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Abstract

The purpose of this paper is to conduct a fact-finding study on how differences in the
supply of medical care affect the cause-specific mortality among children aged 1 to 4
years in Japan. We find that the supply of emergency medical care in hospitals has a
significant negative effect on the mortality. Furthermore, the availability of primary
emergency care at hospitals on weekend nights has a significant negative effect on
the mortality owing to either external or internal causes. Finally, the availability of
physicians has a more pronounced effect on mortality from external causes than from

internal causes.
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1. Introduction

Several recent studies have described in pediatrics and in perinatal and neonatal
medicine literature that there is a relatively high mortality rate among children aged 1 to
4 years in Japan as compared to the same age group in other OECD countries. Using a
cross-section of data from 14 OECD countries around the year 2000, Tanaka et al.
(2002) show the comparison of age-specific morality rates between Japan and the
average of the other 13 OECD countries'. They indicate that the age group of 1 to 4
years in Japan shows a relatively high mortality rate, while showing relatively low
mortality rate in other age groups. Using similar methods, another study supports these
findings in Japan using a cross-section of data from eight OECD countries” in 2005
(Watanabe et al., 2009). In addition, Ikeda et al. (2009), using data from 27 OECD
countries in 2005, report that Japan has a relatively high mortality rate for children aged
1 to 4 years of age, while having the lowest mortality rate for children less than one year
of age.

Thus, previous studies have focused on the differences in the distribution of the
mortality rates among children aged 1 to 4 years between Japan and other developed

countries. These studies have pointed out that this outcome may lie in a shortage of the

! The 14 OECD countries are taken from Japan (1999), USA (1999), Germany (1999), United Kingdom (1999),
France (1999), Italy (1999), Spain (1998), Canada (1998), Australia (1999), Netherlands (1999), Switzerland (1999),
Belgium (1996), Sweden (1999), and Austria (2000).

2 The eight OECD countries are Japan, France, Norway, Austria, Spain, UK, Finland, and USA.



supply of emergency medical care for young children; however, we are not aware of
any empirical study that investigates these claims with quantitative evidence.

Health economics literature has investigated the relationship between medical
care, including prenatal and neonatal care, and the health of children less than 1 year of
age (see, e.g., Grossman and Jacobowitz 1981, Rosenzweig and Schultz 1983, Currie
and Grogger 2002); however, relatively few studies have investigated the health of
young children”.

The purpose of this paper is to conduct a fact-finding study on how differences
in the supply of medical care affect the cause-specific mortality among children aged 1
to 4 years in Japan. Our study uses 47 region panel data covering the whole of Japan
between 1999 and 2008. Our results show that the supply of medical care does affect the

mortality rates of children aged 1 to 4 years.

2. Empirical model and data

2.1. Empirical model

The purpose of this paper is to investigate the relationship between the supply of

medical care and the probability of mortality among children aged 1 to 4 years. We

3 Examples of studies that investigate how health policies and medical care affect the health of young children
include accidents and death among children under 10 years of age (Currie and Hotz, 2004) and the mortality of
children under 10 years of age (Kondo and Shigeoka, 2012).



assume that the availability of medical care lowers the mortality rate of children aged 1

to 4 years.

The mortality rates in the 1 to 4 years age group are estimated using 47

prefecture-level panel data:

where Mortality;, refers to mortality rates in the age group, Med;; refers to the supply

of medical care, X;; refers to socio-economic factors, [3; and 3, are estimated

parameters, and €;, is an error term. The subscript i refers to a prefecture and 7 refers to a

year. The empirical model includes unobserved region-specific fixed effects (0;), time-

specific effects (o), and region-specific linear time trends (9;t).

2.2. Data

This study used data from 47 prefecture-level panel data covering the whole of

Japan over the period of 1999-2008.

2.3. Dependent variable

The dependent variable is the mortality rate, measured by the number of deaths

per 1,000 children aged 1 to 4 years. The number of deaths in this age group each year

is taken from Vital Statistics (Ministry of Health, Labour and Welfare in Japan). The



number of children aged 1 to 4 years is calculated as the number of children under 5

years of age minus the number of births in the previous year. The number of children

under 5 years of age is taken from the Japan Census for years 2000 and 2005 and from

Population Estimates of Japan (The Statistics Bureau and the Director-General for

Policy Planning of Japan) for the other years. The number of births each year is taken

from Vital Statistics (Ministry of Health, Labour and Welfare in Japan). Table 1 shows

the summary statistics of the dependent variables used in this study.

We chose the nine most important cause-specific mortality rates. This

information, as coded under the 10th revision of the International Classification of

Diseases, was used to identify (ICD-10 groupings shown in parentheses) external causes

(V01-Y89); congenital malformations (Q00-Q99); diseases of the respiratory system

(J00-J99); diseases of the circulatory system (100-199); neoplasms (C00-D48); certain

infectious and parasitic diseases (A00-B99); symptoms, signs, and abnormal clinical

and laboratory findings (R00-R99); diseases of the nervous system (G00-G99); and

certain conditions originating in the perinatal period (P00-P96). Several accidental

causes of death (i.e., suffocation (W75-W84), traffic accidents (V01-V99), drowning

accidents (W65-W74), fire-related burns (X00-X09), and falling (W00-W19)) were

analyzed separately.



External causes have the highest mortality rate and account for nearly one in

four deaths in children aged 1 to 4 years, followed by congenital malformations (16%)

and diseases of the respiratory system (11%) (see Figure 1). Accidents account for the

overwhelming majority (94%) of death due to external causes (see Figure 2(a)). In the

case of death from unforeseen accidents, suffocation accounts for 39% of deaths, traffic

accidents 31%, and drowning accidents 18% (see Figure 2(b)).

2.4. Key explanatory variables

We examine a variety of medical care supply measures (Table 2). The first

group of variables represents the types of emergency medical care provided by hospitals.

In the emergency care system in Japan, there are three different levels of designated

emergency care. The first level, or primary emergency care, provides for patients with

low-acuity conditions and who do not require hospitalization. Here, we used the number

of primary emergency care hospitals open at night on weekdays and weekends per

100,000 of the population. The data were available for four years, 1999, 2002, 2005,

and 2008, and were taken from the Hospital Report (Ministry of Health, Labour and

Welfare in Japan). In addition, we used the number of primary emergency care hospitals

available according to the time of day and the day of the week. Here, data were



available for two years, 2001 and 2002, and were taken from the survey conducted by

Tanaka et al. (2002).

The second level of emergency care, or secondary emergency care, provides for

patients with moderate-acuity conditions and who do require hospitalization. We used

the number of secondary emergency care hospitals per 100,000 of the population, with

data available for four years, 1999, 2002, 2005, and 2008. The data were taken from the

Hospital Report (Ministry of Health, Labour and Welfare in Japan). Secondary

emergency care hospitals need to meet specific requirements. For instance, the hospitals

should have physicians with specialized training to provide care to emergency patients

24 hours per day and 365 days per year, and have to meet building and equipment

requirements. Here, we also used two variables concerning the number of regions in a

prefecture where pediatrics for secondary emergency care is available on weekday

nights and weekends: (1) the number of regions in a prefecture where pediatrics is

available 24 hours, 365 days a year; and (2) the number of regions in a prefecture where

pediatrics in a region has a rotating schedule. The data were available for two years,

2001 and 2002, and were taken from the survey conducted by Tanaka et al. (2002).

The third level of the emergency care, or tertiary emergency care, provides for

patients with high-acuity conditions and who require hospitalization as well as intensive



care or emergency surgery. We used the number of tertiary emergency care hospitals

per 100,000 of the population. Here, data were available for four years, 1999, 2002,

2005, and 2008, and were taken from the Hospital Report (Ministry of Health, Labour

and Welfare in Japan).

It should be noted that we did not control region-specific fixed effects and

region-specific linear time trends in the empirical implementation using two-year panel

data. Due to data limitations, we have eight missing observations for the four-year panel

data, and accordingly, the number of observations is 180, rather than 188 (=47

prefectures X 4 years).

The second group of variables represents the types of non-emergency medical

care provided by hospitals. Here, we used the number of hospitals other than emergency

service-designed hospitals taken from the Survey of Medical Institutions (Ministry of

Health, Labour and Welfare in Japan).

The third group consists of two variables that measure the supply of health

professionals, namely the number of physicians and the number of nurses. Information

on the supply of health professionals were taken from the Hospital Report (Ministry of

Health, Labour and Welfare in Japan).



2.5. Other explanatory variables

With regards to the socio-economic variables, the real income per capita

calculated on the income per capita was taken from annual report on Prefectural

Accounts (Cabinet Office, Government of Japan). The ratio of females going to college

and university was controlled to account for differences in the mother's efficiency in

household production and was taken from the System of Social and Demographic

Statistics of Japan (Statistics Bureau of Japan). We expect educated mothers to be more

efficient producers of surviving children. Urbanization may affect child health. In

particular, infectious diseases are a major threat for city dwellers due to overcrowding

and international travel and commerce. Also, urbanization may increase injuries from

road traffic accidents and access to machinery and related risks. This is why we control

for population density in the regression analysis. Population density was calculated from

the Vital Statistics population data and geographic information on prefectures was taken

from the Geospatial Information Authority of Japan. We also control for divorce rates in

the econometric model, calculated as the number of divorces per 1,000 of the population.

Divorce rate is a proxy for the number of child abuse cases, because domestic violence,

including child abuse, is one possible factor in a divorce case.



3. Results

Overall, we find that the supply of medical care does affect the mortality rates of

children aged 1 to 4 years. In addition, the supply of emergency medical care in

hospitals has a significant negative effect on mortality, and the availability of physicians

has a significant negative effect on mortality from unforeseen accidents.

3.1. The effects of the supply of emergency medical services

We find significant protective effects of the availability of primary or secondary

emergency care hospitals on the mortality rate among children aged 1 to 4 years. An

increase in one secondary emergency care hospital per 100,000 of the population is

estimated to decrease deaths by 0.039 per 1,000 children aged 1 to 4 years, or 18.0%,

(0.0387/0.2145 = 0.1804) in the model of total mortality rate (Table 3, column 1). The

number of secondary emergency care hospitals has a significant negative effect on the

mortality rate from drowning accidents, and neoplasms at the 10% level (Table 3,

columns 6 and 12).

The effects of the number of primary emergency medical care hospitals vary

depending on the time of day and the day of week. We find that the availability of

primary emergency medical care hospitals on weekend nights has significant negative



effects on mortality. The availability of primary emergency care hospitals at midnight

on Saturdays has a significant negative effect on the mortality rate from exogenous

causes and diseases of the respiratory system at the 5% level (Table 4, columns 2 and

10). In addition, at midnight on Sundays, we find a significant negative effect on the

rate of mortality from exogeneous causes and diseases of the circulatory system at the

5% level (Table 4, columns 2, 3, 4, and 11). We find that the number of primary

emergency care hospitals has no significant effect weekday nights (Table 4). We find

that the number of pediatrics for secondary emergency care has a significant negative

effect on preventing the mortality rate from falling (Table 5, column 8). However, this

effect is only significant at the 10% level. It is difficult to draw strong conclusions about

this result. We find that the number of tertiary emergency care hospitals has no

significant effect on mortality rates (Table 3). Note that we did not control region-

specific fixed effects and region-specific linear time trends in the empirical

implementation using two-year panel data.

3.2. The effects of the supply of non-emergency medical services

We find that the number of hospitals, other than emergency service-designed

hospitals, has no significant effect (Table 6). We re-estimated the model using variables

10



that indicate the number of hospital beds per capita in these hospitals rather than the

number of hospitals per capita. We found that the estimation results were similar and

did not show any significant effects.

3.3. The effects of the supply of health professionals

We find that the availability of physicians has significant protective effects on

the mortality rate from unforeseen accidents. The number of physicians had a strong

negative effect on the mortality rate from suffocation, traffic accidents, and drowning

accidents. An increase in one physician per 100,000 of the population is estimated to

decrease mortality by 5.4% in the case of suffocation (Table 7, column 4), 4.8 % in the

case of traffic accidents (Table 7, column 5), and 8.4 % in the case of drowning

accidents (Table 7, column 6). In contrast, the number of physicians has a significant

positive effect at the 5% level on the mortality rate from certain infectious and parasitic

diseases (Table 7, column 13). This positive correlation might reflect better access to

medical care and improved reporting of deaths from existing infectious diseases rather

than a real increase in the mortality rate from infectious diseases. We find that the

number of nurses has no significant effect on mortality rates (Table 7).
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It should be noted that these estimates might underestimate the effects on

mortality rate, particularly from internal causes, because parents with medically fragile

children are more likely to choose to live in a region offering sufficient resources to

provide medical care, and thus there is the potential for selection bias affecting these

results.

4. Discussion

This paper has shown the supply of medical care to be a determinant in the

mortality rate among children aged 1 to 4 years, but the significance of these effects

vary according to the types of medical care and the cause of death.

First, we find that the supply of emergency medical care in hospitals has a

significant negative effect on the mortality rate. We find that the availability of

secondary emergency care hospitals has a significant protective effect on the total

morality rate. Furthermore, we find that the availability of primary emergency care

hospitals on weekend nights has a significant negative effect on the mortality from

either external or internal causes. In contrast, we found that the supply of medical care

facilities other than emergency service-designed hospitals had no significant effect.

Second, the availability of physicians has a more pronounced effect on mortality

from external causes than from internal causes. The availability of physicians has

12



significant negative effects on the mortality from unforeseen accidents, such as

suffocation, traffic accidents, and drowning accidents. In contrast, we found that the

availability of nurses had no significant effect.

These results suggest that an increase in emergency care services on weekends

for patients with low- or moderate-acuity conditions could possibly reduce the mortality

rate among young children. More importantly, these results suggest that, in emergency

cases, being close to medical services is important. The results also suggest that the

allocating physicians could reduce the mortality rate among young children in Japan,

particularly from unforeseen accidents such as suffocation, traffic accidents, and

drowning accidents.

However, these analyses are limited. First, some region-specific effects may

still remain, particularly in the models using two-year panel data without controlling for

unobserved region-specific fixed effects and region-specific linear time trends. Second,

due to data limitations, it is possible that the place where a death is registered is

different to the place where the person actually died. These problems form part of future

research challenges.

13
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Figure 1. Cause-specific mortality rates among children aged 1 to 4 years in Japan,

1999-2008

Certain conditions
originating in the perinatal
period \
1%
Diseases of the nervous
system
4%
Symptoms, signs, and
abnormal clinical and
laboratory findings
5%

Certain infectious and J
parasitic diseases
5% Neoplasms J/
5% Diseases of the cir
system
5%




Figure 2. Distribution of the mortality rate from external causes in children aged 1 to 4
years in Japan, 1999-2008
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Table 1. Descriptive statistics of dependent variables

Mortality rates: the number of deaths per 1,000 children aged 1 to 4 years Obs Mean Std. Dev. Min Max
Total 470 0.2145 0.0647  0.0278 0.4318
1 Death from external causes 470 0.0520 0.0368 0 0.1860
Death due to unforeseen accidents 470 0.0411 0.0327 0 0.1818
Suffocation 470 0.0056 0.0094 0 0.0698
Traffic accidents 470 0.0045 0.0106 0 0.0667
Drowning accidents 470 0.0025 0.0080 0 0.0625
Fire-related burns 470 0.0008 0.0040 0 0.0487
Falling 470 0.0004 0.0090 0 0.0196
2 Congenital malformations 470 0.0340 0.0216 0 0.1200
3 Diseases of the respiratory system 470 0.0234 0.0222 0 0.1351
4 Diseases of the circulatory system 470 0.0110 0.0122 0 0.0638
5 Neoplasms 470 0.0100 0.0146 0 0.0741
6 Certain infectious and parasitic diseases 470 0.0097 0.0128 0 0.0882
7  Symptoms, signs ,and abnormal clinical and laboratory findings 470 0.0097 0.0121 0 0.0882
8 Diseases of the nervous system 470 0.0096 0.0136 0 0.0737
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Table 2. Descriptive statistics of explanatory variables

Obs Mean S.D. Min Max
Supply of medical care
Emergency medical services
[Primary emergency care]
Number of primary emergency care hospitals opening at night on weekday and 180 0.3236 0.1627 0.0570 0.7853
weekend per 100,000 population
Weekday open until 0:00 94 0.1429 0.1164 0 0.6867
Weekday open 0:00 onwards 94 0.0527 0.0789 0 0.6075
Saturday open until 0:00 94 0.1730 0.1103 0 0.6867
Saturday open 0:00 onwards 94 0.0661 0.0858 0 0.6075
Sunday open daytime 94 0.3181 0.2054 0 0.7391
Sunday open until 0:00 94 0.1953 0.1362 0 0.6339
Sunday open 0:00 onwards 94 0.0650 0.0830 0 0.5811
[Secondary emergency care]
Number of secondary emergency care hospitals per 100,000 population 180 3.1114 1.1429 0.5600 8.2215
Number of regions in a prefecture where pediatrics with 24hrs, 365days a year is 94 0.0942 0.0944 0 0.5733
available
Number of regions in a prefecture where pediatrics in a region have a rotating 94 0.0772 0.0985 0 0.4878
schedule
[Tertiary emergency care]
Number of tertiary emergency care hospitals per 100,000 population 180 0.1706 0.0754 0.0559 0.4138
Non-emergency medical services
Number of hospitals other than emergency service-designed hospitals 470 3.5836 2.1994 0.9506 11.7723
per 100,000 population
Health Professionals
Number of health professionals
Number of physicians per 100,000 population 470 142.13 25.85 88.28 217.99
Number of nurses per 100,000 population 470 484.45 107.48 219.93 819.21
Socioeconomic variables
Real income per capita (1,000 yen) 470 2721.58 390.96 1998.00 4549.90
The ratio of females advancing to college and university 470 0.48 0.07 0.32 0.68
Population density 470 663.59 1137.33 66.32 6104.61
Divorce rate (the number of divorces per 1,000 population) 470 2.01 0.28 1.38 2.89
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