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CLINICAL INVESTIGATIONS

Japan Arteriosclerosis Longitudinal Study-Existing
Cohorts Combine (JALS-ECC)

—— Rationale, Design, and Population Characteristics —

Japan Arteriosclerosis Longitudinal Study (JALS) Group*

Background The Japan Arteriosclerosis Longitudinal Study-Existing Cohorts Combine (JALS-ECC) is a pooled
study based on individual participant data from existing prospective cohort studies in Japan. Its purpose was (o
consider associations between risk factors and cardiovascular disease (CVD) outcomes, as well as differences
between subgroups, defined by age, gender or geographical region, which could not be detected in the smaller
samples.

Methods and Results Individual records for 66,691 participants in 21 cohort studies were pooled, accounting
for a total of 575,628 person-years. From this data, there were 409 deaths attributed to stroke and 169 deaths
attributed to coronary heart disease (CHD). Total stroke and CHD events were 1,478 and 178, respectively. Of
the 1,424 total stroke events with a reported stroke subtype, 975 were classified as ischemic, 267 as hemorrhagic,
and 178 as subarachnoid hemorrhage.

Condusion The JALS-ECC collected data from existing cohort studies covening a diverse Japanese population,
which has provided information about the effects of modifiable factors on the risks of the CVD. Such informa-
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tion should provide a reliable basis for establishing prevention strategies. (Circ J 2008; 72: 1563 -1568)
Key Words: Cohort study; Coronary heart disease; Meta-analysis: Stroke

any of the epidemiological studies that have been
M conducted in Japan are internationally accepted
as studies that have a unique perspective;!-!2
however, except for a few of them, the studies are either
small in size or short in follow-up duration. Consequently,
the small numbers of cardiovascular events recorded in
individual studies have limited the strength of the evidence
provided by any single study. Therefore, most studies can-
not provide precise evidence about associations between
risk factors and disease outcomes, nor can they reliably
assess differences among subgroups defined by age, gender,
or geographical region.

The Japan Arneriosclerosis Longitudinal Study (JALS)
involves cohort studies conducted in Japan and consists of 2
different collaborative pooling projects based on individual
participant data: the JALS with a common protocol, and
the JALS with a meta-analysis of existing cohorts, which
is called the Japan Arteriosclerosis Longitudinal Study-
Existing Cohorts Combine (JALS-ECC)!? The difference
between these 2 studies is the method of standardizing mea-
surements. Their common purpose is to clarify the follow-
ing: (1) associations between risk factors and cardiovascular
disease (CVD) outcomes; (2) risk factors and prevention
strategies of CVDs nationwide; and (3) differences among
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2008: accepted May 13, 2008; released online August 27, 2008)
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subgroups defined by age, gender, or geographical region
that cannot be detected from any single cohort study. The
collaborating investigators expect that both studies, together
with an assessment of homogeneity and heterogeneity
among cohorts, will provide reliable evidence for an epi-
demiological hypothesis. The JALS-ECC is the precedent
to the JALS and its principal aim is to propose a hypothesis
and proper statistical methods for the JALS in progress by
analyzing individual data. This paper describes the rationale,
study design, and methods of the JALS-ECC,

Methods

Study Design

Study Eligibility Cohort studies were eligible for inclu-
sion if they satisfied the following criteria: (1) subjects
were Japanese; (2) prospective cohort study; (3) at least
3,000 person-years of follow-up; (4) data included date of
birth (or age), gender, height, weight, blood pressure, and
total cholesterol recorded at baseline; and (5) data included
date of death or the age at death (for death from stroke or
coronary heart disease, at least) recorded during follow-up.

Principal Risk Factors The JALS group requested in-
dividual participants’ data from the collaborating investiga-
tors: date of baseline survey, date of birth or age at baseline,
gender, height, weight, history of CVDs, blood pressure
(systolic and diastolic), total cholesterol, high-density lipo-
protein-cholesterol (HDL-C), triglycerides, smoking and
drinking habits. Data were requested not only from the
baseline examination, but also from any subsequent exami-
nations during follow-up in order to examine and control
the effects of regression dilution bias!*

Principal Outcomes Individual participants’ data were
requested on the occurrence of any of the following out-
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Table 1 Principal Outcomes in JALS-ECC

Events ICD-9 codes ICD-10 codes
Cardiovascular diseases
Ischemic heart diseases 410 121-123

All cerebrovascular disease 430, 431, 433, 434, 436 160, 161, 163, 164

Ischemic stroke 433, 434 163
Hemorrhagic stroke 431 161
Subarachnoid hemorrhage 430 160

Total death

JALS-ECC, Japan Arteriosclerosis Longitudinal Study-Existing Cohoris Combine; ICD-9, 9* Revision of the International Classi-
fication Diseases (-1994); 1CD-10, 10 Revision of the International Classification Diseases (1995-),

Table 2 Baseline Characteristics of the Population in the JALS-ECC, 1985-2005

Cob Colore Fe ""0“‘;"5' Follow-up T "H‘;":;_“'P Follow-up Fastal Age (years)

- ort ort  mortality, morbidity, emale

Regions name size, n  start-end m start-end S (%) Male Female |

(year) Mean SD (year) Mean SD Mean 5D Min-Max Mean SD Min-Max

Community-based

Hokkatdo S?gn nno/ 2,066 1991-1999 661 3001 1991-1999 661 30.1 56.1 605 [0.9 25-9) 598 10.5 22-83
ubersu
Akira 1 6,484 1988-2003 1674 364 1988-2000 1417 272 649 585 119 27-93 568 112 12-94
Akita 2 Tkawa 2,595 I1985-1999 1288 29.5 [1985-1999 1288 29.5 S64 561 109 40-88 561 107 40-88
lwate Chasama 3014 1990-2001 1255 266 1990-200f 1255 266 609 579 129 2689 570 IL8 34-87
Ibaraki Kyowa 4,479 |985-1999 1206 30.7 I985-1999 J206 307 572 547 94 4083 549 06 4083
Niigata Tokamachi 8,480 1993-2003 938 315 1993-2003 938 315 669 59.5 J2.8 28-92 573 2.0 29-93
Toyama Oyabe 5,197 1988-1998 119.5 20.3 [988-1998 [19.5 203 G688 588 11.7 23-89 560 Il.] 22-89
Wakayama 1.365 1989-1999 1149 29.7 - - - 545 598 95 40-80 605 9.9 40-80
Osaka Yao, Minami- 3,855 1985-1998 1147 42.7 1985-1998 1147 427 652 561 111 40-84 529 10.7 40-87
takayasu

Shiga 1 Shigaraki 2,934 1992-2004 1150 280 1992-200]1 872 219 589 565 137 29-88 5646 141 29-94
Shiga 2 1,138 1999-2002 352 6.0 [1999-2002 352 60 S85 727 65 60-93 747 7.6 45-99
Hiroshima Hiroshima 2,222 1992-2001 709 220 1992-2000 435 233 713 706 R0 60-9%7 728 78 60-96
Kochi Kahoku 779 1992-2003 1086 37.7 - - - 603 774 55 64-94 761 51 64-92
Ehime Ohzu 5301 1996-2003 661 126 1996-2003 661 126 661 623 [26 22-95 380 141 20-94
Fukuoka | Hisayama 757 1990-2000 1184 9.5 [1990-2000 [I84 195 605 610 103 42-87 607 101 42-9]
Fukuoka 2 Tanushimarw 1,920 1999-2003 449 3.7 [999-2003 449 37 586 635 109 40-94 620 110 40-95
Kumamoto 2,465 ]999-2003 50.7 2.9 1999-2003 507 29 300 471 4.2 40-55 468 4.3 40-535

Work-site based
Tokye 801 1995-200] 694 7.3 ]995-2001 694 73 255 505 79 3567 511 6.5 36-68
Toyama 7.057 1990-2002 1264 37.7 1990-2002 1264 377 377 380 99 [865 363 102 1804
Aichi 2,810 1997-2001 318 l0.6 1997-2001 318 l06 a0 5lo 67 3470 - - -
Osaka 872 1985-2005 12701 49.6 1985-2005 1271 496 124 410 121 20-70 316 123 19-63

Total 66,691 [985-2005 999 490 [985-2005 934 451 555 542 138 I8-95 563 135 1899

Abbreviarion see in Table 1

comes: nonfatal stroke, nonfatal myocardial infarction (MI),

process of the correction was kept on record and it was
cause-specific cardiovascular death, and all-cause mortality

checked periodically in the Coordinating Center.

(Table 1). Details of the diagnostic criteria used for the de-
finition of major cardiovascular events and data on the com-
pleteness of follow-up were also collected. All outcomes
were classified, after recoding when necessary, according to
the 9% revision of the Intemational Classification of Dis-
cases until the end of 1994, and according to the 10% revi-
sion of the Intemational Classification of Diseases from the
beginning of 1995!% For any study that did not use this clas-
sification system, events were re-coded by the Coordinating
Center staff members.

Data Management

All data were submitted electronically from collaborat-
ing investigators, and were checked by staff at the JALS
Coordinating Center. The reports of completeness and con-
sistency were referred back to the collaborating investiga-
tors for review and confirmation. When data queries arose,
the Collaborating Center staff members and collaborating
investigators discussed and resolved the problems. The

The data provided for inclusion in the JALS-ECC are
held in strict confidence by the Coordinating Center. The
data from each cohort study remain the property of the prin-
cipal investigators of that study and will not be used for any
presentation or publication without the permission of the
Steering Committee. Permission to submit each cohort's
data to the JALS Coordinating Center was obtained from
each institute’s ethical review board,

Statistical Analysis Plan

Collected individual follow-up data will be expanded into
person-year type data, taking age changes into account. The
expanded data will then be aggregated by gender, cohon,
and age category. All analyses will be done by gender.
Hazard ratios of nisk factors and their confidence intervals
will be calculated using the Poisson regression model for
each event, Potential confounding factors and effect modi-
fiers will included in the model. Heterogeneity in the effect
of nisk factors among cohorts will be assessed using the

Cirenlation Journal Vol 72, October 2008
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Table 3 Number of Fatal Events in Each Study, JALS-ECC 1985-2005

Total Female
e ! e CHD Al CHD Al — H
Totml [lsch Hemo SAH Toml lsch Hemo SAH Total Isch Hemo SAH i
Communiry-based
Hokkaido 2,066 138 20 5 13 82 10 ] o 5 1o ! 2 7 &
Akira 1 6,484 )20 - - - - §os - - 525 -~ - - - -
Akira 2 2,595 i U 1 2 219 8 I ] 160 13 6 4 2 1
Iwate 314 34 57 27 12 21 241 37 13 4 143 20 7 5 8 5
Ibaraki 4479 402 39 20 3l M4 20 5 ! 158 19 7 [ s s
Niigata 8,480 2 4 N 13 s 2385 2 7 5 186 23 5 9 8 2
Tovama 5,197 479 69 38 14 27 24 35 7 k) 205 M4 IS 9 9 U
Wakayama 1,357 198 IS 9 I H7 6 2 0 a9 5 2 1 6
Osaka 3855 283 25 I6 7 6 166 14 1 2 ur 5 1 s 0
Shiga 1 2934 28 - - - - 7 o = g = = w = =
Shiga 2 1,135 90 13 11 o d 46 7 0 ] 1 “ ] i 2 (1] 0
Hiroshima 2222 467 48 9 3 21 175 1S 5 1 a8 292 33 20 0 2 I3
Kochi 776 o 31 Wi 4 26 157 8 3 0 12 44 23 10 4 4 4
Ehime 5.300 89 - - - - 114 - - - 5 - - - - -
Fukuoka | 757 88 12 4 4 1 53 5 3 o 2 ! 35 7 ! 4 2 /]
Fukuoka 2 1.920 3’ 5 | I - 20 4 i ! 0 1] s 1 0 0 | (]
Kumamoro 2,465 1 - - - - 1 0 0 0 0 0 0 0 0 0 0 0
Work-gite based
Tokve 801 4 a 1] a o 4 1] 1] 0 [ (1] 0 ] a 0 0
Toyama 7,057 105 7 | 2 3 &5 7 | 4 2 3 20 ] 1] 0 (1]
Alchi 2,810 7 2 0 2 0 7 2 0 0 2 (1] 0 ] a a (7]
Osaoka 872 15 1 0 ] I IC | 0 ! 0 ! I o0 0 0
Toral 66,676 5393 409 199 79 169 3013 200 25 95 2380 209 86 74

All, all-cause mortality; Isch, ischemic stroke; Hemo, hemorrhagic stroke; SAH,

abbreviation see in Table 1

Table 4 Number of Nonfatal Events in Each Study, JALS-ECC 1985-2005

subarachnoid; CHD, coropary

heart disease; -, no daa

available, Other

Total Female
Study n Srroke Siroke Stroke chb
Total  Isch  Hemo SAH Total  lsch Total Isch Hemo

Communiry-based
Hokkaido 2,066 75 59 9 75 41 i4 ! 34 25 5
Akita | 6,484 280 185 40 280 138 103 8 142 82 -
Akira 2 2,595 106 67 15 106 56 18 7 50 29 é
Tware 3114 210 151 18 210 107 83 5 103 68 -
Ibaraki 4,479 125 69 24 125 62 43 & 63 26 17
Niigata 8,480 - - - - - - - - = 1
Toyama 5.197 143 90 22 143 69 31 [ 74 39 -
Wakavama 1,357 - - - - - - - - - -
Osaka 3,855 66 36 13 66 35 19 3 3 il 17 4 7
Shiga | 2,034 71 54 7 71 32 27 1 4 39 27 9 4
Shiga 2 1,135 E | 0 3 2 2 0 0 ] ! 0 .
Hiroshima 32 7 64 2 77 23 20 0 54 44 5 6
Kochi 776 = - = - - - - - - - -
Ehime 5.300 95 76 5 95 52 48 3 1 43 28 10 3
Fukuoka ! 757 45 29 5 45 4 9 3 2 il 20 8 7
Fukuoka 2 1,920 24 18 2 24 18 4 3 i 6 4 1 I
Kumamoto 2,465 3 0 3 3 2 1 0 0 0 0 0

Work-site based
Tokyo Rl 1 0 1 2 I '} a 0 0 o ]
Toyama 7,057 86 61 13 86 65 44 12 10 21 17 2 2
Aichi 2.810 9 g 9 9 7 0 2 0 0 0 0
Osaka &7 5 3 ! 5 5 3 ! | 0 0 0 [1]

Total 66,676 1424 975 267 178 230 733 548 26 59 692 427 142 70

Abbreviations see in Tables 1.3
mixed-effect Poisson regression model. The effects of re Results

gression dilution will be assessed and adjusted by proposed
methods using repeat measurements of risk factors data.
All analyses will be done using SAS version 9.13 (SAS
Institute Inc, Cary, NC, USA) and PROC GENMOD will

be used for the Poisson regression,

Clircnilation Joumal
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Individual records for 66,691 participants in 21 cohont
studies were included in this study, with 82.7% of the par-
ticipants from community-based cohorts and 17.3% from
work-site based cohorts (Table2). The mean follow-up
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Table 5 Baseline Summary Statistics for Studies Included in JALS-ECC 1985-2005
Blood pressure Tol cholesteral  HDL-C Triglyceride Blood glucose (mg/di)
Cohort SBP DBP & (mg/dl) {mg/di} LQC (mg/dl) Fasting Casual
Mean SD  Mean SD e Mean SD  Mean SD Mean SD Mean SD Mean D
Communirty-based
Hokkaido 1327 215 779 106 SP  I933 331 543 139 CDC 1340 923 934 208 - -
Akita I 1326 189 784 110 5P 1880 355 - - - 9o 71l - - 106.7% 235
Akira 2 1347 196 &l4 112 SP |888 323 596 141 CDC 1320 &61 1196 294 353 44
Iwate 1304 169 734 112 OC 958 367 S5L7* 138 CDC - - 2 = : =
Tbaraki 1367 197 815 117 SP |97 370 S58I* 139 CDC 574 1068 1245 363 1306 421
Niigata 1271 185 733 J0&8 SP 1970 355 566 M3 OTH 1380 %46 - - - -
Toyama 1265 199 755 112 RZ 1940 362 471 117 OTH 1286 794 - - - -
Wakayama - - - - 197.9% 344 S504% 132 - l1144% 715 = - - -
Osaka 1322 202 77 117 SP 2037 357 603* 134 CDC 1384 899 1080 231 1306 i85
Shiga 1 1320 197 780 118 SP 1932 347 561 142 CDC 1318 869 - - 7.7 341
Shiga 2 1454 184 773* 102 OC |919* 354 486* 116 CDC J056* 545 - - - -
Hiroshima 1361 215 781 114 SP 2153 3831 525 M6 CDC 1497 850 - - 1129 417
Kochi 1437 224 788 121 OC 1918 364 492 M4 CDC 1194 617 - - 120 300
Ehime 1209 187 762 109 SP 2056 380 597 I5& CDC 1205 760 958 190 1059 299
Fukuoka 1 1330 215 779 106 SP 2095 177 525 118 OTH 1I58 881 980 205 1071 21.7
Fukuaka 2 1336 208 788 116 5 1998 346 558 40 - 1137 Bi«4 978 201 - -
Kumamoto 1268 172 799 113 SP 2071 364 574 150 CDC 1453 1397 1035 235 - -
Work-site based
Tokyo 1245 174 818 117 OC 2446 187 3552 171 OTH - - - - - -
Toyama 1185 146 7210 118 SP 1905 353 533 131 OTH 1035 644 927 131 - -
Aichi 1294 190 792 120 SP 69 337 535 137 OTH 1322 928 974 206 - -
Osaka 12h4 178 748 J26 5P 1866 313 S8S* IL7 CDC 475 8§93 1000 148 llL1 273
*Data available for less than 50% of all of participants.
SBFE, systolic blood pressure; DBF, diastolic blood pressure; Device, measuring device; HDL-C, high-density lipoj in-chole I; LQC, lipids quality control;
SP, sphygmomanometers; CDC, CDC CRMLN; OC, automatic device cuff-oscillometric; RZ, random-zero sphyg 1; OTH, other quality control

program. Other abbreviations see in Tables 1,3.

Table 6 Data on Smoking and Drinking Habits, JALS-ECC 1985-2005

Smoking habit

Drinking habit

Cohort Current Current  No. per day  No. per day
/Non JEx/Non (cont.) <20,220

Current Current  No.perday No.perday  Conversion
/Non /Ex/Non fcont.) <1,]-2,2-3,23% 1o ethanol

Communiry-based
Hokkaido
Akita |
Akita 2
Iwate
Ibaraki
Niigara
Tovama
Wakavama
Osaka
Shiga |
Shiga 2
Hiroshima
Kochi
Ehime
Fukuoka |
Fukuoka 2
Kumamoto o

Wark-sire based
Tokya o
Toyama Q O
Aichi O Q0
Csaka o 0

o0

fo]
O O1 000

(8]

o0

fa)

20000
1 QOO0
fall

(afaRalaYaXa]
lolola

(o}
|

o1
LRl

o000
00
L]

o0
o

[0}

Qi

O1001

HO00000 |

000

O

O
o

 JLK -

Yy QOO0
OO0 10O
Ol Do

QOO0

(o S

QO00O0C
CCO

[(NeRolele]

o

o

O
ot

i
QO 1
-
H

e

PCOM

Q00
o0

J
00

OQoo0

o1 Q0
Q00

o

*Units of “gou" {tradirional Jap unit of mea. by volume, corresponding to 23 g of ethanol), | gou 180 ml of sake; **<3, 3 (" gou"/day).

a=Data on frequency per week (or month) nor available.
cont., continuous. Other abbreviations see in Tables 1, 3.

period was 93.4 months. During a total of 575,628 person-
years, there were 409 deaths attributed to stroke and 169
deaths attributed to CHDs; total stroke and CHD events
were 1,478 and 230, respectively (Table3), Of the 1,424
total stroke events with reported stroke subtype informa-

tion, 975 were classified as ischemic, 267 as hemorrhagic
and 178 as subarachnoid hemorrhage (Table4).

Table5 is a summary of the data on exposures. Data for
baseline height, weight, and blood pressures were available
for all participants, and for total cholesterol, HDL-C, and

Circulation Journal  Vol, 72, Oaober 2008
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triglycerides from 95.5%, 67.2%, and 76.5% participants,
respectively. Blood pressure was measured in each cohort
using standard or random-zero sphygmomanometers and
automatic devices based on the cuff-oscillometric method.

Table6 shows the current smoking and drinking habits
of the cohorts. All cohort studies included current cigarette
smoking status. Eighteen studies additionally recorded
“non-smoker” or “ex-smoker” for non-smokers, and 16
studies recorded the number of cigarettes smoked per day.
Twenty studies asked about current drinking status and 12
studies additionally recorded “non-drinker” or “ex-drinker”
for non-drinkers,

Discussion

The JALS-ECC is a meta-analysis of 21 prospective
cohort studies that had enrolled a total of 66,691 subjects. It
is the largest study in Japan investigating the morbidity and
mortality of CVD as the study outcomes.

Pooling projects of epidemiological studies of CVD,
namely the Asia Pacific Cohort Studies Collaboration
(APCSC)'6 and the Prospective Studies Collaboration (PSC),
have been published previously!” Those studies reported the
association between risk factors and CVD in the Asian and
Pacific populations. The APCSC also revealed the homoge-
neity in relative risks, although the absolute risk for stroke
and the absolute risk for CHD in the Asian population were
different!®-24 Those differences could be attributed to life-
style differences. such as nutrition and physical activity;
however, the APCSC did not look at those parameters.
Lifestyle differences could also account for the differences
seen in absolute risks in domestic CVD epidemiological
studies in Japan. The difference in absolute risk of stroke
and the absolute risk of CHD between urban vs rural areas
and northem vs southern areas has been reported?6.12.25-27
In addition, previous Japanese studies did not focus atien-
tion on geographical differences, with most large-scale
studies lumping many areas together as 1 cohort or con-
ducting studies in 1 areal>**2% whereas JALS covers a
diverse Japanese population and, as such, should enable an
in-depth analysis of the differences among subgroups de-
fined by age, gender, or geographical area.

To assure the accuracy and precision of combining data
from various cohort studies for this project, consistency in
the definitions of outcome and measurement of risk factors
was required. Most studies used the standard definitions for
CHDs based on the criteria from the Monitoring Trends
and Determinants in Cardiovascular Disease (MONICA)
study? For example, MI was defined according to clinical
features, characteristic electrocardiogram changes, and
marked elevations in blood levels of cardiac enzymes. Most
studies also reported stroke diagnoses based on typical
clinical features and characteristic changes on computed
tomography and/or magnetic resonance imaging brain
scans using either the criteria from the MONICA study* or
the WHO?! Studies that used definitions other than these
have their definitions reported elsewhere!?32

Most laboratories that measured lipids participated in some
type of quality control program, such as the US Cholesterol
Reference Method Laboratory Network (CRMLN) of the
Centers for Disease Control and Prevention (CDC)» It
scems reasonable to integrate this data and correlate lipid
measurements with outcomes, but the present JALS-ECC
study did not conduct a strict standardization of lipids mea-
surements and outcomes. Conversely, data on smoking and

Cirulation_Jowmal Vol 72, Ocober 2008
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drinking habits, and medical history were based on self-
reported or administered questionnaires, making it difficult
1o combine data and determine objective outcomes, which
15 a limitation of this study.

In conclusion, the JALS-ECC project succeeded in col-
lecting valuable data from existing cohort reports, which
provided information about the effects of modifiable factors
on the risks of the CVD. Such information should provide a
reliable basis for establishing prevention strategies.
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Table 4. Number of Non-fatal events in each study, JALS-ECC. 1985-2005

\ Total . Male Female
Stroke Stroke Stroke
= CHD CHD CHD
Study n Total  Isch Hemo SAH Towl  Isch Hemo SAH Total Isch Hemo  SAH
it ed
Hokkaido 2,066 75 59 7 9 15 41 34 6 1 10 34 25 1 8 -
Akital 6,484 280 185 55 40 . 138 103 27 8 - 142 82 28 32 -
Akita2 2,595 106 67 24 15 15 56 38 11 7 B 50 29 13 8 6
Iwate 3,114 210 151 40 18 - 107 83 18 5 - 103 68 22 13
Ibaraki 4,479 125 69 32 24 47 62 43 11 8 30 63 26 21 16 17
Niigata 8,480 - - - - 30 - - - - 19 - - - 11
Toyama 5,197 143 90 30 22 - 69 51 12 6 - 74 39 18 16 -
Wakayama 1,357 - - - - - - - - - - - - - - -
Osaka 3,855 66 36 17 13 22 35 19 13 3 15 31 17 4 10 7
Shigal 2934 71 54 10 7 14 32 27 1 4 10 39 27 9 3 4
Shiga2 1,135 3 3 0 0 . 2 2 0 0 - 1 | 0 0
Hiroshima 2,222 77 64 8 2 12 23 20 3 0 6 54 44 5 2 6
Kochi 776 - - - - - - - - - - - - - - -
Ehime 5,300 95 76 13 5 10 52 48 3 1 7 43 28 10 4 3
Fukuokal 757 45 29 11 5 15 14 9 3 2 8 31 20 8 3 7
Fukuoka2 1,920 24 18 4 2 7 18 14 3 1 6 6 4 1 1 1
Kumamoto 2,465 3 2 1 0 3 3 2 1 0 3 0 0 0 0 0
Wiork-site based
Tokyo 801 1 1 0 0 4 2 1 1 0 3 0 0 0 0 1
Toyama 7,057 86 61 14 13 18 65 44 12 10 16 21 17 2 3 2
Aichi 2,810 9 7 0 2 12 9 7 0 2 12 0 0 0 0 0
Osaka 872 5 3 1 1 6 5 3 1 1 6 0 0 0 0 0
Total 66,676 1,424 975 267 178 | 230 733 548 126 59 160 692 427 142 119 70

Abbreviations see in Tables 1, 3.
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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)

MANAMI INOUE, MD, PuD, HIROYASU ISO, MD, PuD, SEICHIRO YAMAMOTO, PxD,
NORIE KURAHASHI, MD, PuD, MOTOKI IWASAKI, MD, PuD, SHIZUKA SASAZUKI, MD, PxD,
AND SHOICHIRO TSUGANE, MD, PuD, FOR THE JAPAN PUBLIC HEALTH CENTER-BASED
PROSPECTIVE STUDY GROUP*

PURPOSE: The impact of daily total physical activity level on premature deaths has not been fully clar-
ified in non-Western, relatively lean populations. We prospectively examined the association berween daily
total physical activity level (METs/day) and subsequent rigk of all-cause mortality and mortalities from can-
cer, heart disease, and cerebrovascular disease,

METHODS: A total of 83,034 general Japanese citizens ages 45-74 years who responded to the question-
naire in 1995-1999 were followed for any cause of death through December 2005. Mutlivariate-adjusted
hazard ratios were calculated with a Cox proportional hazards model controlling for potential confounding
faclm&,

RESULTS: During follow-up, a total of 4564 deaths were recorded. Compared with subjects in the lowest
quartile, increased daily total physical activity was associated with a significantly decreased nisk of all-cause
mortality in both sexes (hazard ratios for the second, third, and highest quartiles were: men, 0.79, 0.82, 0.73
and women, 0.75, 0.64, 0.61, respectively). The decreased risk was observed regardless of age, frequency of
leisure-time sports or physical exercise, or obesity status, albeit with a degree of risk attenuation among
those with a high body mass index. A significantly decreased risk was similarly observed for death from can-
cer and heart disease in both sexes, and from cerebrovascular disease in women.

CONCLUSION: Greater daily total physical activity level, either from occupation, daily life, or leisure
time, may be of benefit in preventing premature death.

Ann Epidemiol 2008;18:522-530. © 2008 Elsevier Inc.  All rights reserved.

KEY WORDS: Physical Activity, Population-Based, Cohort Study, Mortality

of death, such as cardiovascular disease (2, 5) and cancer at
some sites (6, 7). Physical activity is now regarded as one of
the most important targets for the prevention of premarture
death and other adverse health outcomes (8). Physical ac-
tivity has been assessed using various types of activity care-
gory, such as leisure and nonleisure time activity, physical
exercise or sports, and nonexercise activity, such as occupa-

INTRODUCTION

To date, a number of studies have reported the health ben-
efits of physical activity, including a reduction in the risk of
premature death (1-4) as well as in the risk of major causes
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tional and household work. However, the need for compre-
hensive evaluation of these physical activities in the
aggregate, particularly with regard to nonexercise physical
activity, has been recognized (9).

From a public health point of view, as well as to clarify
which type of physical activity has the strongest impact, it
is important to estimate the impact of overall physical activ-
ity level on major outcomes, whether exercise or non-
exercise and leisure time or nonleisure time. This in turn
requires a quantitative approach to the assessment using
a common scale for each activity, such as metabolic equiv-
alent (MET). In addition, evidence from populations with
a similar general lifestyle background is indispensable. Rel-
atively few studies have assessed total physical activity using

1047-2797/08/$~see front marter
doi: 10,1016/ annepidem.2008.03.008
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Selected Abbreviations and Acronyms

MET = metabolic equivalent

JPHC Study = Japan Public Health Center Study

ICD-10 = International Classification of Disease, |0th Version
HR = hatard ratio

95% Cl = 95% confidence intervals

such a common guantitative scale (10-16), however, and
those which have were conducted in Western populations.
Evidence on physical activity and premature death in other
populations is limited (16-19), particularly in Japanese (18,
19), with only two studies reported to date, one based on
simple assessment of physical activity at work and the sec-
ond on walking only. Thus, few studies have reported the
effect of total physical activity on mortality in non-Western
populations (16).

Here, we examined the association between daily rotal
physical activity and mortality in the Japan Public Health
Center-based Prospective Study (JPHC Study). Our main
purposes were to estimate the impact of overall physical ac-
tivity, including both exercise and nonexercise physical
activities, on premature death, in other words, death before
reaching the natural life span of Japanese, whose life expec-
tancy is one of the highest in the world, at 79 years in men
and 83 years in women by a 2005 life table using data from
the Japanese Ministry of Health, Labour and Welfare. We
also aimed to obtain epidemiologic evidence of this issue us-
ing a common guantitative scale for the assessment of any
type of physical activity, from a population characterized
as non-Western and relatively lean.

METHODS
Study Population

The JPHC Study was conducted in two cohorts, one initi-
ated in 1990 (Cohort [) and the other in 1993 (Cohort
11), which targeted all registered Japanese inhabitants in
11 public health center areas ages 40-59 years in Cohort |
and 40-69 years in Cohort [1 at the beginning of each base-
line survey. The details of the study design have been pro-
vided elsewhere (20). The study protocol was approved by
the Institutional Review Board of the National Cancer
Center, Japan (approval no.: 13-21).

The subjects of the present study were JPHC study sub-
jects who responded to a 5-year follow-up self-administered
questionnaire in 1995-1999 at ages 45-74 years. Initially at
baseline, 140,420 subjects were identified as the study pop-
ulation. During the study period, a total of 258 subjects
were found to be ineligible and excluded because of non-
Japanese nationality (n = 51), duplicate enrollment (n =
4), late report of emigration occurring befare the starr of the
follow-up period (n = 197), or incorrecr birth date (n = 6).
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As a result, a population-based cohorr of 140,162 subjects
was established. Afrer excluding 3,839 persons who had
died, moved out of Japan, or were lost to follow-up before
the start point, the remaining 136,323 subjects were consid-
ered eligible as the study population of the present study. A
total of 103,791 subjects responded to the questionnaire,
yielding a response rate of 76%.

Questionnaire

The questionnaire included items on demographics, personal
medical history, physical activity, smoking and alcohol
drinking status, other lifestyle factors, and diet via a validated
food frequency of 138 food items and 14 supplementary ques-
tions (21). Those who reported a history of cancer, stroke, or
myocardial infarction which had the potential 1o reduce
physical activity (n = 5776), or had missing data for physical
activity-related questions (n = 6351) or for other questions
included in the multivariate model (n = 8630) were
excluded. Finally 83,034 eligible subjects (39,183 men and
43,851 women) were included in the analysis.

Follow-Up

Subjects were followed from the start point (date of response
to the 5-year follow-up questionnaire) until December 31,
2005. Residence status, including survival, was confirmed
through the residential registry. Inspection of the resident
registry isavailable to anyone under the resident registration
law. Among the study subjects, 25 moved our of Japan, 1
withdraw participation, and 248 (0.3%) were lost to
follow-up within the follow-up period. Information on the
cause of death was obtained from the death certificate, pro-
vided by the Ministry of Health, Labour, and Welfare with
the permission of the Ministry of Internal Affairs and Com-
munications, in which cause of death is defined according 1o
the Intermatiomal Classification of Disease, 10th Version (ICD-
10) (22). Resident and death registration are required by law
in Japan and the registries are believed to be complete.

The outcome of the present study was defined as all-cause
mortality, including the three major causes of death in Jap-
anese, namely cancer (ICD-10: C00-C97), heart disease
(ICD-10: 120-152), and cerebrovascular disease (ICD-10:
160-169). During the study period, we identified 4564 deaths
(3098 men and 1466 women), including 2044 deaths from
cancer (1359 men and 685 women), 521 from heart disease
(373 men and 148 women), and 433 from cerebrovascular
disease (281 men and 172 women).

Physical Activity Levels

The main exposure of interest in the present study was daily
rotal physical acrivity level. In our questionnaire (Appen-
dix), subjects were asked abour the average time spent per
day on three types of physical activity, i.e., heavy physical
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work or strenuous exercise (none, <1 h, 21 h); sedentary
activity (<3 h, 3-8 h, =8 h); and walking and standing
(<1 h, 1-3 h, and =3 h). The following values were as-
signed as time scores for each activity; heavy physical
work or strenuous exercise: O for none, 0.5 for <1 h, 3 for
=] h; sedentary activity: 1.5 for <3 hours, 5.5 for 3-8 h,
and 7.5 for 28 h; and walking or standing: 0.5 for <1 h, 2
for 1-3 h, and 8.5 for =3 h. The midpoint of time range
for each category was assigned when both minimum and
maximum values were presented, and arbitrary values con-
sidered to have the highest validity from the validation
study was assigned for the highest category. MET hours/
day was estimated by multiplying the time score spent at
each activity/day by its MET intensity (23): heavy physical
work or strenuous exercise (4.5), walking or standing (2.0),
sedentary (1.5), and sleep or others (0.9). After summing
across all activities, subjects were grouped into four exposure
levels by quartile of total METs/day by sex.

The validity of the total METs/day score was assessed us-
ing 108 eligible samples (53 men and 55 women) derived
from 110 original volunteer subjects from the cohort using
4-day, 24-hour physical activity records (Sunday or another
day off plus three weekdays) in two different seasons, namely
harvesting and one other season in a single year. The mean
of toral METs/day for physical activity obtained from the
self-report was 33.5 in men and 33.4 in women, whereas
thar from rthe mean of 24-hour physical activity record was
39.5 in men and 40.8 in women. Energy expenditure esti-
mated in METs showed little difference by area. The Spear-
man's rank correlation coefficient between the total METs/
day score and physical acrivity records was 0.46 when the
average of two seasons was taken (men, 0.33; women, 0.35).

Analysis

The number of person-years in the follow-up period was
counted from the start point, i.e., date of response to the 5-
year follow-up questionnaire, until the date of death, date
of emigration from Japan, or end of the study period, which-
ever came first. For subjects who withdraw from or were lost
to follow-up, the date of withdrawal and the last confirmed
date of presence, respectively, were used as the date of censor.

Hazard ratios (HR) and 95 % confidence intervals (95%
Cls) were used to describe the relative risk of all-cause mor-
tality associated with daily total physical activity level.
Daily toral physical activity was assessed by quartile of toral
METs/day score. The median METs/day value for each quar-
tile was used when linear association was assessed. To inves-
tigate whether the effect on outcome differed by type of
physical activity, we also assessed risk by the frequency of
leisure-time sports or physical exercises (<1-3 times per
month, 1-2 times per week, 34 times per week, almost
every day) in addition to the time spent per day for heavy
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physical work or strenuous exercise (none, <1 h, =1 h)
and walking or standing (<1 h, 1-3 h, =3 h). Ordinal
values were used to assess linear trends for these variables.
We included a variable on the frequency of leisure-time
sports or physical exercises and occupation in the model
since this was not considered in calculating METs scores,
although it was associated with physical activity level.
The Cox proportional hazards model was used as a control
for potential confounding factors, namely age at start point
(5-year age categories), area (11 public health center areas),
occupation (full-time agriculture/forestry/hshery, full-time
salaried/self-employed/professional, multiple occupations,
full-time housework/retired/unemployed), history of diabe-
tes (no, yes), smoking status (never, past, current), alcohol
intake status (almost none, occasional, regular), body mass
index (14 to <20, 20to <27, =127), and total energy intake
(quintiles estimated by semi-quantitative food frequency
questionnaire). These variables, obtained from the ques-
tionnaire, are either known or suspected from previous
studies as risk factors for premature death.

Occupation, smoking status, alcohol intake frequency
and body mass index were treated as strata to allow for a dif-
ferent baseline hazard for each stratum. Testing of the pro-
portional hazards assumption by Schoenfeld and scaled
Schoenfeld residuals found no violation of proportionality.
In addition, we evaluated whether the effect of total physi-
cal activity was influenced by sex, age, body mass index, and
frequency of leisure-time sports or physical exercise using
a test of interaction by entering into the model multiplica-
tive interaction terms between each factors. Because the ef-
fect of total physical activity was significantly influenced by
sex (p for interaction = 0.004), all analyses were conducted
by sex. Stata 10 (Stata Corporation, College Station, TX)
(24) was used to perform statistical analyses.

RESULTS

During 725,071 person-years of follow-up (average follow-
up period: 8.7 years) for 83,034 subjects (39,183 men and
43,851 women), a total of 4,564 deaths (3,098 men and
1,466 women) were identified and included in the analyses.

Characteristics of the study subjects according ta physical
activity level are shown in Table 1. The toral METs/day
scores for four groups, namely the lowest, second, third,
and highest, were 25.45, 31.85, 34.25, and 42.65 in men
and 26.10, 31.85, 34.25, and 42.65 in women, respectively.
Occupationally, a greather proportion of those with full-
time agriculture/forestry/fishery and lower proportion with
full-time housework/unemployed/retired were observed
with increased physical activity level in both sexes. Men
who were more physically active were more likely to report
current smoking, regular drinking, a greater frequency of
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TABLE 1. Baseline characreristics of the study subjects according to physical activity level in the JPHC Study (n = 83.,034)

METs/day*
Lowest Second Third Highest

Men (n = 39,183)
Number of subjects 13,498 B.117 7,804 9,764
Quartile median of METs/day 25.45 31.85 3425 42.65

(Range) (21.60-27.10) (27.25-31.85) 132.40-36.05) (36.25-46.25)
Age, years (mean + SD) 56.1 £ 7.9 56.1 + 7.6 566 £ 1.7 559+ 74
Occupation (%)

Full-time agriculturefforestry/fishery 114 165 19.9 6.9

Full-ime salaried/self-employed/professional 725 69.1 64.9 57.7

Multiple occupations 35 65 6.9 123

Full-time housework/unemployed/retired 12.6 7.9 B3 31
Body mass index (mean) 13.67 13.61 13.54 13.46
History of diaberes mellinus (%) 9.7 B4 BD 74
Current smokers (%) 47.1 47.0 474 430
Regular drinkers (=1/week) (%) 65.9 685 68.5 714
Leisure-time sports or physical exercise (3=3-4/week) (%) B8 109 13.0 123
Total energy intake (age-adjusted mean, keal/day) 1.042.8 2,1409 LIT12 12,3028
Women (n = 43,851)
Number of subjects 13,870 11,321 10,215 8,445
Quartile median of METs/day 26.10 31.85 14.25 41.65

(range) (21.60-27.10) (27.25-31.85) (32.75-34.25) (35.45-46.15)
Age, years (mean + SD) 56.9+8.2 56175 56.11+7.6 55.8+73
Occupation (%)

Full-time agriculture/forestry/fishery 129 164 145 9.7

Full-time salaried/self-employed/professional 65.8 67.6 67.0 56.5

Multiple occupations 2.2 31 29 6.3

Full-time } k) ployed) d 19.1 128 15.8 74
Body mass index (mean) 23.53 2338 2333 1344
History of dinberes mellinus (%) 4.7 3.7 34 38
Current smokers (%) 6.3 6.0 6.0 5.9
Regular drinkers (=1/week) (%) 13.7 14.2 143 14.0
Leisure-time sports or physical exercise (=3—4/week) (%) 9.5 9.7 1.7 15.0
Total enengy intake (age-adj i mean, keal/day) 1,841.8 1.887.0 1,884.2 1,972.1

*Menabolic equivalent (MET hjday = sum of the score for reported time per day spent in each physical activity multiplied by the MET value for each acuivary.

leisure-time sports or physical exercise, and higher daily
mean energy consumption and less likely to report a history
diabetes mellitus. No difference in body mass index was ob-
served between groups by physical activity level. In women,
similar trends were observed except that the differences in
the proportion of current smokers and regular drinkers
were not significant.

Associations between daily total physical activity level
by total METs/day scores and all-cause and cause-specific
mortalities are shown in Table 2. On multivariate adjust-
ment, compared with subjects in the lowest quartile, in-
creased daily total physical activity level was significantly
associated with a decreased risk of all-cause mortality both
in men (second highest, HR, 0.79 [95% CI, 0.71-0.87]; third
highest, 0.82 [0.74-0.91]; highest, 0.73 [0.66-0.81], p
for trend<0.001) and in women (second highest, 0.75
[0.66-0.85]); third highest, 0.64 [0.56-0.74]; highest, 0.61
[0.52-0.73], p for trend <0.001).

The results did not substantially differ after exclusion of
early deaths occurring within 3 years of the start point,

nor on further exclusion of subjects with very low physical
activity levels less than 23 METs/day (4% of subjects) con-
sidered to be the result of poor physical condition (data not
shown). Furthermore, inclusion of those who reported a his-
tory of cancer, stroke, or myocardial infarction resulted in
a similar risk tendency: in men, second highest, 0.78
(0.72-0.86), third highest, 0.78 (0.71-0.86), highest, 0.72
(0.66-0.80), p for rend <0.001; and in women, second
highest, 0.76 (0.67-0.86); third highest, 0.64 (0.56-0.74);
highest, 0.60 (0.51-0.70), p for trend <0.001.

A significantly decreased risk for death from cancer and
from heart disease was similarly observed in both sexes. A de-
creased risk for death from cerebrovascular disease was signif-
icant only in women. Decreased risk was equally observed
regardless of age or frequency of leisure-time sports or physical
exercise. When analyzed by obesity status, a decreased risk
tendency was observed, but this was attenuated in the group
with a body mass index of 27 or above. No significant effect
modification was observed for age, obesity status, or frequency
of leisure-time sport and physical exercises (data not shown).




TABLE 2. HRs and 95% Cls of all-cause and major specific-cause mortality according to daily total physical activity level by METs/day
score quartiles (n=83,034)

Total Excluding deaths with first 3 years®
Number of Person- Number of Number of
Quarrile (median for METs/day)  subjects  years deaths HR1  (95%CI)  HR2 (95%C1) deaths HR2 (95% CI)
Men (n = 39,183)
All (n = 3,098) (n = 1,309)
Lowest 13,498 112,789 1,249 100 (reference) 100 (reference) BR9 100 (reference)
Second 8117 70,212 590 0.76 (0.68-0.83) 0.79 (0.71-0.87) 450 0.82  (0.74-0.93)
Third 7,804 67,876 618 0.79 (0.71-0.87) 0.82 (0.74-0.91) 473 0.86 (0.77-0.97)
Highest 9,764 86,469 641 0.67 (0.61-0.74) 073 (0.66-0.81) 497 Q.77 (0.69-0.87)
p for trend <0,001 <0.001 <0.001
Cancer (ICD10: CO0-C97) (n = 1,359) (n = 996)
Lowest 13,498 112,789 502 1.00  (reference) 1.00  (reference) 353 1.00  (reference)
Second 8117 70,212 186 092 (0.79-1.06) 092 (0.80-1.07) 206 091 (0.77-1.09)
Third 7.804 67,876 284 0.89 (0.77-1.03) 0.89 (0.77-1.04) 217 0.94  (0.79-1.11)
Highest 9,764 86,469 287 0.76 (0.66-0.88) 0.80 (0.68-0.93) 220 0.83  (0.69-0.99)
p for trend <0.001 0.003 0.041
Heart diseases (1CD-10: [20-152) {n = 373) {n=275)
Lowest 13498 112,789 155 1.00  (reference) 100 (reference) 106 1.00  (reference)
Second 8,117 70,212 11 0.77 (0.59-1.02) 084 (0.64-1.11) 63 099  (0.72-136)
Third 7,804 67,876 62 0.62 (0.46-0.83) 0.68 (0.50-0.92) 45 0.69 (0.48-0.99)
Highest 9,764 86,469 79 0.63 (0.48-0.82) 0.72 (0.54-0.96) 61 0.78  (0.56-1.09)
p for trend <0.001 0.015 0.076
Cerebrovascular diseases (n = 281) {n =211)
(1ICD-10: 160-169)
Lowest 13,498 112,789 29 1,00 (reference) 1.00  (reference) 4 100 (reference)
Second 8117 70212 53 0.85 (0.61-1.18) 0.89 (0.64-1.25) 44 098 (0.67-143)
Third 7.804 67,876 64 1.04  (0.76-1.43) .11 (0.B1-1.53) 45 1.04  (0.71=1.51)
Highest 9,764 86,469 65 0,85 (0.62-1.16) 095 (0.68-1.32) 48 093  (0.63-136)
p for trend 0.417 0.927 0.737
Women (n = 43,851)
All (n=1,466) (n=1,134)
Lowest 13,870 111,030 648 1.00  (reference) 100 (reference) 496 100 (reference)
Second 11,321 100,918 350 0.70 (0.62-0.80) 0.75 (0.66-0.85) i 0.76 (0.66-0.88)
Third 10,215 90,696 174 0.61 (0.53-0.70) 0.64 (0.56-0.74) 115 0.65 (0.55-0.77)
Highest 8445 75,082 194 0.54 (0.46-0.64) 0.61 (0.52-0.73) 146 0.60 (0.49-0.72)
p for trend <0.001 <0.001 <0.001
Cancer (ICD10: C00-C97) (n=0685) (n=538)
Lowest 13,870 121.030 263 1.00  (reference) 1.00  (reference) 209 100 (reference)
Second 11,321 100,918 175 0.84 (0.70-1.02) 087 (0.72-1.06) 139 0.87 (0.70-1.08)
Third 10,215 90,696 149 0.79 (0.64-0.96) 0.81 (0.66-0.996) 119 081 (0.64-1.01)
Highest 8,445 75,082 98 0.65 (0.52-0.82) 0.69 (0.54-0.88) 71 0.62 (0.47-0.82)
p for trend <0.001 0.001 0.001
Heart diseases (ICD-10: 120-152) (n=148) (n=102)
Lowest 13,870 121,030 7 1.00  (reference) 1.00  (reference) 51 100 (reference)
Second 11,321 100918 1 0.61 (0.40-0.93) 071 (0.46-1.08) 23 0.73  (044-1.21)
Third 10,215 90,696 23 0.49 (0.31-0.79) 055 (0.34-0.89) 16 0.54 (0.30-0.95)
Highest 8,445 75,082 20 0.52 (032-0.86) 0.69 (0.41-1.17) 12 058 (0.30-1.12)
p for trend 0.001 0.035 0.027
Cerebrovascular diseases (n=172) (n=131)
(ICD-10: 160-169)
Lowest 13,870 121,030 76 1.00  (reference) 1.00  (reference) 35 100 (reference)
Second 11,321 100918 42 0.7 (049-1.06) 0.74 (0.50-1.08) 34 0.78  (0.50-1.21)
Third 10,215 90,696 3l 0.58 (0.38-0.88) 0.60 (0.39-0.92) 25 0.64 (0.39-1.04)
Highest B,445 75,082 23 0.56 (0.35-0.89) 0.64 (0.39-1.04) 17 0.63  (036-1.11)
p for trend 0.003 0.019 0.049
HR1: Adjusted for age (5-year nge categories), area (11 PHC areas).
HR2: Adjusted for age (5- “year age cueﬂorm} area (11 PHC areas), occupation (stratified, full-time agriculture/f yiishery, full-time salaried/fself: loyed), 1, mul-

full-time |

nple

1), history of diabetes (no, yes), smoking status (stratified, VEVEL, past, current ), alcohol irube siatos {scrattfed, almost

none, occasional, regular), body mass index iunnﬁnd. 14w <20, 20 ro <27, 217), wtal encrgy intake (quintiles) and leisure-time sports or physical exercise (<1 day/week,

1-1 days/week, 34 days/week).

*Exclusion of early deaths occurming within 3 years of the stan point was done to reduce the effect of cases of poor physical condition which were considered w have been

preceded by long-term inactivity.
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When analyzed by type of physical activity (Table 3), both
increased heavy physical work or strenuous exercise and
walking or standing hours were significantly associated with
a decreased risk of all-cause mormlity. The decreased risk
with increased frequency of leisure-time sports or physical
exercise was observed more clearly in men than in women.

DISCUSSION

In this large-scale population-based prospective study of
Japanese men and women, we found a significant inverse
association between daily tortal physical activity level and
all-cause mortality. Decreased risk was observed in both
men and women. On analysis by type of physical activity,
the decreasing trend was observed in both those with in-
creased heavy physical work or strenuous exercises and those
with longer walking or standing hours; and wasalso observed
regardless of age, frequency of leisure-time sports or physical
exercise or obesity status, despite some risk attenuation
among those with a high body mass index. Decreased risk
was also observed for major causes of mortality. High energy
intake is considered associated with obesity and inactivity
and was included in the model to control these effects to
the greatest extent possible to see the effect of total physical
activity level clearly. Since age range at the starting point
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was 45-74 years, which is less than life expectancy in both
sexes, most deaths during the follow-up period occurred pre-
maturely. To reduce the potential for spurious associations
from reverse causation, namely that fatal diseases reduce
physical activity, we excluded early deaths occurring within
3 years from the start point, but observed similar results. Fur-
thermore, decreased risk was equally observed regardless of
the frequency of leisure-time sports or physical exercise.
Qur results suggest that increased total physical acrivity
level, either from occupation, daily life, or leisure rime,
helps in preventing premature death.

Although a number of studies have supported the health
benefits of physical activity on all-cause mortality, only
a few have assessed the association by daily total physical ac-
tivity using a common acrivity scale such as MET (10-16).
Ouwr findings accord with these previous studies, notwith-
standing that they were conducted in populations with gen-
eral lifestyle possibly different from ours. In particular,
although those with low physical activity levels have been
reported to be typically more obese than those with higher
levels in western populations (10, 11, 25, 28), no such
tendency was observed in our population, nor also in a
Chinese population (16). This suggests that the balance of
contribution of the effects of physical activity on premature
death may differ between non-Western, relatively lean pop-
ulations and Western populations, namely that the indirect

TABLE 3. HRs* and 95%Cls of all-cause mortality according to type of physical activity (n = 83,034)
Men (n = 39,183) Women (n = 43,851)
MNumber of MNumber of Number of Number of
subjects  Person-years deaths HR (95%CI) subjects  Person.years deaths HR (95%C1)
Heavy physical work or strenuous exercise
Non 23,026 195,805 1076 1.00 32,779 290,280 1,208 1.00
<1 hjday 5415 46,711 199 0.77  (0.68-0.88) 4,335 37,629 103 0.8 (0.68-1.02)
=1 hiday 10,742 94,830 723 0.88  (0.80-0.96) 6,137 59,816 155 0.80 [0.67-0.96)
p for trend 0.001 0.004
Walking or standing hours
<1 hiday 8,499 72,049 506 1.00 6,254 54,807 315 1.00
1-3 hiday 9,601 B0,288 767 090  (0.81-0.99) 10410 90,763 423 0.86 (0.74-0.99)
=3 hiday 21,083 185,009 1,525 0.80 (0.73-0.88) 17,187 142,154 728 0.64 (0.55-0.73)
p for trend <0.001 <0.001
Sedentary activities
<3 hfday 17,667 152,673 1331 1.00 19,651 173,068 648 1.00
3-8 hiday 18,223 156,183 1,445 101 (0.95-1.11) 11,404 189,268 704 0.95  (0.85-1.06)
=8 hiday 3,293 28,491 322 L18  (1.04-1.35) 2,196 25,389 114 110 (0.82-1.2%)
p for trend 0.036 0.698
Letsure-time sports or physical exercise
<1 duy/week 30,526 164,625 2547 1.00 34,239 306,097 1,221 1.00
1-2 days/week 4377 37,299 231 0.75  (0.65-0.86) 4,733 40,481 96 0.69 (0.56-0.85)
=34 days/week 4,280 35412 320 0.78  (0.69-0.88) 4,879 41,147 149 0.87  (0.73-1.03)
p for trend <0.001 0.008
*Model includes age (5-year age cnlgml} area (11 PHC arem), 1, full-time agriculture/f; yifuhery, full-time salaried/sel loved/prof I, mul-
riple occupations, full time h loyed), hustory of Jialk (i, yes), k fied, never, F-t. current ), aleohol intake stans (nm:ﬁ-f almost
none, ccembonal, regular), body mass index ltmufud.lito <), Ww <17, 32?1.rmulmrmmuke’ les), heavy physical work or exercise (none, <1 b, =]

h), sedentary activity (<3 h, 3-8 h, 28 h), walking or standing hours (<1 h, 1-3h, =3 h), and letsure- tlmrpamorphmc:.‘l exercise | < | dayfweek, 1-2 days/weck, 234 dayy/

week).
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effect of physical activity via a reduction in body mass index
may be relatively greater in Western than non-Western
populations.

Results showed a basically similar risk reduction in the
two sexes, although to a somewhat stronger degree in
women, and in this regard are consistent with previous stud-
ies (1,4, 25). In addition, we observed significant effect mod-
ification between physical activity and sex. This suggests the
existence of different mechanisms for the association be-
tween physical activity and premature death, additional to
difference in the content of total physical activity between
men and women. Methodologically, it is commonly noted
that men are more likely to be physically active in their
jobs and women are more likely to be involved in housework
(1). In our questionnaire, rank correlation coefficients with
the 24-h physical activity record were greater in men than
in women, which may have partly resulted from a lack of de-
tailed questions related to housework in our questionnaire,
and a subsequent misclassification of physical activity; any
failure of the questionnaire to suitably account for housework
may thus lead to greater measurement errors in total physical
activity in women than in men. This type of measurement
error may have led to the underestimation of association.

Because of the structure of our questionnaire, we were un-
able to clearly distinguish components of the effect of physical
activity level and were unable to assess the role of specific
sports, even though we could assess the effect of physical ac-
tivity by intensity type, i.e., strenuous, sedentary, and walking
and standing. This is one of the limitations of the present
study. Questions on occupation and the frequency of sports
activity were not used to estimate METs, although total phys-
ical activiry level would be explained in part by them. We in-
stead included these variables in the model to conwol for
underected lifestyle characteristics, such as income and reli-
gious participation etc., which may affect the association,
notwithstanding the lack of the information in the present
study. Analysis stratified by the frequency of leisure-time
Sports or physica] exercise suggesl:ed that risk reducrion with
increased daily total physical activity may be expected regard-
less of the frequency of leisure-time sports or physical exercise.
Although identification of the components of physical activ-
ity which affect premature death is clearly important to our
understanding of the etiology and mechanism of the out-
come, this was not the primary purpose of our study; rather,
we focused on the effect of total physical activity volume.

Discussions on the possible mechanisms by which physi-
cal activity protects against premature death remain incon-
clusive. Among difficulties, the reported risk reduction by
physical activity is a grand sum of the impacts of various
causes of death. Various mechanisms have been plausibly as-
sociated with cardiovascular disease and cancer, such as im-
provements in glucose tolerance, lipid profile, blood pressure,
fibrinolytic activity and hemostaric function; (5, 26-34) and
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decreases in oxidative stress have been associated with aging
and inflammation levels (35-37), respectively. Physical ac-
tivity may also enhance various psychosocial determinants
of healthy life conditions (11), although the biclogical
mechanisms of these are yet to be addressed.

The major strength of the present study is its prospective
design, which avoids exposure recall bias. Other strengths
include the following: study subjects were selected from
the general population, study size was large, response rate
to the questionnaire (76%) was acceptable for study settings
such as this, and the proportion of losses to follow-up (0.3%)
was negligible. In addition, death registration in Japan is
complete, and conducted in accordance with standard
requirements of the World Health Organization.

In addition to those mentioned already, however, several
other methodological limitations can also be identified. In
particular, assessment of physical activity was based on self-
reports. Although accuracy was validated, misclassification
may have been unavoidable. However, because the data
were collected before death, any imprecision is likely to
have resulted in the underestimation of association. Changes
in physical activity over time also cause misclassification,
which might have lead to underestimation of the association.
Further, although adjustment was made for lifestyle factors
possibly associated with premature death, unmeasured con-
founders may not have been controlled. For instance, sub-
jects with a history of arthritis and muscular-skeletal
diseases or diabetes might experience a change in physical
activity that might in tumn affect their outcome. In our study,
we did not collect information on arthritis or other musculo-
skeleral diseases and, thus, any effect of such conditions may
not have been fully controlled. Further, although exclusion
due to missing data for physical activity (6%) was not partic-
ularly large, the characteristics of subjects with and without
missing information differed: those with missing information
tended to be characterized by a high proportion of full-time
housework/unemployed/retired in both men (32%) and
women (46%) compared with those without missing infor-
mation (8% in men and 14% in women). This difference
may have the potential to influence the results. Finally, our
results may not be generalizable to populations with a differ-
ent general lifestyle to Japanese.

Allowing for these methodological issues, our results sug-
gest that greater daily toral physical activity levels, either
from occupation, daily life, or leisure time, may be of benefit
in preventing premature death among Japanese men and
women. The findings of the present study should be of great
use in health policy planning.
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Tokyo: M. Noda, Internarional Medical Center of Japan, Tokyo; Y. Kawa-
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in University, Tokyo; K. Nal Niigata U ity, Niigam; S.
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APPENDIX. QUESTIONS RELATED TO
PHYSICAL ACTIVITY IN 5-YEAR
FOLLOW-UP SURVEY OF THE JPHC STUDY

How long on average do you engage in the following activ-
ities each day?

Lesthan1h  Morethan 1 h
Sitting Lessthan3h  3-8h More than B h
Standing or walking Lessthanlh  1-3h More than 3 h

Physical labor or sportis None

How often do you participate in sports or physical
exercise!

Almost 1-3 days 1-2 days 34 days Almost every
never a month a week a week day




Vol. 188, No. 4
DOl 10,108 sja/kwn 146

Amencan Joumnal of Epdemiiogy
Mg © The Author 2008. Published by the Johng Hopking Bloombarg School of Public Health.
All ights reserved. For pemmissions, pleass e-mail: @ oxfordy org

Advance Access publication July 2, 2008

Original Contribution

Daily Total Physical Activity Level and Total Cancer Risk in Men and Women:
Results from a Large-scale Population-based Cohort Study in Japan

Manami Inoue’, Seiichiro Yamamoto?, Norie Kurahashi’, Motoki Iwasaki’, Shizuka Sasazuki', and
Shoichiro Tsugane’ for the Japan Public Health Center-based Prospective Study Group

' Epidemiology and Prevention Division, Research Center for Cancer Prevention and Screening, National Cancer Center,

Tokyo, Japan.

? Cancer Information Services and Surveillance Division, Center for Cancer Control and Information Services, National Cancer

Center, Tokyo, Japan.

Received for publication January 22, 2008; accepted for publication May 2, 2008.

The impact of total physical activity level on cancer risk has not been fully clarified, particularly in non-Westemn,
relatively lean populations. The authors prospectively examined the association between daily total physical
activity (using a metabolic equivalents/day score) and subsequent cancer risk in the Japan Public Health Center-
based Prospective Study. A total of 79,771 general-population Japanese men and women aged 45-74 years who
responded to a questionnaire in 1995-1999 were followed for total cancer incidence (4,334 cases) through 2004,
Compared with subjects in the lowest quartile, increased daily physical activity was associated with a significantly
decreased risk of cancer in both sexes. In men, hazard ratios for the second, third, and highest quartiles were 1.00
(95% confidence interval (Cl): 0.90, 1.11), 0.96 (95% CI: 0.86, 1.07), and 0.87 (95% CI: 0.78, 0.96), respectively (p
for trend = 0.005); in women, hazard ratios were 0.93 (95% CI: 0.82, 1.05), 0.84 (95% CI: 0.73, 0.96), and 0.84
(95% Cl: 0,73, 0.97), respectively (p for trend = 0.007). The decreased risk was more clearly observed in women
than in men, especially among the elderly and those who regularly engaged in leisure-time sports or physical
exarcise. By site, decreased risks were observed for cancers of the colon, liver, and pancreas in men and for
cancer of the stomach in women. Increased daily physical activity may be beneficial in preventing cancer in
a relatively lean population.

cohort studies; exercise; Japan; neoplasms; physical fitness

Abbreviations: Cl, confidence interval; MET(s), metabolic equivalent(s).

A number of investigators have reported beneficial effects
of physical activity on the risk of cancer at certain specific
sites, and physical activity is now regarded as an important
target for cancer prevention. The second report of the World
Cancer Research Fund/American Instiute for Cancer
Research recently concluded that all forms of physical ac-
tivity protect against some cancers, including colon cancer,
postmenopausal breast cancer, and endometrial cancer, in
relation to or independently of weight gain, overweight, and
obesity (1).

To date, however, the association between physical activ-
ity and total cancer risk has been relatively poorly investi-
gated. Given that exercise and physical activity probably
affect cancer development at different sites via the same
mechanism or closely similar mechanisms, at least to some
degree, it is reasonable to assess the preventive effect of
physical activity not only on cancer at specific sites but also
on all cancers in aggregate. Funther, from a public health
point of view, an understanding of the preventive effect of
physical activity on total cancer risk will provide concrete
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TABLE 1. Baseline characteristics of study subjects according to dally total physical activity level (n = 79,771), Japan Public Health

Center-based Prospective Study, 1995-2004

Quartile of physical activity level (quartie of METs*/day score}t

Charactenstic
Lowest Second Third Highest
Men (n = 37,898)

No. of subjects 12,966 7.822 7.579 9,531
Quartile median value (METs/day score) 2545 (21.60-27.10)% 31.85 (27.25-31.85) 34.25 (32.40-36.05) 42.65 (36.25-46.25)
Mean age (years) 56.7 56.4 56.9 56.1
Mean body mass index§ 23,66 23.62 23.56 2349
History of diabetes meliitus (%) 101 86 8.3 7.8
History of liver disease (%) a7 29 2.7 286
Current smoking (%) 47.2 469 472 488
Regular alcohol drinking (=1 day/week) (%) 64.6 88.0 68.1 71.0
Regular leisure-time sports or physical

exercise (>3-4 days/week) (%) 9.0 10.8 131 12.0
Mean total energy intake¥ (kcal/day) 2,040.8 21415 2.1686 22995

Women (n = 41,873)

No. of subjects 13,277 10,838 9,663 8,095
Quartile median value (METs/day score) 26.10 (21.60-27.10)  31.85 (27.25-31.85) 34.25 (32.75-34.25) 4265 (35.45-46.25)
Mean age (years) 57.3 56.4 56.5 56.0
Mean body mass index 23.58 23.41 23.40 2349
History of diabetes mellitus (%) 5.0 38 3.5 3.9
History of liver disease (%) 1.3 1.3 1.5 1.0
Currant smoking (%) 59 5.8 56 55
Regular alcohol drinking (>1 day/week) (%) 128 134 137 13.2
Regular leisure-time sports or physical

exercise (>3-4 daysiweek) (% 94 9.7 115 14.6
Mean total energy intakey (kcal/day) 1,840.3 1,886.4 18823 1,972.2

* METs, metabolic equivalents.

t Sum of the scores for reported amount of time per day spent in each physical activity multiplied by the MET value for each activity.

4 Numbers in parentheses, range.
§ Weight (kg)/height(m)®.
9 Adjusled for age.

clues in estimating the effect of physical activity measures
in health policy planning. For the latter case, evidence from
populations with similar general lifestyle backgrounds is
indispensable, Evidence for an association between physical
activity and total cancer risk is limited (2-10), however; most
studies have targeted mortality (4-10) rather than incidence
(2, 3) and have been carried out in Western populations (2-8).
Evidence from other populations is sparse (9, 10).

Here, we examined the association between daily total
physical activity and risk of all types of cancer in the Japan
Public Health Center-based Prospective Study. Our main
purpose was to estimate the magnitude of the effect of over-
all physical activity, including exercise and nonexercise
physical activities, on total cancer risk among Japanese,
a population characterized as non-Western and relatively
lean. To date, physical activity has been assessed using
various types of activity categories, such as leisure-time
and non-leisure-time activity, physical exercise or sports,
and nonexercise activities, such as occupational activity and
household work. However, given recognition of the need for
comprehensive evaluation of these physical activities in the

aggregale, particularly with regard to nonexercise physical
activity (11), here we attempted a quantitative approach to
assessment using a common scale for all activities (namely,
metabolic equivalents (METS)) to estimate the effect of total
physical activity level.

MATERIALS AND METHODS
Study population

The Japan Public Health Center-based Prospective Study
was started in 1990-1994, It targeted all registered Japanese
inhabitants in 11 public health center areas who were aged
40-69 years at the beginning of the baseline survey (12).

The study protocol was approved by the institutional re-
view board of the National Cancer Center, Japan. In the
present analysis, one public health center area was excluded,
since data on cancer incidence were not available,

The participants in the present study were subjects in the
Japan Public Health Center-based Prospective Study who re-
sponded to a self-administered 5-year follow-up questionnaire
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