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ABSTRACT

Background: We investigated the association of baseline body mass index (BMI) and weight change since age 20
years with liver cancer mortality among Japanese.

Methods: The data were obtained from the Japan Collaborative Cohort Study for Evaluation of Cancer Risk (JACC
Study). A total of 31018 Japanese men and 41455 Japanese women aged 40 to 79 years who had no history of
cancer were followed from 1988 through 2009.

Results: During a median 19-year follow-up, 527 deaths from liver cancer (338 men, 189 women) were
documented. There was no association between baseline BMI and liver cancer mortality among men or men with
history of liver disease. Men without history of liver disease had multivariable hazard ratios (HR) of 1.95 (95%CI,
1.07-3.54) for BMI less than 18.5kg/m? and 1.65 (1.05-2.60) for BMI of 25 kg/m? or higher, as compared with a
BMI of 21.0 to 22.9kg/m?. BMI was positively associated with liver cancer mortality among women and women
with history of liver disease. Weight change since age 20 years was positively associated with liver cancer mortality
among women regardless of history of liver disease. Women with history of liver disease had a multivariable HRs of
1.96 (1.05-3.66) for weight gain of 5.0 to 9.9 kg and 2.31 (1.18-4.49) for weight gain of 10kg or more, as compared
with weight change of —4.9 to 4.9kg.

Conclusions: Both underweight (BMI <18.5 kg/m?) and overweight (BMI >25 kg/m?) among men without history
of liver disease, and weight gain after age 20 (weight change >5 kg) among women with history of liver disease, were

associated with increased mortality from liver cancer.

Key words: weight change; body mass index; liver cancer; mortality; prospective study; epidemiology

INTRODUCTION

According to the World Health Organization, liver cancer
was responsible for 700000 deaths worldwide in 2008 and
was the third leading cause of cancer death after lung cancer
(1.4 million deaths) and stomach cancer (740 000 deaths).!

Meta-analyses? systematic 34 reported
associations between excess body weight and higher risk of
liver cancer among both men and women. However, few
studies have examined the association of weight change with
risk of liver cancer.>%

and reviews

In a population with a high prevalence of chronic infection
with hepatitis C virus (HCV),” it is important to determine
whether body weight and weight change are associated with
risk of liver cancer irrespective of viral infection (a major
contributor to liver cancer).® Thus, we chose to examine these
associations in relation to the presence or absence of liver
disease.

We conducted a prospective study of the associations of
BMI at age 20 years, BMI at baseline, and weight change since
age 20 years with mortality from liver cancer in a large cohort
of Japanese men and women aged 40 to 79 years at baseline.

Address for correspondence. Hiroyasu Iso, MD, PhD, Public Health, Department of Social and Environmental Medicine, Osaka University Graduate School of
Medicine, 2-2 Yamadaoka, Suita, Osaka 565-0871, Japan (e-mail: iso@pbhel.med.osaka-u.ac jp).
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METHODS

The Japan Collaborative Cohort Study for Evaluation of
Cancer Risk (JACC study) was initiated during
1988-1990.>!10 Self-administered questionnaires with items
on lifestyle and medical history of cancer, liver disease,
gallbladder disease, diabetes mellitus, other diseases, and
blood transfusion were completed by 110 588 people (46398
men and 64190 women) aged 40 to 79 years from 45
communities across Japan. Among them, 73463 people
(31321 men and 42 142 women) provided self-reported data
on weight and height at baseline and weight at age 20 years.
We excluded 303 men and 687 women with a reported history
of cancer at baseline, leaving 31 018 men and 41455 women
for the present analysis.

Mortality surveillance was conducted systematically by
reviewing death certificates. Participants were followed-up
until death or until they moved away from their original
community, through the end of 2009 (follow-up of 4, 4, and 2
communities finished at the end of 1999, 2003, and 2008,
respectively). The median follow-up period was 19.0 years.
Underlying cause of death according to the International
Classification of Diseases (ICD-10) was obtained centrally
from the Ministry of Health and Welfare. Death from liver
cancer was defined as ICD-10 codes C22.0 to C22.9. The
present study was approved by the Ethical Committees of
Nagoya University and Osaka University.

Variables

Weight (kg) and height (m) were self-reported at baseline.
BMI was calculated as weight (kg) divided by height (m)
squared and then divided into 5 categories (<18.5, 18.5-20.9,
21.0-22.9, 23.0-24.9, and >25kg/m?); a BMI of 21.0—
22.9kg/m? served as the reference group. Weight change
since age 20 years was calculated by subtracting weight at age
20 years from weight at baseline. Weight change was grouped
into 5 categories (<—10, —9.9 to —5.0, —4.9 to 4.9, 5.0 to 9.9,
and >10kg); stable weight (—4.9 to 4.9kg) was used as the
reference group. We asked the subjects, “Do you have
a history of physician-diagnosed liver disease such as
hepatitis?”. Potential confounding variables were smoking
status (never, former, current smoker of <20 cigarettes per day,
and current smoker of >20 cigarettes per day), ethanol
consumption (never, former, current [1-22, 23-45, 46-68, and
>69 g per day]), hours of walking (<0.5, 0.5, 0.6-0.9, and
>1.0h per day), hours of exercise (<1, 1-2, 3—4, and =5 per
week), frequency of coffee intake (seldom, 1-2 cups per
month, 1-2 cups per week, 3—4 cups per week, and almost
every day), frequency of fish intake (seldom, 1-2 times per
month, 1-2 times per week, 3—4 times per week, and almost
every day), education level (<10, 10-12, 13-15, and >16
years), area of residence (Hokkaido, Tohoku, Kanto, Chubu,
Kinki, Chugoku, and Kyushu regions), and histories of
diabetes mellitus, gallbladder disease, and blood transfusion.

J Epidemiol 2013;23(3):219-226
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A positive history of liver disease, with or without present
treatment, was also considered.

Statistical analyses

Sex-specific, age-adjusted means (SD) and proportions of
potential confounding factors were calculated by a general
linear model.

Cox proportional hazards models were used to calculate
sex-specific age- and multivariable-adjusted hazard ratios
(HRs) and 95% ClIs for liver cancer mortality associated with
BMI at baseline, BMI at age 20, and weight change since
age 20 years. Multivariable-adjusted Cox modeling included
continuous age at baseline, smoking status, ethanol
consumption, hours of walking and exercise, frequencies of
coffee and fish intake, education level, area of residence,
and histories of diabetes mellitus, gallbladder disease, blood
transfusion, and positive history of liver disease with or
without present treatment. For the analysis of weight change,
the model was further adjusted for height (continuous) and
weight (continuous) at age 20. The P values for linear trends
were calculated by assigning the median value of each
category to corresponding individuals and treating it as a
continuous variable in the model. Testing for trends was
performed across the upper 3 categories of BMI (ie, >21.0 kg/
m?) and weight change (>—5kg). Testing for overall trends
was performed across all 5 categories of BMI and weight
change. Multivariable-adjusted HRs were also calculated for
a 5-kg increment of weight change if necessary. To identify
effect modification of the association between body weight or
weight change and risk of liver cancer, additional stratified
analyses were conducted based on the presence or absence
of history of liver disease at baseline in men and women.

Because lower body weight and weight loss could be due to
preclinical liver cancer, and higher body weight or weight gain
could be a consequence of ascites associated with liver cancer,
we excluded early deaths from liver cancer (ie, those that
occurred during the first 10 years after baseline) to reduce
reverse causation in our analyses.

All analyses were conducted using SAS version 9.1.3
Service Pack 4 (SAS Institute, Cary, North Carolina, USA).
Two-tailed probability values of less than 0.05 were
considered to indicate statistical significance.

RESULTS

Mean age at baseline, BMI at baseline, and weight change
since age 20 years, in men and women, were 57.2 (10.2) and
56.8 (9.8) years, 22.7 (2.8) and 23.0 (3.2) kg/m?, and 1.7 (8.9)
and 2.7 (8.5)kg, respectively (Table 1). We identified 527
deaths (338 men, 189 women) from liver cancer during
1168909 follow-up person-years (486 745 in men, 682 164 in
women).

There was no association between baseline BMI and
mortality from liver cancer among men or men with liver
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Table 1. Sex-specific, age-adjusted means and proportions in all subjects and subjects with and without a self-reported history
of liver disease at baseline (JACC study, 1988-2009)
Men Women
History of liver disease?® History of liver disease?
Total Total
+ - + -

No. at risk 31018 2438 25793 41455 2304 35378
Age, years 57.2 (10.2) 58.4 (9.4) 56.6 (10.2) 56.8 (9.8) 58.9 (9.0) 56.1 (9.8)
Weight at baseline, kg 60.3 (8.8) 60.6 (9.1) 60.5 (8.8) 52.6 (7.8) 53.3 (8.5) 52.6 (7.8)
Weight at age 20, kg 58.6 (7.6) 58.4 (7.3) 58.6 (7.5) 49.9 (6.8) 49.7 (6.9) 49.9 (6.7)
Height at baseline, m 163.0 (6.6) 163.1 (6.3) 163.1 (6.6) 151.3 (5.8) 151.3 (6.7) 151.3 (5.8)
BMI at baseline, kg/m? 22.7 (2.8) 22.7 (2.9) 22.7 (2.8) 23.0 (3.2) 23.2 (3.3) 23.0 (3.1)
BMI at age 20, kg/m? 22.1 (2.8) 21.9 (2.6) 221 (2.7) 21.8 (3.0) 21.7 (3.0) 21.8 (3.0)
Weight change after age 20, kg 1.7 (8.9) 2.3(9.2) 1.8 (8.7) 2.7 (8.5) 3.6 (9.1) 2.7 (8.3)
Never smoker, % 204 17.3 211 93.3 90.8 93.9
Current smoker, % 53.2 50.8 53.5 5.2 6.2 4.8
Never drinker, % 194 15.5 19.7 80.8 76.5 81.5
Current drinker, % 73.8 70.2 74.8 17.3 24.7 17.0
Walk 30 min or more/day, % 68.6 64.3 69.1 71.5 68.8 71.7
Exercise 3 hours or more/week, % 14.9 15.4 14.6 9.9 9.2 9.9
Coffee 1 cup or more daily, % 36.6 36.5 36.1 36.1 37.0 351
Fish almost daily, % 1.3 1.3 1.3 1.6 1.5 1.6
College or higher education, % 18.6 219 18.3 10.7 12.0 10.7
History of diabetes mellitus, % 71 15.9 5.3 4.0 9.4 3.1
History of gallbladder disease, % 4.3 10.7 3.2 5.6 18.9 4.1
History of blood transfusion, % 9.4 19.7 7.6 10.3 20.9 9.1
Present treatment of liver disease, % — 28.8 —_ — 22.0 —

Abbreviation: BMI, body mass index.

gInformation on history of liver disease was missing for 2787 men and 3773 women.

Values are means (SD) or proportions.

disease. In contrast, among men without a history of liver
disease the association was U-shaped: as compared with a
BMI of 21.0 to 22.9kg/m?, the multivariable HR (95% CI)
was 1.95 (1.07-3.54) among those with a BMI less than
18.5kg/m? and 1.65 (1.05-2.60) among those with a BMI of
25kg/m? or higher. BMI was positively associated with
mortality from liver cancer among women (P=0.04 for
overall trend) and women with a history of liver disease
(P =10.02 for overall trend), but not among women without a
history of liver disease (P =0.23 for overall trend) (Table 2).

No associations were found for BMI at age 20 in either
sex (Table 3). Weight change since age 20 years was
positively associated with mortality from liver cancer among
women, women with a history of liver disease, and women
without a history of liver disease (P =0.01, 0.02, and 0.03,
respectively). Among women with a history of liver disease,
weight gain of 5.0 to 9.9kg was associated with a
multivariable HR of 1.96 (95% CI, 1.05-3.66) for mortality
from liver cancer, and weight gain of 10kg or more was
associated with an HR of 2.31 (1.18-4.49), as compared
with women with a weight change of —4.9 to 4.9kg. The
multivariable HRs associated with a 5-kg increment in weight
were 1.11 (1.00-1.28), 1.14 (1.00-1.30), and 1.17 (1.00-1.36)
among women, women with a history of liver disease, and
women without a history of liver disease, respectively. There
was no association between weight change and mortality from
liver cancer in men (Table 4). The results of the analyses that
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excluded early deaths from liver cancer were essentially
identical. Among overweight men without a history of liver
disease the multivariable HR was 1.67 (0.90-3.12), versus a
BMI of 21.0 to 22.9 kg/m?. Analysis of the overall trend for
BMI categories among women and women with and without
a history of liver disease yielded P values of 0.009, 0.02,
and 0.06, respectively, in the multivariable model. Analysis
of overall trend for weight change in women, women with a
history of liver disease, and women without a history of liver
disease yielded P values of 0.007, 0.03, and 0.02, respectively
(data not shown in table).

DISCUSSION

In this large-scale prospective study of Japanese men and
women, we observed that overweight and underweight were
associated with liver cancer mortality in men without liver
disease and that weight change positively correlated with liver
cancer mortality in women, regardless of history of liver
disease.

Our results showing an excess risk of mortality from liver
cancer in overweight men without a history of liver disease are
in line with those from studies of men from the general
populations of East Asian countries,'! European countries,>®
and the United States.'> Among women, we found a weak
positive association between BMI categories and liver cancer
mortality, which supports previous findings for women from

J Epidemiol 2013;23(3):219-226
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Table 2. Sex-specific, age- and multivariable-adjusted hazard ratios and 95% Cls for mortality from liver cancer according to
body mass index (BMI) categories at baseline (JACC study, 1988-2009)

BMI at baseline (kg/m?)

P for P for overall
<185 185-20.9  21.0-229  23.0-249 225.0 trend®  frend”
Men
No. at risk 1669 7116 8892 7583 5758
No. of person-years 21231 107 857 140791 123112 93753
No. of deaths 32 82 88 73 63
Crude death rate® 151 76 63 59 67
Age-adjusted HR (95% CIl) 1.87 (1.25-2.82) 1.15 (0.85~1.55) 1 1.01 (0.74-1.37) 1.20 (0.86-1.65) 0.33 0.21
Muitivariable HR (95% CI1)° 1.42 (0.93-2.15) 1.09 (0.81-1.48) 1 1.04 (0.76-1.42) 1.15 (0.83-1.60) 0.37 0.99
Men with liver disease
No. at risk 139 544 690 558 507
No. of person-years 1376 7055 9404 7940 7494
No. of deaths 13 30 39 34 22
Crude death rate® 945 425 415 428 294
Age-adjusted HR (95% CI) 1.86 (0.99-3.51) 0.94 (0.59-1.52) 1 1.06 (0.67-1.67) 0.75 (0.44-1.26) 0.27 0.09
Multivariable HR (95% CI)d 0.99 (0.51-1.95) 0.91 (0.55-1.48) 1 1.03 (0.64-1.66) 0.83 (0.48-1.44) 0.38 0.80
Men without liver disease
No. at risk 1303 5838 7396 6446 4810
No. of person-years 17660 91245 120182 107098 79876
No. of deaths 16 39 39 33 37
Crude death rate® 91 43 32 31 46
Age-adjusted HR (95% CI) 2.24 (1.25-4.03) 1.25 (0.80-1.96) 1 1.00 (0.63-1.59) 1.58 (1.01-2.48) 0.05 0.75
Multivariable HR (95% CI)¢ 1.95 (1.07-3.54) 1.22 (0.78-1.91) 1 1.08 (0.68-1.72) 1.65 (1.05-2.60) 0.03 0.78
Women
No. at risk 2560 8527 11094 9598 9676
No. of person-years 38047 138984 184657 159579 160898
No. of deaths 8 36 42 41 62
Crude death rate® 21 26 23 26 39
Age-adjusted HR (95% CI) 0.73 (0.34-1.57) 1.10 (0.71-1.72) 1 1.14 (0.74-1.75) 1.63 (1.10-2.41) 0.01 0.01
Multivariable HR (95% CI)¢ 0.74 (0.35-1.60) 1.08 (0.69-1.68) 1 1.16 (0.75-1.79) 1.42 (0.95-2.13) 0.10 0.04
Women with liver disease
No. at risk 136 448 572 527 621
No. of person-years 1722 6176 8157 7546 8749
No. of deaths 1 16 19 17 30
Crude death rate® 58 259 233 225 343
Age-adjusted HR (95% Cl) 0.23 (0.03-1.73) 1.11 (0.57-2.15) 1 1.02 (0.53-1.96) 1.49 (0.84-2.66) 0.14 0.05
Multivariable HR (95% CI)¢ 0.23 (0.03-1.74) 1.14 (0.57-2.29) 1 1.20 (0.60-2.40) 1.72 (0.93-3.18) 0.09 0.02
Women without liver
disease
No. at risk 2121 7282 9572 8196 8207
No. of person-years 32776 121678 163208 139737 139789
No. of deaths 7 14 19 22 28
Crude death rate® 21 12 12 16 20
Age-adjusted HR (95% CI) 1.44 (0.60-3.45) 0.96 (0.48-1.92) 1 1.36 (0.74-2.52) 1.64 (0.91-2.93) 0.10 0.14
Multivariable HR (95% Ci)? 1.32 (0.55-3.18) 0.97 (0.49-1.94) 1 1.33 (0.72-2.46) 1.49 (0.83-2.69) 0.27 0.23

aTest for trend refers to a baseline BMI of 221.0 kg/m?.

bTest for overall trend refers to a baseline BMI of <18.5 kg/m?.
®Mortality rate is expressed as rate per 100000 person-years.
dMultivariable adjustment: age, smoking status, ethanol consumption,

hours of walking, hours of exercise, frequencies of coffee and fish intake,

education level, area of residence, histories of diabetes mellitus, gallbladder disease, blood transfusion, and positive history of liver disease with or

without present treatment.
the general populations of the United States'? and Korea.!!
The positive association between BMI and liver cancer risk in
women with a history of liver disease was in line with
previous findings in patients with liver disease, namely, that
a higher baseline BMI was predictive of incident liver
cancer.'>™1°

Two prospective studies investigated the association of
weight change during adulthood with liver cancer risk.>S A
study of 107 815 Swedish men with a small number of incident
liver cancers (n = 55) reported no association between weight

J Epidemiol 2013;23(3):219-226

gain and risk of liver cancer, as compared with stable weight.>
Another study of 191 927 European men and women found a
positive dose-dependent association between weight change
after age 20 years and risk of incident liver cancer.® However,
in sex-specific analysis, there was a positive association only
among men, perhaps due to the small number of incident liver
cancers among women (n=54). Nonetheless, we found a
positive relationship between weight change and liver cancer
mortality in women, regardless of history of liver disease,
which confirms previous findings among men. Because the
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Table 3. Sex-specific, age- and multivariable-adjusted hazard ratios and 95% Cls for mortality from liver cancer according to
body mass index (BMI) categories at age 20 years (JACC study, 1988-2009)

BMI at age 20 (kg/m?)

P for P for overall
<185 185-20.9  21.0-229  23.0-24.9 225.0 trend®  trend®
Men
No. at risk 1805 9180 10300 6372 3361
No. of person-years 28079 148241 164069 97 587 48768
No. of deaths 14 91 115 75 43
Crude death rate® 50 61 70 77 88
Age-adjusted HR (95% CI) 0.78 (0.45-1.36) 0.99 (0.75-1.30) 1 0.96 (0.72-1.29) 1.02 (0.72—1.45) 0.92 0.65
Multivariable HR (95% CI)¢ 0.74 (0.42-1.29) 0.89 (0.68-1.18) 1 0.92 (0.69-1.24) 0.91 (0.64-1.31) 0.54 0.66
Men with liver disease
No. at risk 170 735 785 474 274
No. of person-years 2249 10227 11072 6248 3474
No. of deaths 8 34 48 31 17
Crude death rate® 356 332 434 496 489
Age-adjusted HR (95% CI) 0.86 (0.41-1.82) 0.83 (0.53-1.28) 1 1.02 (0.65-1.61) 0.97 (0.55-1.69) 0.98 0.49
Muitivariable HR (95% CI)? 0.91 (0.42-1.97) 0.68 (0.43-1.07) 1 0.98 (0.61-1.56) 0.75 (0.41-1.35) 0.36 0.68
Men without liver disease
No. at risk 1456 7667 8625 5294 2751
No. of person-years 23539 127328 141043 83287 40864
No. of deaths 4 48 57 33 22
Crude death rate® 17 38 40 40 54
Age-adjusted HR (95% ClI) 0.78 (0.45-1.36) 0.99 (0.75-1.30) 1 0.96 (0.72-1.29) 1.02 (0.72—1.45) 0.85 0.61
Multivariable HR (95% Cl)? 0.50 (0.18-1.39) 1.05 (0.71-1.54) 1 0.81 (0.53-1.25) 0.98 (0.60-1.62) 0.76 0.99
Women
No. at risk 4061 12936 11996 7364 5098
No. of person-years 64 811 214456 199655 122099 81143
No. of deaths 20 49 58 37 25
Crude death rate® 31 23 29 30 31
Age-adjusted HR (95% CI) 1.23 (0.74-2.05) 0.90 (0.61-1.32) 1 0.95 (0.63-1.43) 0.77 (0.48-1.23) 0.28 0.25
Multivariable HR (95% Cl)¢ 0.98 (0.58-1.64) 0.85 (0.58-1.25) 1 0.91 (0.60-1.38) 0.73 (0.45-1.18) 0.18 0.49
Women with liver disease
No. at risk 289 721 582 410 302
No. of person-years 3746 10014 8348 6049 4192
No. of deaths 1 17 28 13 14
Crude death rate® 294 170 335 215 334
Age-adjusted HR (95% Cl) 1.04 (0.52-2.10) 0.56 (0.31-1.02) 1 0.64 (0.33-1.24) 0.84 (0.44-1.60) 0.60 0.99
Multivariable HR (95% CI1)d 0.91 (0.43-1.94) 0.53 (0.29-1.00) 1 0.61 (0.31-1.21)  0.75 (0.37-1.50) 0.32 0.98
Women without liver
disease
No. at risk 3337 11081 10396 6311 4253
No. of person-years 55240 188811 176982 106855 69299
No. of deaths 9 27 25 20 9
Crude death rate® 16 14 14 19 13
Age-adjusted HR (95% ClI) 1.23 (0.74-2.05) 0.90 (0.61-1.32) 1 0.95 (0.63-1.43) 0.77 (0.48-1.23) 0.25 0.14
Multivariable HR (95% CI)? 1.28 (0.59-2.76) 1.24 (0.72-2.15) 1 1.22 (0.68-2.21) 0.62 (0.29-1.34) 0.30 0.13

aTest for trend refers to a baseline BMI of 221.0 kg/m?.

bTest for overall trend refers to a baseline BMI of <18.5kg/m?.
°Mortality rate is expressed as rate per 100000 person-years.
dMultivariable adjustment: age, smoking status, ethanol consumption, hours of walking, hours of exercise, frequencies of coffee and fish intake,
education level, area of residence, histories of diabetes mellitus, gallbladder disease, blood transfusion, and positive history of liver disease with or

without present treatment.

numbers of deaths were relatively small in the first 2 weight-
change groups (ie, <~10.0 and —5 to —9.9 kg) in the analyses of
women in the present study, we examined whether combining
the first 2 weight-change groups would alter the results;
however, the P values were very similar for overall trend.
We found no association between weight change since age 20
years and risk of liver cancer in men.

The mechanism linking excess body weight or weight gain
during adulthood with higher mortality from liver cancer may
be mediated via progression of nonalcoholic fatty liver disease

(NAFLD), a clinicopathologic condition that encompasses a
wide spectrum of liver tissue changes, ranging from steatosis
alone to nonalcoholic steatohepatitis, advanced fibrosis,
cirrhosis, and, in the most severe cases, liver cancer.?’ Level
of obesity was found to be correlated with NAFLD
development: a study of 39151 Japanese adults reported
that 12.8% of nonobese subjects (BMI <25 kg/m?), 51.4% of
overweight subjects (25 < BMI <30kg/m?), and 80.4% of
highly obese subjects (BMI >30kg/m?) had fatty liver disease,
as determined by abdominal ultrasonography.?! In addition,
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Table 4. Sex-specific, age- and muitivariable-adjusted hazard ratios and 95% ClIs for mortality from liver cancer according to
categories of weight change since age 20 years to baseline (JACC study, 1988-2009)

Weight change from age 20 to baseline (kg) Pior P for overall
<-10.0 -510-99  -49t049 50199 2100 trend®  trend”
Men
No. at risk 2454 4831 12279 5666 5788
No. of person-years 30812 70268 197516 93608 94540
No. of deaths 27 76 124 55 56
Crude death rate® 88 108 63 59 59
Age-adjusted HR (95% CI)  0.94 (0.61-1.43) 1.32 (0.99-1.77) 1 1.06 (0.77-1.46) 1.09 (0.80-1.50) 0.59 0.85
Multivariable HR (95% CI)¥  0.68 (0.43-1.08) 1.08 (0.80—1.46) 1 1.06 (0.77-1.47) 0.98 (0.70-1.37) 0.88 0.54
Men with liver disease
No. at risk 193 390 882 436 537
No. of person-years 1942 4895 12357 6322 7752
No. of deaths " 29 49 23 26
Crude death rate® 566 592 397 364 335
Age-adjusted HR (95% ClI) 1.09 (0.56-2.12) 1.26 (0.79-2.00) 1 1.03 (0.62-1.69) 0.97 (0.60-1.56) 0.89 0.48
Multivariable HR (95% CI)¥  0.59 (0.28-1.23) 0.93 (0.56—1.54) 1 1.08 (0.64-1.81) 1.03 (0.61-1.72) 0.63 0.33
Men without liver disease .
No. at risk 1908 3880 10406 4818 4781
No. of person-years 24969 58307 171105 81354 80327
No. of deaths 13 33 65 28 25
Crude death rate® 52 57 38 34 31
Age-adjusted HR (95% Cl)  0.95 (0.52-1.73) 1.15 (0.75-1.76) 1 1.03 (0.66-1.61) 0.94 (0.59-1.50) 0.84 0.73
Multivariable HR (95% CI)¥  0.69 (0.36-1.34) 0.98 (0.64-1.52) 1 1.08 (0.69-1.70) 1.00 (0.61-1.61) 0.95 0.52
Women
No. at risk 2269 5811 16186 8986 8203
No. of person-years 32934 92910 270774 150616 134929
No. of deaths 10 24 62 46 47
Crude death rate® 30 26 23 31 35
Age-adjusted HR (95% CI)  0.77 (0.39-1.52) 0.82 (0.51-1.32) 1 1.44 (0.98-2.10) 1.60 (1.10-2.34)  0.01 0.0006
Multivariable HR (95% CI)¢  0.68 (0.34—1.40) 0.83 (0.51-1.35) 1 1.31 (0.89-1.94) 1.41 (0.94-2.11) 0.08 0.01
Women with liver disease
No. at risk 135 308 789 508 564
No. of person-years 1750 4400 11184 7488 7528
No. of deaths 3 15 21 22 22
Crude death rate® 171 341 188 294 292
Age-adjusted HR (95% CI)  0.67 (0.20-2.26) 1.56 (0.80-3.04) 1 1.64 (0.90-2.98) 1.70 (0.94-3.10) 0.06 0.11
Muitivariable HR (95% CI)¢  0.55 (0.15-2.03) 1.47 (0.72-3.00) 1 1.96 (1.05-3.66) 2.31(1.18-4.49) 0.02 0.02
Women without liver
disease
No. at risk 1812 4880 14141 7720 6825
No. of person-years 27205 79851 241627 132498 116 006
No. of deaths 4 6 36 22 22
Crude death rate® 15 8 15 17 19
Age-adjusted HR (95% Cl)  0.54 (0.19-1.52) 0.35 (0.15-0.84) 1 1.22 (0.72-2.08) 1.36 (0.80-2.30) 0.24 0.003
Multivariable HR (95% CI)®  0.50 (0.17-1.49) 0.35 (0.15-0.85) 1 1.16 (0.68-1.99) 1.14 (0.65-2.00) 0.58 0.03

@Test for trend refers to weight change 2-4.9kg.
bTest for overall trend refers to weight change <~10.0kg.
“Mortality rate is expressed as rate per 100000 person-years.

9Multivariable adjustment: age, weight at age 20, height at age 20, smoking status, ethanol consumption, hours of walking, hours of exercise,
frequencies of coffee and fish intake, education level, area of residence, histories of diabetes mellitus, gallbladder disease, blood transfusion, and

positive history of liver disease with or without present treatment.

weight gain during an average of 414 days was found to be an
independent risk factor for incident NAFLD in Japanese men
and women.??

Second, overweight (BMI >25 kg/m?) was associated with
a 5-fold risk of fibrosis progression in liver during a 1-year
period among people with HCV infection,?® which suggests
that overweight increases the risk of liver cancer via
progression of liver fibrosis.

Third, it is possible that overweight was confounded by

hepatitis C infection. However, according to a nested case-

J Epidemiol 2013:23(3):219-226

control study?* of a JACC study subsample of approximately
12000 adults, BMI tended to be inversely associated with
HCV infection. For example, among men without liver
disease, the proportion of those with HCV infection was
8.9% for a BMI less than 18.5kg/m?, 7.3% for a BMI of 18.5
to less than 21.0 kg/m?, 6.9% for a BMI of 21.0 to less than
23.0kg/m?, 6.7% for a BMI of 23.0 to less than 25.0 kg/m?,
and 4.7% for a BMI of 25.0kg/m? or higher. Thus, it is
unlikely that the excess risk of mortality from liver cancer in
adults with a BMI of 25.0kg/m? or higher was due to HCV
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infection. However, the excess risk of mortality from liver
cancer in those with a BMI less than 18.5kg/m? could be
confounded by HCV infection.

In the present study, men without liver disease and a
baseline BMI less than 18.5 kg/m? had excess mortality from
liver cancer as compared with those with a BMI of 21.0
to 22.9kg/m?, perhaps because underweight men without
liver disease were in a preclinical disease state. Indeed, in
our study the proportion of former drinkers was higher
among underweight men without liver disease than among
men with a BMI of 21.0 to 22.9kg/m? (10% vs 5%).
However, the associations were weaker in sensitivity analyses
that excluded deaths from liver cancer within 10 years
(n=77) and former drinkers (n=1277) from men without
liver disease: the multivariable HRs were 1.80 (95% CI,
0.72-4.53) and 1.86 (95% CI, 0.96-3.58), respectively.
Therefore, the increased risk of mortality from liver cancer
associated with low BMI is unlikely to be due to reverse
causation. The mechanisms responsible should be investigated
in future studies.

Our study benefited from a long follow-up period and a
large population-based sample, which allowed us to examine
associations with liver cancer in narrow ranges of BMI and
weight change in both men and women. However, some
limitations of the present study should be discussed. First, the
lack of information on HCV infection, a major risk factor
for liver cancer,® is a major limitation of the current study.
Because most individuals with hepatitis virus infection are
asymptomatic, the use of a questionnaire to exclude hepatitis
would be insufficient. Second, we used mortality data rather
than incidence data as an endpoint. However, the prognosis
of liver cancer is generally poor: relative S-year survival
rates were 21.2% to 27.1% from 1993-1996 to 2000-2002,
according to statistics by the Japan National Cancer Center,*
which means that most incident cases are detected as mortality
cases.?> Third, weight and height were self-reported in the
current study and were not validated by actual measurements.
However, a previous validation study of a Japanese population
indicated that self-reported weight and height strongly
correlated with previously measured weight and height: the
reported Pearson correlation coefficients for men and women
were 0.979 and 0.998 for height and 0.961 and 0.959 for
weight, respectively, ie, the differences were immaterial 2
Fourth, weight at age 20 was also self-reported. However, 1
study found that long-term recall of past body weights was
reasonably accurate in Japanese adults?’ and that people who
had experienced weight loss after age 25 years underestimated
their past weights, whereas those with stable weight or
weight gain overestimated them.?’ Recall bias resulting in
misclassification of weight changes would likely lead to
overestimation of real associations. Fifth, only 70% of the
present cases reported their weight at age 20 and at baseline.
However, any selection bias caused by missing data is unlikely
to affect the results because age (57.0 vs 58.2 years), baseline
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BMI (22.8 vs 22.7 kg/m?), and other baseline variables were
similar between the included and excluded subjects.

In conclusion, underweight (BMI <18.5kg/m?) and
overweight (BMI >25kg/m?) in men without liver disease,
and weight gain (weight change >5 kg) after age 20 in women
with liver disease, were associated with increased mortality
from liver cancer. Higher BMI tended to be associated with
higher mortality from liver cancer among women and women
with a history of liver disease. Weight change was positively
associated with increased risk of liver cancer mortality in
women with or without liver disease.
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ABSTRACT

The Japan Collaborative Cohort Study for Evaluation of Cancer Risk (JACC Study) was established in the late 1980s
to evaluate the risk impact of lifestyle factors and levels of serum components on human health. During the 20-year
follow-up period, the results of the study have been published in almost 200 original articles in peer-reviewed
English-language journals. However, continued follow-up of the study subjects became difficult because of the
retirements of principal researchers, city mergers throughout Japan in the year 2000, and reduced funding. Thus, we
decided to terminate the JACC Study follow-up at the end of 2009. As a final point of interest, we reviewed the
population registry information of survivors. A total of 207 (0.19%) subjects were ineligible, leaving 110 585 eligible
participants (46 395 men and 64 190 women). Moreover, errors in coding date of birth and sex were found in 356
(0.32%) and 59 (0.05%) cases, respectively, during routine follow-up and final review. Although such errors were
unexpected, their impact is believed to be negligible because of the small numbers relative to the large total study
population. Here, we describe the final cohort profile at the end of the JACC Study along with selected characteristics
of the participants and their status at the final follow-up. Although follow-up of the JACC Study participants is
finished, we will continue to analyze and publish study results.

Key words: JACC Study; cohort study; Japan; follow-up

The enthusiasm of researchers is always important in
promoting a cohort study, but enthusiasm is not enough since

INTRODUCTION

To evaluate the risk impact of lifestyle factors and levels of
serum components on human health, in the late 1980s we
established a large-scale cohort study, the Japan Collaborative
Cohort Study for Evaluation of Cancer Risk (JACC Study).
During a follow-up period of approximately 20 years, data
on deaths from major causes such as stomach cancer, lung
cancer, and cardiovascular diseases enabled examination of
risk factors. We subsequently published results regarding
associations between lifestyle factors and health status in
almost 200 original research articles in peer-reviewed English-
language journals. Additionally, we are currently developing
a website to increase public awareness.!

such work takes many years to bear fruit. A substantial budget
is also required. The JACC Study was started after receiving
a promise of funds for 10 years; however, after the initial 10
years had passed, it became necessary to apply for small
public grants to maintain and follow cohort participants. In
addition, administrative mergers of cities, towns, and villages
throughout Japan in the year 2000 sometimes caused further
difficulties in following subjects in the study area, due to
changes in partnerships between local governmental offices
and researchers. Moreover, with the retirement of key
researchers, it was not always easy to transfer their work to
their successors. As a result of these challenges, we decided to

Address for correspondence. Akiko Tamakoshi, MD, PhD, Department of Public Health, Hokkaido University Graduate School of Medicine, Kita 15 Nishi 7,
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terminate follow-up of participants in the JACC Study at the
end of 2009.

As a final point of interest, we used population registers in
the study area to review the list of survivors. Some subjects
were found to be no longer living in the study area, although
the overall number of such participants was small. Moreover,
a small number of errors in the coding of date of birth and sex
were identified during follow-up data collection. Here we
describe the final cohort profile obtained upon completion of
the JACC Study. Data on cancer incidence have not yet been
compiled because of the time lag of the cancer registry system.
This process is expected to continue until 2013, at which point
incidence information until 2009 will be made available.

METHODS

Study subjects

Details of the study design and concept have been described
elsewhere.”* Briefly, the JACC Study was a multicenter
collaborative study in which 24 institutions voluntarily
participated. Recruitment of study subjects living in 45 areas
was managed by individual investigators whose responsibility
was to construct the cohort in that area. Data were collected
from 1988 through 1990. However, although most baseline
surveys were performed during this 3-year period, some
subjects were recruited before and after this period because
of the need for a preliminary study in 3 areas and later
collaboration in 1 area. Individual informed consent before
participation in the study was obtained in 36 of the 45 study
areas (written consent in 35 areas and oral consent in 1 area);
in the remaining 9 areas, group consent from the area leader
was obtained. Participant eligibility was verified by individual
investigators, who confirmed that (1) the participant was
living within the study area and (2) was aged 40 to 79 years
at baseline. In addition, date of birth and sex were further
verified using official documents and/or a completed self-
administered questionnaire.

Follow-up

As follow-up information, dates and causes of death were
annually or biannually confirmed, with the permission of the
Director-General of the Prime Minister’s Office (Ministry
of Public Management, Home Affairs, Post and Tele-
communications) and/or the Ministry of Health, Labor and
Welfare, Japan. The date of move-out of cohort members
from the study area was also annually or biannually verified
by the investigator in cooperation with key members of the
local governmental office. In 24 of the 45 areas, data on
cancer incidence such as date of diagnosis and primary site
were also collected through population-based cancer registers
or by reviewing the records of local major hospitals. In most
areas, follow-up was completed at the end of 2009; however,
it was stopped at the end of 1999 in 4 areas, at the end of
2003 in another 4 areas, and at the end of 2008 in 2 areas.
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Final data setup: correction of birth date and
sex information, identification of decedents and
subjects who had moved, and deletion of ineligible
participants

To confirm if study participants had survived and were living
in the study area at the end of follow-up, we conducted a
systematic review of population registers of cohort members
in 17 areas followed until 2009. In the remaining 18 areas
followed until 2009, annual or biannual follow-up surveys
were routinely performed using population registers; thus,
no further reviews were conducted. If data from participants
presumed to survive were found to be missing at the end of
2009, attempts were made to obtain information on their
mortality status or current location, and relevant information
was added to the follow-up data. A few participants were
found to have never lived in the study area and were thus
excluded from the baseline data.

This review process revealed some errors in coding of date
of birth and sex. Moreover, during the merge of follow-up
data with baseline identifiable data (name, date of birth,
and sex), further errors in date of birth and sex were found.
All such errors were corrected.

RESULTS

Of 110792 participants aged 40 to 79 years at baseline, 207
(0.19%) were found to have never lived in the study area. As a
result, 110585 participants (46395 men and 64 190 women)
were ultimately deemed eligible as subjects for the JACC
Study, with 707 136 and 1025703 person-years of follow-up
for men and women, respectively. Errors in the coding of
date of birth and sex were found in 356 (0.32%) and 59
(0.05%) cases, respectively, during routine follow-up and final
review. Table 1 shows the age and sex distribution of study
participants. There were no subjects from the Shikoku region.
As compared with the overall distribution of the Japanese
population in 1989, our cohort participants were slightly older
and included a higher percentage of women.

Table 2 shows the follow-up results, and Table 3 shows the
major causes of death up to 2009. These values include the
follow-up information (death or move-out from the study
area) that was reported in 10 of 17 areas for 516 subjects
(0.5%) through a systematic review of population registers of
cohort members. Finally, 27410 deaths (24.8%; 15401 men,
12 009 women) and 6402 move-outs (5.8%; 2343 men, 4059
women) were identified during the median 18.0-year follow-
up. The first cause of death was cancer among men (37.6%)
and circulatory disease among women (33.7%), and the
second cause of death was circulatory disease (27.8%) and
cancer (30.8%), respectively (Table 3). Among those who
died of cancer, the first, second, and third leading causes of
death were cancer of the lung (23.2%), stomach (18.4%),
and liver (10.7%) among men and cancer of the stomach
(15.4%), lung (11.2%), liver, and pancreas (9.2% for both)
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Table 1. Age distribution of cohort members at baseline by region
Age at baseline
Total %
40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79
Men
Japan general population 1989 (x1000) 5022 4562 3967 3706 3122 2049 1507 1169 25104
20.0 18.2 15.8 14.8 124 8.2 6.0 4.7 100.0
JACC Study participants 5991 5794 6309 7690 8415 5516 4021 2659 46395 100.0
% 12.9 12.5 13.6 16.6 18.1 11.9 8.7 57 100.0
Hokkaido 191 182 211 267 284 201 86 43 1465 32
Tohoku 809 625 797 1050 1270 894 494 293 6232 134
Kanto 1325 1231 1219 1320 1446 1115 707 447 8810 19.0
Chubu 1736 1646 1560 1763 1804 1167 916 691 11283 243
Kinki 960 908 1148 1456 1419 996 651 459 7997 17.2
Chugoku 220 374 452 886 1251 589 770 509 5051 10.9
Kyushu 750 828 922 948 941 554 397 217 5557 12.0
Women
Japan general population 1989 (x1000) 4989 4613 4052 3852 3426 2825 2141 1770 27668
18.0 16.7 14.6 13.9 12.4 10.2 7.7 6.4 100.0
JACC Study participants 7536 7912 9088 10792 11102 8589 5548 3623 64190  100.0
% 11.7 12.3 14.2 16.8 17.3 13.4 8.6 5.6 100.0
Hokkaido 310 310 433 436 382 257 93 37 2258 35
Tohoku 959 963 1412 1670 1670 1136 604 372 8786 13.7
Kanto 1428 1438 1442 1605 1744 1577 892 542 10668 16.6
Chubu 1872 1669 1833 1933 2107 1613 1225 882 13134 205
Kinki 1253 1219 1508 1784 1566 1300 876 623 10129 15.8
Chugoku 300 796 828 1479 2194 1795 1289 844 9525 14.8
Kyushu 1414 1517 1632 1885 1439 911 569 323 9690 15.1
Table 2. Follow-up status until 2009 by sex and age
Age at baseline
Total
40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79
Men
No. at baseline 5991 5794 6309 7690 8415 5516 4021 2659 46395
No. of deaths 394 658 1113 2000 3252 3056 2782 2146 15401
% 6.6 114 17.6 26.0 38.6 55.4 69.2 80.7 33.2
No. who left study area 539 377 303 298 292 242 180 112 2343
% 9.0 6.5 4.8 3.9 3.5 44 45 4.2 5.1
Person-years 107048 102338 108465 124421 123896 74267 43689 23012 707136
Mortality rate (per 1000 person-years) 3.7 6.4 10.3 16.1 26.2 411 63.7 93.3 21.8
Women
No. at baseline 7536 7912 9088 10792 11102 8589 5548 3623 64190
No. of deaths 242 368 637 1218 1982 2544 2632 2386 12009
% 32 47 7.0 1.3 17.9 29.6 47.4 65.9 18.7
No. who left study area 605 488 479 522 606 592 483 284 4059
% 8.0 6.2 53 4.8 55 6.9 8.7 7.8 6.3
Person-years 134927 139091 159465 182347 174721 125510 71076 38566 1025703
Mortality rate (per 1000 person-years) 1.8 26 4.0 6.7 11.3 20.3 37.0 61.9 1.7

among women. When cancers of the colon and rectum were
grouped together, that category was the second leading cause
of death (12.7%) among women.

DISCUSSION

This final profile of the JACC Study Group describes the
number of participants and their follow-up status. During the
median 18-year follow-up, we found errors in the coding of

187

date of birth and sex data as well as incorrectly registered
cases. Accordingly, we would advise future researchers
planning a field study to thoroughly check participant
eligibility and basic information such as date of birth and
sex; this can be performed at least twice, by using a population
register and a self-questionnaire.

Although follow-up information was annually or biannually
confirmed, 516 subjects who had died or moved out of the
study area were not identified during routine follow-up. The

J Epidemiol 2013;23(3):227-232
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Table 3. Mortality distribution according to cause of death during entire follow-up period

Men Women
Cause of death Age at baseline Age at baseline
Total % %* Total % %2
40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79 40-44 4549 50-54 55-59 60-64 85-69 70-74 75-79
All causes 394 658 1113 2000 3252 3056 2782 2146 15401 100.0 242 368 637 1218 1982 2544 2632 2386 12009 100.0
A00-B9S Certain infectious and parasitic diseases 6 10 18 38 56 62 44 33 267 1.7 4 4 18 31 62 50 43 36 248 21
C00-D49 Neoplasms 160 312 542 927 1425 1073 792 561 5792 376 100.0 147 182 319 563 740 714 618 414 3697 30.8 100.0
C15 Esophagus 12 14 28 42 55 38 17 10 216 3.7 0 1 5 3 4 7 8 7 35 0.9
Cc16 Stomach 32 62 87 176 252 199 151 109 1068 18.4 19 26 33 93 91 127 104 76 569 154
C18 Colon 12 14 36 41 67 59 44 35 308 53 2 13 29 45 62 65 65 52 333 9.0
C19-C20 Rectum 8 17 26 52 39 30 27 22 221 3.8 9 8 12 18 35 16 26 11 135 37
C22 Liver and intrahepatic bile ducts 21 46 79 128 167 77 66 37 621 107 8 12 29 65 81 77 33 35 340 9.2
C23 Gall bladder 1 5 6 16 17 32 12 12 101 17 4 7 11 15 17 28 35 13 130 3.5
C24 Other and unspecified parts of biliary tract 5 11 1 34 41 42 28 16 188 3.2 3 8 11 22 31 37 37 23 172 47
C25 Pancreas 13 20 29 50 78 63 43 42 338 58 7 16 26 48 82 66 62 33 340 9.2
C33-C34 Lung 27 50 114 205 364 290 181 114 1345 23.2 18 20 39 54 96 78 70 40 415 11.2
C50 Breast 0 1 0 0 0 0 1 0 2 0.0 28 26 28 37 29 18 17 9 192 5.2
C53 Cervic uteri 6 2 10 5 9 5 7 5 49 1.3
C54 Corpus uteri 2 2 7 7 9 3 4 2 36 1.0
C55 Uterus, part unspecified 2 3 1 3 13 9 8 7 46 1.2
C56 Ovary 13 8 156 16 22 10 9 5 98 27
C61 Prostate 2 4 20 21 68 49 59 56 279 48
Cé4 Kidney 0 4 7 12 14 9 12 4 62 1.1 0 0 1 5 3 1" 5 1 26 0.7
C65-C67 Urothelial tract 2 7 13 11 40 31 34 17 155 27 1 0 6 6 21 14 16 14 78 21
C82-C85 Non-Hodgkin's lymphoma 0 8 17 29 44 20 15 15 148 26 5 6 10 25 23 17 12 7 105 28
C90 Multiple myeloma 2 7 4 12 18 12 9 5 69 1.2 4 4 9 12 18 15 " 10 80 22
C92 Myeloid leukemia 5 10 1 16 17 7 9 3 78 1.3 1 4 4 12 15 9 8 3 56 15
E00-E89 Endocrine, nutritional and metabolic diseases 8 10 17 29 38 35 27 28 192 1.2 2 4 7 10 36 49 48 43 199 1.7
G00-G99 Diseases of the nervous system 4 7 17 19 50 39 18 10 164 1.1 1 4 12 23 44 27 29 13 153 13
100199 Diseases of the circulatory system 86 132 252 460 857 908 919 673 4287 278 52 70 138 306 585 913 1001 978 4043 33.7
120-125 Ischemic heart disease 34 45 69 124 199 204 181 147 1003 1 8 34 51 105 188 176 185 758
148 Atrial fibrillation and flutter 0 0 4 10 19 25 24 15 97 1 0 1 3 16 21 29 26 97
150 Heart failure 7 19 26 56 121 151 178 153 7 8 5 22 44 101 180 200 239 799
160-169 Cerebrovascular disease 30 44 113 194 362 389 408 285 1825 24 43 63 130 256 393 461 407 1777
171 Aortic aneurysm and dissection 4 4 12 21 44 40 38 15 178 2 3 2 17 22 29 28 13 116
J00-J99 Diseases of the respiratory system 14 40 62 219 408 501 550 500 2294 14.9 3 18 23 67 182 281 357 354 1285 10.7
J09-J18 Influenza and pneumonia [¢] 20 30 115 228 273 327 327 1326 2 11 15 39 110 173 247 245 842
J43 Emphysema 0 1 6 18 58 58 64 44 250 0 0 0 2 2 4 4 4 16
K00-K95 Diseases of the digestive system 28 35 53 78 82 109 80 46 511 33 1 12 13 54 54 106 91 82 413 34
K74 Fibrosis and cirrhosis of liver 16 16 27 34 20 13 19 8 151 1 8 6 23 22 31 19 10 120
NOO-N99 Diseases of the genitourinary system 2 9 14 33 67 68 67 59 319 2.1 2 3 15 22 51 78 82 81 334 2.8
N17-N19 Acute kidney failure and chronic kidney disease 2 7 12 22 50 52 52 53 250 1 2 12 17 38 50 63 60 243
RO0-Rge ~ Symetoms, signs, and abnormal clinical and 4 4 8 7 26 52 93 109 307 20 1 1 1 7 26 84 172 234 526 44
laboratory findings, not elsewhere classified
R54 Age-related physical debility 0 0 0 4 19 37 87 99 246 0 0 1 2 18 71 150 224 466
S00-T88 External causes 78 86 113 150 170 150 126 93 966 6.3 22 57 72 97 143 147 17 73 728 6.1
Others 4 13 19 40 73 59 60 34 302 2.0 7 13 19 38 59 95 74 78 383 3.2

aPercentage of deaths per neoplasm.
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use of population registers to verify that subjects are living
in the study area is therefore necessary because it enables
identification of deceased individuals and those who have
moved out of the study area. Furthermore, 356 (0.32%) and 59
(0.05%) cases of incorrect coding of date of birth and sex,
respectively, were found during routine follow-up and final
review. Miscoding of data can occur by verification only once,
and miscoding of date of birth and sex information may cause
errors such as merging of the follow-up information of 1
participant with the baseline data of another participant. Thus,
careful efforts such as independent double-entry are essential
to reduce such miscoding.

The JACC Study is one of the largest cohort studies in
Japan. Selected characteristics of study participants were
similar to those of the Japanese general population, and thus,
the JACC Study can be regarded as representative of the
Japanese population, though it should be noted that no
subjects were recruited from the Shikoku region. Almost 200
original articles on the risk factors for cancer, cardiovascular
disease, and other diseases have been published using the
results of the JACC Study. It was not an easy task to establish
and maintain such a large collaborative cohort study with a
limited budget; the voluntary efforts of the collaborators were
essential. Although unexpected errors were found, we believe
that the impact of these errors was negligible because the
number of ineligible cases and amount of missing data were
small relative to the large total study population.

Cohort studies need to continue over a long period if they
are to yield fruitful results. Moreover, because all study
participants must be followed up carefully and thoroughly,
considerable funding is required. The JACC Study received
systematic support for the first 10 years, at which point this
funding ceased and maintenance and follow-up of cohort
participants was accomplished by means of smaller grants.
The retirements of principal researchers and city mergers
throughout Japan made it difficult to continue follow-up.
Thus, we decided to terminate the follow-up of participants in
the JACC Study at the end of 2009. Our experience indicates
that the development and maintenance of an appropriate long-
term management system is essential when launching a cohort
study and that adequate and steady support from funding
bodies is also important.

We would like to express our sincere thanks to all
participants and researchers related to the JACC Study, and
to all the funding bodies that supported our study. Hereafter,
we plan to use the final dataset and remaining sera to examine
the risk impact of lifestyle factors and levels of serum
components on human health.
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