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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

Available online 30 June 2009

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.

139

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
Neither insomnia® nor use of hypnotics
Person-years 916 3465 7279 9881 2587 1829
All-cause mortality
Deaths (n) 8 32 69 139 56 69
Age- and sex-adjusted HR (95% Cl) 1.06 (0.45-2.48) 1.18 (0.72-194) 1.00 1.26 (0.88-180) 1.81 (118-2.78) 249 (163-3.78)
Mutltivariate HRY (95% C1) 1.05 (0.45-2.46) 1.21 (0.74-1.99) 1.00 1.20 (0.84~1.72) 171 (111-2.64) 2.24 (147-3.42)
Multivariate HR® (95% C1) 1.05 (045-2.48) 1.20 {0.73-1.98) 100 1.20 (0.84-1.73) 1.72 (112-2.65) 2.23 (146-3.41)
Cardiovascular disease mortality
Deaths (n) 3 5 20 . 45 17 22
Age- and sex-adjusted HR (95% CI) 0.51 (0.07-3.88) 0.73 (027-2.01) 1.00 119 (0.64-2.23) 1.68 (0.79-3.57} 1.57 (0.69-3.55)
Multivariate HR® (95% CI) 0.46 (0.06-3.50) 0.73 (026-2.01) 1.00 115 (0.61-216) 1.55 (0.73-3.31) 1.38 (0.60-3.14)
Multivariate HR® (95% CI) 046 (0.06-3.50) 0.72 (0.26-2.00) 1.00 115 (0.61-2.16) 1.56 (0.73-3.33) 1.36 (0.60-3.11)
Either insomnia® or use of hypnotics
Person-years 4708 6040 6264 6351 1708 1472
All-cause mortality
Deaths (n) 59 84 88 146 40 66
Age- and sex-adjusted HR (95% CI) 0.88 (0.58-1.34) 1.02 (0.70-1.48) 100 163 (1.17-2.27} 127 (0.78-2.05) 2.53 (1.69-3.79)
Multivariate HR® (95% C1) 0.83 (0.55-127) 1.03 (0.71-1.49) 100 164 (1.17-2.28) 1.25 (0.77-2.02) 211 (1.40-3.19)
Multivariate HRC (95% (1) 0.83 (0.54-1.26) 1.01 (0.69-147) 1.00 163 (1.17-2.27) 1.20 (0.74-1.95) 2.03 (1.34-3.06)
Cardiovascular disease mortality
Deaths (n) 20 26 24 45 12 22
Age- and sex-adjusted HR (95% CI) 132 (0.64-2.74) 1.02 (0.49-2.12) 1.00 1.86 (0.99-3.52) 1.34 (0.54-3.34) 3.04 (1.45-6.40)
Multivariate HR® (95% CI) 1.18 (057-2.46) 1.01 (049-2.09) 1.00 1.84 (0.97-3.48) 1.31 (053-327) 249 (117-5.30)
Multivariate HR® (95% (1) 119 (0.57-247) 0.99 (048-2.05) 1.00 1.79 (095-3.40) 1.26 (0.51-3.15) 2.30 (1.08-4.92)

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
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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?).

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

7
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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,

www.ajpm-online.net
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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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of this paper.

References

1. Morris JN, Heady JA. Mortality in relation to the physical
activity of work: a preliminary note on experience in middle
age. Br] Ind Med 1953;10:245-54.

2. Paffenbarger RS, Wing AL, Hyde RT. Physical activity as an
index of heart attack risk in College Alumni 1. Am J Epidemiol
1978;108:161-75.

3. Blair SN, Kohl HW 3rd, Barlow CE, Paffenbarger RS Jr, Gib-
bons LW, Macera CA. Changes in physical fitness .and all-
cause mortality. A prospective study of healthy and unhealthy
men. JAMA 1995;273:1093- 8.

4. Rockhill B. Physical activity and mortality: a prospective study
among women. Am J Public Health 2001;91:578 — 83,

5. Oguma Y, Sesso HD, Paffenbarger RS Jr, Lee IM. Physical
activity and all caiise mortality in women: a review -of the
evidence. Br ] Sports Med 2002;36:162-72.

6. Sundquist K, Qvist ], Sundquist J, Johansson SE. Frequent and
occasional physical activity in the elderly a 12-year follow-up
study of mortality. Am J Prev Med 2004;27:22-7.

7. HuFB, Willett WC, Li T, Stampfer MJ, Colditz GA, Manson JAE.
Adiposity as compared with physical activity in predicting mor-
tality among women. N Engl ] Med 2004;351:2694 -703.

8. Inoue M, Iso H, Yamamoto S, et al. Daily total physical activity
level and premature death in men and women: results from a
large-scale population-based cohort study in Japan (JPHC
study). Ann Epidemiol 2008;18:522-30,

9. Leel, Blair S, Manson J, Paffenbarger RS Jr, eds. Epidemiologic
methods in physical activity studies. 1sted. New York: Oxford
University Press, 2008,

April 2010

10. Stamatakis E, Hamer M, Lawlor DA. Physical activity, mortal-
ity, and cardiovascular disease: is domestic physical activity
beneficial? The Scottish Health Survey—1995, 1998, and 2003.
Am ] Epidemiol 2009;169:1191-200.

11. Kujala UM, Kaprio ], Sarna S, Koskenvuo M. Relationship of
leisure-time physical activity and mortality the Finnish twin
cohort. JAMA 1998;279:440 - 4.

12. Wannamethee SG, Shaper AG. Physical activity in the preven-
tion of cardiovascular disease: an epidemiological perspective.
Sports Med 2001;31:101-14.

13. Fang J, Wylie-Rosett J, Cohen HW, Kaplan RC, Alderman
MH. Exercise, body mass index, caloric intake, and cardiovas-
cular mortality. Am J Prev Med 2003;25:283-9.

14. Oguma Y, Shinoda-Tagawa T. Physical activity decreases car-
diovascular disease risk in women review and meta-analysis.
Am ] Prev Med 2004;26:407-18.

15. Pate RR, Pratt M, Blair SN, et al. Physical activity and public
health. A recommendation from the CDC and the American
College of Sports Medicine. JAMA 1995;273:402-7.

16. GreggEW, CauleyJA, StoneK, etal. Relationship of changes in
physical activity and mortality among clder women. JAMA
2003;289:2379 - 86.

17. Menotti A, Blackburn H, Kromhout D, Nissinen A, Adachi H,
Lanti M. Cardiovascular risk factors as determinants of 25-
year all-cause mortality in the Seven Countries Study. Eur ]
Epidemiol 2001;17:337-46.

18. TFujitaK, Takahashi H, Miura C, etal. Walking and mortality in
Japan: the Miyagi Cohort Study. ] Epidemiol 2004;14:26 -32.

19. Paffenbarger RS, Hyde RT, Wing AL, Lee I. The association of
changes in physical-activity level and other lifestyle character-
istics with mortality among men. N Engl ] Med 1993;328:
538-45.

20. Hein HO, Suadican P, SORensen H, Gyntelberg F. Changes in
physical activity level and risk of ischaemic heart disease: a
six-year follow-up in the Copenhagen Male Study. Scand
J Med Sci Sports 1994;4:57- 64,

21. Sherman SE, D’Agostino RB, Cobb JL, Kannel WB. Does ex-
ercise reduce mortality rates in the elderly? Experience from
the Framingham Heart Study. Am Heart ] 1994;128:965-72.

22. Hakim AA, Petrovitch H, Burchfiel CM, et al. Effects of walk-
ing on mortality among nonsmoking retired men. N Engl
] Med 1998;338:94-9.

23. Wannamethee SG, Shaper AG, Walker M. Changes in physical
activity, mortality, and incidence of coronary heart disease in
older men. Lancet 1998;351:1603- 8,

24. Manini TM, Everhart JE, Patel KV, et al. Daily activity energy
expenditure and mortality among older adults. JAMA 2006;
296:171-9.

25. Bembom O, van der Laan M, Haight T, Tager 1. Leisure-time
physical activity and all-cause mortality in an elderly cohort.
Epidemiology 2009;20:424 -30.

26. Blair SN, Cheng Y, Holder JS. Is physical activity or physical
fitness more important in defining health benefits? Med Sci
Sports Exerc 2001;33:379 - 81.

27. Maron BJ. The paradox of exercise. N Engl ] Med 2000;
343:1409-11.

28. Albert CM, Mittleman MA, Chae CU, Lee IM, Hennekens CH,
Manson JE. Triggering of sudden death from cardiac causes by
vigorous exertion. N Engl ] Med 2000;343:1355-61.

29. Nelson ME, Rejeski W], Blair SN, et al. Physical activity and
public health in older adults: recommendation from the Amer-

' 147



418

30.

31

32.

33.

34,

35.

36.

37.

38.

39,

40.

41.

42,

43.

148

Ueshima et al / Am ] Prev Med 2010;38(4):410-418

ican College of Sports Medicine and the American Heart
Association. Med Sci Sports Exerc 2007;39:1435~ 45.
USDHHS. 2008 Physical activity guidelines for Americans.
Atlanta GA: USDHHS, CDC, National Center for Chronic
Disease Prevention and Health Promotion, 2008.

Suzuki E, Yorifuji T, Takao S, et al. Green tea consumption and
mortality among Japanese elderly people: the prospective Shi-
zuoka Elderly Cohort. Ann Epidemiol 2009;19:732--9.

Suzuki E, Yorifuji T, Ueshima K, et al. Sleep duration, sleep
quality and cardiovascular disease mortality among the el-
derly: a population-based cohort study. Prev Med 2009;49:
135-41.

Yorifuji T, Kashima S, Tsuda T, et al. Long-term exposure to
traffic-related air pollution and mortality in Shizuoka, Japan.
Occup Environ Med:In press.

LaCroix AZ, Guralnik JM, Berkman LF, Wallace RB, Satter-
field S. Maintaining mobility in late life, IT: Smoking, alcohol
consumption, physical activity, and body mass index. Am J
Epidemiol 1993;137:858 - 69.

Leveille SG, Guralnik JM, Ferrucci L, Langlois JA. Aging suc-
cessfully until death in old age: opportunities for increasing
active life expectancy. Am ] Epidemiol 1999;149:654 - 64.
Luch MC, Herzog AR. Individual consequences of volunteer
and paid work in old age: health and mortality. ] Health Soc
Behav 2002;43:490 -509.

Rockwood K, Howlett SE, MacKnight C, et al. Prevalence,
attributes, and outcomes of fitness and frailty in community-
dwelling older adults: report from the Canadian Study of
Health and Aging. J Gerontol 2004;59:1310-7.

Lindsted KD, Tonstad S, Kuzma JW. Self-report of physical
activity and patlerns of mortality in Seventh-day Adventist
men. J Clin Epidemiol 1991;44:355-64.

Matthews CE, Jurj AL, Shu X, et al. Influence of exercise,
walking, cycling, and overall nonexercise physical activity on
mortality in Chinese women. Am J Epidemiol 2007;165:
1343-50.

O’brien RM. A caution regarding rules of thumb for variance
inflation factors. Qual Quant 2007;41:673-90.

Albert CM, Mittleman M A, Chae CU, Lee IM, Hennekens CH,

Manson JE. Triggering of sudden death from cardiac causes by .

vigorous exertion. J Cardiopulm Rehabil Prev 2001;21:117.
Franklin BA, Whaley MH, Howley ET, Balady GJ, eds. ACSM’s
guidelines for exercise testing and prescription: testing and
prescription. 6th ed. Philadelphia PA: Lippincott Williams &
Wilkins, 2000.

Haskell WL, Lee IM, Pate RR, et al. Physical activity and public
health: updated recommendation for adults from the Ameri-

44,

45,

46.

47.

48.

49.

50.

51

52.

54.

55.

can College of Sports Medicine and the American Heart
Association. Med Sci Sports Exerc 2007;39:1423-34.
Kesaniemi YA, Danforth E Jr, Jensen MD, Kopelman PG,
Lefebvre P, Reeder BA. Dose-response issues concerning
physical activity and health: an evidence-based symposium.
Med Sci Sports Exerc 2001;33:5351- 8.

Manson JAE, Greenland P, LaCroix AZ, et al. Walking com-
pared with vigorous exercise for the prevention of cardiovas-
cular events in women. N Engl ] Med 2002;347:716-25.

Lee PY, Alexander KP, Hammill BG, Pasquali SK, Peterson
ED. Representation of elderly persons and women in pub-
lished randomized trials of acute coronary syndromes. JAMA
2001;286:708-13,

Lamonte MJ, Ainsworth BE. Quantifying energy expenditure
and physical activity in the context of dose response. Med Sci
Sports Exerc 2001;33:5370 - 8. '

Adams SA, Matthews CE, Ebbeling CB, et al. The effect of -
social desirability and social approval on self-reports of phys-
ical activity. Am J Epidemiol 2005;161:389 -98.

Sesso HD, Paffenbarger RS, Ha T, Lee 1. Physical activity and
cardiovascular disease risk in middle-aged and older women.
Am ] Epidemiol 1999;150:408 -16.

Willett WC, Howe GR, Kushi LH. Adjustment for total energy
intake in epidemiologic studies. Am J Clin Nutr 1997;65(4S):
1220S-8S.

Inoue S, Murase N, Shimomitsu T, et al. Association of physi-
cal activity and neighborhood environment among Japanese
adults. Prev Med 2009;48:321-5.

Warburton DER, Nicol CW, Bredin SSD. Health benefits of phys-
ical activity: the evidence. Can Med Assoc J 2006;174:801-9.

. Hamer M, Chida Y. Walking and primary prevention: a meta-

analysis of prospective cohort studies. Br J Sports Med 2008;
42:238-43. .

Manton KG. Sex and race specific mortality differentials in
multiple cause of death data. Gerontologist 1980;20:480-93.
Kaplan GA. Mortality among the elderly in the Alameda
County Study: behavioral and demographic risk factors. Am ]
Public Health 1987;77:307-12.

Appendix

Supplementary data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.amepre.2009.
12.033.

www.ajpm-online.net



FPaiEREE—-R

SERE 12 S

1 BHME, SR FTrBY, ARBERAE, WEALEX @GRS

Fity & —) BT (ESThEsE - 5inn) . KEER (EsomEprh
HE) AT R L R 0 B A i R B I ) B b AT
T L D — 55 22 B A AREEESS (10 B) |
MARE, ARERA, BTIBY . BRHET. WELE GRERER
o x—) (B osEmNEEICEETIAFEORE GE1H) | 837
EIE I AR RS (2 B)

FRE 13 R
1

MRE A, HHME, MELE, FT0HBY . FIRER GHRIER A
X —) BRI ENIITEBOEAN  ESEREE - REWIET) . KEEE (E
STEEFTPEER) [ EEE OMEIR & AR R, AETIE—-HRRICBITS
EEEAEEERE IV —] F 23 B AAREFEEEYES (11 A)

WEALE, BHME, HETHhB0 BRERAEEYE Y —), HiEthT (R
MEEEAE v 7 —) . EET WSITEOEA  ESTEEE - R .
KEEN (EsrREFTEmb:) [EEnE OBEIEE 1 & AT 2 —F R IR
B3 EBELEEERE LV — F60 B IAAREARES (11A)
BHmmE, TRV, FEER, AGRERE, MBAE FERRA M
o —) [EEE OBERES & AT B8 IRIZRIT 2 BE EIEER
FE 28— F 38 mFFMBRAREAEN RS (2 H)

Tl 14 5EEE

1

ARERAE, SRR, IBLHIF. TV, REER GRERRARE
oy —) WEEEN CUNREEHIERE) TRRICR T 2 EEEDE &
fERERTE, QOL MBEIE-DWT ) 5 24 | A AR #EFE % (10 A)

Mk 15 R

1

WSDANT. AREEEER, PR (RMRGRSREEE Y —), BEF (W
TBOEA  [ESCRERE - SeRBTZUET) . KEFH (B PHmbt, REERT
Jot v & —) Tkl Sl A TG 2 AEHENTIRAR S R 5 62 |l B ARAREAS
=tz (10 /)

149



150

2

ARERA, BEE, BUIF, $ERT. REETR GRERSEEL
F—), SEMTE WSIITBOEA  ESTEEE - SeBFRPD (ERE 0 EE
EhiR{t & QOL & mBfEE| 4 25 [ A A S (10 A)

MMREHARA (HRERAREYE ¥ —) [EiE o QOL & HfEsho ik
SERDBHIAELY ) BAEEAR—YFES (11 H)

EDIF. SEMT, FIRETR, ARERA, BEE, RERK GEER
BREYE ¥ —) T IR B RS A TS EEERTTRERS R 2 40 EEHE R AR
wmEMES 2 /)

SRR 17 EfE

1

ARERAE, BEST, SILLEE, BEHE GHERERERr &—), &
WAF Gl RIS EAREAE 7 —) TRBRE OAFERR & £1EEEDR
BZDOWT] %564 B A AAREEZSHKS OH)

Tl 18 SEEE

1

APRERA TaiE O QOL B L USEB B O HHTRE—SEC Yr¥ =2 b
15— % 9 ELEB A RRFEMES 8 A)

AEIBEF, KETHE @ERRREREEZ—) [EEE OREEDORE
ZAb-6 FROBEE LEREHEOKERPD SECTaPY=2 b 131 %

53 Al A AR BB EFER RS (10 A)

BLEE, AMRERA, KEEF, BEE GEBMGREE 2 —) T
MR EEREEEEERE SEC Y= b (FE2#)] %65 HAAAK
mARERRz (10 7)

AREZE THinE O QOL ORFEI—6 FHOEME LB REREOR
25 SEC7uv=’ b 12—

BLIEE, KEEF. ARBRE, BEE @GRMARRESZ—) T#
I B e AT SRAERA (BB 3 ¥ ) 56 48 MEHH RARMAM R (2 A)

TR 19 EE |
1 ARERAE (BHEBREREE Y —) IEHEOLKED - BB ORI

BB L UQOL, B THES & DBE—E R I 5 HTES) - EE~
DRI L EHT—] BARGETFSE 8 EKAS, A—FF 4 X Kk y
arC: IEmE,. BEE, BENBEONSELI A LER) ALY
YIRVA N (9H5-7H)



2

Kazuko Ishikawa-Takata [Recreation in the Elderly and Healthy Aging |
Joint Congress 2007 SEA Games & ASEAN Para Games Scientific
Congress and 5th Bangkok ASPASP International Congress on Sport
Psychology (12 § 4 H)

T 20

1

Yorifuji T, Kashima S, Suzuki E, Takao S, Tsuda T, Doi H (Okayama University
Graduate School of Medicine, Dentistry and Pharmaceutical Sciences), Sugiyama
M (Shizuoka Health Institute)] Long-Term Exposure to Particulate Matter and
All-Cause and Cause-Specific Morality in Japan: Shizuoka Study] Twentieth
Conference of the International Society for Environmental Epidemiology (ISEE),
Pasadena, California, USA, Oct. 12-16
HIEE @EEReREEEZ—). LELE, RRRE, HEES, &
RS (ELURZRFBRESEEFREPIER) HEROERE ICRIT DE
MR & SERBISEC OBLE | & 67 [B1 A AAREAF SRS (1L H 57 H)
ARG, EEES, ®EAF. LELE (MILRFEREREEREERA
KR, BLEE (BEERAEFEEV Y —) RAERE L 2FERET O
) %67 E B AARBAEESRS (11A 57 H)
IR —=, A, AIE, mRERF. LELE (MIUKEREREE
HEREGTRR) . BILER FGHEEREGERE Y —) BRIk 5E
BEE L ERBIE T OBNEMEDORKRET] ¥ 67 B AARBEFRRS (11 A
5-7 H)
MEMRTE, EERES, ARG, Mamin, LEAE (MILKERERE
EERETERD . BILEER @M ERSEEE & —) [EERICRIT 5 H#
WL~V ORBIN & FEARER L OBE] 5§ 67 Bl H AARBAZERS
(11 A 5-7 &) ,
BRES, BIE/MER, BEES, ARG, mERF. LELE (WK
FRFEREERETAR) . BILEE (HRRBEGEEY ¥ —) IR
BFIRWE & 2R - ERFIFETOBSEMEORE] 3 67 B A AARFBES
s (11LA 57 H)

PILEE., KBEIEF, ARBRE, AREEK (BREREREEF—)

[EinE O B SCHERHZBE T 2 TlTBUAHT-# M RIS 1) 5 BilhE 4 15 2 W
HL Y- 5 45 BIFRRRARBAENSES (2H 48)

151



152

MRE 21 EEE

1

Suzuki E, Yorifuji T, Takao S, Komatsu H, Kashima S, Doi H (Okayama University
Graduate School of Medicine, Dentistry and Pharmaceutical Sciences), Sugiyama
M (Shizuoka Tobu Institute of Health and welfare)[ Green Tea Consumption and
Mortality among Japanese Elderly: A Population-based Cohort Study] 42nd Annual
Society for Epidemiologic Research Meeting, Anaheim, California, June 23-26
Suzuki E, Yorifuji T, Takao S, Ueshima K, Doi H (Okayama University Graduate
School of Medicine, Dentistry and Pharmaceutical Sciences), Sugiyama M
(Shizuoka Tobu Institute of Health and welfare) [Sleep Duration, Sleep Quality and
Cardiovascular Disease Mortality among the Elderly: A Population-based Cohort
Study] 42nd Annual Society for Epidemiologic Research Meeting, Anaheim,
California, USA, June 23-26

TNz, EEET BMEBEREEEE Y —), ARBRE CREXRT). &
(LEYE (B R ERERALE ¥ —) | BHEAT (E LR - @ BT%0e) |
KHEBR (EREAKEIHOR) TEERICEIT 2 HIBREESERE O
TR BRLOLES L & ATEEBRESS X OMRE & OBIR] 68 [E A ALK
fAFaRs (10 A 21-23 A)

SiAHR, RS, BREKRF. LELE (MILKRERFRERESREH
7R . HILEE FRRERSERELE 7 —) TRREICRIT 2 FAER
LR OBE] 46 EIFFHRAREENRES (1A 27 H)

Nse, AREERK, EEET FGRRReEEE 7 —). ARBRE (K
WER) EHEMF (ESCERE - REHZAT) . KEHER (BEREAFARS
<BHOBR) [TEERME IR DB ENRT & AR T UVE S L
DBIRIZ DN TR 20 FEFHARIC KT 2 mndE AEEEBERENL-] B
46 [EIEIE RARBEN RS (1A 27 A)



BRI R 1T D Ml TR ERR A RS R E
— BB RMIER OO DAEFETRIZEIT T £ 1H—

TRk 22 % 3 A AT

TREFRLT « B RS ¥ —
(T411—0801) #MRA=EHAH 2276 Fit
( TEL:055—973-7001 )

WEE T N =
[ B OEEN
%

.
H
e R =

HEFEE - WHERE
AMEHE R A&
MSTATEOE N B SIHEE - SR irgerr
m B f T
EFEASRKE < BHOR
X H F W





