.

aThe pvalues are for linear trend. Most of the pvalues for quadratic trend were slightly larger with little difference.
bSimultaneously adjusted for BMI, smoking status, alcohol consumption, SES, mental health, selfrated health, and treatment of certain kinds
of disease at baseline (stroke, hypertension, heart disease, cancer, diabetes, fracture, gastrointestinal disease, lung disease, joint disease,

and others)

the Cls were wide as expected, but the point estimates remained
protective.

When those who had died in the first 2 years of follow-up
were excluded, the results did not substantially change
(data not shown). Overall, no substantial differences were
observed when stratified by gender, except for non-exercise
PA: The protective effect was consistently obvious in
women (e.g., HRs for all-cause mortality in those who
spent 30 or more minutes on non-exercise PA for 5 or
more days per week were 0.54 [95% CI=0.42, 0.68} in
men, and 0.38 [95% CI=0.26, 0.54] in women [p-value
for interaction=0.11]). Because the VIFs for all variables

were less than 2, multicollinearity was not apparent in
this study.*

Discussion

This is the first study to examine the association between
physical activity and mortality solely among Japanese
elderly people with pre-existing disease(s). The risk for
all-cause and CVD mortality decreased substantially with
any type of physical activity, with clear dose-response
relationships. Very similar results were observed for the
participants with at least one pre-existing disease and

Table 3. Hazard ratios (95% Cl) for mortality within the total sample according to the overail index categorized by

frequency
Low? Mid-low? Mid-high® High® p for trend”

Person-years 3036 6140 10,051 35,834
All-cause mortallty !

Number of deaths 194 175 190 440

Age- and gender-adjusted 1.00 0.55(0.43,0.71) 0.36(0.28,0.46) 0.27(0.22,0.33) <0.001

Multivariate® 1.00 0.67(0.52,0.86) 0.46(0.36,0.59) 0.39(0.34,0.49) <0.001
Cardlovasculér disease mortality '

- Number of deaths 66 63 857 118

Age- and gender-adjusted 1.00 0.43(0.27,0.67) 0.32(0.214,0.49) 0.22(0.16,0.32) <0.001

Multivariate® 1.00 0.53(0.33,0.83) 0.44(0.29,0.68) 0.35(0.23,0.51) <0.001
Cancer mortallty

Number of deaths 35 60 66 171

Age- and gender-adjusted 1.00 1.13(0.68,1.88) 0.75(0.46,1.24) 0.64(0.41,1.02) 0.001

Multivariate® 1.00 1.26(0.75,2.12) 0.86(0.562,1.44) 0.77(0.48,1.24) 0.02

Note: Significant results are presented in boldface.
3L ow, none of the physical activities given; Mid-low, 1-2 days of physical activity per week; Mid-high, 3-4 days of physical activity per week;
High, 5 or more days of physical activity per week
"The pvalues are for linear trend. Most of the pvalues for quadratic trend were slightly larger with little difference.
°Simultaneously adjusted for BMI, smoking status, alcoho! consumption, SES, mental health, self-rated health, and treatment of certain kinds
of disease at baseline (stroke, hypertension, heart disease, cancer, diabetes, fracture, gastrointestinal disease, lung disease, joint disease,

and others)
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further, somewhat unstable but substantial decreases
were found in the participants with two or more pre-
existing diseases. However, the association between phys-
ical activity and cancer mortality was not clear, although a
protective effect was indicated by the relationship be-
tween the overall frequency of physical activity and can-
cer mortality.

Physical activity may trigger sudden death in elderly peo-
ple, especially in people who do not exercise regularly,*”*!
and vigorous activity has been reported to have a higher risk
of injury.** In spite of the possible adverse effects of phys-
ical activity, this study indicated that elderly people with a
pre-existing disease may benefit from physical activity.
Some recommendations encourage physical activity to
patients as a part of medication,">** and this study con-
firms that the concept also applies to the elderly. More-
over, an inverse association in all-cause and CVD mor-
tality was observed with just 1-2 days of any kind of
physical activity per week. In accordance with some pre-
vious investigations,******* this study provides evi-
dence to the possibility that low frequencies of physical
activity, less than the recommended frequency of physi-
cal activity on most days of the week,'>?° also has health
benefits for the elderly. Combined with the evidence that
multiple bouts each lasting 10 or more minutes can re-
place continuous single bouts of activity,'>** the finding
suggests the benefit of any level of physical activity among
the elderly. '

The effects of LTPA on CVD mortality were most
apparent in the category of 1-2 days of LTPA per week.
Unlike for Walk and non-exercise PA, dose-response
relationships were not apparent. Past studies®*® have
described the inverse dose-response relationships be-
tween physical activity and health-related outcomes, and
a consensus panel held in October 2000 had concluded
that there is an inverse and linear dose-response relation-
ship between the volume and intensity of physical activity
and CVD mortality.** One of the reasons why this study
could not demonstrate the dose-response relationship
may be the absence of a measure of intensity. The volume
and intensity of LTPA may have varied substantially ac-
cording to the frequencies, and it is possible that those
who spent 1-2 days per week on LTPA may have partic-
ipated in activities with more volume and/or more vigor-
ous activities, compared with those who reported spend-
ing 5 or more days per week on LTPA. Further studies are
warranted to examine the possible benefits of LTPA on
the risk of mortality among the elderly by employing
more rigorous assessments.

The protective effect of physical activity on cancer
mortality was not clear in this study. Physical activity has
been generally recognized to reduce total cancer and co-
lon cancer risk,'>'® but most of the evidence has been

146

derived from the middle-aged. Given the relatively short
follow-up period of this study, further studies are needed
to examine the possible effects of physical activity on
cancer mortality among the elderly.

There are several limitations in this study. First, a self-
report questionnaire was used to assess the frequency of
physical activity, and this may be susceptible to misclas-
sification.*”** Measurement error may be substantial, es-
pecially in older adults.” Therefore, the results obtained
in this study may be biased from the actual associations
between physical activity and mortality. On the other
hand, using self-reportsis the most inexpensive and prac-
tical way to measure physical activity in a large popula-
tion.>**** Second, the low response rate of 63% and loss
to follow-up may have induced selection bias and re-
sulted in a distorted conclusion. Information about the
residents who did not respond to this study was not
available. On the other hand, considering the fact that
censored participants did not differ largely from survi-
vors in the proportion of pre-existing illness at baseline
(data not shown), the subjects are believed to be quite
representative of the inhabitants in Shizuoka prefecture.

Third, the three categories of physical activity did not
take account of the intensity of the activity, and the
choices of frequency were crude. Thus, the MET's or the
calories expended could not be calculated, which made it
difficult to compare the present results with other studies.
Instead, the results of an index categorized by overall
frequency were demonstrated, which yielded a clearer
inverse relationship between physical activity and mor-
tality. Finally, residual confounding by categorizing SES
and mental status as dichotomous variables may remain.
In addition, unmeasured variables such as total energy
intake® and neighborhood environment®! could affect
the findings. However, as the present findings qualita-
tively agree with past studies,>>>* the distortion by these
residual confounding and inappropriate adjustment may
be acceptable. Although some of the covariates (e.g.,
BMI) may at least partly be in the causal pathway of
interest, no substantjal differences were observed when
no adjustment was made for BML

Because unhealthy people are usually inactive com-
pared with healthy people, a spurious association from
reverse causation is almost unavoidable in an observa-
tional study. Restricting the participants to healthy peo-
ple and collecting. disease incidence data are some of the
ways to reduce reverse causation.” On the other hand,
elderly people are known to be survivors®»®%; thus, el-
derly subjects without chronic diseases are likely to be a
very special group that does not represent the general
population. Therefore, the participants were not re-
stricted to healthy people. It was attempted to reduce the
possibility of reverse causation by eliminating the partic-
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ipants with low mobility status at baseline and adjusting
for the existence of diseases. In addition, analyses were
performed after excluding those who had died in the first
2 years of follow-up.

Conclusion

This study suggests a protective effect of physical activity
on all-cause and CVD mortality with clear dose-response
relationships among Japanese elderly subjects. These
protective effects were observed even among those who
had pre-existing disease(s) at baseline. A protective effect
on cancer was however less clear. Given that most elderly
people have pre-existing diseases, further studies are
needed to examine the possible benefits of physical activ-
ity among the elderly by employing more precise assess-
ments, quantifying the frequency, duration, and intensity
of physical activity.

This study was funded by Health and Labour Sciences
Research Grants, Comprehensive Research on Aging and
Health. The authors are grateful to Ichiro Kawachi for his
valuable comments on the results of the current study.
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