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Abstract: In this paper, we use a bivariate choropleth map to investigate the relationship between
mortality from cardiovascular disease (CVD) and gross domestic product (GDP) per capita, by sex,
in Japanese prefectures from 1996 to 2015. The overall results show a decline in age-standardized
CVD mortality rates in all prefectures, for both men and women, and suggest that GDP per capita has
varied over the period. We also observed that the relationship between CVD mortality rates and GDP
per capita at the prefecture level does not have an overall pattern of the same or inverse association,
but is instead a heterogeneous relationship. We argue that this study provides useful clues to policy
makers for establishing effective measures for public health planning and the prevention of deaths
from CVD. As demonstrated by this study, mapping of the CVD burden in Japan helps to clarify
regional differences in life expectancy and health status across regions and identify prefectures where
more targeted policy attention may be needed.

Keywords: mortality; cardiovascular mortality; gross domestic product (GDP); economic
development; bivariate choropleth map; Japan; prefectures; Global Burden of Disease Study 2017

1. Introduction

Non-communicable diseases (NCDs) accounted for approximately 73% of all deaths worldwide
in 2017 [1]. Among the deaths from NCDs, the leading causes are cardiovascular diseases (CVDs) [2-4].
In the last 27 years of available data, the estimated number of people who die from CVDs annually
increased from approximately 12.0 million in 1990 to 17.8 million in 2017. These numbers represent
around 25.6% and 31.8% of all global deaths, respectively [1]. This increase is attributable to a
combination of several factors, such as demographic (e.g., driven by population growth and aging),
socioeconomic (people with lower incomes have restricted access to quality health services and
limited resources to prevent disease), environmental (the exposure to poor air quality—high average
concentrations of PM2.5—over the course of several years), behavioral (exposure to tobacco smoking,
a sedentary lifestyle and a diet rich in salt intake, sugar, and fat), and epidemiological (improvement
in health conditions of the population, access to health services and in premature diagnoses, which
increases life expectancy) [5-16].

According to the World Health Organization [4] and Franco et al. [17], over three quarters of
deaths from CVD take place in low- and middle-income countries, where exposure to risk factors
associated with CVD mortality still persists and continues to be a primary focus of public-health
endeavors. On the other hand, in high-income countries, where the decline in CVD mortality was
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substantial over the past half-century, there is recent evidence to suggest that the long-term decline in
CVD mortality may be stagnating, and in some countries rates may be even rising [1,16], such as Japan.

In the 20th century, Japan successfully achieved an improvement in the health status of its
population, which caught the attention of the rest of the world [18]. Nevertheless, the country observed
an increase in the CVD mortality rate from 227 per 100,000 in 1990 to 286.76 in 2017. In the same period,
the number of deaths from cardiovascular disease jumped from 285,701.13 to 368,091.30, while the
percentage (relative to total number of deaths) dropped from 34.90% to 26.83%, although a slowdown
in this decline has been observed in recent years [1]. CVD mortality ceased to be the leading cause of
death in the country in 1996, behind deaths from neoplasms (the percentage of deaths from neoplasms
increased from 28.47% in 1990 to 30.23% in 2017). Even so, CVD remains one of the main causes of
deaths in Japan, although the level, pace of progress, and rates are not uniformly distributed within
the country [19]. Regional disparities in the distribution of health-disease patterns among countries
are very important [12,13,20-22]. Regardless of the level of development, stage of the epidemiological
transition, or age composition, the fact is that the geographical variation in cardiovascular mortality is
not uniform within the country [3,14,23].

Due to heterogeneity in the spatial distribution of deaths from cardiovascular diseases [19], the
goal of this paper is to investigate the relationship between CVD mortality and economic development,
measured by gross domestic product (GDP) per capita, in the adult population (over 30 years of age),
by sex, in Japanese prefectures from 1996 to 2015. Income, often expressed as gross domestic product
(GDP) per capita, is one of the most widely used socioeconomic predictors of mortality/health, and
this relationship has been widely discussed in the literature [24—-29]. We use an adapted bivariate
choropleth map and bubble charts using R software to investigate temporal and spatial relationships
between CVD mortality and GDP per capita in the country.

2. Materials and Methods

2.1. Data Sources

We use data on age-specific (population over 30 years and in 5-year age groups up to 95 years or
more), sex-specific, and cause-specific mortality from cardiovascular disease (rheumatic heart disease,
ischemic heart disease, stroke, hypertensive heart disease, non-rheumatic valvular heart disease,
cardiomyopathy and myocarditis, atrial fibrillation and flutter, aortic aneurysm, peripheral artery
disease, endocarditis, other cardiovascular and circulatory diseases) from the Global Burden of Disease
Study 2017 [1], coordinated by the Institute for Health Metrics and Evaluation (IHME) and publicly
available online (http://www.healthdata.org/).

The Global Burden of Disease study was created to provide comprehensive and comparable
global health metrics. Estimates of cause-specific mortality, burden of diseases, injuries, and risk
factors are reported by year (1990-2017), location (195 countries and territories, and at the subnational
level for a subset of countries), age, and sex. GBD also supplied the population estimates used in
this paper. Data sources used to produce these estimates came from 1257 census and 761 population
registry location-years.

Finally, GDP data by prefecture were extracted from the Cabinet Office, Government of Japan, and
are also publicly available. We used two series of annual GDP datasets (1996-2009 and 2001-2015). Both
datasets are calculated by using the 1993 System of National Accounts (SNA), which is an international
standard index managed by the UN for calculation of GDP. The benchmark year is 2000 for 1996-2009
and 2005 for 20012015, and values are given in Yen (¥).

2.2. Level of Analysis

The units of analysis were the 47 Japanese prefectures, divided into eight regions (Hokkaido,
Tohoku, Kanto, Chubu, Kinki, Chugoku, Shikoku, and Kyushu) (Figure 1).
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Figure 1. Japan by regions and prefectures.

For purposes of analysis, and in order to adjust the annual fluctuations that may occur, we used
four time series 1996-2000, 2001-2005, 20062010, and 2011-2015. Deaths from cardiovascular disease
and population were organized by age (in 5-year age groups up to 95 years or more) and sex. We then
calculated sex-specific age-standardized death rates per 100,000 for each prefecture using the Japanese
population in 2010 as the standard.

2.3. Bivariate Maps

A univariate choropleth map uses colors that portray the spatial variation of a single attribute in
the geographic region under study. Migration rate by census tract, excess risk of disease by municipality,
level of education by state, and Human Development Index (HDI) by country are some examples.
Bivariate choropleth maps follow the same concept, except for displaying two variables simultaneously
using a single-color scheme [30]. In fact, bivariate maps go further and allow us to estimate the degree
or spatial pattern of cross-correlation between variables, something, to our knowledge, not yet explored
in health, epidemiological, and demographic studies. The resultant bivariate map provides useful
information for public health in order to identify local areas for resource allocation decisions or health
interventions. One additional advantage is that it allows one to quickly identify target areas.

We used an adapted bivariate choropleth map based on Grossenbacher and Zehr’s tutorial [31] in
R to evaluate the degree of relation between mortality by cardiovascular disease and GDP per capita
at the prefecture level. To match the nine different colors with appropriate classes, we calculated
1/3-quantiles for both variables. Then, the prefectures were put into the appropriate class corresponding
to their average CVD and GDP per capita. In addition to bivariate maps, we presented descriptive
statistics for the main results over time and across regions. We also tested for the correlation of the
variables across time and regions.
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We complemented the bivariate choropleth maps analysis with bubble charts. They added a
temporal perspective to the data, that is, they allowed us to visualize the evolution of the relationship
studied over the years. The bubble charts were created in R using the plotly package and, in addition
to the two variables studied, present the population of each prefecture as a third dimension. Data is
publicly available, but we provide full access to all data and routines used in this paper on GitHub.

3. Results

From 1990 to 2015, life expectancy in Japan increased by 4.2 years. However, there was an increase
in the gap between lowest and highest life expectancy across prefectures. In 1990 the difference
was 2.5 and increased to 3.1 in 2015. In addition, the rates of decline in overall mortality presented
greater variation across regions over time [19]. Nomura et al. [19] show that Okinawa (3.2) showed
the smallest increase whereas Saga (4.8) the largest increase in life expectancy. All-cause mortality
rates also declined rapidly from 1990 to 2015, approximately 29%, and large regional variations were
observed during the period. The slowest decline was observed in Okinawa and the fastest decline in
Shiga [19]. Their results also indicate that overall mortality levels present very weak correlation with
health expenditures per capita.

Table 1 presents the mean, standard deviation, t-test, p-value (ANOVA), and 95% confidence
interval for CVD mortality rates and GDP per capita across regions, by sex and over the periods
under analysis. The Tohoku and Kanto regions have a higher average CMRCVD than that the country
(overall) for both men and women. In the case of women, there is still the Kinki region. The mean
GDP per capita is higher than the country in the regions of Kanto, Chubu, and Kinki. While CVD
mortality rates have declined for both men and women in all regions, the income differential has not
changed much over the 20 years. In addition, in the analysis, the relationships between the last period
(2011-2015) and the others were statistically significant in all situations, rejecting the null hypothesis
that the means are equal.

Figure 2 (males) and Figure 3 (females) show the relationship between CVD mortality rates and
GDP per capita in the four time series studied by prefecture through bivariate maps. The bubble charts
presented in Figure 4 (males) and Figure 5 (females) corroborate the bivariate maps and bring a third
variable (population), bubble size represents population size, that is helpful in understanding this
relationship over time. The colors of the bubbles define the prefectures according to the geographic
region in which they are located (Hokkaido, Tohoku, Kanto, Chubu, Kinki, Chugoku, Shikoku,
and Kyushu).
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Table 1. Descriptive statistics—cardiovascular disease (CVD) mortality rates and gross domestic product (GDP) per capita, by sex and period.

(Mean; Std. Dev.)

(Mean; Std. Dev.)

(Mean; Std. Dev.)

(Mean; Std. Dev.)

Region Obs 1996-2000 2001-2005 2006-2010 2011-2015 t-Statistic p-Value 95% Cl
Hokkaido 1 474.98; NA 405.75; NA 361.77; NA 323.34; NA
Tohoku 6 553.38; 38.80 469.05; 29.58 417.72;27.17 369.21; 26.28
Kanto 7 522.14; 31.05 437.72; 32.35 388.10; 29.35 351.49; 26.21
Chubu 9 491.94;15.14 408.23; 14.80 360.97; 8.39 323.44; 9.64
Crude mortality rate Kinki 7 489.94;27.61 405.59; 23.26 360.31;29.62 324.72;28.10
from cardiovascular
disease (CMRCVD), Chugoku 5 474.98; 30.40 404.07;27.11 356.34; 27.62 319.19; 32.51
Males Shikoku 4 491.57;22.52 415.69; 28.70 364.80; 27.21 323.15;17.16
Kyushu 8 465.92;23.78 388.38;18.15 342.84;20.69 306.90; 22.13
Overall 47 497.36; 37.22 416.75; 33.54 368.92; 32.05 330.36; 29.38
1996-2000 vs. 2011-2015 46.11 2,47 x 1075 #++ [156.94-173.91]
2001-2005 vs. 2011-2015 37.83 7.91 x 1076 *** [81.21-92.04]
2006-2010 vs. 2011-2015 25.55 1.63 X 1076 *** [35.32-42.53]
Hokkaido 1 491.44; NA 396.91; NA 348.19; NA 313.01; NA
Tohoku 6 554.84; 11.11 445.27,7.57 388.09; 8.72 354.28;11.03
Kanto 7 563.71; 27.40 451.81; 26.40 390.99; 27.68 355.13; 27.80
Chubu 9 528.05; 27.66 416.58; 24.81 358.28; 18.34 325.33;17.01
Crude mortality rate Kinki 7 539.47; 27.84 422.29;15.35 366.48; 15.05 331.99; 20.20
from cardiovascular
disease (CMRCVD), Chugoku 5 497.84;16.79 403.62; 15.93 352.20; 25.89 321.87;20.46
Females Shikoku 4 511.08; 11.44 410.81; 13.49 350.94; 9.57 318.57; 7.02
Kyushu 8 482.74; 33.49 394.30; 23.89 338.93;19.89 305.78;17.80
Overall 47 525.33; 36.86 420.26; 27.55 363.40; 25.67 329.92; 24.70
1996-2000 vs. 2011-2015 39.10 0.00025 *** [181.24-204.57]
2001-2005 vs. 2011-2015 53.39 1.01 x 1075 %+ [85.49-93.42]
2006-2010 vs. 2011-2015 54.45 1.12 X 1077 **+* [32.06-4.97]
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(Mean; Std. Dev.)  (Mean; Std. Dev.))  (Mean; Std. Dev.)

(Mean; Std. Dev.)

Region Obs 1996-2000 2001-2005 2006-2010 2011-2015 t-statistic p-value 95% CI
Hokkaido 1 3,576,523.69; NA 344586577 NA  3262,695.18;NA  3,325,173.73; NA
Tohoku P 3,433,025.80; 3,300,966.69; 3,239,177.83; 3,371,702.00;
245,683.36 226,786.18 171,658.33 170,078.19
Kanto ; 4,136,858.70; 4,092,849.10; 4,030,843.22; 4,028,397.73;
1,476,231.68 1,650,936.63 1,544,894.14 1,374,579.74
Chubu 9 4,027,838.09; 3,984,126.60; 3,897,409.85; 3,904,454.85;
383,857.03 399,028.09 385,307.15 383,350.29
Kinki ; 3,722,355.37; 3,668,318.87; 3,664,780.70; 3,668,725.81;
646,676.02 581,919.85 606,194.88 582,640.94
Gross domestic product Chugoku 5 3,657,794.16; 3,620,914.78; 3,577,668.03; 3,579,774.87;
(GDP) per capita 8 263,055.59 239,808.56 354,972.07 408,422.44
Shikok . 3,364,701.83; 3,410,899.08; 3,348,105.72; 3,482,203.85;
v 282,630.10 255,786.70 343,002.51 344,634.99
Kyush s 3,143,210.18; 3,127,890.12; 3,106,894.10; 3,152,639.24;
yushu 336,695.29 299,193.59 282,077.80 243,958.09
Overall i 3,666,663.39; 3,621,452.60; 3,569,781.58; 3,609,024.42;
vera 722,486.00 758,963.03 729,090.58 664,783.23
1996-2000 vs. 2011-2015 1.83 0.00031 *** [-20,202.24-157,511.17]
2001-2005 vs. 2011-2015 0.69 1.82x 1075 ***  [~41,816.68-76,506.40]
2006-2010 vs. 2011-2015 —2.38 248x 1075 **  [-96,151.28--223.09]

Signif. codes: * p < 0.05; ** p < 0.01; *** p < 0.001.
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Figure 2. CVD mortality rates vs. GDP per capita, males, prefectures, Japan—time series 1996-2000
(top left), 2001-2005 (top right), 20062010 (bottom left), and 2011-2015 (bottom right).

The overall results show a decline in age-standardized CVD mortality rates in all prefectures over
the period for both men and women. The results also suggest that GDP per capita has varied between
1996 and 2015. In general, the prefectures observed a fall in GDP per capita in the first 15 years of the
period, then an increase between 2011 and 2015. Only Wakayama and Yamaguchi prefectures have
experienced growth over the entire period. On the other hand, the prefectures of Chiba, Kanagawa,
Ishikawa, Gifu, Shiga, Osaka, Nara, and Tottori showed a decline in GDP per capita throughout the
period analyzed. In summary, the relationship between CVD mortality rates and GDP per capita at
the prefecture level does not have an overall pattern of the same (high-high or low-low) or inverse
association (high-low or low-high), but is instead a heterogeneous relationship. Even so, we would
characterize Figures 2 and 3 as showing a shift from stronger shades (purple, brown, red, etc.) to
softer shades (light gray, light blue, light red, etc.) in the northeast-southwest direction of the country
(Hokkaido is a particular case). We can also point out that although the CVD mortality rates in the
northeast are higher than in the southwest, there is a similar level of GDP per capita during the study
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period. For example, GDP per capita in Tohoku and Kyushu are similar, but Tohoku has higher CVD
mortality rates than Kyushu between 1996 and 2015 (Figures 4 and 5).

Higher GDP —

Higher CMRCVD —

A . RN
e e

Figure 3. CVD mortality rates vs. GDP per capita, females, prefectures, Japan—time series 1996-2000
(top left), 2001-2005 (top right), 20062010 (bottom left), and 2011-2015 (bottom right).

More specifically, we would like to highlight certain prefectures/regions. In the Hokkaido region,
a special case whose only prefecture is Hokkaido, GDP per capita in the initial three time series was in
the second quantile (medium) and shifted to the first (low) between 2011 and 2015. Meanwhile, the
age-standardized crude mortality rate from cardiovascular disease (CMRCVD) varied between the
first (low) and second quantiles (medium) for men and remained constant (first quantile) for women.
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Figure 4. CVD mortality rates vs. GDP per capita vs. population, males, prefectures, Japan—time series
1996-2000 (top left), 20012005 (top right), 2006-2010 (bottom left), and 2011-2015 (bottom right).
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series 1996-2000 (top left), 2001-2005 (top right), 2006-2010 (bottom left), and 2011-2015 (bottom right).
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The prefectures of Tohoku (Aomori, Akita, Iwate, Miyagi, and Fukushima) and Kanto (Tochigi,
Ibaraki, and Saitama) regions are those with the highest CMRCVD. Of these, Saitama still stands out
for having the third lowest GDP per capita and, at the other extreme, Tochigi has the ninth highest GDP
per capita among the prefectures. In short, in the Tohoku region, the relationship between CMRCVD
and GDP per capita varied mostly between brown (medium GDP per capita and high CMRCVD)
and dark red (low GDP per capita and high CMRCVD), while in the Kanto region this relationship
is heterogeneous. Tokyo, for example, is an outlier within the region, as it is the prefecture with the
highest GDP per capita in the country, while its CMRCVD remained in the second quantile (medium)
throughout the period.

At the other extreme, the prefectures of Kyushu region (Okinawa, Kumamoto, Nagasaki, Fukuoka,
and Saga), as well as Shimane (Chugoku region) and Nara (Kinki region) prefectures, are those with
the lowest CMRCVD. Okinawa, Kumamoto, Nagasaki, and Nara also stand out for having some of
the lowest GDPs per capita among Japan’s prefectures. Cockerham et al. [32], when examining the
social gradient theory of health and life expectancy in Okinawa, a prefecture and a southern peripheral
island of Japan, found that Okinawans traditionally rank at the top in health and life expectancy (also
driven by low CVD mortality rates) and at the bottom in socioeconomic indicators, like GDP. It has
been persistently proven that GDP per capita is a powerful predictor of life expectancy at birth [33,34],
which makes these four prefectures, in particular, anomalies that should be analyzed in future studies.

Finally, we would like to highlight, besides Tokyo, the other prefectures with the highest GDP
per capita in the country. In general, these prefectures are concentrated in the Chubu region (Aichi,
Shizuoka, Toyama, Fukui, and Ishikawa) and, to a lesser extent, in the Kinki region (Osaka and Shiga),
both in the central portion of the country. With regard to CMRCVD, the prefectures of the Chubu
region are mostly concentrated in the low/medium quantiles, except for Aichi, which is in the high
quantile. Meanwhile, Osaka and Shiga are in quantiles with medium CMRCVD (in the last two time
series for males, Shiga prefecture shifted from medium to low CMRCVD).

4. Discussion

The high proportion of elderly people, the decline of non-communicable diseases, lifestyle
modification, universal health insurance coverage, medical advancement, and high-income are
characteristics of a Japan that is in an advanced stage of epidemiological transition and is a model
for several other countries [18,35,36]. At the same time, the aging of the Japanese population has a
substantial effect on disease structure, as the elderly require long-term care and exert pressure on
health-care expenditure and use of resources due to multimorbidity [19].

Although Japan has many of the best health indicators in the world, the pace of epidemiological
transitions varies substantially by region, which raises concerns about increasing health variations
in the country and its prefectures [19]. Minagawa and Saito [37] study disability-free life expectancy
(DFLE-65) above age 65 for regions in Japan and show that it is very closely related to socioeconomic
conditions. They find that higher income per capita and wealth conditions are related to higher
DFLE-65. They argue that that improvements in health conditions could be reduced by improving
income levels and labor market conditions for the elderly across regions.

In this paper, our goal was to investigate the relationship between CVD mortality and economic
development, measured by gross domestic product (GDP) per capita, in Japanese prefectures over
a 20-year period (1996 to 2015), without pretending, however, to establish a causal relationship
between them.

Gu et al. [38], studying Eastern and Southeastern Asia, show that higher GDP per capita is
associated with lower mortality rates. In addition, they found that a higher level of GDP per capita is
consistently associated with a lower CVD mortality rate and, after a certain level of GDP, this relation
tends to become less pronounced. Japan has undergone many changes in recent decades, such as
economic stagnation and a gradual increase in income inequality [18,19,39]. Therefore, despite the
convergence that led to reduced mortality and disability from most major diseases, variation between
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prefectures is growing. We argue that investigating the association between GDP per capita and CVD
mortality contributes to understanding the mortality dynamic in the country, following the discussion
by [37] for DFLE-65.

There is also an important question of reverse causality. Suhrcke and Urban [40] show that
increasing CVD morbidity might affect economic growth because it limits productivity and labor force
participation. We do not have, in this paper, evidence to suggest the direction of causality. Our results
indicate a decline in age-standardized CVD mortality rates in all prefectures over the period for both
men and women. However, the reduction was not uniform across prefectures, which may suggest
that there was an uneven health transition in Japan during this period [19]. The results also suggest
that GDP per capita has varied between 1996 and 2015. In general, the prefectures had a fall in GDP
per capita in the first 15 years of the period, then an increase between 2011 and 2015. Japan has had
an economic recession in recent decades, which has increased income inequality and brought about
greater health disparities [18,41]. In summary, the relationship between CVD mortality rates and GDP
per capita at the prefecture level does not have an overall pattern of the same (high-high or low-low)
or inverse association (high-low or low-high), but is instead a heterogeneous relationship. Even so,
we would characterize Figures 2 and 3 as showing a shift from stronger shades (purple, brown, red,
etc.) to softer shades (light gray, light blue, light red, etc.) in the northeast-southwest direction of
the country. This pattern is consistent with other studies that point out that there is a tendency of
higher mortality (e.g., cardiovascular disease) in the northeast part of the country [18,42]. According to
Ikeda et al. [18], “this geographical gradient might be attributable to differences in risk profiles such as
a higher prevalence of hypertension and diabetes in the northeastern prefectures that are related to
lifestyles, health-care resources, and socioeconomic status.”

Tomoike et al. [43] investigate the regional distribution of cardiovascular health service in Japan.
They find a reasonable distribution of health care for CVD across prefectures that, in turn, show strong
relations to population size and GDP. This result suggests that provision of health care is uniformly
distributed in the country and this would have a positive impact on reducing mortality across regions.
Nakaya and Dorling [44] show that income is closely related to mortality variations in Japan, but with
a negative relationship for the elderly. They claim that higher income related to higher mortality might
be reflecting the past health status of the elderly population and it is not capturing positive income
effect. They also argue that there are important cultural differences across regions in Japan that might
explain different levels of mortality. For instance, it is suggested that western prefectures give better
status for women and this could reflect in better health outcomes independent from income level.

Our results indicate that CVD mortality decline in all prefectures of Japan from 1996-2000 to
2011-2015 and the same time trend is observed for males and females. CVD standardized mortality
rates for females are higher than for males in several prefectures both in the earlier and later periods of
analysis. Nakaya and Dorling [44] suggested that this might be related to the socioeconomic status
of women in different areas of Japan. Despite the decline in mortality rates, there is also strong
regional variations across regions. Regional disparities for CVD mortality are in line with what is
observed in other studies. Suzuki et al. [45] find that social and regional inequality in premature adult
mortality has increased in Japan from 1970 to 2005. The authors suggested that this increase is related
to worse economic conditions both at the individual and regional level. Tanaka et al. [46] find, using
microdata, that rising numbers of suicides are closely related to widening of mortality differentials
across occupations.

Our results are also in line with other studies. Anand et al. [47], in establishing the relative
prevalence of risk factors, atherosclerosis, and CVD among people of Aboriginal and European ancestry
in Canada, found that Aboriginal people had a higher prevalence of CVD, atherosclerosis, obesity,
and poverty compared with European Canadians. They state that there is a clear inverse relationship
between higher incomes and lower rates of risk factors and CVD. This relationship we observe, for
example, in Toyama, Ishikawa, and Hiroshima prefectures. On the other hand, Roth et al. [13], studying
demographic and epidemiological drivers of global CVD, investigate the relationship between changes
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in CVD due to age-specific death rates and changes in GDP per capita in several countries. They point
out that despite the increase in GDP per capita and a decline in the number of CVD deaths in many
countries, the two variables had a significant correlation only within the category of upper-middle
income countries. If we bring this categorization to the prefecture level, do we find the same correlation?
This is a question that should be on the agenda. In another study, Roth et al. [2] analyzed global,
regional, and national burdens of CVD between 1990 and 2015. The study showed that significant
declines in CVD mortality rates occurred in all high-income regions, but has plateaued in recent years.
An alarming finding in this study, however, is that trends in CVD mortality have plateaued and are no
longer declining for high-income regions. In the same direction, Lopez and Adair [16], when assessing
recent CVD mortality trends in high-income populations, state that there is recent evidence to suggest
a slowdown in the pace of reduction of CVD mortality. Baptista and Queiroz [14] investigate the
spatial pattern of deaths from CVD in Brazil and identify regions with high levels of mortality and
how they have changed over the recent periods of time. They show temporal clockwise change in
the concentration of regions with high levels of CVD mortality surrounded by high level mortality
areas moving from the South to the Northeast. In Japan, Nomura et al. [19] analyze regional variations
of disease burden in the 47 Japanese prefectures from 1990 to 2015. They state that some causes of
death have patterns largely determined by geography (higher rates in the northeast, and lower in the
central and southwest), such as CVD mortality. Additionally, they point out that while cerebrovascular
and ischemic heart diseases remain the leading causes of death in the period, they showed substantial
declines in age-standardized rates. In addition, the speed of mortality decline from these causes, and
many others, has stabilized since 2005 for both men and women. They also find a very weak correlation
between all-cause mortality level and per capita health expenditures indicating that other factors play
an important role on the observed variation in mortality.

Our analyses are also subject to limitations. The main one is that this study does not incorporate
other major risk factors associated with CVD mortality, such as education, diet, blood pressure, tobacco
smoking, and others, although we argue that a good understanding of GDP per capita is fundamental as
it is one of the most widely used socioeconomic predictors of mortality and health [24-29]. Examining
studies with these biases, we also found that they support and corroborate the geographical variation
presented in this paper. For example, some prefectures in the northeast have very high smoking rates,
especially in Hokkaido, Aomori, Iwate, Fukushima, and Gunma in 2016 [48]. Uechi et al. [49] analyzed
the variation of salt intake in the 47 prefectures of the country via urinary excretion. They found
that sodium excretion was high in the northeast region. In the same direction, Tomonari et al. [50]
evaluated the relationship between dietary salt intake, blood pressure, and stroke mortality in 12
regions of Japan. They show that the amount of salt intake was a significant factor in determining
the regional distributions of both blood pressure and stroke mortality; higher values of all three were
found in the northeast of the country. Fukuda et al. [51] argued that health care provision in Japan
ranks among the best in the world. However, there was a recent rise in inequality in the access to health
care provision across regions of Japan mostly explained by the geographic distribution of services.
Their results suggest that most of differences in health status and mortality are linked to socioeconomic
inequality across regions that increased after economic shocks in the 1990s and economic policies
implemented after that [51]. Suzuki et al. [41] observed that compositional effects (age, sex, and
occupation distribution) played a small role in determining mortality differentials across regions. They
argue that economic, social, and cultural context might be more important in explaining observed
differences. Kondo et al. [52] investigated the relation of economic recession and self-rated health
status across socioeconomic groups and show that although poor health status has declined across all
groups during the 1990s, there was an increase in the gap between lowest and highest groups.

Although our results indicate that the magnitude of a relative variation in GDP per capita in the
prefectures over the period was not as significant, there is evidence of an increase in income inequality
that has led to greater health disparities [18]. The results from previous research are in line with
our results and indicate the importance of further studies on health inequalities across regions of
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Japan to better understand the roles of socioeconomic and cultural aspects to determine health and
mortality variation. One must take into account that it is a relative variation in a high-income country,
which may lead to mistaken conclusions about the greater or lesser importance of this variable in
explaining changes and disparities in population health. Even so, this study, to our knowledge, is
the first to provide a comprehensive vision of the relationship between CVD mortality and GDP per
capita in Japanese prefectures. We argue that this study provides useful clues to policy makers for
establishing effective measures for public health planning and the prevention of deaths from CVD. As
demonstrated by this study, mapping of the CVD burden in Japan helps to clarify regional differences
in life expectancy and health status across regions and identify prefectures where more targeted policy
attention may be needed.

5. Conclusions

We used a bivariate choropleth map that is new to health studies to investigate the relationship
between mortality from cardiovascular disease (CVD) and GDP per capita, by sex, in Japanese
prefectures from 1996 to 2015. The overall results show a decline in age-standardized CVD mortality
rates in all prefectures, for both men and women, and suggest that GDP per capita has varied over the
period. We also observed that the relationship between CVD mortality rates and GDP per capita at the
prefecture level does not have an overall pattern of the same or inverse association, but is instead a
heterogeneous relationship.

Our results and analysis answer a series of important research questions. We believe that
incorporate other major risk factors associated with CVD mortality, such as education, healthcare
access, lifestyle, environment, and others, is important in order to identify the contribution of each one
of them to the mortality recorded in the prefectures. In this sense, spatial regression models can be
used to examine the spatiotemporal relationships between these variables.

Author Contributions: Conceptualization, E.A.B.; methodology, E.A.B.; software, E.A.B.; validation, E.A.B.,
KK. and B.L.Q.; formal analysis, E.A.B. and B.L.Q.; investigation, E.A.B. and K.K.; resources, E.A.B.; data
curation, E.A.B.; writing—original draft preparation, E.A.B.; writing—review and editing, E.A.B., KK. and
B.L.Q.; visualization, E.A.B.; supervision, E.A.B. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Global Burden of Disease Collaborative Network. Global Burden of Disease Study 2017 (GBD 2017)
Cause-Specific Mortality 1980-2017. Institute for Health Metrics and Evaluation (IHME): Seattle, DC, USA,
2018. Available online: http://ghdx.healthdata.org/gbd-results-tool (accessed on 10 September 2019).

2. Roth, G.A;; Johnson, C.; Abajobir, A.; Abd-Allah, E; Abera, S.F; Abyu, G.; Ahmed, M.; Aksut, B.; Alam, T.;
Alam, K,; et al. Global, regional, and national burden of cardiovascular diseases for 10 causes, 1990 to 2015. J.
Am. Coll. Cardiol. 2017, 70, 1-25. [CrossRef] [PubMed]

3. Roth, G.A.; Dwyer-Lindgren, L.; Bertozzi-Villa, A.; Stubbs, R.W.; Morozoff, C.; Naghavi, M.; Mokdad, A.H.;
Murray, C.J. Trends and patterns of geographic variation in cardiovascular mortality among US counties,
1980-2014. JAMA 2017, 317, 1976-1992. [CrossRef] [PubMed]

4. World Health Organization. Cardiovascular diseases (CVDs). 2017. Available online: https://www.who.int/
news-room/fact-sheets/detail/cardiovascular-diseases-(cvds) (accessed on 17 July 2019).

5. Timaeus, LM. Adult mortality. In Demographic Change in Sub-Saharan Africa; Foote, K.A., Hill, KH.,
Martin, L.G., Eds.; National Academy Press: Washington, DC, USA, 1993; pp. 218-255.

6. Lopez, A.D,; Caselli, G.; Valkonen, T. Adult Mortality in Developed Countries: From Description to Explanation;
Oxford University Press: Oxford, UK, 1995.

7. Lopez, A.D.; Mathers, C.D.; Ezzati, M.; Jamison, D.T.; Murray, C.J]. Measuring the global burden of disease
and risk factors, 1990-2001. Glob. Burd. Dis. Risk Factors 2006, 1, 1-14.


http://ghdx.healthdata.org/gbd-results-tool
http://dx.doi.org/10.1016/j.jacc.2017.04.052
http://www.ncbi.nlm.nih.gov/pubmed/28527533
http://dx.doi.org/10.1001/jama.2017.4150
http://www.ncbi.nlm.nih.gov/pubmed/28510678
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)

Int. |. Environ. Res. Public Health 2020, 17, 1311 14 of 16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Lopez, A.D.; Mathers, C.D.; Ezzati, M.; Jamison, D.T.; Murray, C.]. Global and regional burden of disease and
risk factors, 2001: Systematic analysis of population health data. Lancet 2006, 367, 1747-1757. [CrossRef]
Vallin, J.; Meslé, F. Convergences and divergences in mortality. A new approach to health transition. Demogr.
Res. 2004, 2, 11-44. [CrossRef]

Jerrett, M.; Burnett, R.T.; Ma, R.; Pope, C.A., III; Krewski, D.; Newbold, K.B.; Thurston, G.; Yuanli, S.;
Finkelstein, N.; Calle, E.E.; et al. Spatial analysis of air pollution and mortality in Los Angeles. Epidemiology
2005, 16, 727-736. [CrossRef]

Marmot, M. Fair society, healthy lives. In Strategic Review of Health Inequalities in England Post-2010;
Marmot, M., Ed.; Department of Health: London, UK, 2010.

World Health Organization. Noncommunicable Diseases (NCD) Country Profiles; World Health Organization:
Geneva, Switzerland, 2014.

Roth, G.A,; Forouzanfar, M.H.; Moran, A.E.; Barber, R.; Nguyen, G.; Feigin, V.L.; Naghavi, M.; Mensah, G.A.;
Murray, C.J. Demographic and epidemiologic drivers of global cardiovascular mortality. N. Engl. J. Med.
2015, 372, 1333-1341. [CrossRef]

Baptista, E.A.; Queiroz, B.L. Spatial analysis of mortality by cardiovascular disease in the adult population:
A study for Brazilian micro-regions between 1996 and 2015. Spat. Demogr. 2019, 7, 83-101. [CrossRef]
Baptista, E.A.; Queiroz, B.L. The relation between cardiovascular mortality and development: Study for
small areas in Brazil, 2001-2015. Demogr. Res. 2019, 41, 1437-1452. [CrossRef]

Lopez, A.D.; Adair, T. Is the long-term decline in cardiovascular-disease mortality in high-income countries
over? Evidence from national vital statistics. Int. |. Epidemiol. 2019, 48, 1815-1823. [CrossRef]

Franco, M.; Cooper, R.S.; Bilal, U.; Fuster, V. Challenges and opportunities for cardiovascular disease
prevention. Am. J. Med. 2011, 124, 95-102. [CrossRef] [PubMed]

Ikeda, N.; Saito, E.; Kondo, N.; Inoue, M.; Ikeda, S.; Satoh, T.; Wada, K.; Stickley, A.; Katanoda, K.; Mizoue, T.;
et al. What has made the population of Japan healthy? Lancet 2011, 378, 1094-1105. [CrossRef]

Nomura, S.; Sakamoto, H.; Glenn, S.; Tsugawa, Y.; Abe, SK.; Rahman, M.M.; Brown, J.C.; Ezoe, S.;
Fitzmaurice, C.; Inokuchi, T.; et al. Population health and regional variations of disease burden in Japan,
1990-2015: A systematic subnational analysis for the Global Burden of Disease Study 2015. Lancet 2017, 390,
1521-1538. [CrossRef]

Reddy, K.S.; Yusuf, S. Emerging epidemic of cardiovascular disease in developing countries. Circulation 1998,
97, 596-601. [CrossRef]

Yusuf, S.; Reddy, S.; Ounpuu, S.; Anand, S. Global burden of cardiovascular diseases: Part I: General
considerations, the epidemiologic transition, risk factors, and impact of urbanization. Circulation 2001, 104,
2746-2753. [CrossRef]

Yusuf, S.; Reddy, S.; C)unpuu, S.; Anand, S. Global burden of cardiovascular diseases: Part II: Variations in
cardiovascular disease by specific ethnic groups and geographic regions and prevention strategies. Circulation
2001, 104, 2855-2864. [CrossRef] [PubMed]

Nowbar, A.N.; Howard, ].P.; Finegold, J.A.; Asaria, P; Francis, D.P. Global geographic analysis of mortality
from ischaemic heart disease by country, age and income: Statistics from World Health Organisation and
United Nations. Int. |. Cardiol. 2014, 174, 293-298. [CrossRef]

Preston, S.H. The changing relation between mortality and level of economic development. Popul. Stud.
1975, 29, 231-248. [CrossRef]

Murray, C.J.; Lopez, A.D. Alternative projections of mortality and disability by cause 1990-2020: Global
Burden of Disease Study. Lancet 1997, 349, 1498-1504. [CrossRef]

Berger, M.C.; Messer, ]. Public financing of health expenditures, insurance, and health outcomes. Appl. Econ.
2002, 34, 2105-2113. [CrossRef]

Mackenbach, J.P.; Martikainen, P.; Looman, C.W,; Dalstra, J.A.; Kunst, A.E.; Lahelma, E. The shape of the
relationship between income and self-assessed health: An international study. Int. J. Epidemiol. 2004, 34,
286-293. [CrossRef] [PubMed]

Subramanian, S.V.; Kawachi, I. Being well and doing well: On the importance of income for health. Int. |.
Soc. Welf. 2006, 15, S13-522. [CrossRef]

James, S.L.; Gubbins, P.,; Murray, C.J.; Gakidou, E. Developing a comprehensive time series of GDP per capita
for 210 countries from 1950 to 2015. Popul. Health Metr. 2012, 10, 12. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/S0140-6736(06)68770-9
http://dx.doi.org/10.4054/DemRes.2004.S2.2
http://dx.doi.org/10.1097/01.ede.0000181630.15826.7d
http://dx.doi.org/10.1056/NEJMoa1406656
http://dx.doi.org/10.1007/s40980-019-00050-6
http://dx.doi.org/10.4054/DemRes.2019.41.51
http://dx.doi.org/10.1093/ije/dyz143
http://dx.doi.org/10.1016/j.amjmed.2010.08.015
http://www.ncbi.nlm.nih.gov/pubmed/21295188
http://dx.doi.org/10.1016/S0140-6736(11)61055-6
http://dx.doi.org/10.1016/S0140-6736(17)31544-1
http://dx.doi.org/10.1161/01.CIR.97.6.596
http://dx.doi.org/10.1161/hc4601.099487
http://dx.doi.org/10.1161/hc4701.099488
http://www.ncbi.nlm.nih.gov/pubmed/11733407
http://dx.doi.org/10.1016/j.ijcard.2014.04.096
http://dx.doi.org/10.1080/00324728.1975.10410201
http://dx.doi.org/10.1016/S0140-6736(96)07492-2
http://dx.doi.org/10.1080/00036840210135665
http://dx.doi.org/10.1093/ije/dyh338
http://www.ncbi.nlm.nih.gov/pubmed/15561750
http://dx.doi.org/10.1111/j.1468-2397.2006.00440.x
http://dx.doi.org/10.1186/1478-7954-10-12
http://www.ncbi.nlm.nih.gov/pubmed/22846561

Int. |. Environ. Res. Public Health 2020, 17, 1311 15 of 16

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Carstensen, L.W,, Jr. Hypothesis testing using univariate and bivariate choropleth maps. Am. Cartogr. 1986,
13, 231-251. [CrossRef]

Grossenbacher, T.; Zehr, A. Bivariate maps with ggplot2 and sf. Available online: https://github.com/
grssnbchr/bivariate-maps-ggplot2-sf (accessed on 8 October 2019).

Cockerham, W.C.; Hattori, H.; Yamori, Y. The social gradient in life expectancy: The contrary case of Okinawa
in Japan. Soc. Sci. Med. 2000, 51, 11-122. [CrossRef]

Rogers, R.G.; Wofford, S. Life expectancy in less developed countries: Socioeconomic development or public
health? J. Biosoc. Sci. 1989, 21, 245-252. [CrossRef]

Lin, R.T.; Chen, Y.M.; Chien, L.C.; Chan, C.C. Political and social determinants of life expectancy in less
developed countries: A longitudinal study. BMC Public Health 2012, 12, 85. [CrossRef]

Omran, A R. The epidemiologic transition: A theory of the epidemiology of population change. Milbank Q.
2005, 83, 731-757. [CrossRef]

Omran, A.R. The epidemiologic transition theory revisited thirty years later. World Health Stat. Q. 1998, 51,
99-1109.

Minagawa, Y.; Saito, Y. An analysis of factors related to disability-free life expectancy at 65 years of age
across Japanese prefectures in 2010. Eur. J. Ageing 2018, 15, 15-22. [CrossRef]

Gu, D.; Gerland, P; Andreev, K;; Li, N.; Spoorenberg, T.; Heilig, G. Old age mortality in Eastern and
South-Eastern Asia. Demogr. Res. 2013, 29, 999-1038. [CrossRef]

Wada, K.; Kondo, N.; Gilmour, S.; Ichida, Y.; Fujino, Y.; Satoh, T.; Shibuya, K. Trends in cause specific mortality
across occupations in Japanese men of working age during period of economic stagnation, 1980-2005:
Retrospective cohort study. BMJ 2012, 344, e1191. [CrossRef]

Suhrcke, M.; Urban, D. Are cardiovascular diseases bad for economic growth? Health Econ. 2010, 19,
1478-1496. [CrossRef] [PubMed]

Suzuki, E.; Kashima, S.; Kawachi, I.; Subramanian, S.V. Geographic inequalities in all-cause mortality in
Japan: Compositional or contextual? PLoS ONE 2012, 7, e39876. [CrossRef] [PubMed]

Gilmour, S;; Liao, Y; Bilano, V.; Shibuya, K. Burden of disease in Japan: Using national and subnational data
to inform local health policy. J. Prev. Med. Public Health 2014, 47, 136-143. [CrossRef] [PubMed]

Tomoike, H.; Yokoyama, H.; Sumita, Y.; Hanai, S.; Kada, A.; Okamura, T.; Yoshikawa, J.; Doi, Y.; Hori, M.;
Tei, C. Nationwide distribution of cardiovascular practice in Japan. Circ. J. 2015, 1058-1067. [CrossRef]
[PubMed]

Nakaya, T.; Dorling, D. Geographical inequalities of mortality by income in two developed island countries:
A cross-national comparison of Britain and Japan. Soc. Sci. Med. 2005, 60, 2865-2875. [CrossRef] [PubMed]
Suzuki, E.; Kashima, S.; Kawachi, I.; Subramanian, S.V. Social and geographic inequalities in premature
adult mortality in Japan: A multilevel observational study from 1970 to 2005. BM] Open 2012, 2, e000425.
[CrossRef]

Tanaka, H.; Toyokawa, S.; Tamiya, N.; Takahashi, H.; Noguchi, H.; Kobayashi, Y. Changes in mortality
inequalities across occupations in Japan: A national register based study of absolute and relative measures,
1980-2010. BMJ Open 2017, 7, e015764. [CrossRef]

Anand, S.S.; Yusuf, S.; Jacobs, R.; Davis, A.D.; Yi, Q.; Gerstein, H.; Montague, P.A.; Lonn, E.; SHARE-AP
Investigators. Risk factors, atherosclerosis, and cardiovascular disease among Aboriginal people in Canada:
The Study of Health Assessment and Risk Evaluation in Aboriginal Peoples (SHARE-AP). Lancet 2001, 358,
1147-1153. [CrossRef]

National Cancer Center. Cancer Registry and Statistics; Cancer Information Service, National Cancer Center:
Tokyo, Japan, 2019.

Uechi, K.; Asakura, K.; Masayasu, S.; Sasaki, S. Within-country variation of salt intake assessed via urinary
excretion in Japan: A multilevel analysis in all 47 prefectures. Hypertens. Res. 2017, 40, 598. [CrossRef]
[PubMed]

Tomonari, T.; Fukuda, M.; Miura, T.; Mizuno, M.; Wakamatsu, T.Y.; Ichikawa, T.; Miyagi, S.; Shirasawa, Y.;
Ito, A.; Yoshida, A; et al. Is salt intake an independent risk factor of stroke mortality? Demographic analysis
by regions in Japan. J. Am. Soc. Hypertens. 2011, 5, 456—462. [CrossRef]


http://dx.doi.org/10.1559/152304086783899935
https://github.com/grssnbchr/bivariate-maps-ggplot2-sf
https://github.com/grssnbchr/bivariate-maps-ggplot2-sf
http://dx.doi.org/10.1016/S0277-9536(99)00444-X
http://dx.doi.org/10.1017/S0021932000017934
http://dx.doi.org/10.1186/1471-2458-12-85
http://dx.doi.org/10.1111/j.1468-0009.2005.00398.x
http://dx.doi.org/10.1007/s10433-017-0433-4
http://dx.doi.org/10.4054/DemRes.2013.29.38
http://dx.doi.org/10.1136/bmj.e1191
http://dx.doi.org/10.1002/hec.1565
http://www.ncbi.nlm.nih.gov/pubmed/19998332
http://dx.doi.org/10.1371/journal.pone.0039876
http://www.ncbi.nlm.nih.gov/pubmed/22761918
http://dx.doi.org/10.3961/jpmph.2014.47.3.136
http://www.ncbi.nlm.nih.gov/pubmed/24921016
http://dx.doi.org/10.1253/circj.CJ-14-1214
http://www.ncbi.nlm.nih.gov/pubmed/25739856
http://dx.doi.org/10.1016/j.socscimed.2004.11.007
http://www.ncbi.nlm.nih.gov/pubmed/15820592
http://dx.doi.org/10.1136/bmjopen-2011-000425
http://dx.doi.org/10.1136/bmjopen-2016-015764
http://dx.doi.org/10.1016/S0140-6736(01)06255-9
http://dx.doi.org/10.1038/hr.2016.185
http://www.ncbi.nlm.nih.gov/pubmed/28100920
http://dx.doi.org/10.1016/j.jash.2011.07.004

Int. |. Environ. Res. Public Health 2020, 17, 1311 16 of 16

51. Fukuda, Y,; Nakao, H.; Yahata, Y.; Imai, H. Are health inequalities increasing in Japan? The trends of 1955 to
2000. Biosci. Trends 2007, 1, 38—42.

52. Kondo, N.; Subramanian, S.V.; Kawachi, I.; Takeda, Y.; Yamagata, Z. Economic recession and health
inequalities in Japan: Analysis with a national sample, 1986-2001. J. Epidemiol. Commun. Health 2008, 62,
869-875. [CrossRef]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1136/jech.2007.070334
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Data Sources 
	Level of Analysis 
	Bivariate Maps 

	Results 
	Discussion 
	Conclusions 
	References

