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Abstract

Background: The population of Japan has achieved the longest life expectancy in the world. To further improve population
health, consistent and comparative evidence on mortality attributable to preventable risk factors is necessary for setting
priorities for health policies and programs. Although  several past studies have quantified the impact of individual risk-
factors in-Japan, to our knowledge no study has assessed and compared the effects of multiple modifiable risk factors for
non-communicable diseases and i mjurles using a standard framework We estimated the effects of 16 risk factors on cause-; :
specific dea’chs and ln‘e expectancy in Japan , G o i ,

Methods and Findings: We obtained data on risk factor exposures from the Natlonal Health and Nutrmon Survey and :
epidemiological studies, data on the number of cause-specific deaths from vital records adjusted for rII defined codes, and; ‘
data on relative risks from epldemlologlcal studies and meta-analyses. We applied a ‘comparative risk assessment framework
to estimate effects of excess risks on deaths and life expectancy at age 40 y. In 2007, tobacco smokmg and high blood
pressure accounted for 129,000 deaths (95% Cl: 115,000-154 ,000) and 104,000 deaths (95% CI: 86 ,000-1 19000),
respectively, followed by physrcal mactrvrty (52, 000 deaths, 95% Cl: 47,000-58 ,000), hrgh blood glucose (34,000 deaths, 95%
- Cl: 26,000-43,000), high dietary salt intake (34,000 deaths, 95% Cl: 27, 000-39,000), and alcohol use (31,000 deaths, 95% Cl:
'28,000-35,000). In recent decades, cancer mortahty attributable to tobacco smoking has increased in the elderly, while
~ stroke. mortality attributable to’ hlgh blood pressure has declined. Life expectancy at'age 40y in 2007 would have been
- extended by 1.4 y for both sexes (men, 95% Ct: 1:3-1.6; women, 95% Cl: 1.2-1.7) if exposures to multlple cardiovascular risk
factors had been reduced to thelr optlmal levels as determmed by a theoretlcal -minimum-risk exposure drstrlbuhon

Conc/usrons. T obacco smokmg and hlgh blood pressure are the two major nsk factors for adult mortalrty from non-.
- communicable dlseases and mjurles in Japan There is a Iarge potential populatlon health galn if multiple risk factors are
jointly controlled. : Gy B ey - , ; L
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Introduction

Controlling risk factors for non-communicable diseases and
external causes is essential for the improvement of adult health.
Chronic diseases and injuries are the leading causes of global
mortality, accounting for 63% and 9%, respectively, of 57 million
deaths in 2008 [1]. The five major risk factors for deaths in the
world are high blood pressure, tobacco use, high blood glucose,
physical inactivity, and overweight and obesity, which contribute
to non-communicable diseases and are modifiable with effective
interventions [2]. In such an environment, informed decision-
making on priority setting for health policies and programs needs
consistent and comparative evidence about how many deaths
would be averted by changing profiles of preventable risk factors in
a population.

The population of Japan has the longest life expectancy at birth
in the world. Life expectancy at birth for Japanese women was
54.0 y in 1947 and rapidly increased until 1986, at which point, at
81.0 y, it became the longest in the world for the first time; female
life expectancy at birth also reached its highest ever worldwide
figure, 86.4 y, in Japan in 2009 [3]. The continuous extension of
longevity was largely explained by a decline in the rate of mortality
for communicable diseases among children and young adults
during the 1950s and the early 1960s and for stroke since the late
1960s [4]. Current leading causes of death are malignant
neoplasm, heart disease, and cerebrovascular disease, accounting
for more than 50% of total deaths in 2009 [5]. Accidental injuries
and suicide have also ranked in the top ten causes of death for the
past 50 y [5], and particularly suicide in the working population is
a serious social problem reflecting the prolonged economic
recession since the 1990s [4]. To further enhance the health
status of the Japanese population, it is therefore crucial to prevent
deaths from these major causes.

With the aim of increasing the nation’s health through the
prevention of premature deaths from lifestyle-related diseases, the
Japanese government initiated a 10-y national health promotion
campaign called Health Japan 21 in 2000 [6]. In this campaign, 59
indicators were established to monitor and improve the manage-
ment of risk factors and diseases such as diet, smoking, and
diabetes. However, the performance of Health Japan 21 was not
necessarily satisfactory: there was progress on 60% of the 59
indicators, including decreasing daily salt intake, while deteriora-
tion or no improvement was observed for the remaining 40%, for
example, the prevalence of overweight and obesity decreased in
women aged 40-60 y but increased in men aged 20-60y [7].
Success of national health promotion campaigns may partly
depend on whether the stewardship of central and local
governments exists for coordinating diverse activities and investing
resources in priority areas with reference to scientific evidence on
the disease burden attributable to modifiable risk factors. Although
a number of past studies have quantified population-attributable
fractions or impacts on life expectancy for individual risk factors in
Japan [8-16], no study to our knowledge has used a single
comprehensive framework to assess and compare these impacts
across multiple risk factors.

In the present study, we therefore aimed to provide the most
comprehensive and comparative assessment of preventable risk
factors for mortality from non-communicable diseases and injuries
in the Japanese adult population. We employed a comparative risk
assessment strategy to quantify contributions of health risks to
disease outcomes [17,18]. This standard systematic approach has
already been applied to examine the burden of disease and injury
across major risk factors in a few other countries [19-22]. Using
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national data sources on risk exposures and cause-specific
mortality, as well as epidemiologic evidence on their causal
association from large-scale prospective studies and meta-analyses
in Japan, this analysis identifies the most important risk factors for
deaths and life expectancy at the population level; the results could
inform policymakers of which risk factors need to be prioritized in
formulating and revising health policies and programs.

Methods

We estimated the number of deaths that would have been saved
in 2007 if multiple risk factors had been controlled at their optimal
levels as determined by a theoretical-minimume-risk exposure
distribution. To quantify and compare the mortality attributable
to excess health risks, we used comparative risk assessment
methods that have been described in detail elsewhere [18,20]. To
summarize, we first calculated the population-attributable fraction
of cause-specific mortality for each risk factor, which measures a
proportional reduction in mortality that would be achieved if risk
factor exposures of a population shifted to an alternative
counterfactual distribution that is more favorable. We used the
following formula to calculate population-attributable fractions for
continuous exposure variables:

Population — attributable fraction=

JRR(x)P(x)dx— JRR(X)P/(x)dx 0

JRR(x)P(x)dx ’

where Px) and P'(x) are actual and counterfactual distributions of
exposure in the population, respectively, and RR(x) is the relative
risk of mortality at exposure level x. The first and second terms in
the numerator of this equation represent the total risk of mortality
weighted by exposures in the population under current and
counterfactual distributions, respectively. This approach allowed
us to compute effects of all nonoptimal exposures of individuals for
all risk factors in a consistent and comparable way [21]. For risks
measured in multiple categories, we used the following generalized
formula to calculate population-attributable fractions:

S pkR )

Population —attributable fraction = -,,';1—*-—, (2)
> P(RR;—1)+1
i=1

where ¢ signifies the level of individual categories (1= 1,..., 7).

We then multiplied the number of cause-specific deaths by
population-attributable fractions to estimate mortality from
diseases (causes of death) associated with each risk factor. The
number of deaths attributable to a single risk factor was summed
across different causes to obtain the total number of deaths
attributable to that risk factor. The number of deaths from a single
cause, however, could not be added across risk factors, because
they may be causally related and we did not account for such
relationships in the estimation of population-attributable fractions
of individual risk factors.

We conducted all analyses separately by sex, using Stata version
11 (StataCorp). We restricted analyses to individuals aged 30 y
and over, because the number of deaths from non-communicable
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diseases is small for younger ages. However, we included those
aged 20 to 29y when estimating deaths from external causes
attributable to alcohol use, because the burden was assumed to be
substantial in this age group.

Mortality Data

We obtained data on the number of cause-specific deaths in
2007 from vital records [23]. We applied algorithms developed for
the Global Burden of Disease 2010 Study to redistribute ill-defined
codes (e.g., cardiac arrest, heart failure, and senility) on death
certificates that were not supposed to be underlying causes of
death [24,25]. This method enabled us to obtain valid, reliable,
and comparable data on cause-specific mortality by ensuring
consistency and resolving changes across revisions of the
International Statistical Classification of Diseases and Related Health
Problems.

Selection of Risk Factors and Diseases

We included 16 risk factors in this analysis (Table 1). In the
selection of risk factors paired with their relevant diseases or
injuries, we employed the criteria of a previous study: (i) an
availability of evidence on causality or association from high-
quality epidemiological studies, (ii) an existence of interventions to
modify exposures, and (iii) an availability of data on risk exposures
from nationally representative surveys or large population studies
[20]. We also included infection by several agents—hepatitis B
virus, hepatitis G virus, the bacterium Helicobacter pylori, human
papillomavirus, and human T-lymphotropic virus type 1 (HTLV-
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1)—because they are important risk factors for cancer deaths in
Japan [26,27].

Measures and Data Sources of Risk Factor Exposures

Table 2 lists measurements and data sources for the risk
factor exposures used in this analysis, and Table 3 shows their
basic statistics by sex and age group in 2007. With the
exception of tobacco smoking, infections, and alcohol use
related to deaths from traffic road accidents, we used individual
records from the National Health and Nutrition Survey
(NHNS) in 2007. NHNS was a survey based on a nationally
representative probabilistic sample to provide data on the
health and nutritional status of the Japanese population. This
survey included an in-person interview on medication use and
lifestyle-related risk factors, a physical examination by health
care professionals, and self-administered questionnaires on diet
and lifestyle [28].

We used self-reports to quantify exposures to physical inactivity
and alcohol use, while we used measured data for other risk
factors. In the physical examination for the 2007 NHNS, a blood
test was intended to be conducted more than 4 h after a meal,
although a number of blood samples were actually drawn less than
4 h after a meal. Because fasting plasma glucose was the unit for
relative risk for high blood glucose adopted in the present study,
we applied the following conversion equation proposed by the
Committee of the Japan Diabetes Society [29,30] to predict
equivalents of fasting plasma glucose from measurements of
hemoglobin Alc:

Table 1. Risk factors and disease outcomes included in the study.

Disease Outcomes

Risk Factor

High LDL cholesterol

IHD, ischemic stroke
Overweight/obesity

cancers; diabetes mellitus

Tobacco smoking

fections;

tory

High dietary trans fatty acid: IHD

High dietary salt

Stomach cancer

HTLV-1

IHD; ischemic stroke; hypertensive disease; postmenopausal breast, colon, corpus uteri,

IHD, stroke, hypertensive disease, othe

Adult T-cell lymphoma/leukemia

kidney, and pancreatic

IHD; stroke; aortic aneurysms and dissection; diabetes mellitus; lung, esophagus, mouth, pharynx, stomach, liver,
pancreas, cervix, bladder, kidney, and other urinary cancers; leukemia; chronic obstructive pulmonary disease; lower
i i thma; tub

ulosis

rdiovascular diseases?, stomach cancer

diseases.

(except D37.9), and D38-D48 (except D38.6, D39.9, D40.9, D41.9, and D48.9).
IHD, ischemic heart disease.
doi:10.1371/journal.pmed.1001160.t001
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*This category includes rheumatic heart disease, endocarditis, cardiomyopathy, aortic aneurysms, peripheral vascular disorders, and other ill-defined cardiovascular

BThis category includes International Statistical Classification of Diseases and Related Health Problems, 10th edition (ICD-10) codes D0O0-D24 (except D09.9), D26-D37
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Table 2. Measurements, data sources, and alternative distributions of risk exposures.

Risk Factor, Exposure Metric, Data Source”

Fasting plasma glucose (mmol/l)

Values are means, with standard deviations in parentheses.
*We obtained exposure data from the 2007 National Health and Nutrition Survey [28] unless stated otherwise.

PThe optimal category for liver cancer and suicide was “occasional drinkers” because previous studies used it as the reference category for estimation of relative risks.
doi:10.1371/journal.pomed.1001160.t002

Fasting plasma ghicose (mg/dl) =

3

—9.2+21.9 x hemoglobin Alcyps (%) )
where hemoglobin Alcyps is a value standardized by calibrators
provided by the Japan Diabetes Society and lower than an
internationally used value by around 0.4% [29]. As a minor
adjustment, we further deducted from this equation a difference in
means between predicted fasting plasma glucose and measured
casual plasma glucose among 165 participants in the 2007 NHNS
who had fasted for more than 8 h (6.4 mg/dl).

In the NHNS, health care professionals measured the blood
pressure of seated persons in their right upper arm after 5 min of
rest, using a Riva-Rocci mercury manometer. For a trend analysis
of cardiovascular mortality attributable to high blood pressure,
which is described below, we used the National Nutrition Surveys
for 1980~2002 and the NHNS for 2003-2007. These surveys took
only one blood pressure measurement per individual until starting

@ PLoS Medicine | www.plosmedicine.org

Optimal Guidelines/National Goals

5.6 (0.3) [66]

130 (7) (53]

No alcohol use®

to collect two measurements per individual in the 2000 survey. We
therefore used a single measurement for the surveys in 19801999
and the second measurement for the 2000-2007 surveys. We
excluded pregnant or breastfeeding women from the analysis of
blood pressure.

For dietary risk exposure variables, dieticians visited house-
holds to distribute questionnaires and explain the survey method
for diet and lifestyle. Household representatives weighed and
recorded the quantity of each food item consumed for one day
(excluding holidays). Dieticians visited households again during
the survey period to check and correct completed question-
naires. We estimated intakes of dietary trans fatty acids using
conversion factors of food items provided by the Cabinet of
Japan Food Safety Committee [31]. Considering that nutrition
intakes are correlated with energy intake determined by body
size, physical activity, and metabolic efficiency, we adjusted
intakes of fruit, vegetables, and dietary sodium for total energy
intake with a simple linear regression equation having nutrient
intake as a dependent variable and total caloric intake as an
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Table 3. Exposure to risk factors by sex and age group in 2007.

Sex, Risk Factor Age

663

Fruit and vegetable intake (g/d) 804 856 515 96 178

Alcohol-related accidents/four-wheel 1.7 1.7 1.7 17 1.7
vehicle road traffic accidents,
2004 (%) [401°

Never or former smokers (%) 850 452 1.7 946 536 16 698 65.9 18 524 786 18 184 82.1 28

Hepatitis B virus (%) [37] 0.9 09 0.9 0.6 0.6

H. pylori (%) [38] 23.6 474 66.1 734 726

Fasting plasma glucose (mmol/l) 563 53 00 620 57 00 523 59 00 408 5.9 00 154 59 0.1

Systolic blood pressure (mm Hg) 527 1124 06 652 128.1 08 560 1358 08 433 1389 08 170 143.2 14

Dietary TFA (% of total calories) 955 04 00 957 03 00 762 0.3 00 561 03 00 285 0.2 0.0

Dietary SFA (% of total calories) 955 78 01 957 7.0 0.1 762 6.2 0.1 561 59 0.1 285 57 0.2

Fruit and vegetable intake (g/d) 951 3460 6.1 957 4602 76 761 5413 9.0 561 522.8 9.7 284 490.3 13.2

Alcohol-related accidents/four-wheel 17 1.7 17 17 17
vehicle road traffic accidents,
2004 (%) [40]°

Never or former smokers (%) 1,014 81.8 1.2 1,047 87.1 1.0 794 92.1 1.0 579 96.5 08 310 955 1.2

Hepatitis B virus (%) [37] 0.5 0.5 0.5 0.6 0.6

H. pylori (%) [38] 23.6 474 66.1 734 726

2Sample size in the National Health and Nutrition Survey in 2007.

For those aged 20-29 y, the mean (standard error) was 40.4 (2.7) in men (n=324) and 53.9 (2.5) in women (n=395).
“Reported for the total age group of both sexes combined.

PUFA, polyunsaturated fatty acids; SE, standard error; SFA, saturated fatty acids; TFA, trans fatty acids.
doi:10.1371/journal.pmed.1001160.t003

independent variable [32]. Calorie-adjusted nutrient intakes We used a smoking impact ratio as a more reliable indicator of
were computed as the sum of residuals from the regression accumulated exposure to tobacco smoking than the prevalence of
model and the expected nutrient intake for a person with mean current smokers. The smoking impact ratio was defined as total
caloric intake. lung cancer mortality in excess of never-smokers in a study
':.@: PLoS Medicine | www.plosmedicine.org 5 January 2012 | Volume 9 | Issue 1 | e1001160
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population relative to the excess lung cancer mortality among
current smokers in a reference population [33,34]. We used the
following formula to calculate smoking impact ratios by age group
and sex:

. . Cc=Nie _ Nic

Smoking impact ratio ST N X Mo’ (4)
where Cpc and Npc denote lung cancer mortality of the total
population and never-smokers, respectively, in a study population
(i.e.,, the Japanese population), and S7c and Nj¢ signify lung
cancer mortality among current smokers and never-smokers,
respectively, in a reference population. We obtained total lung
cancer mortality from the redistributed data of vital records
described above. Our reference population was residents included
in a pooled study of three large-scale cohorts in Japan [15,35,36].
Because we also adopted never-smokers’ lung cancer mortality in
the Japanese population from this pooled study, Nic and N,
were equivalent to each other in our analysis.

We obtained data on the prevalence of infections with hepatitis
B and C viruses and the bacterium H. pylor: from epidemiological
studies undertaken in Japan in the 1990s [37,38]. Assuming that
infection rates do not vary within birth cohorts over time, we
applied infection rates by age group in the 1990s to those of
corresponding age in 2007. For example, the infection rate for
hepatitis B virus in men aged 60-69 y in 2007 was that of men
aged 45-54 y in 1991-1993. We considered that all deaths from
cervix uteri cancer and adult T-cell lymphoma/leukemia were
caused by infections with human papillomavirus and HTLV-1,
respectively [26,39].

In order to measure exposure levels of alcohol use related to
deaths from road traffic injuries, we employed a proportion of
alcohol-impaired driving, which was defined as driving with breath
alcohol concentrations above 0 mg/l, to the total number of cases
of road traffic accidents involving four-wheeled vehicles and
motorcycles in 2004 (1.7%). We obtained this figure from a past
study on alcohol concentrations in the breath of drivers, which
used a national dataset prepared by the Japan Institute for Traffic
Accident Research and Data Analysis [40].

Selection of Relative Risks

Tables S1, S2, S3, S4, S5, S6, S7 provide details of relative risks
used in this analysis. We conducted a literature review of
prospective studies evaluating effects of risk factors on cause-
specific deaths in Japan. Strategies for the database search
involved contacting authors of key reports and leading experts in
the field, and we critically appraised the identified literature. Our
motive for undertaking the literature search was to identify
evidence from past studies in the Japanese population to be backed
up with pooled evidence establishing causalities or associations
from the Global Burden of Disease Study [20]. Criteria for the
selection of evidence for the Japanese population were: (i} pooled
or individual estimates from large-scale prospective observational
studies and (i) confirming causalities or associations that had been
already established in past studies. When there was no study for
the Japanese population satisfying these conditions, we sought
evidence from the Asia-Pacific Cohort Studies Collaboration. If we
could not find evidence from this source, then we adopted relative
risks identified in the Global Burden of Discase Study. We
considered relative risks to be null if they were statistically
insignificant. In addition, we had to restrict the source of evidence
on relative risks for tobacco smoking to the pooled analysis of
large-scale cohorts in Japan, because we used their estimates of
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current smokers’ and never-smokers’ lung cancer mortality of a
reference population to calculate smoking impact ratios. We
excluded mortality from tuberculosis and diabetes mellitus
associated with tobacco smoking, because the studies did not
examine these causes.

Counterfactual Distributions of Risk Exposures

As an alternative distribution of risk exposures, we used an
optimal distribution in which harmful effects of each risk factor on
morbidity and mortality would be minimized in a population (i.c.,
a theoretical-minimum-risk exposure distribution). With the
exception of infections, we obtained information on theoretical-
minimum-risk exposure distributions from a previous study in the
United States (Table 2) [20].

In the analysis of gains in life expectancy and probabilities of
death, we also investigated alternative counterfactual distributions
of risk exposures that followed recommendations of clinical
guidelines and goals of Health Japan 21. This analysis enabled
quantification of potential health gains that would be more
realistic than theoretical minimums. We included risk factors in
this part of our analysis only if specific control targets were
available from these sources and units of measurement corre-
sponded to those of relative risks (Table 2). In order to obtain
counterfactual distributions for numerical risks, we used their
control threshold as the mean and applied the coefficient of
variation to estimate the standard deviation.

The relationship between dietary salt intake and cardiovascular
mortality was based on a convincing effect of high dietary salt on
systolic blood pressure that was estimated from a meta-analysis of
dietary trials (Table S6) [20]. In order to obtain hazards of excess
dietary salt intake on cardiovascular death, we first estimated the
decrease in systolic blood pressure associated with a reduction in
dietary salt intake to individual optimal levels and then applied
relative risks of high systolic blood pressure for relevant
cardiovascular diseases (Table S1).

Effects on Life Expectancy and Probabilities of Death

We translated mortality changes into gains in life expectancy at
40 y of age to understand the potential impact of the management
of risk factors on longevity. We constructed life tables using
observed age-specific mortality rates and mortality that would be
expected if risk factor exposures were controlled at alternative
levels. We took the differences between these values as showing life
expectancy gains that would occur when shifting from an actual
risk factor exposure to a counterfactual. We also calculated effects
on probabilities of dying between the ages of 15 and 60 y (45q;5)
and between 60 and 75 y (;5qe0)-

Joint Effects of Multiple Risk Factors for Cardiovascular
Mortality

We estimated joint effects of multiple risk factors on excess
mortality from cardiovascular diseases and the additional life
expectancy at age 40 y that would be achieved under counterfac-
tual distributions. Risk factors included in this part of the analysis
were high body mass index, high blood pressure, and high
concentrations of blood glucose and low density lipoprotein (LDL)
cholesterol. We took account of high dietary sodium intake to
compensate for its indirect effect through elevated blood pressure,
using the steps described above. We also adopted a 50% reduction
of the excess risk of high body mass index on cardiovascular deaths
to incorporate a mediation of its associations through other risk
factors [21]. We used an additive excess risk scale to correct for
correlations of these risk factors and calculate joint relative risks at
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the individual level. This approach has been described in detail
elsewhere [21]. We summed the combined relative risks for
individual records to compute population-attributable fractions for
the joint effects of these cardiovascular risks.

Long-Term Trends in Attributable Deaths

To examine contributions of the management of modifiable risk
factors to the improvement of life expectancy over time, we
estimated the number of deaths from cancers attributable to
tobacco smoking and deaths from stroke associated with high
blood pressure from 1980 to 2007. We employed the algorithm
described above to obtain consistent mortality data throughout
this period, from which we used total lung cancer mortality in each
year to calculate smoking impact ratios over time. For the analysis
of high blood pressure and stroke, we excluded people over 80 y of
age because the sample size was insufficient. We also incorporated
the above-mentioned mediated effects of dietary sodium intake
through raised blood pressure at the individual level.

Uncertainty Analyses

We conducted statistical simulation to deal with the uncertainty
that was introduced by using sample estimates for risk exposures
and relative risks [41]. To account for sampling variability, we
randomly drew 1,000 sets of values of all components based on
samples. In each sequential step of the simulation, we drew for
each age-sex group: (i) a random sample of participants in the
2007 NHNS with replacement to obtain the original sample size of
those who had no missing value for each risk factor, (ii) a relative
risk for each risk—disease pair from a log-normal distribution with
means and standard deviations reported in epidemiological
studies, (iii) coefficients of the regression of hemoglobin Alc on
fasting plasma glucose from a normal distribution with standard
deviations that we calculated from information given in a past
study (1.0 for the constant term and 0.2 for the coefficient of
hemoglobin Alc) [30], (iv) the difference in means between
predicted fasting plasma glucose and measured casual plasma
glucose in the 2007 NHNS from a normal distribution with mean
of 6.4 mg/dl and standard deviation of 1.1 mg/dl that we
estimated from the survey data, (v) the proportion of the excess
risk of body mass index mediated through systolic blood pressure
and fasting plasma glucose from a normal distribution with mean
of 0.5 and standard deviation of 0.1 [21], and (vi) lung -cancer
mortality of current smokers and never-smokers from a normal
distribution with means and standard deviations estimated from
the pooled analysis of Japanese cohorts [15,35]. We used each
sampled set of risk exposures and relative risks to compute
population-attributable fractions, mortality attributable to each
risk factor or a combination of risk factors, and changes in life
expectancy under counterfactual distributions. We defined a 95%
confidence interval (CI) by a span across the estimates of each
outcome at the 2.5th and 97.5th percenties of the 1,000
simulations.

Results

Contributions of Health Risks to Cause-Specific Mortality
in 2007

Tables S8 and S9 provide population-attributable fractions of
the 16 modifiable risk factors and a combination of physiological
risk factors for mortality from non-communicable diseases and
injuries by age group and sex in 2007. These fractions cannot to be
summed across risk factors for a single cause of death, because
causal relationships between risk factors are not considered in the
analysis of individual risk factors.
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Under the theoretically minimum counterfactuals listed in
Table 2, tobacco smoking and high blood pressure were the two
major single contributors to the number of deaths from non-
communicable diseases and injuries (Table 4). Among the total of
960,000 deaths from causes included in this study, tobacco
smoking was associated with 129,000 deaths (95% CIL: 115,000
154,000). Approximately three-quarters of these deaths occurred
in men (95,000 deaths, 95% CI: 88,000-103,000), although the
attributable mortality was still substantial for women (34,000
deaths, 95% CI: 23,000-57,000). In men, 70% of deaths
attributable to this risk factor were caused by cancers and took
place among those aged 45-79 y. In women, cardiovascular
diseases and cancers accounted for 42% and 36%, respectively, of
the mortality attributable to tobacco smoking. By disease subtypes
for sexes combined, lung cancer was the leading cause (42,000
deaths, 95% CI: 39,000—45,000), followed by ischemic heart
disease (27,000 deaths, 95% CIL: 19,000-42,000) and chronic
obstructive pulmonary disease (13,000 deaths, 95% CI: 9,000—
16,000).

High blood pressure was associated with 104,000 cardiovascular
deaths (95% CI: 86,000~119,000) in 2007. This was the greatest
risk factor for cardiovascular mortality of all risk factors included
in this analysis, and the mortality burden was shared evenly
between the sexes. A majority of deaths attributable to high blood
pressure occurred among people aged 70 y and over (85,000
deaths) and were caused by stroke (47,000 deaths, 95% CI:
38,000-56,000) or ischemic heart disease (28,000 deaths, 95% CI:
15,000-39,000).

Although the numbers of attributable deaths for other
physiological, lifestyle, dietary, and infectious factors were small
when compared to those for tobacco smoking and high blood
pressure, most of these other factors were associated with tens of
thousands of deaths from non-communicable diseases and
external causes. Physical inactivity was associated with 52,000
deaths (95% CIL: 47,000-58,000), and 75% of them occurred
among people aged 70 y and older. Ischemic heart disease was
the major cause of mortality attributable to this risk factor (31,000
deaths, 95% CI: 28,000-35,000). High blood glucose was
associated with 34,000 deaths (95% CI: 26,000-43,000), of
which 75% occurred among people aged 70 y and over and 68%
were caused by ischemic heart disease. High dictary salt intake
was associated with 19,000 cardiovascular deaths (95% CI:
16,000-22,000), which were included in cardiovascular mortality
attributable to high blood pressure, and there were 15,000 deaths
from stomach cancer (95% CI: 9,000-20,000). Seventy-six
percent of deaths attributable to this risk factor occurred among
people aged 70 y and over.

Alcohol use was associated with 31,000 deaths (95% CI:
27,000-35,000) from non-communicable diseases and injuries,
84% of which occurred among men. A major cause of death
attributable to this risk factor was liver cirrhosis (11,000 deaths,
95% CI: 10,000-12,000), followed by liver cancer (6,000 deaths,
95% CI: 4,000-8,000), esophagus cancer (5,000 deaths, 95% CI:
4,000-5,000), and colon cancer (4,000 deaths, 95% CI: 4,000
5,000). Alcohol use was associated with 3,000 (95% CI: 2,000-
5,000) out of 83,000 deaths of people aged 20 y and over from
external causes included in this study. Two thousand deaths were
from suicide (95% CI: 1,000—4,000), and there were fewer than
1,000 deaths each attributable to falls, road traffic accidents,
homicide, and other injuries. Most of the suicide deaths
attributable to alcohol use occurred among men, particularly
those aged 30 to 59 y (71%).

Infection with A. pylori was associated with 31,000 deaths from
gastric cancer in 2007 (95% CI: 27,000-34,000). Seventy-two
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Table 4. The number of deaths attributable to risk factors in Japan, 2007 (in thousands).

Sex, Risk Factor Total Cardiovascular  Cancer Diabetes Mellitus Respiratory Other NCD Injuries

High blood glucose 341 (26.4, 43.1) 27.2 (195, 36.2) 6.9

High blood pressure 103.9 (86.0, 119.1) 103.9 (86.0, 119.1)

Alcohol use 306  (275,347) —2.0 (~4.0,00 182 (16.2,20.8) —0.1 (—0.1, —0.1) 11.6 (106, 127) 29 (1.9, 4.6)

Physical inactivit

Low PUFA intake

Low fruit and 8.9 (6.7, 10.8) 5.1 (3.3, 6.7) 38 (25,49
vegetable intake

23.0 (21.3, 24.5) 230 (213, 245)

(144.0, 173.4)  157.0 (1440, 173.4)

Joint risk?

High blood glucose 17.2 (127, 22.2) 143 (9.8, 19.3) 29

High blood pressure  50.1 (39.9, 58.5) 50.1 (39.9, 58.5)

Alcohol use 258 (22.6, 29.5) -17 (=3.7,02) 159 (13.7,182) —0.1 (-0.1, —-0.1) 9.0 (82,97 28 (17,44

259  (22.8,294) 210 (18.1,244) 46 (40,57) 03 (0.3,04)

Low fruit and 7.6 (5.5, 9.5) 43 (2.5, 5.9) 33 (21,44
vegetable intake

(134, 16.1) .8 (134, 16.1)

Tobacco smoking 340 (229, 56.5) 141 (7.3, 282) 109 (83,15.7) 9.0 {40,174

High TFA intake 0.0 (0.0, 0.0) 00 (0.0, 0.0

High dietary sodium 156  (11.3,19.2) 103 (7.7,13.1) 53 (1.9,75)

intake
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Table 4. Cont.
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Sex, Risk Factor Total Cardiovascular Cancer

H. pylori

HTLV-1 0.5 0.5

Values in parentheses indicate lower and upper bounds of 95% Cl.
2A combination of high blood glucose, high LDL cholesterol, high blood pressure (directly, and indirectly through high dietary salt intake), and high body mass index.
NCD, non-communicable disease; PUFA, polyunsaturated fatty acids, TFA, trans fatty acids.

doi:10.1371/journal.pmed.1001160.t004

percent of these deaths occurred among people aged 70 y and
older. Infection with hepatitis C virus was associated with 23,000
deaths from liver cancer (95% CI: 21,000-24,000). Forty-five
percent of these deaths were in people aged 70-79 y, including
those born in the early 1930s. For both H. pylori and hepatitis C
virus infections, around 65% of the attributable mortality took
place in men.

High LDL cholesterol was associated with 24,000 cardiovascu-
lar deaths (95% CI: 17,000-31,000), largely from ischemic heart
disease (23,000 deaths, 95% CI: 16,000-30,000). Low dietary
intake of polyunsaturated fatty acids was associated with 21,000
deaths from ischemic heart disease (95% CI: 8,000-39,000), and
47% of these deaths occurred among people aged 80 y and over.
High body mass index was associated with 19,000 deaths (95% CI:
16,000-22,000): 64% of these deaths occurred in men, and
ischemic heart disease was the major cause (11,000 deaths, 95%
CI: 8,000-13,000).

If systolic blood pressure (directly, and indirectly through
dietary salt intake), blood glucose, LDL cholesterol, and body mass
index were controlled jointly to their optimal distributions, i.e.,
theoretical-minimum-risk exposure distributions, 157,000 cardio-
vascular deaths would have been prevented in 2007 (95% CI:
144,000-173,000). The mortality burden attributable to the
combination of these risks was shared equally between the sexes,
and a majority of the burden occurred among people aged 70 y
and older.

Effects of Risk Factors on Life Expectancy and
Probabilities of Death

Japanese life expectancy at age 40 y was 40.4 y for men and
46.8 y for women in 2007 [3]. Figure 1 illustrates gains in life
expectancy at age 40 y and percentage changes in probabilities of
death that would have been expected in 2007 if risk factors had
been controlled to their theoretically minimum distributions
individually or jointly with others. For men, tobacco smoking
was associated with the largest potential increase in life expectancy
at age 40 y (1.8 y, 95% CI: 1.6-1.9), followed by a joint effect of
multiple physiological factors (1.4 y, 95% CI: 1.3-1.6) and single
effects of high systolic blood pressure (0.9 y, 95% CI: 0.7-1.0) and
alcohol use (0.5 y, 95% CI: 0.5-0.6). A considerable part of the
smoking effect (1.2 y, 95% CI: 1.1-1.3) was accounted for by an
expected associated fall in cancer mortality through a decrease in
probabilities of dying between the ages of 15 and 60 (45q15) by
8% (95% CI: 7-10) and between the ages of 60 and 75 (15q60) by
13% (95% CI: 12—-14). A drop in cardiovascular mortality through
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the joint control of multiple risks was associated with an expected
percentage decrease of 13% (95% CI: 12-15) in 45q15 and 11%
(95% CI: 10-13) in 15960, while controlling high blood pressure
was associated with an expected fall of 7% both in 45q15 (95% CI:
6-8) and 15960 (95% CI: 5-8). Decreasing alcohol use was
associated with an expected percentage decrease of 9% (95% CI:
7-11) in 45q15 and 5% (95% CIL: 5-6) in 15960 for men. A
substantial part of the potential change in the probability of death
among young and middle-aged men through moderate drinking
was explained by a fall in mortality from other non-communicable
diseases including liver cirrhosis and liver cancer (4%, 95% CI: 4—
4) and injuries (2%, 95% CL: 1-4).

For women, controlling systolic blood pressure and tobacco
smoking to optimal counterfactuals would have extended life
expectancy at age 40 y by 0.9 y (95% CI: 0.7-1.1) and 0.6 y (95%
CI: 0.4-1.0), respectively. The impact of tobacco smoking on a
probability of death in older women was estimated to be 8% (95%
CI: 5-13), which was comparable to that of high blood pressure
(7%, 95% CI: 6-8). A joint effect of cardiovascular risk factors on
female life expectancy at age 40 y was estimated to be 1.4 y (95%
CI 1.2-1.7), with a decrease in probability of death of 8% (95%
CI: 7-10) for younger adults and 11% (95% CI: 10-12) for older
ages.

Table 5 shows changes in life expectancy at age 40y and
probabilities of death under the more practical counterfactuals
defined by clinical guideline recommendations and national goals.
Overall, the gains were less than half of those under theoretically
minimum distributions. In both sexes, life expectancy at age 40 y
would have increased by 0.7 y (95% CI: 0.6-0.9) through the joint
control of cardiovascular risks and by 0.4y (95% CI: 0.3-0.5)
through reducing systolic blood pressure to the distributon
recommended by clinical guidelines.

Trends in Mortality Attributable to Tobacco Smoking and
High Blood Pressure in 1980-2007

Figure 2 illustrates trends in the number of deaths from cancers
that were attributable to tobacco smoking from 1980 to 2007. A
continuous increase has been observed in men over 70 y old and
women over 80 y old. A fall after a peak around 1995 among men
aged 60-69 y reflected the fact that the lifetime smoking
prevalence reached a peak in the birth cohort of the late 1920s
and decreased in the cohort of the late 1930s [42]. This effect
manifested again as a peak in attributable cancer mortality around
2005, when the birth cohort of the late 1920s was 70-79 y old. A
temporary halt in the increase of cancer deaths attributable to
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Figure 1. Changes in life expectancy at age 40 y and the probability of death under optimal distributions of risk factors in Japan,
2007. (A) Life expectancy at age 40. (B) Probability of death between 15 and 60 y of age. (C) Probability of death between 60 and 75 y of age. Joint
risk is a combination of high blood pressure (directly, or indirectly through high dietary salt intake), high blood glucose, high LDL cholesterol, and
high body mass index. BMI, body mass index; CVD, cardiovascular disease; NCD, non-communicable diseases; PUFA, polyunsaturated fatty acids; SFA,

saturated fatty acids; TFA, trans fatty acids.
doi:10.1371/journal.pmed.1001160.g001

tobacco smoking for men over 80 y old in the early 2000s reflected
a reduction in this population group as a result of the 1918
influenza pandemic. ‘
Figure 3 demonstrates trends in the number of deaths from
stroke that were attributable to high blood pressure. Stroke deaths
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associated with this risk factor, either directly or indirectly through
high dietary sodium intake, consistently declined for both sexes
under 80 y of age. This favorable trend continued in the 2000s for
women and for men under the age of 60 y, but it ceased for elderly
men by the mid-1990s.
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