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Introduction

In 2018, the World Cancer Research Fund and 
American Institute for Cancer Research confirmed 
that consumption of non-starchy vegetables and fruit 
together was a probable protective factor for colorectal 
cancer (1). Individually, consumption of non-starchy 
vegetables was classified as a "limited-suggestive" 
protective factor for cancer of the oral cavity, pharynx, 
larynx, nasopharynx, esophagus, lung, and breast. 
Consumption of fruits was classified as a limited-
suggestive protective factor for cancer of the esophagus 
and lung. Consumption of citrus fruits was classified 
as a limited-suggestive protective factor for cancer of 
the stomach (1). Foods containing dietary fiber were 
classified as a convincing protective factor of colorectal 
cancer. Consumption of these plant-source foods 
together might substantially influence cancer incidence 
and mortality in the population; specifically, when 
consumption level is insufficient.
 The population attributable fraction (PAF) for all-

cause cancer associated with insufficient vegetable and 
fruit consumption has previously been estimated for 
several countries, including Australia (2), Brazil (3), 
Germany (4), and the United Kingdom (5). The results 
indicated that while the risk attributed to insufficient 
consumption varied among countries, it was not low in 
any. Additionally, PAF for all cancer associated with 
inadequate dietary fiber consumption was estimated 
for Australia (2) and Germany (4). Because dietary 
consumption is a modifiable factor, identifying the 
proportion of cancers attributed to this factor could 
have important implications for cancer prevention 
strategies.
 We previously reported that the fractions of cancer 
attributable to insufficient consumption of vegetables 
and fruit in 2005 in Japan were 0.4% and 0.8%, 
respectively (6). PAFs were the same for incidence 
and mortality. In the present report, we updated this to 
the fraction of cancer incidence and mortality in Japan 
for 2015, and also estimated the fraction attributed to 
dietary fiber consumption.
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Abstract: Consumption of vegetables, fruit and dietary fiber is closely associated with cancer incidence and mortality 
in the population, especially under conditions of insufficient consumption. We estimated the fraction of cancer 
incidence and mortality in 2015 attributable to insufficient consumption of vegetables, fruit and dietary fiber in the 
Japanese population. Consumption of vegetables, fruit and dietary fiber in grams per day, by sex and age group, is 
available for 2005 from the Japanese National Health and Nutrition Survey. Optimal consumption of vegetables and 
fruits for this study was assumed to be over 350g and 100g/day, respectively. Optimal consumption of dietary fiber was 
defined by age group according to the Dietary Reference consumption for Japanese. Population attributable fractions 
(PAFs) were estimated for each sex and age group according to a standard formula, and aggregated to obtain the PAF 
among total cancer incidence and mortality. Insufficient consumption of vegetables, fruit, and dietary fiber contributed 
0.2%, 0.1% and 1.0% of all cancer incidence, and 0.2%, 0.1% and 0.9% of cancer mortality, respectively. The results 
of this study may provide useful evidence in reducing the cancer burden attributable to insufficient consumption of 
vegetables, fruit and dietary fiber in Japan.
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Materials and Methods

Cancers associated with insufficient vegetables, fruit and 
dietary fiber

The WCRF/AICR classified consumption of non-starchy 
vegetables and fruits together as a probable protective 
factor for colorectal cancer (1). Individually, consumption 
of non-starchy vegetables was classified as a limited-
suggestive protective factor for cancer of the oral cavity, 
pharynx, larynx, nasopharynx, esophagus, lung, and 
breast. Consumption of fruits was classified as a limited-
suggestive protective factor for cancer of esophagus 
and lung. Consumption of citrus fruits was classified as 
a limited-suggestive protective factor for cancer of the 
stomach. In addition, non-starchy vegetables and fruit 
in the aggregate were classified as a probable protective 
factor for aerodigestive cancer and some other cancers.
 Foods containing dietary fiber were classified as 
probable protective factors of colorectal cancer (1). 
Therefore, we applied the target cancers associated 
with vegetables, fruit and dietary fiber identified by 
this evaluation, namely those which showed sufficient 
evidence for a positive association with vegetables, fruit 
and dietary fiber, and for which relative risk estimates 
in Japan were available, namely stomach, lung and 
colorectal cancer.

Theoretical minimum risk exposure level

The optimal consumption of vegetables and fruits in 
Japan for this purpose was defined as over 350 and 100 
g/day, respectively. These values were based on goals 
established for the National Health Promotion Movement 
in the 21st Century (7). The optimal consumption of 
dietary fiber was defined by age group according to the 
Dietary Reference Consumption for Japanese (8).

Prevalence of vegetables, fruit and dietary fiber 
consumption

The latent period - the interval between "exposure" to 
insufficient consumption and the increase in risk of 
cancer - is unknown. For the purpose of this study, the 
latent period between being "exposed" to insufficient 
consumption and the consequent increase in cancer was 
assumed to be 10 years. The 2015 fraction of avoidable 
cancers calculated for this study is therefore based on an 
estimate of insufficient consumption in 2005.
 The data on vegetable, fruit and dietary fiber 
consumption by sex and age group were derived from the 
Japanese National Health and Nutrition Survey (JNHNS) 
from 2005 (9), taking the 3-year mean of individual year 
data for 2004-2006 obtained from the Ministry of Health, 
Labour, and Welfare, Japan with permission.
 Sex and age group-specific consumption of 
vegetables, fruit and dietary fiber in g/day by the 

Japanese population in 2005, as derived from the 
JNHNS, are shown in Table 1. The optimal consumption 
levels and the deficit from each for the estimation of PAF 
are given by sex and 5-year age group.

Cancer incidence and mortality in Japan in 2015

Cancer incidence data in 2015 were estimated using 
the annual estimate of cancer incidence in 2013 by the 
Monitoring of Cancer Incidence in Japan (10). We used 
an age and period spline model. This type of model is 
used for short-term projections of cancer incidence in 
Japan (11). The sex- and age-specific incidence data 
for target cancers were coded in accordance with the 
International Statistical Classification of Diseases and 
Related Health Problems, 10th edition (ICD-10), using 
the morphology code of the International Classification 
of Disease for Oncology, 3rd edition (ICD-O-3).
 The data on cancer mortality statistics from 2015 
were based on the vital statistics of Japan (12). We 
obtained sex- and age-specific mortality data by cause 
of death from available data sources from the Health, 
Labour, and Welfare Statistics Association (13), and used 
4-digit ICD-10 codes to classify the cause of death.

Estimation of relative risks

Risk estimates for the association between site-specific 
cancer and consumption of vegetable, fruit and dietary 
fiber are summarized in Table 2. We used relative risk 
of the highest consumption (quartile or quintile) for 
the point estimate of risk, with the lowest respective 
category (first quartile or quintile) as reference. Relative 
risk for the association between stomach cancer and 
vegetable consumption was sourced from a pooled 
analysis of four Japanese cohorts (14). Because a 
decrease in risk with higher consumption of vegetables 
was observed only for the distal subsite of stomach 
cancer, we limited this research to distal stomach 
cancer only, which nevertheless accounted for 95% 
of total stomach cancer cases. Relative risk for the 
association between fruit consumption and lung cancer 
was sourced from a pooled analysis of four Japanese 
cohorts (15). Relative risk for the association between 
highest consumption of dietary fiber and colon cancer 
was sourced from a published analysis by Wakai et al. 
(16) using the method by Levin et al. (17). The risk for 
a deficit of one gram in decreased consumption was 
calculated using the following formula:

where gram of deficit is 3-year mean of individual data 
by age group derived from the JNHNS.

Estimation of population attributable fractions (PAFs)
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across all sex and age categories to show a percentage 
of the total number of all incident cases and deaths of 
cancer in Japan in 2015.

Results

Sex and age group-specific consumption of vegetables, 

PAFs were calculated for each sex and age group 
according to the formula:

 The number of attributable cancers was then totaled 
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Table 1. Sex and age group-specific consumption of vegetables, fruit and dietary fiber in g/day in Japan in 2005

Age at exposure
(2005)

Men
  0 - 4
  5 - 9
10 - 14
15 - 19
20 - 24
25 - 29
30 - 34
35 - 39
40 - 44
45 - 49
50 - 54
55 - 59
60 - 64
65 - 69
70 - 74
    ≥ 75

Women
  0 - 4
  5 - 9
10 - 14
15 - 19
20 - 24
25 - 29
30 - 34
35 - 39
40 - 44
45 - 49
50 - 54
55 - 59
60 - 64
65 - 69
70 - 74
     ≥ 75

Optimal 
consumption 

(g/day)

350
350
350
350
350
350
350
350
350
350
350
350
350
350
350
350

350
350
350
350
350
350
350
350
350
350
350
350
350
350
350
350

Mean 
consumption 

(g/day)

137
196
258
253
240
268
276
255
260
284
296
316
337
336
329
307

137
195
261
245
231
243
237
240
240
274
292
312
317
322
313
285

Deficit from 
optimal 

consumption 
(g/day)

213
154
  92
  97
110
  82
  74
  95
  90
  66
  54
  34
  13
  14
  21
  43

213
155
  89
105
119
107
113
110
110
  76
  58
  38
  33
  28
  37
  65

Vegetables

Optimal 
consumption 

(g/day)

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Mean 
consumption 

(g/day)

109
108
108
110
  72
  68
  53
  52
  67
  79
  80
117
144
156
163
150

114
111
115
109
  82
  79
  79
  73
  86
110
137
162
172
181
167
153

Deficit from 
optimal 

consumption 
(g/day)

  0
  0
  0
  0
28
32
47
48
33
21
20
  0
  0
  0
  0
  0

  0
  0
  0
  0
18
21
21
27
14
  0
  0
  0
  0
  0
  0
  0

Fruit

Optimal 
consumption 

(g/day)

-
11.5
15.0
19.5
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
19.0
19.0

-
11.0
14.5
17.5
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
19.0
19.0

Mean 
consumption 

(g/day)

  8.4
11.9
14.9
14.0
12.5
13.5
13.6
13.1
13.5
14.4
14.8
16.4
17.6
17.7
17.6
16.3

  8.2
11.5
14.3
12.9
12.3
12.7
12.6
12.7
13.0
14.7
15.6
16.7
17.3
17.5
16.6
15.2

Deficit from 
optimal 

consumption 
(g/day)

0.0
0.0
0.1
5.5
7.5
6.5
6.4
6.9
6.5
5.6
5.2
3.6
2.4
2.3
1.4
2.7

0.0
0.0
0.2
4.6
5.7
5.3
5.4
5.3
5.0
3.3
2.4
1.3
0.7
0.5
2.4
3.8

Dietary fiber

Table 2. Summary of risk estimates for the association between consumption of vegetables, fruit, and dietary fiber and 
site-specific cancer

Exposure

Vegetable

Fruit

Dietary fiber

Cancer site

Stomach
    Men
    Women
Lung
    Men
    Women
Colon
    Men
    Women

Reference group

First quintile
First quintile

First quintile
First quintile

First quartile
First quartile

Studies

Shimazu et al. (2014) (14)

Wakai et al. (2015) (15)

Wakai et al. (2007) (16)

Estimated risk for the highest (quartile of quintile) consumption

0.78 (0.63 - 0.97)
0.89 (0.62 - 1.29)

0.88 (0.66 - 1.16)

0.52 (0.28 - 0.96)
0.64 (0.36 - 1.13)



GHM Open. 2021; 1(2):70-75.GHM Open. 2021; 1(2):70-75.

(73)

fruit and dietary fiber among Japanese people in 
2005 is shown in Table 1. The deficit from optimal 
consumption to mean vegetable intake was high in 
younger generations (up to 40-44 years-old) and 
decreased for both sexes thereafter. A similar tendency 
was seen for fruit, but the decrease was observed 
slightly later for men (55-59 years-old). The deficit 
from optimal consumption to mean dietary fiber intake 
was highest among 20-24-year-olds.
 Risk estimates for the association between 
consumption of vegetables, fruit, and dietary fiber and 
site-specific cancer in Japan are summarized in Table 
2. For vegetables, the estimated risk of stomach cancer 
was 0.78 for men and 0.89 for women.  We used these 
values to calculate PAF. For fruit, the estimated risk of 
lung cancer was 0.88 for men and women; while for 
dietary fiber, the estimated risk of colon cancer was 0.52 
for men and 0.64 for women.
 The estimated PAF of cancer incidence and mortality 
in 2015 attributed to insufficient vegetable, fruit and 
dietary fiber consumption in Japan is summarized in 
Table 3. Insufficient consumption of vegetables was 
attributed to 1.7% (1.8% in men and 1.3% in women) of 
gastric cancer incidence, and to 0.2% (0.3% in men and 
0.1% in women) of total cancer incidence. Insufficient 
consumption of fruits was attributed to 0.5% (0.7% in 
men and 0.2% in women) of lung cancer incidence, 
and to 0.1% (0.1% in men and 0.02% in women) of 
total cancer incidence. Insufficient consumption of 
vegetables was attributed to 1.3% (1.3% in men and 
1.2% in women) of mortality from gastric cancer, and 
to 0.2% (0.2% in men and 0.1% in women) of total 
cancer mortality. Insufficient consumption of fruits was 
attributed to 0.4% (0.5% in men and 0.1% in women) of 
mortality from lung cancer, and to 0.1% (0.1% in men 
and 0.01% in women) of total cancer mortality.
 Insufficient consumption of dietary fiber was 
attributed to 10.5% (13.6% in men and 7.1% in women) 
of colon cancer incidence, and to 1.0% (1.2% in men 
and 0.8% in women) of total cancer incidence. It was 

attributed to 10.2% (12.4% in men and 7.9% in women) 
of mortality from colon cancer, and to 0.9% (1.0% in 
men and 0.9% in women) of total cancer mortality.
 Detailed results for each cancer, sex, and age-
group are shown for insufficient vegetable and fruit 
consumption in Tables S1-S2 (online data, https://www.
ghmopen.com/site/supplementaldata.html?ID=36) 
and for insufficient fiber consumption in Tables S3-
S4 (online data, https://www.ghmopen.com/site/
supplementaldata.html?ID=36).

Discussion

In this report, we estimated the proportion and absolute 
number of cancer incidence and mortality in Japan in 
2015 that was attributable to insufficient vegetable, 
fruit and dietary fiber consumption. According to the 
results from a large prospective cohort study or pooled/
meta-analysis of cohort studies in Japan, insufficient 
consumption of vegetables, fruit and dietary fiber 
was attributed to stomach cancer, lung cancer, and 
colon cancer, respectively. The results indicate that 
insufficient consumption of vegetables and fruit 
contributed 0.1-0.2% of both total cancer incidence 
and mortality. In addition, insufficient dietary fiber 
consumption contributed approximately 1% of total 
cancer incidence and mortality.
 In a previous study which estimated the effects of 
16 risk factors on cause-specific mortality (18), the 
number of cancer deaths attributable to low fruit and 
vegetable consumption was 3.8 in thousands, similar 
to that of our study. In that study, the risk of low 
consumption of vegetables and fruit was relatively 
minor, at only one-third that of high dietary sodium 
consumption, the highest dietary risk factor for cancer 
in Japan. Further, low dietary fiber consumption was 
not included.
 In contrast, several previous estimates of the fraction 
of cancer attributable to insufficient consumption of 
vegetables, fruits and dietary fiber have been published 
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Table 3. Proportion (%) of cancer in 2015 attributable to insufficient consumption of vegetable, fruit, and dietary fiber in 
Japan 

Items

Insufficient vegetable consumption
     Stomach (C16)
     Total cancer (C00 - C96)
Insufficient fruit consumption
     Lung (C33 - C34)
     Total cancer (C00 - C96)
Insufficient vegetable and fruit consumption
     Total cancer (C00 - C96)

Insufficient dietary fiber consumption
     Colon (C18)
     Total cancer (C00 - C96)

Women

1.3
0.1

0.2
0.0

0.2

7.1
0.8

 Men

  1.8
  0.3

  0.7
  0.1

  0.4

13.6
  1.2

 Both sexes

  1.7
  0.2

  0.5
  0.1

  0.3

10.5
  1.0

Incidence

Women

1.2
0.1

0.1
0.0

0.1

7.9
0.9

 Men

  1.3
  0.2

  0.5
  0.1

  0.3

12.4
  1.0

Both sexes

  1.3
  0.2

  0.4
  0.1

  0.2

10.2
  0.9

Mortality
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from Western countries. PAFs of all cancer attributed 
to vegetables and fruits combined for all cancer cases 
were 4.7% in the UK in 2010 (5) and 2.1% in Germany 
in 2018 (4). In Australia in 2010, PAFs of all cancer 
attributed to insufficient fruits and vegetables were 
1.4% and 0.3%, respectively (2). In France, PAFs of 
all cancer in 2015 attributed to insufficient fruits and 
vegetables were 1.4% and 0.5%, respectively (19). 
Compared to these percentages, the PAF of all cancer in 
Japan in the present study is rather low.
 According to the National Health and Nutrition 
Survey, average consumption of vegetables by 
Japanese increased until the mid-1990s, and has 
since then maintained a steady level between 260-
300g/day for about two decades (20). On the other 
hand, stomach cancer decreased rapidly during this 
period, both in incidence and mortality. If these 
trends continue, the burden of all cancer attributed to 
insufficient consumption of vegetables in the future 
will be even lower than now. In contrast, average 
consumption of fruit in Japan decreased drastically 
up to the 2000s, to around 120g/day, and has since 
continued to decrease slowly (20). Considering the 
increasing trend of lung cancer in Japanese women, 
all cancers attributed to the low consumption of 
fruit might increase in the future. Consumption of 
dietary fiber, on the other hand, has remained at 
approximately 15g/day for the past two decades 
(20). Foods which make the greatest contribution 
to the total consumption of dietary fiber include not 
only fruits and vegetables, but also grains. Since the 
incidence of colon cancer is increasing in Japanese 
women, all cancers attributable to insufficient dietary 
fiber consumption might increase in the future.
 There are a few limitations to this study. First, the 
methodology used to estimate dietary consumption 
differed. We adopted the mean consumption levels 
from the results of 1-day dietary records collected 
in the National Nutrition Survey to take advantage 
of representative data. Among the various methods 
available, dietary records also have the advantage of 
accurately estimating the quantity of consumption. 
On the other hand, relative risks were estimated using 
FFQs, which are designed for ranking by consumption 
level. Moreover, levels of consumption in categories 
such as quintiles may vary in the meta- and pooled 
analyses. Our present analysis was based on the 
hypothesis of a dose-response association between 
exposure and outcome; however, the differences in cut-
off point caused by the different methods might have 
resulted in error if this hypothesis was not applicable to 
dietary consumption. Secondly, the RR used to calculate 
the PAF for insufficient dietary fiber consumption was 
derived from a single study. This may have led to the 
over- or underestimation of risk. When additional data 
are available, re-calculation of the PAF using RR from 
a meta-analysis or pooled analysis will be essential for 

updating the evidence.
 Despite the limitations, these estimates have major 
implications for Japan's national health policy for 
cancer prevention and control strategies.

Conclusion

Our analysis provides evidence for the current burden 
of cancer attributable to insufficient consumption 
of vegetables, fruit and dietary fiber. Insufficient 
consumption of vegetables, fruit, and dietary fiber 
contributed 0.2%, 0.1% and 1.0% of all cancer 
incidence, and 0.2%, 0.1% and 0.9% of cancer mortality, 
respectively. These results may provide useful evidence 
in efforts to reduce the cancer burden in Japan.

Funding: This study was supported by JSPS KAKENHI 
Grant Number 16H05244.

Conflict of Interest: The authors have no conflicts of 
interest to disclose.

References

1. World Cancer Research Fund/American Institute for 
Cancer research. Diet, Nutrition, Physical activity and 
cancer: a global perspective; a summary of the third expert 
report. https://www.wcrf.org/wp-content/uploads/2021/02/
Summary-of-Third-Expert-Report-2018.pdf (accessed 
November 1, 2021).

2. Nagle CM, Wilson LF, Hughes MC, Ibiebele TI, Miura K, 
Bain CJ, Whiteman DC, Webb PM. Cancers in Australia 
in 2010 attributable to inadequate consumption of fruit, 
non-starchy vegetables and dietary fibre. Aust N Z J 
Public Health. 2015; 39:422-428.

3. Azevedo ESG, de Moura L, Curado MP, et al. The 
fraction of cancer attributable to ways of life, infections, 
occupation, and environmental agents in brazil in 2020. 
PLoS One. 2016; 11:e0148761.

4. Behrens G, Gredner T, Stock C, Leitzmann MF, Brenner 
H, Mons U. Cancers due to excess weight, Low physical 
activity, and unhealthy diet. Dtsch Arztebl Int. 2018; 
115:578-585.

5. Parkin DM, Boyd L. 4. Cancers attributable to dietary 
factors in the UK in 2010. I. Low consumption of fruit 
and vegetables. Br J Cancer. 2011; 105 Suppl 2:S19-23.

6. Inoue M, Sawada N, Matsuda T, Iwasaki M, Sasazuki S, 
Shimazu T, Shibuya K, Tsugane S. Attributable causes 
of cancer in Japan in 2005 – systematic assessment to 
estimate current burden of cancer attributable to known 
preventable risk factors in Japan. Ann Oncol. 2012; 
23:1362-1369.

7. Ministry of Health Labour and Welfare. A basic direction 
for comprehensive implementation of national health 
promotion. https://www.mhlw.go.jp/file/06-Seisakujouhou-
10900000-Kenkoukyoku/0000047330.pdf (accessed 
November 8, 2021).

8. Ministry of Health Labour and Welfare. Dietary reference 
intakes for Japanese. https://www.mhlw.go.jp/stf/
seisakunitsuite/bunya/kenkou_iryou/kenkou/eiyou/syokuji_
kijyun.html (accessed November 8, 2021).

www.ghmopen.com



GHM Open. 2021; 1(2):70-75.GHM Open. 2021; 1(2):70-75.

(75)

9. Ministry of Health Labour and Welfare. National health 
and nutrition survey 2005. https://www.mhlw.go.jp/bunya/
kenkou/eiyou07/01.html (accessed November 1, 2021). (in 
Japanese)

10. Cancer Statistics. Cancer Information Service, National 
Cancer Center, Japan (Monitoring of cancer incidence in 
Japan (MCIJ)) https://ganjoho.jp/reg_stat/statistics/data/
dl/en.html (accessed November 1, 2021).

11. Katanoda K, Kamo K, Saika K, Matsuda T, Shibata A, 
Matsuda A, Nishino Y, Hattori M, Soda M, Ioka A, Sobue 
T, Nishimoto H. Short-term projection of cancer incidence 
in Japan using an age-period interaction model with spline 
smoothing. Jpn J Clin Oncol. 2014; 44:36-41.

12. Cancer Statistics. Cancer Information Service, National 
Cancer Center, Japan (Vital Statistics of Japan, Ministry of 
Health, Labour and Welfare) https://ganjoho.jp/reg_stat/
statistics/data/dl/en.html (accessed November 1, 2021).

13. Ministry of Health Labour and Welfare. Sex and age 
specific mortality statistics in Japan (2015) by ICD-10, by 
4-digit. Health, Labour and Welfare Statistics Association. 
http://www.hws-kyokai.or.jp/information/mortality.html 
(accessed November 1, 2021). (in Japanese)

14. Shimazu T, Wakai K, Tamakoshi A, Tsuji I, Tanaka K, 
Matsuo K, Nagata C, Mizoue T, Inoue M, Tsugane S, 
Sasazuki S, Research Group for the Development and 
Evaluation of Cancer Prevention Strategies in Japan. 
Association of vegetable and fruit intake with gastric 
cancer risk among Japanese: a pooled analysis of four 
cohort studies. Ann Oncol. 2014; 25:1228-1233.

15. Wakai K, Sugawara Y, Tsuji I, Tamakoshi A, Shimazu 
T, Matsuo K, Nagata C, Mizoue T, Tanaka K, Inoue 
M, Tsugane S, Sasazuki S, Research Group for the 
Development and Evaluation of Cancer Prevention 
Strategies in Japan. Risk of lung cancer and consumption 
of vegetables and fruit in Japanese: A pooled analysis of 
cohort studies in Japan. Cancer Sci. 2015; 106:1057-1065.

16. Wakai K, Date C, Fukui M, et al. Dietary fiber and risk of 
colorectal cancer in the Japan collaborative cohort study. 
Cancer Epidemiol Biomarkers Prev. 2007; 16:668-675.

17. Levin ML. The occurrence of lung cancer in man. Acta 
Unio Int Contra Cancrum. 1953; 9:531-541.

18. Ikeda N, Inoue M, Iso H, Ikeda S, Satoh T, Noda M, 
Mizoue T, Imano H, Saito E, Katanoda K, Sobue T, 
Tsugane S, Naghavi M, Ezzati M, Shibuya K. Adult 
mortality attributable to preventable risk factors for 
non-communicable diseases and injuries in Japan: 
a comparative risk assessment. PLoS Med. 2012; 
9:e1001160.

19. Soerjomataram I, Shield K, Marant-Micallef C, Vignat 
J, Hill C, Rogel A, Menvielle G, Dossus L, Ormsby JN, 
Rehm J, Rushton L, Vineis P, Parkin M, Bray F. Cancers 
related to lifestyle and environmental factors in France 
in 2015. Eur J Cancer. 2018; 105:103-113.

20. Ministry of Health Labour and Welfare. National health 
and nutrition survey 2018. https://www.mhlw.go.jp/stf/
seisakunitsuite/bunya/kenkou_iryou/kenkou/eiyou/r1-
houkoku_00002.html (accessed November 1, 2021). (in 
Japanese)

----
Received June 12, 2021; Revised November 17, 2021; 
Accepted December 7, 2021.

Released online in J-STAGE as advance publication 
December 11, 2021.

*Address correspondence to:
Junko Ishihara, School of Life and Environmental Science, 
Department of Food and Life Science, Azabu University, 
1-17-71 Fuchinobe, Chuo-ku, Sagamihara-shi, Kanagawa 
252-5201, Japan.
E-mail: j-ishihara@azabu-u.ac.jp

www.ghmopen.com


