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Original Article

Objectives: The aim of this study was to examine the geographic distribution of diabetes mortality in Japan and identify socioeco-

nomic factors affecting differences in municipality-specific diabetes mortality.

Methods: Diabetes mortality data by year and municipality from 2013 to 2017 were extracted from Japanese Vital Statistics, and the 

socioeconomic characteristics of municipalities were obtained from government statistics. We calculated the standardized mortality 

ratio (SMR) of diabetes for each municipality using the empirical Bayes method and represented geographic differences in SMRs in a 

map of Japan. Multiple linear regression was conducted to identify the socioeconomic factors affecting differences in SMR. Statistically 

significant socioeconomic factors were further assessed by calculating the relative risk of mortality of quintiles of municipalities classi-

fied according to the degree of each socioeconomic factor using Poisson regression analysis.

Results: The geographic distribution of diabetes mortality differed by gender. Of the municipality-specific socioeconomic factors, high 

rates of single-person households and unemployment and a high number of hospital beds were associated with a high SMR for men. 

High rates of fatherless households and blue-collar workers were associated with a high SMR for women, while high taxable income 

per-capita income and total population were associated with low SMR for women. Quintile analysis revealed a complex relationship 

between taxable income and mortality for women. The mortality risk of quintiles with the highest and lowest taxable per-capita in-

come was significantly lower than that of the middle-income quintile.

Conclusions: Socioeconomic factors of municipalities in Japan were found to affect geographic differences in diabetes mortality.
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INTRODUCTION

The ongoing increase in the prevalence of diabetes—one of 
the most common lifestyle-related diseases—is a global phe-
nomenon [1]. In Japan, the estimated number of patients with 
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diabetes has continued to rise; the Japanese Patient Survey 
showed that the number of patients with diabetes increased 
from 2.12 million people in 1999 to 3.29 million people in 2017 
[2]. Consequently, national expenses related to diabetes con-
trol have continued to increase [3]. The burden of diabetes in 
Japan includes not only directly-related expenses, however, but 
also higher incidence rates of cardiovascular diseases or can-
cer [4,5]. As such, diabetes prevention continues to be a major 
public health initiative in Japan.

Socioeconomic status (SES) is known to affect the preva-
lence and treatment rate of diabetes [6,7]. Accordingly, studies 
in Japan have found that a low SES is associated with a high 
prevalence rate of diabetes [7] and type 2 diabetes complica-
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tions [6]. Internationally, diabetes prevalence and mortality 
have been shown to vary according to region, with urbaniza-
tion often being associated with a high prevalence rate of dia-
betes [8]. In Korea, urban areas have been found to have high-
er type 2 diabetes prevalence rates than rural ones, particular-
ly among low-income individuals [9]. Urban or metropolitan 
areas in the United States, however, were found to have lower 
diabetes prevalence and mortality rates, while rural areas 
tended to have higher diabetes mortality rates [10-12].

Few studies have focused on differences in diabetes preva-
lence and mortality according to regional socioeconomic lev-
els in Japan. A previous study compared the age-standardized 
diabetes mortality rates of prefectures in Japan [13], but it is 
difficult to identify associations between socioeconomic factors 
and diabetes mortality using these data since there are only 
47 prefectures in Japan. More granular data, such as data by 
municipality, are needed to investigate these associations. In 
other countries, major geographic differences in the prevalence 
and mortality rate of diabetes have been found [14,15]. More-
over, socioeconomic predictors affecting differences in diabe-
tes mortality between municipalities have yet to be investigat-
ed in Japan. By analyzing associations between diabetes mor-
tality and socioeconomic factors using government statistics, 
we can infer differences in the burden of diabetes according to 
socioeconomic level across various municipalities.

Thus, in this study, we identified geographic differences in 
diabetes mortality in Japan using Vital Statistics data and ex-
amined the associations between diabetes mortality and so-
cioeconomic factors for each municipality.

METHODS

Data on most of the characteristics of municipalities were 
obtained using Japanese census data. The census is conducted 
every 5 years in Japan, and the most recent census data that 
could be obtained at the time of this study were from 2015. 
Diabetes mortality at the municipality level can be relatively 
infrequent in Japan, so we combined 5 years of mortality data 
from 2013 to 2017 for analysis, as previous studies that used 
municipality-level mortality data have done [16,17]. Japanese 
Vital Statistics data on diabetes mortality according to year 
and municipality from 2013 to 2017 were used [18]. Diabetes 
mortality includes all deaths related to the International Clas-
sification of the Diseases (ICD) code E10-E14. Population data 
from 2013 to 2017 according to gender, year, age, and munici-

pality were also obtained from national data published by the 
Ministry of Internal Affairs and Communications [19]. Age was 
classified using 5-year increments from 0-4 years old to 75-79 
years old, in addition to 1 group of those who were 80 or older.

As possible predictors for analysis, as in previous studies, we 
collected data on the total population, the number of single-
person households, the number of fatherless households, the 
marriage rate, the divorce rate, the unemployment rate, the 
number of blue-collar workers, the number of farmers, the self-
employment rate, financial capability index, taxable per-capita 
income, the number of clinics, the number of physicians, and 
the number of hospital beds for each municipality [17,20]. Data 
on marriages and divorces were extracted from Vital Statistics 
for 2015, and data on the number of single-person households, 
fatherless households, blue-collar workers, and farmers and 
the unemployment and self-employment rate were extracted 
from the 2015 census [21]. In addition, the number of clinics 
and the number of hospital beds were extracted from the Sur-
vey of Medical Institutions in 2015 [21]. The number of clinics 
and number of hospitals beds were used as measures of medi-
cal resources for outpatients and inpatients [21]. In addition, 
the number of physicians was extracted from the Survey of 
Physicians, Dentists, and Pharmacists conducted in 2014 [21]. 
Data on taxable per-capita income were extracted from a sur-
vey on the status of municipal taxes from 2015 [21], and data 
on the financial capability index were extracted from financial 
index data published by the Ministry of Internal Affairs and 
Communications in 2015 [22]. The financial capability index is 
an index of the financial wealth of local public bodies in Japan, 
and it is calculated by subtracting financial demand from fi-
nancial income. In addition, nationwide map data of munici-
palities in Japan were obtained from the digital national land 
information (administrative district) of the Ministry of Land, 
Infrastructure, Transport and Tourism in Japan [23].

We calculated the standardized mortality ratio (SMR) of dia-
betes for each municipality using the empirical Bayes method 
with DCluster (https://cran.r-project.org/web/packages/DCl- 
uster/DCluster.pdf) and data on mortality and the population 
from 2013 to 2017. The SMR is usually calculated using the 
empirical Bayes method for regions with small populations 
[24]. Geographic differences in the SMR of diabetes are shown 
in a map of Japan (Figure 1). In addition, the Spearman rank 
correlation coefficient was calculated for the SMRs of men and 
women, and a statistical test was conducted to investigate 
whether correlation coefficient was higher than 0. In addition, 

https://cran.r-project.org/web/packages/DCluster/DCluster.pdf
https://cran.r-project.org/web/packages/DCluster/DCluster.pdf
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the Wilcoxon signed rank sum test was used to compare the 
diabetes mortality rate between men and women. A multiple 
linear regression model was used to analyze associations be-
tween the socioeconomic factors and SMRs of municipalities, 
and standardized partial regression coefficients and 95% con-
fidence intervals were calculated for each explanatory vari-
able. By using the identified socioeconomic predictors of dia-
betes mortality, we classified municipalities into quintiles 
based on the values of each predictor. Quintiles of municipali-
ties were made for each predictor. Then, the effect of each 
quintile on diabetes mortality was assessed using Poisson re-
gression analysis, and the relative risks (RRs) of mortality were 
calculated for the quintiles. We used the actual number of dia-
betes deaths for each municipality as the outcome and the 
quintile information as the explanatory variable in Poisson re-
gression analysis. Predicted diabetes mortality for each mu-
nicipality was used as the offset. All statistical analyses were 
conducted using R version 3.6.3 (https://www.r-project.org/).

RESULTS

Figure 1 shows the nationwide geographical distribution of 
the SMRs of diabetes for men and women in Japanese munici-

palities from 2013 to 2017. There were more municipalities 
with high SMRs for both genders toward the eastern side of 

Figure 1. Nationwide geographical distribution of the standardized mortality ratio (SMR) of diabetes in municipalities in Japan 
according to gender (A: men, B: women) from 2013 to 2017.
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Table 1. Basic characteristics of municipalities (n=1741)

Characteristics Median (interquartile range)

Total population 25 234.0 (8561.0-65 370.0)

Single-person households1 276.4 (228.7-328.7)

Fatherless households1 13.5 (10.5-16.7)

Marriage rate2 387.4 (317.5-467.7)

Divorce rate2 157.2 (126.3-188.1)

Unemployment rate3 39.1 (32.1-46.5)

Blue-collar workers3 73.5 (65.5-84.1)

Farmers3 70.2 (23.9-147.0)

Self-employment rate3 159.3 (112.1-228.4) 

Financial capability index 0.44 (0.26-0.70)

Taxable per-capita income4 1089.3 (909.0-1283.0)

No. of hospital beds2 1006.1 (381.4-1666.8)

No. of physicians2 127.6 (73.3-191.0)

No. of clinics2 68.0 (53.9-84.4)

Diabetes mortality rate of men2 12.6 (8.5-17.4)

Diabetes mortality rate of women2 11.0 (7.2-16.1)
1Number per 1000 households.
2Number per 100 000 people.
3Number per 1000 people in the labor force.
4Unit: 1000 yen.

A B

SMR

https://www.r-project.org/
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Japan. The geographical distribution by gender was different, 
while the Spearman rank correlation coefficient of the SMR for 
men and the SMR for women was 0.370 (p<0.001).

Table 1 shows the basic characteristics of municipalities. The 
diabetes mortality rate in Japan from 2013 to 2017 was higher 
for men than for women (12.6 and 11.0 deaths, respectively, 
per 100 000 people). The Wilcoxon signed rank sum test used 

to compare the mortality rates of men and women showed 
that the mortality rate was significantly higher for men 
(p<0.001).

Table 2 shows the municipalities with the highest and low-
est SMRs of diabetes in Japan. The municipalities with the 
highest and lowest SMRs also differed according to gender.

Table 3 shows the results of multiple linear regression analy-
sis. A high number of single-person households, a high unem-
ployment rate, and a high number of hospital beds were sig-
nificantly associated with a high SMR of diabetes in men. For 
women, a high rate of fatherless households and blue-collar 
workers were significantly associated with a high SMR, while 
high taxable income per-capita income and total population 
were associated with low SMR for women.

Table 4 shows the RR of diabetes mortality for each quintile 
of predictors, and the values of predictors for each quintile of 
municipalities are shown in the Supplemental Material 1. A 
clear gradient of the RR of diabetes depending on the values 
for the unemployment rate and the number of hospital beds 
was observed for men, and a similar trend was observed for 
women. However, analysis by quintile revealed that the rela-
tionship between diabetes mortality and income for women is 
complex. The mortality risk for both quintile 1 (the lowest-in-
come quintile) and quintile 5 (the highest-income quintile) 

Table 2. Municipalities with the highest and lowest standard-
ized mortality ratios (SMRs) of diabetes in Japan

Rank-
ing

Men Women

SMR Municipal name 
(Prefecture name) SMR Municipal name 

(Prefecture name)

Top 5

   1 1.74 Misawa city (Aomori) 1.86 Muroran city (Hokkaido)

   2 1.73 Mishima city (Shizuoka) 1.65 Tohoku town (Aomori)

   3 1.70 Sennan city (Osaka) 1.61 Hachinohe city (Aomori)

   4 1.69 Kadoma city (Osaka) 1.57 Uruma city (Okinawa)

   5 1.69 Takaishi city (Osaka) 1.56 Sennan city (Osaka)

Bottom 5

   1 0.60 Yamagata city (Yamagata) 0.60 Mino city (Osaka)

   2 0.61 Chofu city (Tokyo) 0.61 Koganei city (Tokyo)

   3 0.62 Toki city (Gifu) 0.62 Tajimi city (Gifu)

   4 0.63 Kokubunji city (Tokyo) 0.62 Matsue city (Shimane)

   5 0.64 Fujisawa city (Kanagawa) 0.63 Isahaya city (Nagasaki)

Table 3. Results of multiple linear regression analysis

Characteristics Men1 p-value Women2 p-value

Total population -0.022 (-0.074, 0.029) 0.396 -0.060 (-0.112, -0.008) 0.024 

Single-person households3 0.103 (0.043, 0.162) 0.001 -0.019 (-0.078, 0.041) 0.542 

Fatherless households3 0.029 (-0.033, 0.091) 0.362 0.084 (0.021, 0.146) 0.009 

Marriage rate4 0.049 (-0.014, 0.113) 0.128 -0.021 (-0.085, 0.043) 0.518 

Divorce rate4 0.044 (-0.012, 0.100) 0.120 0.031 (-0.025, 0.088) 0.273 

Unemployment rate5 0.139 (0.080, 0.198) <0.001 0.047 (-0.012, 0.106) 0.121 

Blue-collar workers5 0.025 (-0.029, 0.079) 0.371 0.086 (0.032, 0.141) 0.002 

Farmers5 -0.033 (-0.143, 0.076) 0.549 0.045 (-0.064, 0.155) 0.417 

Self-employment rate5 0.088 (-0.034, 0.210) 0.158 -0.023 (-0.146, 0.100) 0.715 

Financial capability index -0.006 (-0.081, 0.069) 0.878 0.068 (-0.007, 0.143) 0.077 

Taxable per-capita income6 -0.039 (-0.120, 0.043) 0.354 -0.088 (-0.170, -0.006) 0.036 

No. of hospital beds4 0.062 (0.007, 0.118) 0.029 -0.031 (-0.087, 0.025) 0.275 

No. of physicians4 -0.034 (-0.093, 0.026) 0.267 0.037 (-0.023, 0.096) 0.232 

No. of clinics4 -0.030 (-0.084, 0.024) 0.282 -0.017 (-0.071, 0.037) 0.536 

Values are presented as standardized partial regression coefficient (95% confidence interval).
1Multiple R-squared: 0.051; Adjusted R-squared: 0.044; F-statistics: 6.665 (p<0.001).
2Multiple R-squared: 0.041; Adjusted R-squared: 0.034; F-statistics: 5.301 (p<0.001).
3Number per 1000 households.
4Number per 100 000 people.
5Number per 1000 people in the labor force. 
6Unit: 1000 yen.



Tasuku Okui

356

was significantly lower than the mortality risk for quintile 3 
(the middle-income quintile).

DISCUSSION

The geographic distribution of diabetes mortality varied by 
gender. A possible reason for these differences could be that 
the predictors of diabetes mortality also differed according to 
gender. Socioeconomic factors, however, affected diabetes 
mortality for both genders. A possible reason for the associa-
tion between SES and diabetes mortality may be that health-
related lifestyles, diabetes prevalence, and diabetes care differ 
depending on SES. We discuss the possible reasons for the as-
sociation between diabetes mortality and each predictor here-
after.

An association between single-person households and dia-
betes mortality was observed in men. According to a previous 
study in Japan, being unmarried was found to be associated 
with some negative health behaviors, such as non-attendance 
of health check-ups or cancer screenings [25,26]. In addition, 
although marital status is known to affect many causes of mor-
tality both in men and women in Japan [27], the RRs of mor-
tality for people who are single compared to people who are 
married tended to be larger for men than women for many 
causes of death. Moreover, social support is one of the bene-
fits of marriage [27], and the benefits of marriage may have a 
more significant effect on men than women. Similarly, being 
divorced has also been found to have negative effects on some 

health-related behaviors among women [25], and fatherless 
households are widely known to be associated with poverty in 
Japan [28], which may explain the association between father-
less households and diabetes mortality in women. Income and 
unemployment were also found to be associated with health-
related behaviors, such as smoking status or dietary habits [25]. 
Poor dietary habits and smoking have been identified as risk 
factors for type 2 diabetes in Japan [29,30]. Blue-collar work-
ers were also shown to have an association with poor dietary 
habits and physical inactivity in Japan [25]. Diabetes is a life-
style-related disease [29-31], and, as a result, health-related 
behaviors may have contributed significantly to regional dif-
ferences in diabetes mortality.

Diabetes prevalence and the utilization of diabetes care also 
differ according to SES, which is another partial reason for re-
gional differences in diabetes mortality. Blue-collar occupations 
and coming from a middle-income household were found to 
be associated with a high prevalence of diabetes mellitus in 
Japan [7]. Moreover, employment status and income have been 
found to be associated with certain type 2 diabetes complica-
tions in Japan [6]. Differences in the prevalence of diabetes and 
utilization of diabetes care services according to SES were also 
found in an international study [32]. In Japan, the utilization of 
healthcare services and healthcare expenditures of elderly 
people are known to differ according to income [33], and the 
treatment rate of diabetes may also differ according to SES. 
Moreover, according to a previous study from Japan, living alone 
was found to be significantly associated with outpatient visits 

Table 4. Relative risk of diabetes mortality for each quintile1 of predictors

Predictors Quintile 1 (lowest) Quintile 2 Quintile 3 Quintile 4 Quintile 5 (highest)

Men

   Single-person households2 1.03 (0.99, 1.08) 1.03 (1.00, 1.07) 1.00 (reference) 1.06 (1.03, 1.10) 1.07 (1.04, 1.11)

   Unemployment rate3 0.88 (0.84, 0.93) 0.93 (0.90, 0.96) 1.00 (reference) 1.05 (1.02, 1.07) 1.12 (1.09, 1.16)

   No. of hospital beds4 0.94 (0.88, 1.00) 0.98 (0.95, 1.01) 1.00 (reference) 1.04 (1.01, 1.07) 1.10 (1.07, 1.14)

Women

   Fatherless households2 0.87 (0.83, 0.90) 0.94 (0.91, 0.97) 1.00 (reference) 1.03 (1.00, 1.06) 1.04 (1.01, 1.08)

   Blue-collar workers3 0.88 (0.85, 0.91) 0.98 (0.95, 1.02) 1.00 (reference) 1.04 (1.00, 1.08) 1.05 (1.00, 1.11)

   Taxable per-capita income5 0.92 (0.87, 0.98) 0.98 (0.94, 1.03) 1.00 (reference) 0.96 (0.93, 1.00) 0.88 (0.85, 0.91)

   Total population 0.98 (0.89, 1.07) 0.99 (0.93, 1.06) 1.00 (reference) 1.00 (0.96, 1.05) 0.94 (0.91, 0.98)

Values are presented as relative risk (95% confidence interval).
1Municipalities were classified into quintiles according to each of the predictors, and the municipalities included in each quintile were different depending on 
the predictors.
2Number per 1000 households.
3Number per 1000 people in the labor force.
4Number per 100 000 people.
5Unit: 1000 yen.
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for endocrine metabolic diseases only for men [34]. One possi-
ble explanation for this is that self-management of health and 
lifestyle may be more difficult for single men than it is for oth-
er demographic groups [34].

As shown in Table 4, the lowest quintile of taxable per-capi-
ta income also had a relatively low RR for women. One possi-
ble explanation for this is that low-income municipalities are 
not necessarily associated with a higher prevalence of diabe-
tes. Municipalities’ taxable per-capita income and total popu-
lation are known to be positively associated in Japan [35]. Ur-
banization has also been found to be positively associated 
with diabetes prevalence and mortality in many countries 
[8,9,14], with high rates of physical inactivity and high-sugar, 
high-fat diets being identified as possible factors. Diabetes 
prevalence may be relatively low in municipalities with a low 
population level (and a low income level) since the western-
ization of dietary habits is not as widespread in rural areas in 
Japan.

Although it is difficult to discern if there is a causal relation-
ship between the number of hospital beds and diabetes mor-
tality, deaths related to diabetes largely occur in hospital beds. 
Therefore, it is possible that severe diabetes patients are likely 
to be moved to or be hospitalized in municipalities with large 
numbers of hospital beds. Alternatively, the number of hospi-
tals bed may tend to increase in municipalities where the hos-
pitalization demand is large.

An association between the prevalence of diabetes by re-
gion and SES has also been observed in other countries [15,36], 
and regions in the United States and Canada with a high per-
centage of Black or low-income residents have been found to 
be associated with higher diabetes prevalence and mortality. 
Regional differences in diabetes mortality have also been ob-
served in China [14], with urbanization, a high mean body mass 
index (BMI), and a high mean temperature being associated 
with high diabetes mortality. Factors associated with SES were 
not examined in a previous study, however, and it is possible 
that socioeconomic factors may be confounding factors relat-
ed to the association between diabetes prevalence and mor-
tality and region. In a previous study in the United States, it 
was found that residents in what is known as the ‘Diabetes 
Belt’ tended to be obese and non-Hispanic African American 
[15]. Two previous studies showed that a high BMI was associ-
ated with diabetes prevalence and mortality by region [14,15]. 
Overweight is also associated with a low SES in Japan [37], which 
may be related to the association between SES and diabetes 

mortality.
Although SES has been found to relate to diabetes preva-

lence in Japan [6,7], this study found that differences in socio-
economic factors contributed to differences in diabetes mor-
tality between municipalities. Although it is difficult to resolve 
socioeconomic differences across municipalities, an interven-
tion to ease the geographical disparity that targets individuals 
with a low SES should be devised and implemented.

The current study has some limitations worth considering. 
First, although geographic differences varied depending on 
the type of diabetes, we were unable to obtain statistical data 
for each type of diabetes. In addition, unspecified diabetes 
mellitus (ICD-10 code E14) is the primary cause of diabetes-re-
lated death in Japan [18], and statistics on mortality according 
to the type of diabetes remain unclear. Second, diabetes mor-
tality may not be limited to when the underlying cause of death 
is diabetes, and data may have included deaths related to can-
cer or cardiovascular disease that were attributable to diabe-
tes [38]. Moreover, death certificates have been found to un-
derestimate the prevalence of diabetes among decedents in a 
study in Japan and in another international study [39,40]. Fur-
ther analyses of diabetes-related mortality should be conduct-
ed in the future. Third, this is an ecological study, and the re-
sults are not necessarily consistent with results obtained from 
data on individuals. Diabetes is not a major cause of death in 
Japan, however, and an analysis using individual data would 
have been difficult for a study focusing on diabetes mortality. 
Finally, an analysis of the association between the characteris-
tics of municipalities and the current and past SMR of diabetes 
would have yielded meaningful results indicating the effects 
of the characteristics of municipalities. However, many small 
municipalities in Japan have been integrated into larger mu-
nicipalities, and, from 2000 to 2010, the overall number of mu-
nicipalities decreased. Therefore, past data on municipalities 
would be difficult to compare against present-day data.

In conclusion, this study identified the geographic distribu-
tion of diabetes mortality in Japan and showed that the distri-
bution was different between men and women. We also iden-
tified several factors associated with increased diabetes mor-
tality. High rates of single-person households and unemploy-
ment, and high number of hospital beds were significantly as-
sociated with high SMRs for men, while high rate of fatherless 
households and blue-collar workers were significantly associ-
ated with high SMRs for women. High-income and total popu-
lation were significantly associated with an overall decrease in 
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the SMR for women only; however, an analysis of income 
quintiles found that the risk of diabetes mortality in the lowest 
and highest income quintiles of municipalities was significant-
ly lower than that of the middle-income quintile.
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