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Introduction

The structure of disease in Japan has changed 
drastically over the past decades, largely due to changes 
in economics, demographics and lifestyle. Together 
with rapid aging, the transition from communicable 
diseases such as tuberculosis and pneumonia to non-
communicable diseases such as cancer has challenged 
domestic health systems and public health.
 Cancer has been the leading causes of death in 
Japan since 1981 (1). Recent statistics show that cancer 

accounted for 27.3% of all deaths (n = 1,381,093) 
(31.1% of men and 23.2% of women) in 2019 (1). The 
national cancer registry documented 980,856 newly 
diagnosed cases of cancer (558,874 men and 421,964 
women) in 2018, suggesting that 65.0% of men and 
50.2% of women will be diagnosed with cancer at least 
once in their lifetime (2). For 2035, it is estimated that 
over 1,172,000 Japanese will be diagnosed with cancer, 
and 382,000 will die from it (3). Thus, effective cancer 
prevention and control is crucial to reducing the burden 
of cancer in Japan.
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cancer incidence and mortality in 2015. We finally obtained the PAF for site-specific and total cancers attributable 
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all cancer mortality (49.7% in men and 26.8% in women) would be considered preventable by avoidance of these 
exposures. Infections and active smoking followed by alcohol drinking were the greatest contributing factors to 
cancer in Japan in 2015.
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 It has long been known that many cancers are 
caused by lifestyle and environmental factors that could 
potentially be prevented (4), suggesting the possibility 
of reducing the cancer burden caused by such exposures. 
However, the pattern of such modifiable factors and 
pattern of cancer differ among countries and regions, and 
cancer control policies should accordingly be tailored to 
reflect the local burden of cancer.
 The proportion of preventable cancers is often 
referred to as the population attributable fraction (PAF). 
The first quantitative assessment of attributable causes of 
cancer mortality was reported in 1981 for the US by Doll 
and Peto (5). More recently, country-specific attributable 
causes of cancer using PAF have been reported in the 
US (5-7), Nordic countries (8,9), France (10-12), China 
(13), South Korea (14), UK (15,16), Australia (17), 
Canada (18), Germany (19), Brazil (20), Chile (21) and 
Vietnam (22) as well as Japan (23). In Japan, the burden 
of cancer attributable to known preventable risk factors 
was first assessed for the year 2005 (23), in which 55% 
of cancer among men and nearly 30% among women 
was attributed to preventable risk factors. That study 
also showed that tobacco smoking and infections were 
the major causes of cancer in Japan. Of note, the study 
applied to the prevalence of exposures occurring 15 
years before, i.e. around 1990, based on a 15-year time 
lag between exposure and cancer outcome. This process 
was hampered by the limited availability of data sources 
for many exposures around 1990, which obliged the 
researchers to use less representative data or to exclude 
such exposures from analysis. Likewise, the number 
of Japanese epidemiological studies of risk assessment 
at that time was also limited, which led to insufficient 
evidence for PAF estimates. The subsequent decade 
saw the accumulation of additional epidemiological 
evidence and data on exposures of interest, and national 
representative data became available for many factors. 
In addition, the prevalence of many modifiable risk 
factors in Japan was shown to have dramatically changed 
by birth cohort. Accordingly, analysis to determine 
the burden of cancer attributed to such factors should 
be done with consideration to prevalence among birth 
cohorts at the time of exposure.
 Hence, in this report, we estimated the cancer burden 
attributable to modifiable factors in Japan in 2015, using 
the most recent epidemiological evidence.

Methods

PAF in this project is defined as the fraction of cancer 
incidence or mortality that is attributable to a particular 
exposure and that could be avoided if the exposure were 
eliminated or reduced to an alternative scenario that 
would result in the lowest risk; or in other words, the 
theoretical minimum risk exposure distribution. We took 
several steps to accomplish this goal (Figure S1, https://
www.globalhealthmedicine.com/site/supplementaldata.

html?ID=43), namely I. Selection of risk factors with 
definitions of their theoretical minimum risk exposures 
and target cancers; II. Acquisition of essential data, 
namely i) cancer incidence and mortality statistics in 
Japan, ii) prevalence of risk factors in Japan, and iii) 
representative relative risks for each risk factors; and III. 
Estimation of PAF of cancer attributable to modifiable 
factors in Japan in 2015. Estimation of PAF was 
conducted first by risk factor, by specific cancer site. 
By adding up the obtained PAF of each factor related to 
each site, with statistical control of the effect of overlap 
between risk factors, we finally obtained the PAF for 
total cancers attributable to modifiable factors.

I. Selection of risk factors with definitions of their 
theoretical minimum risk exposures and target cancers

Selection of risk factors and related cancer sites
 Risk factors included in the present PAF estimation 
were basically selected based on agents classified by the 
International Agency for Research on Cancer (IARC) as 
group 1 (carcinogens in humans) (24) and risk factors 
that were judged as "convincing", with the exception of 
"convincing" or "probable" for dietary factors, from the 
Third Expert Report, Diet, Nutrition, Physical Activity 
and Cancer: a Global Perspective (25). Related cancer 
sites were also selected from these expert reports, as 
well as from a report of the US Surgeon General in 2014 
(26) for tobacco smoking. Additionally, we referred to 
domestic comprehensive evaluations, including a report 
by the Japanese Committee on Smoking and Health 
in 2016 (27), and a risk assessment by the Research 
Group for the Development and Evaluation of Cancer 
Prevention Strategies in Japan (28).
 Risk factors meeting the following criteria, as applied 
in a previous estimate (23), were adopted into the present 
estimate: 1) there was evidence of a causal association 
between the factor and at least one type of cancer; 2) 
prevalence was available from national representative 
surveys; and 3) there were achievable alternative 
exposure levels that would reduce the risk.
 Some established carcinogens, including some types 
of infectious agents such as Schistosoma hematobium, 
Opisthorchis viverrini, human immunodeficiency virus 
(HIV), and aflatoxin, were not included due to their 
extremely low prevalence in Japan. Furthermore, we 
did not include occupational exposures, or ultraviolet or 
radiation exposure, due to a lack of reliable prevalence 
data in Japan.

Theoretical minimum risk exposure level
 We defined a theoretical minimum risk exposure 
level for each risk factor included in this estimate. Details 
are described in the following companion reports, with a 
focus on the PAF of cancer by each risk factor.
 Risk factors, theoretical minimum risk exposure 
levels, and cancer sites considered in this estimate are 

(27)

www.globalhealthmedicine.com



Global Health & Medicine. 2022; 4(1):26-36.Global Health & Medicine. 2022; 4(1):26-36.

(28)

the International Classification of Disease for Oncology, 
3rd edition (ICD-O-3) (32).
 The statistical data on cancer mortality from 2015 
were obtained from the vital statistics of Japan (33). We 
obtained sex- and age-specific mortality data by cause 
of death from available data sources from the Health, 
Labour, and Welfare Statistics Association (34). As was 
done for the cancer incidence data, 4-digit ICD-10 codes 
were used to classify the cause of death.
 Table 2 shows the summary of incidence and 
mortality of cancer data used in this estimate in Japan in 
2015.

ii) Prevalence of risk factors in Japan
 The current incidence or mortality of cancer reflects 
the cumulative effect of past exposures. For most cancers 
and risk factors, the latent period between "exposure" 
to the risk factor and the increase in risk of the relevant 
cancer has not been well established. We assumed that 
this would be 10 years on average, and thus examined 
the effects of cancers occurring in 2015 from exposure 
to risk factors in 2005. We collected prevalence data 

described in Table 1.

II. Acquisition of essential data

i) Cancer incidence and mortality statistics 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 Project (MCIJ) 
on the basis of data collected from population-based 
cancer registries in Japan (29). Estimation was done 
using an age and period spline model, a type which is 
used for short-term projections of cancer incidence in 
Japan (30). For some of the cancer sites, subsites, or 
histological subtypes which were not included in this 
published database, we further asked the MCIJ project 
to provide such detailed data, with permission for this 
purpose.
 The sex- and age-specific incidence data for target 
cancers were coded by the International Statistical 
Classification of Diseases and Related Health Problems, 
10th edition (ICD-10) (31), with the morphology code of 
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Table 1. Risk factors considered, theoretical minimum risk exposure level, and cancer sites considered

Risk factors

Tobacco smoking
    1. Active smoking

    2. Secondhand smoking
Alcohol drinking

Excess body weight

Physical activity
Infection
    1. Helicobacter pylori
    2. Hepatitis C virus (HCV)
    3. Hepatitis B virus (HBV)
    4. Human papilloma virus (HPV)
    5. Epstein-Barr virus (EBV)
    6. Human T-cell Leukemia Virus 
Type 1 (HTLV-1)
Dietary intake
    1. Highly salted food
    2. Fruit
    3. Vegetables
    4. Dietary fiber

    5. Red and processed meat
Breast feeding
Exogenous hormone use
    1. Menopausal hormone therapy
    2. Oral contraceptive use
Air pollution

*Calculated for women only. **Calculated for men only.

Theoretical minimum risk 
exposure level

Never

None

BMI < 23 kg/m2

Regular exercise
No infection

None

< 500 g/week
Ever

Never

Ambient PM 2.5 ≤ 10 μg/cm3

Age (yrs)
5-9

10-14
15-19
20-69

        70+

Cancer site

lung; oral cavity and pharynx; nasal; esophagus; stomach; colon; 
rectum; liver; pancreas; bladder; cervix; acute myeloid leukaemia
lung
oral cavity, pharynx, esophagus, stomach, colorectum, liver, larynx, 
and breast*

esophageal adenocarcinoma, stomach (cardia), colorectum, liver, 
gallbladder, pancreas, breast* (pre- and post- menopausal), ovary*, 
endometrium*, advanced prostate**, kidney
colorectum, breast*, endometrium*

stomach (non-cardia); MALT lymphoma
liver
liver
oral cavity; oropharynx; anus; penis; vulva; vagina; cervix uteri
nasopharynx; Burkitt lymphoma; Hodgkin lymphoma
adult T-cell lymphoma/leukemia (ATL)

stomach
lung
stomach (distal)
colon

colon; rectum
breast*; ovary*; endometrium*

breast*; ovary*

breast*; ovary*; endometrium*

lung

Men/Women
≥ 11.5 g/ ≥ 11 g
≥ 15 g/ ≥ 14.5 g
≥ 19.5 g/ ≥ 17.5 g
≥ 20 g/ ≥ 18 g
≥ 19 g/ ≥ 17 g
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of exposure to each risk factor from different sources, 
prioritizing Japanese national representative surveys. For 
exogenous hormone use (hormone replacement therapy 
and oral contraceptive use), the latency period was not 
considered since cancer risk decreases rapidly after 
cessation (35).

iii) Representative relative risk for each risk factor
 Relative risk (RR) data were obtained from 
epidemiological studies identified from different 
sources, including PubMed, Ichushi-web, and other 
literature searches, either in English or Japanese. We 
used studies that reported RR and corresponding 95% 
confidence intervals (CIs). We employed priority 
ranking for the inclusion and selection of representative 
RRs. Among these studies, meta-analyses that included 
pooled analyses of Japanese populations were the most 
preferred source of RR. When such meta-analyses 
were not available, RR was derived from the most 
comprehensive Japanese studies. Cohort studies were 
prioritized over case-control studies. If no RR derived 
from Japanese population sources were available, the 

data from other Asian populations were used, followed 
by non-Asian populations. Within meta- and pooled 
analyses where multiple RRs were available, RRs 
were selected based on characteristics that were most 
relevant to the evidence.

III. Estimation of PAF of cancer attributable to 
modifiable factors in Japan in 2015

Cancer site-specific PAF estimation by each risk factor
 Cancer site-specific PAFs of each risk factor were 
calculated separately by sex and age groups and the age-
specific attributed cases or deaths were aggregated to 
obtain the total number of attributed cases or deaths. In 
this study, we estimated PAF by a couple of methods. 
When exposure to a risk factor was dichotomous, a 
standard PAF formula proposed by Levin (36) was 
applied:

www.globalhealthmedicine.com

Table 2. Incidencea and mortalityb of all and selected sites of cancer in Japan (2015)

Cancer site

Base of Tongue
Oral and mouth
Tonsil and Oropharynx
Nasopharynx
Other oral pharynx
Esophagus
Stomach
Colon
Rectum
Anus
Liver
Gallbladder
Pancreas
Sino-nasal
Larynx
Lung
Breast
Vulva
Vagina
Cervix
Endometrium
Ovary
Penis
Prostate
Kidney
Renal pelvis & ureter
Bladder
Hodgkin disease
Non-Hodgkin Lymphoma
Burkitt's lymphoma
Adult T-cell Lymphoma/Leukemia
Acute Myeloid leukemia

All sites

aDerived from Monitoring of Cancer Incidence in Japan project. bDerived from the vital statistics of Japan. cC97 is included in death only.

Incidence

654
6,409
2,033

581
4,802

19,390
91,883
50,394
30,433

521
28,222
3,721

19,523
1,333
4,630

83,169

412
82,896
13,471
5,292

15,280
805

15,195
170
912

2,970 

549,241

ICD-10

C01
C02-C06
C09-C10
C11
C00, C07-C08, C12-C14
C15
C16
C18
C19-C20
C21
C22
C23
C25
C30-31
C32
C33-C34
C50
C51
C52
C53
C54
C56
C60
C61
C64
C65-66
C67
C81
C82-C85, C96
C837
C915
C920, C924, C925

C00-C96, C97c

Death

26
1,844

798
224

2,366
9,774

30,809
17,063
9,755

209
19,008
2,532

16,186
392
899

53,208

141
11,326
3,182
2,353
5,582

102
6,568

36
446

2,968

219,508

Men

Incidence

38
4,544

475
277

1,150
3,540

42,203
44,310
16,401

472
15,087
5,190

18,524
705
360

40,025
84,709

867
363

11,253
15,372
10,166

5,954
3,008
5,168

446
12,581

138
663

1,983

408,572

Death

2
1,467

167
75

411
1,965

15,870
17,275
5,606

202
9,881
3,716

15,680
245
72

21,170
13,584

262
151

2,813
2,322
4,676

1,584
1,558
2,548

58
5,140

20
506

1,808

150,838

Women

Incidence

692
10,954
2,509

858
5,952

22,930
134,087
94,703
46,835

993
43,308

8,911
38,046
2,038
4,990

123,194
84,709

867
363

11,253
15,372
10,166

412
82,896
19,426
8,300

20,448
1,251

27,776
308

1,575
4,953

957,813

Death

28
3,311

965
299

2,777
11,739
46,679
34,338
15,361

411
28,889
6,248

31,866
637
971

74,378
13,584

262
151

2,813
2,322
4,676

141
11,326
4,766
3,911
8,130

160
11,708

56
952

4,776

370,346

Both sexes
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where P is prevalence and RR is relative risk.
 When there are multiple categories to be considered 
in the PAF calculation, the modified formula for κ 
multiple categories by Hanley was used (37):

where P is prevalence, R is relative risk, and K is the 
number of categories for the risk factor.
 For some risk factors, risk of cancer per unit increase 
in exposure and average RR for the whole population 
based on the average exposure, with the assumption of 
a log-linear relationship between exposure and risk, was 
calculated using the following formula (11):

 For some infectious agents, PAF was calculated 
using the prevalence of the infectious agent in cases 
only and the RR associated with that infection (37):

where Pc is prevalence among cases.

Total cancer PAF estimation by individual risk factors
 Cancer site-specific PAF was multiplied by the 
number of incidence or mortality of site-specific 
cancer to obtain the site-specific number of attributable 
cancer incidence and mortality. By summing these site-
specific attributed numbers of cancer incidence and 
mortality, we obtained the attributed number of total 
cancer incidence and mortality. Total cancer PAF was 
then obtained by dividing the number of attributed 
total cancer incidence and mortality by the number of 
observed total cancer incidence and mortality.

Site-specific and total cancer PAF estimation considering 
all modifiable risk factors
 Risk factor-specific PAF of each site of cancer and 
total cancers was further aggregated to estimate total 
PAF with consideration of all modifiable risk factors. 
Most cancers are caused by multiple risk factors, and 
PAF for individual risk factors for the same cancer sites 
can therefore overlap and add up to over 100%. To 
obtain the PAF of total modifiable risk factors, we took 
into account the degree of overlap of PAF under the 
assumption of independence of exposures and risk (38). 
Combined PAF for the two risk factors A and B can be 

calculated by the following formula (38):

 This formula can be generalized to more than two 
risk factors.
 We finally obtained the PAF for site-specific and total 
cancers attributable to all modifiable risk factors using 
this formula with statistical consideration of the effect of 
overlap between risk factors. These PAFs were then used 
to estimate the number of attributable incident cases and 
deaths of site-specific and total cancer.

Sensitivity analysis of PAFs
 Calculation of the PAF is determined by the choice 
of estimated exposure prevalence at the population 
level and the RR associated with the risk factor. Use of 
a point estimate of RR involves uncertainty. To account 
for differences in PAF due to uncertainty in the RR 
estimation, we performed sensitivity analyses on the 
PAFs by using the lower and upper bounds of the 95% 
CIs for the RR estimates.

Results

The estimated PAFs of total and associated cancer sites 
for each modifiable factor were reported in separate 
articles in detail (39-48), and are summarized in Table 
3. Table S1 (cancer incidence) and S2 (cancer mortality) 
(online data, https://www.globalhealthmedicine.com/
site/supplementaldata.html?ID=42) describe the PAF 
estimates for relevant cancer sites and types and total 
cancers for each modifiable factor. Overall, 35.9% of all 
cancers diagnosed in Japan in 2015 (43.4% in men and 
25.3% in women) were attributable to modifiable risk 
factors of cancer. The corresponding figure for cancer 
mortality was 41.0% for both sexes (49.7% in men 
and 26.8% in women). Infections and active smoking 
are the most important modifiable factors for cancer in 
Japan, followed by alcohol drinking, given that 16.6% 
of cancer incidence is explained by infections, 15.2% by 
active smoking, and 6.2% by alcohol drinking. Cancer 
mortality showed similar figures, among which 19.6% 
of cancer deaths were explained by active smoking, 
17.7% by infections, and 6.5% by alcohol drinking. 
There was a difference in the pattern of PAF by sex 
(Figure 1), with the major attributable factors for men 
being active smoking (23.6% for incidence and 29.8% 
for mortality), infections (18.1% for incidence and 
18.5% for mortality) and alcohol drinking (8.3% for 
incidence and 8.8% for mortality), versus infections 
(14.7% for incidence and 16.5% for mortality), alcohol 
drinking (3.5% for incidence and 3.0% for mortality) 
and active smoking (4.0% for incidence and 4.7% for 
mortality) for women. In both sexes, other factors such 
as secondhand smoking, excess body weight, physical 
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inactivity, highly salted food intake, fruit intake, 
vegetable intake, dietary fiber intake, red and processed 
meat intake, breast feeding, exogenous hormone use, 
and air pollution accounted for a small share of both 
cancer incidence and mortality.
 Estimated PAFs of all modifiable factors aggregated 

for cancer sites/types associated with one or more 
modifiable factors are shown in Table 4. Cancer of the 
uterine cervix and adult T-cell leukemia/lymphoma had 
the highest fractions of potentially modifiable factors 
(100%) for which the infectious agents were considered 
necessary causal factors. Other cancer sites/types with 
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Table 3. Number and population attributable fraction (PAF, %) of cancer incidence and mortality attributable to selected 
modifiable risk factors in Japan in 2015

Risk factor

Men
   Total Number
   Active smoking
   Secondhand smoking
   Alcohol drinking
   Excess body weight
   Physical inactivity
   Infections
   Highly salted food consumption
   Vegetable consumption
   Fruit consumption
   Dietary fiber consumption
   Red and processed meat consumption
   Air pollution
   Above all risk factors (adjusted for overlaps)

Women
   Total Number
   Active smoking
   Secondhand smoking
   Alcohol drinking
   Excess body weight
   Physical inactivity
   Infections
   Highly salted food consumption
   Vegetable consumption
   Fruit consumption
   Dietary fiber consumption
   Red and processed meat consumption
   Breastfeeding
   Exogenous hormone use
   Air pollution
   Above all risk factors (adjusted for overlaps)

Both sexes
   Total Number
   Active smoking
   Secondhand smoking
   Alcohol drinking
   Excess body weight
   Physical inactivity
   Infections
   Highly salted food consumption
   Vegetable consumption
   Fruit consumption
   Dietary fiber consumption
   Red and processed meat consumption
   Breastfeeding
   Exogenous hormone use
   Air pollution
   Above all risk factors (adjusted for overlaps)

Theoretical minimum risk 
exposure level

Never
Never
None
BMI < 23 kg/m2

Regular exercise
No infection
No intake
≥ 350 g/day
≥ 100 g/day
sufficient consumption*

< 500 g/week
Ambient PM 2.5 ≤ 10 μg/cm3

Never
Never
None
BMI < 23 kg/m2

Regular exercise
No infection
No intake
≥ 350 g/day
≥ 100 g/day
sufficient consumption*

< 500 g/week
Ever
Never
Ambient PM 2.5 ≤ 10 μg/cm3

Never
Never
None
BMI < 23 kg/m2

Regular exercise
No infection
No intake
≥ 350g/day
≥ 100g/day
sufficient consumption*

< 500 g/week
Ever
Never
Ambient PM 2.5 ≤ 10 μg/cm3

PAF (%)

23.6
  0.2
  8.3
  1.0
  1.0
18.1
  3.0
  0.3
  0.1
  1.2
  0.0
  1.6
43.4

  4.0
  0.9
  3.5
  0.3
  1.6
14.7
  1.6
  0.1
  0.0
  0.8
  0.0
  0.3
  0.4
  0.7
25.3

15.2
  0.5
  6.2
  0.7
  1.3
16.6
  2.4
  0.2
  0.1
  1.0
  0.0
  0.1
  0.2
  1.2
35.9

number

549,241
129,502

1,095
45,360
5,539
5,509

99,481
16,249
1,667

570
6,837

75
8,788

238,497
 

408,572
16,263
3,483

14,477
1,228
6,521

59,893
6,497

564
69

3,143
0

1,232
1,454
3,014

103,237
 

957,813
145,765

4,579
59,838
6,767

12,030
159,374
22,746
2,231

640
9,979

75
1,232
1,454

11,922
344,230

Incidence

PAF (%)

29.8
  0.3
  8.8
  1.0
  0.9
18.5
  2.5
  1.0
  0.1
  1.0
  0.0
  2.6
49.7

  4.7
  1.3
  3.0
  0.3
  0.8
16.5
  1.7
  0.3
  0.0
  0.9
  0.0
  0.1
  0.2
  1.0
26.8

 

19.6
  0.7
  6.5
  0.7
  0.8
17.7
  2.2
  0.7
  0.1
  0.9
  0.0
  0.1
  0.1
  2.0
41.0

number

219,508
65,417

735
19,406
2,197
1,942

40,580
5,571
2,197

253
2,124

16
5,682

109,151
 

150,838
7,105
1,932
4,522

429
1,153

24,935
2,510

429
18

1,370
0

202
279

1,582
40,495

 

370,346
72,521
2,667

23,929
2,625
3,095

65,515
8,081
2,625

271
3,494

16
202
279

7,264
151,672

Mortality

*Theoretical minimum risk exposure level for dietary fiber consumption by age group: Men 5-9: ≥ 11.5 g, 10-14: ≥ 15 g, 15-19: ≥ 19.5 g, 20-69: ≥ 
20 g, 70+: ≥ 19 g; Women 5-9: ≥ 11 g, 10-14: ≥ 14.5 g, 15-19: ≥ 17.5 g, 20-69: ≥ 18 g, 70+: ≥ 17 g. The number of both sexes is not equal to the 
sum of men and women due to rounding.
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Table 4. Summary table of population attributable fraction of cancer incidence and mortality in Japan in 2015 by cancer site

Site

Base of Tongue
Oral and mouth
Tonsil and Oropharynx
Nasopharynx
Other oral pharynx
Esophagus
Stomach
Colon
Rectum
Anus
Liver
Gallbladder
Pancreas
Sinonasal
Larynx
Lung
Breast
Vulva
Vagina
Cervix
Endometrium
Ovary
Penis
Prostate
Kidney
Renal pelvis & ureter
Bladder
Hodgkin disease
Non-Hodgkin Lymphoma
Burkitt's lymphoma
Adult T-cell Lymphoma/Leukemia
Acute Myeloid leukemia

All sites

  Incidence

  72.3
  59.8
  72.3
  82.4
  58.6
  82.4
  85.0
  42.0
  34.1
  88.0
  74.3
    3.1
  26.8
  48.9
  77.0
  66.3

  51.0
    1.4
  28.1
  66.1
  41.6
  56.0
    3.7
  30.0
100.0
  20.6

  43.4

ICD-10

C01
C02-C06
C09-C10
C11
C00, C07-C08, C12-C14
C15
C16
C18
C19-C20
C21
C22
C23
C25
C30-31
C32
C33-C34
C50
C51
C52
C53
C54
C56
C60
C61
C64
C65-C66
C67
C81
C82-C85, C96
C837
C915
C920, C924, C925

ALL

  Mortality

  71.8
  58.6
  71.8
  82.6
  57.2
  81.4
  86.6
  40.7
  33.2
  88.0
  75.3
    2.7
  26.7
  48.4
  75.4
  65.6

  51.0
    3.0
  26.5
  64.7
  40.7
  56.0
    3.7
  30.0
100.0
  21.2

  49.7

Men

  Incidence

  58.4
  27.6
  58.4
  83.5
  24.5
  42.9
  87.1
  15.1
    9.7
  88.0
  70.0
    0.9
    7.7
  19.7
  13.5
  33.2
  14.0
  48.0
  78.0
100.0
  16.1
    1.0

  3.1
  2.8
  9.5
  56.0
    3.7
  30.0
100.0
    5.3

  25.3

  Mortality

  56.0
  22.9
  56.0
  83.1
  19.5
  40.2
  90.1
  15.1
    8.8
  88.0
  72.6
    0.8
    7.2
  17.1
  11.8
  31.2
  14.2
  48.0
  78.0
100.0
  18.5
    1.1

    2.7
    2.4
    8.0
  56.0
    3.7
  30.0
100.0
    4.4

  26.8

Women

  Incidence

  68.9
  50.8
  68.9
  83.6
  48.9
  77.8
  86.0
  31.3
  25.0
  88.0
  73.8
    1.8
  17.5
  38.8
  73.0
  55.2
  14.0
  48.0
  78.0
100.0
  16.1
    1.0
  51.0
    1.4
  20.6
  43.2
  33.5
  56.0
    3.7
  30.0
100.0
  14.5

  35.9

  Mortality

  68.3
  49.4
  68.3
  83.8
  47.4
  76.2
  88.0
  33.1
  23.4
  88.0
  75.3
    1.6
  17.1
  36.4
  71.3
  55.4
  14.2
  48.0
  78.0
100.0
  18.5
    1.1
  51.0
    3.0
  18.6
  39.9
  30.5
  56.0
    3.7
  30.0
100.0
  14.8

  41.0

Both sexes

Population Attributable Fraction (%)

Figure 1. Population attributable fraction (PAF, %) of cancer incidence and mortality in Japan in 2015 by exposure.
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higher fractions tended to be associated with infectious 
agents and smoking.

Discussion

This report provides the latest estimates of the cancer 
burden attributable to modifiable factors in Japan in 
2015. Compared with the first assessment for the year 
2005, when data sources for the PAF estimates for many 
exposures occurring around 1990 were generally limited, 
more epidemiological evidence and data on exposures 
of interest have since been accumulated, and nationally 
representative data for the prevalence of many factors 
have become available. Further, the prevalence of many 
modifiable risk factors in Japan has dramatically changed 
with birth cohort; accordingly, use of appropriate 
prevalence by birth cohort at the time of exposure to 
these factors allows a more precise estimation of cancer 
burden.
 Compared with the first PAF estimate for 2005 (23), 
we observed a nearly 5% reduction in the PAF of cancer 
incidence and mortality attributable to active smoking in 
men. This reduction is partly attributable to the decreased 
prevalence of active smoking in men over these decades 
(49). A similar reduction was also observed for the PAF 
attributable to infections. Infections such as Helicobacter 
pylori and hepatitis C and B viruses appear to be the 

major contributors to cancer in Japan. Improvements in 
socioeconomic and hygiene status at the time of infection 
has definitely contributed to a reduction in prevalence, 
and prevalence rates estimated by birth cohort rather 
than age group might accordingly provide more precise 
estimates. In contrast, however, a notable increase in 
PAF was attributed to alcohol drinking in women.
 International comparison clearly indicates that 
the PAF of infections is relatively high among 
Asian countries, namely Japan, China, South Korea 
and Vietnam; but relatively low among European 
countries and their migration countries, such as UK, 
US, France, Germany, Australia and Canada (Figure 
2). Compared with the previous Japanese estimate for 
2005, prevalence of major infectious agents in Japan has 
decreased, especially in younger birth cohorts (50,51). 
This decrease will in turn lead to drastic reductions in 
gastric and liver cancers - the major infection-related 
cancers in Japan - in the next couple of decades. PAF 
of other modifiable factors were generally similar 
among different countries. Of note, however, the larger 
difference in PAF by active smoking between men and 
women observed for Japan, China, and South Korea 
may reflect the difference in smoking rates by sex in 
East Asia.
 Attribution of modifiable factors other than 
infections, active smoking, and alcohol drinking to 

www.globalhealthmedicine.com

Figure 2. Major attributable causes of cancer incidence-international comparison. Japan 2015 (the present estimate), Japan 
2005 (23), China 2005 (13,52-55), South Korea 2009 (14,56-59), Vietnam 2018 (22), Australia 2010 (60), UK 2015 (16), US 
2014 (7), Canada 2015 (18), France 2015 (12), Germany 2018 (19, 61-63), Brazil 2012 (20), Chile 2018 (21).
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cancer in Japan was generally small (< 3%). Excess 
bodyweight, which is regarded as an important risk 
factor of cancers, was attributed a very small portion (≤ 1 
%), in spite of the use of a more severe cut-off point (BMI 
< 23) as a theoretical minimal risk exposure level due to 
the average BMI levels being less than 25.
 There are several limitations for these estimates. 
We did not include factors with insufficient exposure 
or relative risk data, such as solar ultraviolet radiation 
exposure and ionizing radiation. Also, we could not 
include occupational exposures due to a lack of adequate 
prevalence data in the Japanese general population. 
Given that occupational exposure in Japan is expected to 
be non-negligible, its inclusion would improve the PAF 
estimates. Furthermore, a multivariate approach is more 
realistic considering the multifactorial etiology of cancer 
in general. We took a statistical approach to account of 
the overlapping effect of exposures, due to the substantial 
lack of information for most interactions and the joint 
prevalence of multiple exposures.
 Even though we used the best estimates of prevalence 
and relative risks available for Japanese and the most 
suitable methodology, the current estimates are focused 
on modifiable factors, and did not include unmodifiable 
factors such as genetic, socioeconomic disparity and 
reproductive factors which cannot be changed at the 
individual level. Inclusion of these factors could help 
provide more comprehensive estimates of attributable 
causes of cancer, both modifiable and non-modifiable.
 In addition to the inclusion of attributable fractions of 
modifiable factors, national cancer control policy will be 
further strengthened by the inclusion of economic burden 
and burden of disability-adjusted life years (DALYs) 
under these modifiable factors. Inclusion of these 
variables in combination will aid understanding of the 
effective population intervention for each factor, and in 
turn lead to appropriate cancer control policy measures at 
the national level.

Conclusions

We estimated the cancer burden attributable to 
modifiable factors in Japan in 2015 using the best 
available epidemiological evidence. From our estimates, 
around 40% of cancer incidence and mortality may be 
preventable by avoiding exposure to known modifiable 
factors. Our findings clearly indicate that infections 
and active smoking followed by alcohol drinking are 
the greatest contributing factors and should be the 
most highly prioritized targets in current cancer control 
actions.
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