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Abstract

Background: In Japan, a high-sodium diet is the most important dietary risk factor and is known to cause a range
of health problems. This study aimed to forecast Japan’s disability-adjusted life year (DALYs) for chronic diseases
that would be associated with high-sodium diet in different future scenarios of salt intake. We modelled DALY
forecast and alternative future scenarios of salt intake for cardiovascular diseases (CVDs), chronic kidney diseases
(CKDs), and stomach cancer (SC) from 2017 to 2040.

Methods: We developed a three-component model of disease-specific DALYs: a component on the changes in
major behavioural and metabolic risk predictors including salt intake; a component on the income per person,
educational attainment, and total fertility rate under 25 years; and an autoregressive integrated moving average
model to capture the unexplained component correlated over time. Data on risk predictors were obtained from
Japan’s National Health and Nutrition Surveys and from the Global Burden of Disease Study 2017. To generate a
reference forecast of disease-specific DALY rates for 2017–2040, we modelled the three diseases using the data for
1990–2016. Additionally, we generated better, moderate, and worse scenarios to evaluate the impact of change in
salt intake on the DALY rate for the diseases.

Results: In our reference forecast, the DALY rates across all ages were predicted to be stable for CVDs, continuously
increasing for CKDs, and continuously decreasing for SC. Meanwhile, the age group-specific DALY rates for these
three diseases were forecasted to decrease, with some exceptions. Except for the ≥70 age group, there were
remarkable differences in DALY rates between scenarios, with the best scenario having the lowest DALY rates in
2040 for SC. This represents a wide scope of future trajectories by 2040 with a potential for tremendous decrease in
SC burden.
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Conclusions: The gap between scenarios provides some quantification of the range of policy impacts on future
trajectories of salt intake. Even though we do not yet know the policy mix used to achieve these scenarios, the
result that there can be differences between scenarios means that policies today can have a significant impact on
the future DALYs.

Keywords: Disability-adjusted life years, Salt intake, Japan, Future prediction, Cardiovascular diseases, Chronic kidney
diseases, Stomach cancer

Background
High-sodium diet has been confirmed to be associated
with the risk of cardiovascular diseases (CVDs); chronic
kidney diseases (CKDs); and neoplasms, including stom-
ach cancer (SC) [1, 2]. Disability-adjusted life year
(DALY) is a comprehensive measurement of health gaps
that represents premature mortality in populations along
with the extent and the severity of morbidities. One
DALY is the equivalent of losing 1 year in good health
due to illnesses or health conditions. In Japan, of the 67
risk factors covered in the latest Global Burden of Dis-
ease Study (GBD) in 2017 (e.g. behavioural, metabolic,
environmental, and occupational factors), high-sodium
diet was the fifth highest risk factor for DALYs after
smoking, high blood pressure, high fasting plasma glu-
cose, and high body mass index (BMI). A high-sodium
diet accounted for 3.8% of total DALYs in Japan in 2017
[2], and it was the most significant dietary risk factor af-
fecting DALYs compared with diets low in whole grains,
fruits, nuts and seeds, and vegetables [3].
High salt intake is more likely to be seen in Japan than

in other countries [4]. Health Japan 21 (the second
term), which was formulated in 2012 to improve the life-
style and to extend healthy life expectancy of the popula-
tion, sets a goal of consuming less than 8.0 g of salt per
day [5]. While this value is much larger than the World
Health Organization (WHO)‘s recommendation of less
than 5.0 g per day [6], it seems reasonable given that the
latest National Health and Nutrition Survey (NHNS) in
2016 showed that the average daily intake of salt in the
Japanese population was 9.9 g (10.8 g for men and 9.1 g
for women) [7]. These are far from the target of Health
Japan 21 (the second term) as well as that of the WHO.
Daily salt intake has decreased by about 1 g over the

past 10 years in Japan, but the speed of decline has stag-
nated [7]. Similarly, while the rate of DALYs attributable
to a high-sodium diet has also decreased by approxi-
mately 15% over the past 10 years, it has levelled off in
the recent years [2]. A high-sodium diet is a modifiable
risk factor, and the management of this risk factor is an
important intervention to prevent the onset of diseases,
prolong healthy life, and efficiently maintain and im-
prove population health [8]. Accordingly, this study
aimed to model and forecast Japan’s DALYs for chronic

diseases that would be, by scientific consensus, associ-
ated with high-sodium diet in different future scenarios
of salt intake up to 2040. The ultimate goal of the study
is to provide an empirical basis to support future salt in-
terventions in Japan.

Methods
Overall forecasting model structure
To generate predictions from 2017 to 2040, we used
data from 1990 to 2016 and modelled three disease
groups that have been found to be associated with a
high-sodium diet by the GBD: CVDs and CKDs from
level 2 and SC from level 3 of the GDB hierarchy casual
structure. The GBD’s latest study (GBD 2017) covered
195 countries and territories (including Japan) and esti-
mated DALYs and other health metrics for 359 diseases
and injuries for each year from 1990 until 2017. The re-
sults of the GBD study are available by county and the
estimates have been widely used by researchers for sci-
entific studies, and policy-makers and several other
stakeholders to argue for decision making, prioritization,
and strategic resource allocation [9–16]. The GBD hier-
archy causal structure ranges from level 1 to 4. The
three cause groups at level 1 are communicable, mater-
nal and neonatal conditions, and nutritional deficiencies;
non-communicable diseases; and injuries. These are
broken down into 22 diseases and injury categories as
level 2 of causes, which are then further disaggregation
into level 3, and finally into level 4 of causes with the
most detailed 293 diseases groups. Ischaemic heart dis-
ease, for example, is classified as non-communicable dis-
eases (level 1), cardiovascular diseases (level 2),
cerebrovascular diseases (level 3), and ischaemic heart
disease (level 4).
Following the GBD’s forecasting study methodology

[17], we developed a three-component model of disease-
specific DALYs for the three diseases associated with
high salt intake. The model consists of a component on
the changes in major behavioural and metabolic risk
predictors including salt intake as a main risk predictor
of interest in this study; a component on the income per
capita, educational attainment, and total fertility rate
under 25 years, which were combined into a socio-
demographic index (SDI) expressed on a scale from 0 to
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1, and time; and an autoregressive integrated moving
average (ARIMA) model that captures the unexplained
component correlated with time course. Further detail,
including data sources, and model formulae are de-
scribed below.

DALYs and SDI data, 1990–2016
We used the estimates of DALY rate per 100,000 popu-
lation for CVDs, CKDs, and SC as well as SDI in Japan
for the years 1990–2016 published in GBD 2017 [18].
The detailed methodologies for estimating DALYs and
SDI are provided in the GBD 2017 summary publica-
tions [18, 19]. Data extraction and analysis were per-
formed by sex (men, women, and both sexes combined)
and age group (20–49, 50–69, ≥70 years, and all ages).
The 0–19 years age group was not considered due to a
lack of risk predictor data (see below).

Behavioural and metabolic risk predictor data, 1990–2016
We considered the population level average of salt intake
(grams per day) and the prevalence of current smokers,
current alcohol drinkers, and obesity for each sex and
age groups based on the availability of data. These were
obtained from Japan’s NHNS for 1990–2016 by sex and
age groups. The NHNS is a nationally representative
household survey, which is conducted annually by the
Japanese Ministry of Health, Labour and Welfare to clar-
ify dietary habits, nutrition intake, and lifestyle at the
population level in Japan [20]. The NHNS consists of
three parts: 1) physical tests, such as a blood test, per-
formed by physicians at community centres; 2) an in-
person survey of a (weighted) single-day dietary record
of households; and 3) a self-reported lifestyle question-
naire (including smoking status and alcohol consump-
tion) accompanying the dietary survey. No urine sodium
was measured by NHNS. Detailed descriptions of survey
procedures of NHNS are available elsewhere [20, 21]. To
explain briefly, dietary intake data survey was conducted
on a designated day excluding Sundays and public holi-
days. Trained interviewers (mainly registered dietitians)
instructed household representatives (usually those who
were responsible for food preparation) on how to meas-
ure food and beverage quantities consumed by the
household members using an open-ended recording
form. The allocation of shared dishes taken by each
household members, food waste, leftovers, and foods
eaten away from home were also recorded, as well as the
portion size consumed or quantity of foods when weigh-
ing was not possible. The trained interviewers visited
each household to check the participants’ survey compli-
ance and, if necessary, confirmed portion sizes and con-
verted estimates of portion sizes or quantity of foods.
Each food item was coded according to the dietary rec-
ord and the corresponding food composition list in the

sixth edition of the Japanese Standard Tables of Food
Composition [22].
In this study, salt intake (grams per day) was calcu-

lated as sodium (mg) × 2.54/1000. Obesity was defined
as BMI of ≥25 kg/m2 according to the Japan Society for
the Study of Obesity [23, 24]. Only those aged 20 years
or older were considered in this study because the life-
style questionnaire was not administered to the younger
population aged less than 20 years old. Analytic sample
sizes ranged from 6149 to 26,594 between 1990 and
2016. A total of 275,468 (127,571 men and 147,897
women) who were aged 20 or older and who completed
the salt intake assessment were used to calculate the
average daily salt intake and the prevalence of other pre-
dictors from the individual surveys.

ARIMA model for forecast
The ARIMA model was used to forecast future DALY
rates with adjustment for several risk predictors. It pro-
duces forecasts based on its own past values in the time
series (an autoregressive: AR term) with the error made
by previous predictions (a moving average: MA term)
using the shift and lag of historical information. Inte-
grated (I term) in ARIMA model represents the differen-
cing of raw observed data in order to make the time
series stationary, that is, data values are replaced by the
difference from the previous values.
In the ARIMA model, a standard notation is ARIMA

with p, d, and q, where integer values substitute for the
parameters to represent the type of the model described
as ARIMA (p, d, q). The parameter is defined as follow:
p is the order of the autoregressive; d is the degree of
differencing involved; and q is the order of the moving
average. Zero value can be used as a parameter, indicat-
ing that a particular component is not used in the
model. For example, ARIMA (1, 0, 2) indicates no differ-
encing, one AR term and two MA terms in the model.
As generally known, the ARIMA model is given by

1 −
Xp

i¼1

αiLi
 !

1 − Lð Þdyt ¼ 1þ
Xq

i¼1

βiL
d

 !
εt ; ð1Þ

where yt is the outcome of interest; εt is an (white noise)
error term, which is the residual defined as a time series of
the difference between an observed and a predicted value at
time t; L is time lag operator defined as Lkyt = yt− k; and αi
and βi are the ith coefficient parameters of p (AR part) and
q (MA part) [25]. The key point is that the time series
model should have a serial correlation in the observed data,
thus the residuals themselves are independent and identi-
cally distributed with zero mean and covariance. If the left-
hand side of the Eq. (1) contains the differenced value, ap-
propriate adjustments were also applied on the right-hand
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side. Before fitting the models, the stationary state of ob-
served data in the series, which means there is constancy to
the data over time, was examined using Dickey-Fuller test
[25]. If non-stationary was assumed to be plausible, the data
were transformed into a stationary time series by taking a
suitable difference with order d. The autocorrelation func-
tion and partial autocorrelation function were used to iden-
tify the stationary status and to decide the range of grid
search for the orders of the models. Model parameters were
estimated by using maximum likelihood methods. Akaike’s
Information Criterion (AIC) was calculated to select opti-
mal models with the orders.
A two-step approach was used to forecast the future

DALY rates: the first step was to independently forecast
the values of each predictor at the population level (i.e.
SDI, the average salt intake (grams per day), the preva-
lence of obesity (%), current smoker (%), and current al-
cohol drinker (%)) from 2017 until 2040 using the
Equation (1), and the second step was to forecast the
log-scaled DALYs rates yt by using the following Equa-
tion (2) after plugging the predicted values of the above
predictors into xtj:

1 −
Xp

i¼1

αiL
i

 !
1 − Lð Þdyt ¼

X4

j¼1

γ jL
dxtj þ 1þ

Xq

i¼1

βiL
d

 !
εt ;

ð2Þ
where xtj is the value of j th predictor at time t, and γj is
a coefficient parameter for the j th predictor. Equation
(2) is the general form of so-called ARIMAX model
(ARIMA with eXogeneous inputs), which capture the in-
fluence of external factors [26]. As widely adopted in
epidemiological time series studies [27–29], ARIMAX
has the capacity to generate predictions while identifying
the underlying patterns of changes of both internal and
external nature. All analyses were conducted using R
version 3.6.1. The sets of parameters in Equation (2)
were separately estimated by age and sex categories.

Future scenarios for salt intake
We assumed several future scenarios to evaluate the im-
pact of salt intake on the DALY rates for the three dis-
eases (CVDs, CKDs, and SC) for 2017–2040: a reference
forecasts and three alternative scenarios (best, moderate,
worse). The reference forecast assumed that the current
trend is maintained: i.e. future salt intake during 2017–
2040 was predicted using the ARIMA model defined in
Equation (1). In the best scenario, a target daily salt in-
take (8 g per day) will be achieved in 2023 as per Health
Japan 21 (the second term) targets [5] and continue to
decline to reach 5 g per day in 2040 as per WHO’s
guideline [6]. This scenario assumed a constant mono-
tonic decreasing function from 2017 to 2023, when the

8 g per day is achieved, and a further monotonic de-
creasing function from 2024 to 2040, when 5 g per day is
achieved. The moderate scenario assumed that less than
the 8.0 g per day set in the best scenario is achieved in
2040 rather than in 2023, with a monotonic decrease
function. The worse scenario is where the most recent
salt intake (i.e. the value in 2016) remains constant
through 2017 to 2040. By entering these assumed sce-
nario values into the Equation (2) as a predictor, we can
then obtain the final prediction value of DALY rates
until 2040 for these alternative scenarios. Note that
the salt intake as of 2040 is the same by definition in
the best and moderate scenarios, and the predicted
DALY rates converge mathematically to the same
values in 2040.

Results
While the average salt intake and the prevalence of
current smokers and alcohol drinkers have declined
since 1990, SDI and the prevalence of obesity have in-
creased. Table 1 summarizes the sex- and age group-
specific SDI and the behavioural and metabolic risk pre-
dictor data in 1990–2016.
Supplementary Table 1 shows the predicted (2017–

2040) salt intake for the reference forecast and the three
alternative scenarios. Overall, women consumed less salt
than men. In 1990, the older population consumed less
salt than did the younger population. However, this
trend was reversed in 2016, and today, the younger
population consumes less salt than the older population.
In other words, the rate of decline in salt intake is faster
in the younger population. Predicted values for other co-
variates are presented in Supplementary Table 2.
Future trends of DALY rate for cardiovascular disease,

chronic kidney diseases, and stomach cancer.

Cardiovascular disease
The estimated sets of parameters (p, d, and q) in the
ARIMA models given by the Equation (2) and the asso-
ciated AIC are shown in Supplementary Table 3. All-age
and age-group specific trends of DALY rates for CVDs
for 2017–2040 by sex and scenarios are shown in Fig. 1
and Supplementary Figures, respectively (Supplementary
Figure 1 for 20–49 years, Supplementary Figure 2 for
50–69 years, and Supplementary Figure 3 for ≥70 years).
In all scenarios including reference forecast, the all-age
and age group-specific DALY rate estimates until 2040
were not remarkably different, with overlapping predic-
tion intervals (PIs).
The DALY rates continued to decline until 2040 re-

gardless of the scenarios, and the sex, or the age groups.
In the reference forecast, the greatest decline in the
DALY rates was expected in the ≥70 age group, with a
decline of 45.1% for men and 40.9% for women from
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2016 to 2040. Meanwhile, in all ages, the sex-combined
DALY rates demonstrated a stable time-trend during
2016 to 2040. The difference between the age group-
specific estimates and all-age estimates is that the latter
was greatly affected by population aging. The exact
values of the DALY rates for the three diseases in 2040
for the 20–49, 50–69, and ≥ 70 age groups, and all ages;
for men, women, and both sexes combined; and for all
scenarios are presented in Supplementary Table 4.

Chronic kidney diseases
Figure 2 shows the trends of all-age DALY rates for
CKDs for 2017–2040 by sex and scenarios, while those
for age group-specific DALY rates are shown in Supple-
mentary Figures (Supplementary Figure 4 for 20–49
years, Supplementary Figure 5 for 50–69 years, and Sup-
plementary Figure 6 for ≥70 years). As with the trends in
CVDs, the all-age and age group-specific DALY rate es-
timates for CKDs in all scenarios up to 2040 were not
remarkably different, with overlapping PIs.

For all scenarios, the age group-specific DALY rates
tended to decline until 2040, except in men aged 50–69
years. In the reference forecast, the greatest decline in
the DALY rates was expected in men aged 20–49 years
and women aged ≥70 years, with an average decline
of 18.7 and 21.2% for women between 2016 and
2040, respectively. Meanwhile, in contrast to the trend
for each age group, there was an upward trend for
all-age DALY rate, suggesting that the aging of the
population may have significant effects on the future
DALY rates of CKDs.

Stomach cancer
Figure 3 shows the trends of the all-age DALY rates for
SC for 2017–2040 by sex and scenarios. For both men
and women and both sexes combined, the best scenarios
had the lowest DALY rates in 2040 (751.6, 95% PIs
720.9–783.7 for men; 251.3, 245.0–257.7 for women;
and 465.9, 453.1–479.1 for both sexes combined, re-
spectively) than the reference forecasts (812.8, 779.6–

Fig. 1 Observed and predicted all-age DALY rate (per 100,000 population) for cardiovascular diseases, 1990–2040: a men, b women, and c both
sexes combined. 1: best scenario; 2: moderate scenario; 3: worse scenario. It is important to note that the y-axis scales are different for each panel
in order to make the differences between scenarios easier to understand
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847.5; 267.3, 260.6–274.1; and 491.2, 477.7–505.1, re-
spectively), with declining rates of 19.3, 34.7, and 28.5%,
respectively.
All-age and age group-specific DALY rates contin-

ued to decline until 2040 regardless of the scenarios
or the sex. The trends of the age group-specific
DALY rates for SC for 2017–2040 by sex and sce-
narios are shown in Supplementary Figures (Supple-
mentary Figure 7 for 20–49 years, Supplementary
Figure 8 for 50–69 years, and Supplementary Figure
9 for ≥70 years). Except for the ≥70 age group, there
were remarkable differences in DALY rates between
scenarios, with the best scenario likely to have the
lowest DALY rate in 2040. The largest decline in the
rates from 2016 to 2040 was observed in the 20–49
age group: 67.3% for men and 59.8% for women.
Meanwhile, a significant difference was also observed
between the worse scenario and the reference fore-
cast in the predicted DALY rates among these
groups.

Discussion
To guide a long-term investment and policy imple-
mentation, it is important to understand the trajector-
ies and drivers of health. In Japan, high salt intake is
a national epidemic [30, 31] and plays an important
role in addressing the major policy challenge of in-
creasing health care costs due to the aging of the
population and the extension of life expectancy [8].
To our best knowledge, this was the first study to
forecast a set of disease-, sex-, and age group-specific
DALY rates for chronic diseases that would be, by
scientific consensus, associated with a high-sodium
diet using a framework that allows for exploring dif-
ferent scenarios of salt intake and other independent
risk predictors. In our reference forecast, all-age
DALY rates were predicted to be stable for CVDs,
continue increasing for CKDs, and continue decreas-
ing for SC. Meanwhile, age group-specific DALY rates
for these three diseases were forecasted to decrease,
except in men aged 50–69 years for CKDs.

Fig. 2 Observed and predicted all-ages DALY rate (per 100,000 population) for chronic kidney diseases, 1990–2040: a men, b women, and c both
sexes combined. 1: best scenario; 2: moderate scenario; 3: worse scenario. It is important to note that the y-axis scales are different for each panel
in order to make the differences between scenarios easier to understand
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For men, women and both sexes combined, aged 20–
49 years and 50–69 years, there were massive gaps be-
tween the best forecast and other alternative scenarios
for the predicted DALY rates for SC, representing a wide
scope of future trajectories by 2040 with the potential
decrease in SC burden. Meanwhile, the gap between
worse scenario and reference forecast for the predicted
DALY rates for stomach cancer among these groups in-
dicate alarming challenges if Japan fall behind their ref-
erence forecast.
Our findings are in accordance with previous analyses

showing an association of lower risk of stomach cancer
with lower salt intake [32]. A population reduction in
salt intake is recognized as a global priority for a highly
cost-effective prevention of the epidemic of chronic dis-
eases regardless of the level of socioeconomic develop-
ment [33, 34]. Although our models do not conclusively
prove the remarkable benefit of reduced salt intake with
respect to CVDs and CKDs in Japan, previous studies
suggest the potential for a further benefit by the

population level reduction of salt intake in addition to
its effects on stomach cancer morbidity and mortality
[35]. The lack of a remarkable difference in trends of fu-
ture DALY rates for CVDs and CKDs among the scenar-
ios of salt intake may be because of the fact that many
other health drivers are also influential, such as, social
determinants of health, making it difficult to see the ef-
fects of salt reduction alone.
In Japan, sodium intake is mostly derived from season-

ings (e.g. soy sauce, table salt, and miso), bread, noodles,
and other processed foods [36, 37]. Using the data of the
2012 NHNS [38], Takimoto et al. reported in 2018 that
82.1% of the Japanese consumed soy sauce on the day of
the survey, equivalent to an average salt intake of 2.2 g.
Many Japanese also used table salt and miso (81.4 and
47.1%, respectively), which are equivalent to an average
salt intake of 1.6 g and 1.9 g, respectively [38]. In
addition to these seasonings, approximately 1–3% of the
people consumed processed seafood, which corre-
sponded to about 1 g of salt intake, depending on the

Fig. 3 Observed and predicted all ages DALYs rate (per 100,000 population) for stomach cancer, 1990–2040: a men, b women, and c both sexes
combined. 1: best scenario; 2: moderate scenario; 3: worse scenario. It is important to note that the y-axis scales are different for each panel in
order to make the differences between scenarios easier to understand
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product [38]. Approximately 1.0% of the people ate in-
stant Chinese noodles, equivalent to 2.2 g of salt intake
[38]. These results mean that it is not the food itself, but
the way it is cooked or seasoned, that ultimately affects
sodium levels in the body. Sodium sources should be ex-
plicitly considered when addressing salt reduction.
Health Japan 21 (the second term) not only promotes

national action to raise awareness and modify behaviour
to reduce salt intake, but also encourages the food in-
dustry to reduce salt in processed foods. Although the
average salt intake in the Japanese population decreased
from 13.0 g per day in 1990 to 9.9 g per day in 2016 [7],
this is still far from the target of Health Japan 21 (the
second term) as well as that of the WHO. A recent sub-
national study on salt intake in Japan demonstrated that
salt intake is high nationwide and with a small regional
variance [39], suggesting that a nationwide strategy
would be more effective in reducing salt intake than
strategies oriented toward regional differences [39]. For
example, Fiji, Hungary, and Portugal have already intro-
duced taxation on high-salt foods [40]. Hungary intro-
duced a “chips tax” on food high in salt in 2011,
resulting in the decline in the sales of some food prod-
ucts (e.g. salty snacks, soup, and other powders and arti-
ficial seasonings) [41]. It is suggested that the cost
effectiveness of a salt taxation would be similar to that
of information campaigns and the development of new
food products [42]. Although such taxation policies are
politically challenging, they could achieve substantial
and surprisingly rapid reductions in chronic diseases.

Limitations
As in any forecasting study, this study is also subject to
several limitations. First, many independent risk predic-
tors not included in our model may alter the nature of
future health outcome. Therefore, the forecasting effort
must recognize that this task is very difficult [17]. For
example, the risk of high blood pressure, which is known
to be associated with CVDs and CKDs [43–45], was not
included in our models to avoid over-adjustment. There
is an abundant evidence on a causal relation between
salt intake and high blood pressure [46, 47], and there-
fore, blood pressure can hide the real impact of salt in-
take if it was included in our model [48]. The effects of
high blood pressure on DALY rates for CVDs and CKDs
can be partly explained by the changes in BMI and salt
intake included in the model [49]. However, other inde-
pendent effects of high blood pressure have not been
considered. Second, our models for forecasting inde-
pendent risk predictors of DALY rates were relatively
simple extrapolations of the past trends that were
weighted to some degree for recency. Our forecasts were
thus limited by the validity of these simple extrapola-
tions, despite a reasonable AIC-based model selection.

In Japan, it has also been suggested that health outcomes
may be largely explained by social determinants of
health and health system performance [8]. The trajector-
ies of future health outcome may be influenced by these
health drivers more than by individual risk factors.
In addition, while DALY is an important population

health measure and is widely used as an important
benchmark for health policy, it has its limitations [50].
In particular, DALY cannot clearly indicate how much
investment is needed to avoid the burden of diseases. It
also focuses solely on health and does not capture the
broader societal impact of diseases.
Further, our study is also subject to similar limitations

as described for other studies concerning dietary pat-
terns [51, 52]. First, in the NHNS, dietary intake was
based on a weighted single-day dietary record and may
not show reproducibility of long-term dietary patterns.
The daily data do not reflect seasonal changes in the
dietary patterns. In addition, self-reporting in dietary
surveys and lifestyle questionnaires, based on partici-
pants’ subjectivity, tends to be accompanied by social de-
sirability and recall biases. Unfortunately, there is no
data to deeply test the validity of this response. In
addition, reliance on household representatives to record
dietary intake during the survey may result in biased es-
timates of the dietary intake for individual respondents,
especially for those who work and eat lunch outside the
home (at restaurants, etc.) on weekdays [20]. Finally,
there is a possibility that a selection bias was introduced
through the stratified two-cluster sampling design in the
NHNS. This in turn may have led to biased estimations.

Conclusion
The gap between scenarios provides a certain quantifica-
tion of the range of policy impacts on future trajectories
of salt intake. We believe that each independent scenario
could occur in Japan. Even though we do not yet know
the policy mix used to achieve these scenarios, the dif-
ferences between scenarios indicated by the results in
the study illustrates that the policies today can have a
significant impact on the future DALYs attributable to a
high-sodium diet.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12889-020-09596-3.

Additional file 1: Supplementary Figure 1. Observed and predicted
DALY rate (per 100,000 population) in the 20–49 age group for
cardiovascular diseases for reference forecast and three alternative
scenarios, 1990–2040: (A) men, (B) women, and (C) both sexes combined.
1: best scenario; 2: moderate scenario; 3: worse scenario. It is important to
note that the y-axis scales are different for each panel in order to make
the differences between scenarios easier to understand. Supplementary
Figure 2. Observed and predicted DALY rate (per 100,000 population) in
the 50–69 age group for cardiovascular diseases for reference forecast
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and three alternative scenarios, 1990–2040: (A) men, (B) women, and (C)
both sexes combined. 1: best scenario; 2: moderate scenario; 3: worse
scenario. It is important to note that the y-axis scales are different for
each panel in order to make the differences between scenarios easier to
understand. Supplementary Figure 3. Observed and predicted DALY
rate (per 100,000 population) in the ≥70 age group for cardiovascular dis-
eases for reference forecast and three alternative scenarios, 1990–2040:
(A) men, (B) women, and (C) both sexes combined. 1: best scenario; 2:
moderate scenario; 3: worse scenario. It is important to note that the y-
axis scales are different for each panel in order to make the differences
between scenarios easier to understand. Supplementary Figure 4. Ob-
served and predicted DALY rate (per 100,000 population) for chronic kid-
ney diseases in the 20–49 age group for reference forecast and three
alternative scenarios, 1990–2040: (A) men, (B) women, and (C) both sexes
combined. 1: best scenario; 2: moderate scenario; 3: worse scenario. It is
important to note that the y-axis scales are different for each panel in
order to make the differences between scenarios easier to understand.
Supplementary Figure 5. Observed and predicted DALY rate (per
100,000 population) in the 50–69 age group for chronic kidney diseases
for reference forecast and three alternative scenarios, 1990–2040: (A)
men, (B) women, and (C) both sexes combined. 1: best scenario; 2: mod-
erate scenario; 3: worse scenario. It is important to note that the y-axis
scales are different for each panel in order to make the differences be-
tween scenarios easier to understand. Supplementary Figure 6. Ob-
served and predicted DALY rate (per 100,000 population) in the ≥70 age
group for chronic kidney diseases for reference forecast and three alter-
native scenarios, 1990–2040: (A) men, (B) women, and (C) both sexes
combined. 1: best scenario; 2: moderate scenario; 3: worse scenario. It is
important to note that the y-axis scales are different for each panel in
order to make the differences between scenarios easier to understand.
Supplementary Figure 7. Observed and predicted DALY rate (per
100,000 population) in the 20–49 age group for stomach cancer for refer-
ence forecast and three alternative scenarios, 1990–2040: (A) men, (B)
women, and (C) both sexes combined. 1: best scenario; 2: moderate sce-
nario; 3: worse scenario. It is important to note that the y-axis scales are
different for each panel in order to make the differences between scenar-
ios easier to understand. Supplementary Figure 8. Observed and pre-
dicted DALY rate (per 100,000 population) in the 50–69 age group for
stomach cancer for reference forecast and three alternative scenarios,
1990–2040: (A) men, (B) women, and (C) both sexes combined. 1: best
scenario; 2: moderate scenario; 3: worse scenario. It is important to note
that the y-axis scales are different for each panel in order to make the dif-
ferences between scenarios easier to understand. Supplementary Fig-
ure 9. Observed and predicted DALY rate (per 100,000 population) in the
≥70 age group for stomach cancer for reference forecast and three alter-
native scenarios, 1990–2040: (A) men, (B) women, and (C) both sexes
combined. 1: best scenario; 2: moderate scenario; 3: worse scenario. It is
important to note that the y-axis scales are different for each panel in
order to make the differences between scenarios easier to understand.
Supplementary Table 1. Predicted values of average salt intake (grams
per day) for reference forecast and three alternative scenarios, by age
groups for men (A), women (B), and both sexes combined (C); and for all
ages by sex (D), 2017–2040. 1: best scenario; 2: moderate scenario; 3:
worse scenario. Supplementary Table 1. Predicted values of covariates
by age groups for men (A), women (B), and both sexes combined (C);
and for all ages by sex (D), 2017–2040. SDI: socio-demographic index.
Supplementary Table 2. Estimated sets of parameters in ARIMA (p, d,
q) and Akaike Information Criteria (AIC). Supplementary Table 3. Pro-
jected DALY rates for cardiovascular diseases (1), chronic kidney diseases
(2), and stomach cancer (3) by age groups for men (A), women (B), and
both sexes combined (C); and for all ages by sex (D), 2017–2040. 1: best
scenario; 2: moderate scenario; 3: worse scenario. Supplementary Table
4. Predicted DALY rates (95% prediction intervals) for cardiovascular dis-
eases (1), chronic kidney diseases (2), and stomach cancer (3) by age
groups for men (A), women (B), and both sexes combined (C); and for all
ages by sex (D), 2017–2040.
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