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CHAPTER 1: INTRODUCTION
1 Background and Rationale

Regional maldistribution of healthcare resources has been a topic of great
interest and debate in various countries [1]. The geographical maldistribution of
healthcare workers, especially in physicians both within and between countries, is a
long-standing and important problem worldwide. In many countries, the number of
physicians per capita is on the rise, but their distribution is actually concentrated in
urban centers and wealthy areas. All countries, rich and poor, report that urban and
wealthy areas have a higher proportion of healthcare workers [2]. Several countries,
including the United States [3, 4], the United Kingdom [5, 6], Canada [7], European
regions [8], China [9], and India [10] have reported disparities in healthcare delivery
due to maldistribution of physicians. Not only developed countries, but also
developing countries have also reported that urban and wealthy areas have more
healthcare workers while there is a shortage in rural areas. In Nicaragua, about half of
the entire healthcare workforce is concentrated in Managua, the capital city, which has
only 20 percent of the country's population [11]. In spite of this apparent state of
surplus, posts in rural areas are not being filled. In Indonesia, vast landmass and
difficult terrain pose a major obstacle to the provision of health services and a
balanced distribution of healthcare workers. Healthcare workers including physicians
are not willing to move to forest and remote islands or mountainous areas where
communication with the other areas of the country is poor and there is little comfort
for healthcare workers and their families [12].

Factors that are likely to play an important role in when physicians decide
where to practice and live are attractive of the locational environment, mode of
employment, income potential, working conditions a physician faces, issues of
prestige and recognition, expectations [13].

The maldistribution of physicians has a variety of effects. For example, a
maldistribution of healthcare workforce can lead to large disparities in health status
between rural and urban populations. In Mexico, the average life expectancy of

people in rural areas is 55 years, compared to 71 years in urban areas. The infant



mortality rate is 20/1,000 in the wealthier northern regions, compared to 50/1,000 in
the poorer southern regions [14]. Geographical maldistribution of physicians also
causes inequities in access. It has been reported that some citizens have limited access
to healthcare due to lack of resources. For instance, people living in areas with few
physicians may have to travel farther to see a physician or face long waiting times
[15]. In Ghana, access to healthcare is poor in some rural areas, and about 30% of the
population is forced to travel long distances to receive secondary or higher levels of
care [16].

In Thailand, there is a geographical maldistribution of physicians as Nishiura
reported [17]. Since Thailand's population is expected to age rapidly and its
demographics will change dramatically in the future, it is necessary to improve
regional distribution of physicians. Introducing financial incentives and improvement
of the entrance criteria for medical students, for example, are recommended.

In order to consider what to do next to eliminate the geographical
maldistribution of physicians in Thailand, it is needed to review what kinds of
countermeasures have been implemented, and whether the geographical
maldistribution of physicians has been mitigated or not so far. Furthermore, reviewing
the degree of improvement of the geographical maldistribution of physicians along
with related policies in other country is also helpful, in spite of several differences in
health systems and policies among countries. Japan is one of the most aged countries
and has implemented many policies to improve people’s health, including ones related
to the geographical maldistribution of physicians. Comparing the two countries would
be helpful not only for Thailand but also for Japan. Japan has the problem in the
geographical maldistribution of physicians as well as Thailand and other countries. In
Japan, the geographical maldistribution of physicians is discussed for a long time. In
Japan, where the population is aging rapidly and declining, areas with small and
declining populations are less likely to be selected. Several studies pointed that the
geographical maldistribution in Japan has not been improved so far [18-20]. The
population in Japan is expected to decline and be aging afterwards. Reviewing

countermeasures implemented in Thailand would be useful for Japan as well.



Both Thailand and Japan have implemented several kinds of policies to
eliminate the geographical maldistribution of physicians so far. Thailand and Japan
have increased their physician-population ratio as well as a lot of other countries done
as mentioned earlier. Increasing the number of physicians itself increases the
likelihood of contributing to the health of the country as a whole, but there is the
question of whether increasing the number of physicians is eliminating geographical
maldistribution or not. When the overall number of physicians increase, there are two
different ideas of the impact on the geographic distribution of physicians: the first one
is that an increase in the number of physicians will not address regional
maldistribution, and the other is that it will correct [21]. The former view is that an
increase in the number of physicians will not correct geographical maldistribution.
The reason is based on the fact that physicians prefer urban life for career, lifestyle,
and family reasons that have been addressed earlier. The other view is that an increase
in the number of physicians will eliminate geographical maldistribution as Newhouse
advocated [22]. The hypothesis behind the latter is that in areas where there are
already many physicians, especially in urban areas, there will be competition for
patients because there are so many physicians. Therefore, it would be difficult to earn
descent income working in that location because physicians would have to compete
for patients. Physicians who are considering where to practice are expected to choose
places that are less competitive. As a result, theoretically, this would increase the
absolute number of physicians in less populated areas and equalize regional
differences in the number of physicians relative to the population. This theory is based
on the premise that many medical facilities are run by the private sector and that
physicians are free to choose where they practice. However, it is reported that this
trickledown has not been found both in Thailand and Japan [17, 20, 21, 23].

In both Thailand and Japan, the government is not only increasing the
number of physicians but also taking various policies to correct the maldistribution of
physicians [24-26]. Thailand and Japan have different population and other

sociological factors, as well as different healthcare systems and policies against



maldistribution. Thus, comparing not only the number of physicians and their
distribution, but also related policies is significantly important.

However, there are a few studies comparing geographical distribution of
physician and policies between Thailand and Japan, though some studies have been
conducted about geographical distribution of physician in each country.

Hence, this study shall compare the geographical maldistribution of
physicians in Thailand and Japan, as well as the policies that have been implemented

to eliminate the geographical maldistribution of physicians.

2 Research question

In this study, four questions are set as followings:

1) How has the number of physicians in each Thailand and Japan changed over the
past 10 years?

2) How has the geographical distribution of physicians changed over the past 10
years in each Thailand and Japan?

3) What are the related systems and policies that may have affected the geographical
distribution of physicians in each Thailand and Japan?

4) What are the differences and similarities between Thailand and Japan in the

geographical distribution of physicians and related systems and policies?

3 Research objective
In response to the research question, one general objective and two specific objectives
are set as follows.

a) General objective

To compare the change in the geographical distribution of physician and

related policy between Thailand and Japan.

b) Specific objective

1. To identify the incremental number of physicians from 2008 to 2018 both in

Thailand and Japan



2. To identify the change in the geographical maldistribution from 2008 to 2018
both in Thailand and Japan

3. To examine the differences and similarities in the geographical distribution
from 2008 to 2018 among Thailand and Japan

4. To examine the differences and similarities in the related policy of the

geographical distribution of physicians both in Thailand and Japan

4 Conceptual framework

Demographic variables

- Population

- Area (km?) Geographical Distribution of
- Population density physicians

Health system - Gini coefficient

- Physician-population ratio

- Number of medical school and graduates : . .
- Correlation coefficient (population

- Recruitment method of medical school

- Insurance system (e.g., CSMBS/SSS/UHC) density .and P bysmmn to

- Payment system (e.g., DRG/fee-for- population ratio)
service/others)

- Delivery system (e.g.,

Primary/secondary/tertiary, Public/private)
- After graduate education (e.g., Medical
specialist training)

Figure 1. Conceptual framework

5 Expected benefit

This study would be able to provide beneficial information in terms of
whether policies and health systems implemented in each country relatively address
the geographical maldistribution or not. In addition, comparing results among
countries with different healthcare systems is important, because the impact of one
country's healthcare system on results can only be observed by comparing it with the
systems of other countries. Moreover, proposing an effective policy to improve the
geographical distribution of physicians to both Thailand and Japan is possible. Japan

would be able to gain information about how Thailand improved the physician



distribution. Similarly, Thailand, which will experience rapid aging in the future,
would acquire precedent information that Japan has faced and how to these problems

have been solved

6 Operational definition

Physician is a person graduated from medical school and qualified to
practice medicine. In this study, the number is calculated by the census.

Geographical distribution is the natural arrangement and apportionment of
physicians in the different regions.

Geographical maldistribution is undesirable inequality or unevenness of
placement over an area.

Population is the number of people living in a certain country or region.

Population density is a number defined by the number of people living per
square kilometer (km2) of unit area.

Physician-population ratio is a ratio that shows how many physicians exist
every 1,000 population. It can be calculated by followings

(The number of physicians)

Physician — population ratio = -
1,000 population

Gini coefficient is used to measure inequality of a distribution. The Gini
coefficient ranges between 0 and 1. It is defined as a ratio: the denominator is the area
of the triangle that is under the perfect equality distribution line; and the numerator is
the area between the Lorenz curve of the distribution and the perfect equality
distribution line. A higher Gini coefficient indicates a more unequal distribution and 0
Gini coefficient describes perfectly equal [27].

Province is part of the government of Thailand that is divided into 76
provinces and one special administrative area, representing the capital Bangkok as of
2022. They are the primary local government units and are divided into amphoes
(districts). Each province is led by a governor, who is appointed by the central

government.



Secondary Medical Area (SMA) is area from the 47 prefectures of Japan
and consist of several municipalities. Each SMA is considered to provide general
impatient care including emergency medical care for regional residents. Plans for the
number of physicians and hospital beds are based on SMA, which are the basic units
of regional medical care.

Urban is province or SMA with population densities above the median
value.

Rural is province or SMA with population densities below the median value.



CHAPTER 2: LITERATURE REVIEW

1 Geographical distribution of physician (in general)

1.1 Causes of issue

As shown in Figure 2, Wibulpolprasert identified multiple influencing factors
of physician maldistribution, including general social and economic inequities,
the medical education system, payment incentives, the development of public and
private healthcare systems, and social movements for reform [28]. Followings are

factors identified by Ono that were likely to play an important role in when

physicians decide where to practice and live [13].
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Figure 2. Factors determining the distribution of physicians
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Attractive of the locational environment



It is included infrastructure, vocational opportunities for spouses,
educational choices for children as well as housing, personal safety
concerns, access to cultural activities and leisure activity.

A qualitative study in Germany reported that "expected workload,"

nn

"recreational opportunities," "work-life balance," and "family
compatibility" were major barriers for students in deciding to specialize in
GP [30]. Even in urban areas, physicians might have difficulty selecting
socioeconomically disadvantaged areas, and factors such as unsafe
neighborhoods and school environments might affect the desirability of a
location [13]. In a qualitative study among Canadian medical students,
many residents initially planned to practice in an urban area to gain
experience. In addition, they considered practicing in an urban area in the
long term due to lifestyle and family issues. Practicing in rural areas was
not considered by many and was attributed to workload, lifestar entry,
family issues, and lack of medical support in the community [31]. In a
study conducted in Germany in which 16 practitioners were interviewed,
they reported that less competition and a more diverse job description made
working in rural areas more attractive. On the other hand, income and lack
of leisure facilities were negative aspects. Group practices, for example,
made rural practice more attractive, and financial incentives were reported
to be insufficient to attract young physicians to practice in rural areas [32].
On the other hand, some physicians reported that being rural was an
attraction in itself. A survey of physicians working in rural Colorado, USA,
rated various lifestyle factors as determinants of their choice and
satisfaction with rural work. They most commonly cited were recreational
and leisure activities (70 percent); suitability for raising children (55
percent); and professional independence (44 percent). The physicians had
the highest satisfaction levels with: the community (84 percent); their
ability to provide quality care (84 percent); and work-life balance (60
percent). [33]
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Mode of employment

To be a salaried employee, publicly employed, or self-employed. To
be employed by someone, whether an employer allow physicians to hold
two or more jobs was concerned. The employment status of physicians
influenced policy options to attract them to areas with physician shortages.
If physicians were salaried employees, their choice of practice location
depends on the availability of positions in the area. Economic incentives
also depend on the type of employment. If the physician is a salaried
physician, his or her salary can vary depending on where he or she works,
but if he or she is self-employed and on a per capita basis or fee-for service
(FFS), the incentive may not work based on where he or she works [13].
Several countries also permit physicians to work two jobs. In many cases,
they work part-time while employed. Opportunities to earn income from
part-time work are more common in densely populated urban areas, and

this may influence the choice of work location.

Income potential

If the system is FFS or capitation system, physicians in rural areas
have less patients and earn less income than colleagues who practice in
urban. Otherwise, physicians in rural have to work longer than ones in
urban in order to earn descent wage.

Studies in the United States showed that rural primary care
physicians earned slightly more per year than their urban counterparts.
However, to earn this income, primary care physicians working in rural
areas tended to work longer hours, visit more patients, and have a higher
percentage of Medicaid patients. Adjusting for those efforts also showed
that physicians in urban areas earned higher salaries [34]. A study in
Germany argues that economically disadvantaged areas in urban areas have

less potential to gain sufficient financial benefit due to the small percentage
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of patients with private insurance with large benefit coverage and amounts

[35].

Working conditions a physician faces

Working hours, extensive on-call duties, different language and
culture, security concerns, access to high-quality medical equipment and
support services, opportunities to have a desirable career and to develop
professional knowledge and skills. Working conditions are important for
physicians when choosing where to work. Many medical students and new
graduates emphasize the importance of balancing work and family life.

In an Internet survey targeting all medical students in Germany,
almost all respondents emphasized the importance of balancing work and
family life. General practice was not preferred, especially in rural areas
[36]. In a study targeting a group of Norwegian physicians, those choosing
surgery and internal medicine were motivated by medical challenges and
career possibilities, while those choosing psychiatry and general practice
were motivated by diversity, variety, and having time with family [37]. A
survey in Switzerland showed that future family physicians, both women
and men, are less career oriented. Compared to specialists, family
physicians are more likely to be married and have children. They have
lower internal and external career motivation, greater non-specialty
interests, and lower objective and subjective evaluations of career success.
Part-time oriented models of work-family and work-life balance are
preferred, respectively [38]. In a survey of rural New Zealand practitioners,
concerns about overwork, excessive on-call, bureaucratic demands, and
general practitioners (GPs) shortages were equally important to both men
and women. Female GPs, on the other hand, mentioned issues of security,
accreditation, and balancing work and family [39]. In Australia, physicians
prefer to work in the public sector, while those unwilling to take career or

clinical risks prefer the private sector [40]. According to a survey of rural
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women physicians in Victoria, Australia, 36% of rural women practitioners
and 56% of rural women specialists wanted to reduce their work hours.
Female practitioners with children were more likely to work as employees
than female practitioners without children. The study indicated that
attracting and retaining women in rural practices requires a place for the
physician's entire family, a flexible practice structure, mentoring by a
female physician, and financial and personal recognition [41]. Workload in
public hospitals affiliated other than the Ministry of Public Health (MoPH)
and private hospitals is less for the physicians rather than the hospitals

affiliated by the MoPH [42].

Issues of prestige and recognition

The relative prestige, status and work locations can be an important
factor influencing physicians’ choice of practice location. Working in a
rural area and focusing on primary care may be seen as inferior to working
in an urban area and working as a surgeon or specialist.

The Australian survey showed that Surgery, Internal Medicine, and
Intensive Care Medicine had the highest prestige rankings, while Public
Health, Occupational Medicine, and Non-Specialty Hospital Medicine had
the lowest. Additionally, dermatology, general practice, and public health
were high in lifestyle [43]. In addition, other studies in Australia have
shown that physicians who pursue lifestyle, prestige, and academic pursuits
are more interested in urban settings, while rural settings offer more
opportunities for service and autonomy. Less value placed on prestige was
associated with the experience of working in rural areas, and a high value

for service was also a predictor of the intention to work in rural areas [44].

Expectations
Medical students’ expectations of work in rural areas. Physician who

origin from rural often choose to work in rural area. Various studies have
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shown that a physician's rural birthplace is associated with a greater
likelihood of practicing in rural areas in the future [45-48]. For example, an
Australian study showed that being from a rural area during childhood was
associated with practicing in a rural area. In particular, those who spent
more than 6 years of their childhood in a rural area were significantly more
likely to open a business in a rural area than those who spent 0-5 years.[49]
However, it is not known why rural background or origin increases the
likelihood of selecting a rural practice location [50]. Studies in the United
States, Australia, Canada, Japan, and South Africa have each shown that
people from rural areas choose to practice in rural areas in the future [47-
49, 51, 52], and training physicians from rural areas has been advocated as

a way to solve the regional maldistribution of physicians.

1.2 Solution that countries have taken in general
The health sector policymakers have mainly three strategies for addressing
the maldistribution of physicians; to target future physicians, to target current

physicians, and to do with less [13].

1.2.1 Targeting future physicians: medical education policies

Intervening at different stages of medical education, policies can
address and influence future physicians who would decide where to practice
after graduation. A physician's career starts with admission to medical school
and the associated selection of candidates. Similarly, participation in clinical
training is also a point at which the government may influence the location
choice. It is said that both recruiting appropriate students and providing them
with the curriculum and experience needed to succeed in primary care in
rural settings during their formal training are effective policies for placing
primary care physicians in rural areas [53].

Various policies have been implemented in various countries to

encourage medical students to practice in underserved areas. The goal of
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these policies is to encourage those interested in serving their communities to
choose a career in medicine and to reduce or eliminate negative expectations
that students have about practicing in rural and other underserved areas.
Some policies also emphasize an element of community involvement and
support by providing training and subsequent medical care in underserved
areas. There are two major approaches that can make it easier for future
physicians to choose underserved areas. First, when medical schools recruit
students, recruit students who are more likely to choose underserved areas.
Second, the educational process should make it easier for students to choose

underserved areas.

1.2.1.1 Student recruitment

Interventions in medical school admission process can influence the
number of medical school graduates who choose underserved areas in
the future. Students from rural areas or who have expressed an interest in
rural service prior to entering college are more likely to choose
underserved areas, and medical schools can increase the number of
physicians working in underserved areas by prioritizing these
candidates. The advantage of this approach is that it is a relatively low-
cost intervention but because of the long duration of medical training,
there is a considerable time lag before it takes effect. The effect may not
be created if students prefer to stay in urban areas during their training
[54]

In Australia, three medical school admission schemes are offered by
the federal government: the Commonwealth Supported Places (CSP)
Scheme, the Bonded Medical Places (BMP) Scheme and the Medical
Rural Bonded Scholarship (MRBS) Scheme. Under the CSP scheme,
students pay a portion of their tuition fees and the government subsidizes
the rest. There is no work place requirement in this scheme. The other

two schemes (BMP Scheme and MRBS Scheme) offer scholarships but
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with a requirement to work in a physician shortage area. Under the BMP
Scheme, the Australian government provides placements for medical
training. Medical students are required to sign a contract with the
Australian government to work in a physician shortage area for the same
period of time as their medical training, and if they break the contract,
they will be required to repay the cost of their education. The BMP
system does not provide financial aid. According to a recent review [55],
more than 4,500 participants in the BMP system have reached
agreements with the Australian government, but only one participant has
begun work obligations in a physician shortage district, and three have
decided to reimburse the fees for their medical education. On the other
hand, students in the MRBS scheme are provided with considerable
financial support and a commitment from the Australian government to
work in rural and remote areas for a continuous period of six years after
the completion of their specialty training. If students in the MRBS
scheme break the contract, the physician will not be allowed to practice
in his or her private clinic and will not be allowed to access the Medicare
codes for up to 12 years. The scheme has been operated since 2001, with
100 places provided every year. A cumulative total of over 1,200
applicants have participated in this scheme so far, and 50 beneficiaries

have started their mandatory return-to-work period.

1.2.1.2 Training institutions

Training in underserved areas early in their education can promote a
proper understanding of the realities and working conditions in those
areas. If students are attracted to the area, it may influence their future
choice of work location. There are two method that let students
experience in underserved areas: by establishing training institutions or
parts of them in underserved areas, or by making internships or rotations

in underserved areas mandatory.
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The first method is establishing training institutions or parts of them
in underserved areas. For example, the Medical School of the University
of Tromse in Norway was established in 1972 to solve the chronic
shortage of physicians in northern Norway. In its early years, 25% of the
admission quota was reserved for students from northern Norway, but
this was raised to 50% and 60% in 1979 and 1998, respectively [56]. In
Brazil, the number of physicians per population of 1,000 and the number
of medical facilities per inhabitant increased in municipalities with new
medical schools, indicating the possibility of recruiting more physicians
and strengthening the medical infrastructure [57]. Previous studies have
shown that the graduates from northern Norway are particularly likely to
stay there. Among students who graduated between 1996 and 2001,
75.4% of those from Northern Norway preferred to practice in Northern
Norway, while those from Southern Norway were only 19.3% likely to
stay in Northern Norway [56].

The second method is making internships or rotations in
underserved areas mandatory. This initiative is taking place in Canada,
Norway, Australia, and Scotland, for example. In Canada, several
medical schools are providing medical students with an underserved area
experience by using satellite campuses and multiple clinical training
facilities. The Northern Ontario School of Medicine (NOSM) places its
main campus in a rural area. NOSM has a social responsibility to
enhance access to and quality of healthcare in Northern Ontario and
admitted its first class of medical students in 2005. Students from
Northern Ontario, rural, remote, Aboriginal and French-speaking
communities are actively recruited. Students train at 70 teaching and
research facilities located throughout Northern Ontario. Additional
financial assistance is available to students who choose rural areas after
completing their training. Because the program is relatively new and the

large majority of graduates of NOSM are still undergoing clinical
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training, it is not possible to verify whether the maldistribution of
physicians has been eliminated, but it has been shown that
approximately 70% of NOSM graduates undergo training in family
medicine, primarily in rural areas. In the province of Finnmark in
northern Norway and the state of New South Wales in Australia, local
governments have developed programs to recruit physicians, contracting
them for two to three years of training in the region in return for
scholarships and social support. In both cases, physicians who chose this
program have been shown to have higher retention rates in the region
[58].

Although both establishing training institutions and training systems
is expensive, it is expected to be effective. However, as with student

recruitment, it will take time for the effects to emerge [59, 60].

1.2.2 Targeting current physicians: Regulation and Financial incentives

Second, when the government tries to address and influence current
physicians, there are mainly two strategies: regulation and financial
incentives. The government can regulate what types of physicians can work
where. As for the former strategy, the government can intervene in
participation in specialty training, for example, by making it a condition for
physicians to work in rural areas when choosing a specialty. It can also
implicitly or explicitly regulate the location of a physician's practice when
they open a clinic. As for the latter strategy, the government can give

incentives.

1.2.2.1 Regulation

The regulation may promote the elimination of the regional
maldistribution of physicians. It restricts the choice of location for
physicians to open clinics. For example, the policy could prevent new

clinics from opening in areas with high density of physicians. The
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majority of OECD countries, with the exception of eight countries, do
not restrict the choice of location when opening a clinic [13].

In Germany, one of the eight countries that do regulate, the state sets
a cap on the number of services provided and limits the number of
clinics in a given area. Physicians must obtain a practice permit in order
to practice and take advantage of court-ordered health insurance. This
permit is not issued if the physician-population ratio exceeds a certain
percentage in each of the 395 planned areas, and physicians who have
contracts with the statutory health insurance funds are effectively unable
to practice in the relevant locations.

In Denmark, the number of physicians allowed to be reimbursed by
the public tax-based healthcare system is set by region. This number is
based on the number of patients in the region, the turnover rate, the
number of patients assigned to one physician, and the geographical
distance to the patient's clinic. The goal is to ensure that every patient in
the country has the freedom to choose at least two clinics within 15
kilometers of each other, and once the number of patients in a region
exceeds a certain level, physicians will not be able to assign patients to
them.

One of the advantages of a regulatory approach is that the direct
financial costs to the system are low and generally limited to
administrative costs. However, a disadvantage is that it is very difficult
to evaluate because of the lack of evidence in efforts to set physician

density thresholds.

Some countries are attempting to eliminate regional maldistribution
by making agreements with foreign-trained physicians that restrict where
they can practice when they wish to practice in that country.

Australia requires foreign-trained physicians to work in areas with

labor shortages for at least 10 years. This program was implemented in
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1997, and since then the number of GPs in rural and remote areas has
increased substantially [61].

In Canada, physicians who have not received post-graduate medical
training in North America are required to serve in designated
underserved areas in order to practice. Each state sets the specific
requirements and length of service, but usually they are required to serve
for the same length of time as their clinical training. Those who do not
meet this requirement will be obligated to repay the funds in full, with
interest. While this policy seems to be effective in reducing the regional
maldistribution of physicians, it has also been shown that 70.1% of
physicians funded in Newfoundland and Labrador and who signed a
return-to-work agreement did not meet the service requirement [62].

Furthermore, the World Health Organization (WHO) has warned
that directing foreign-trained physicians to a specific location in this way
may violate an article of the WHO Global Code of Practice on

International Recruitment of Health Professionals [63].

1.2.2.2 Financial incentives

Many physicians feel disadvantaged in terms of income due to
relatively long working hours and smaller number of patients when they
choose to practice in rural areas and other areas. Many countries have
introduced various forms of financial incentives to address this. While
financial incentives can equalize the financial disadvantages faced by
physicians in rural areas, their high cost is a demerit. Incentives are often
paired with restrictions, making it difficult to evaluate the effectiveness
of incentives on their own. Most of the evaluations of incentives have
been conducted in the U.S., but the U.S. has a particularly high
percentage of investment in medical education among OECD countries,
so care must be taken in interpretation. There are two major approaches

to incentives: wage payments and non-wage incentives.
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Financial incentives may be available for physicians working in
underserved areas to cover their disadvantageous working conditions
compared to those working in urban areas. The incentives compensate
for the low patient volume and long working hours that physicians
working in underserved areas face, and may be based on the location and
duration of their practice. The institutions where physicians practice vary
from clinics to government health centers, and their employment status
can be employed as salaried workers or self-employed. Payments may
be made to the medical institution, directly to the individual physician
who provides the service, or to both. Payment can be based on duration,
on the number of patients enrolled, on the volume of services provided,
or on the achievement of other specific goals. Some reports indicate that
financial incentives are effective in motivating physicians in underserved
areas, but not in attracting new recruits to these areas.

France and Denmark offer income guarantees to GPs for the first
two years of practice. 200 GPs take advantage of this scheme every year
since it was introduced in France in 2013, with a guaranteed income of
€55,000 per year for two years [13]. In Denmark, North Jutland and the
capital region pay DKK 1,500 per shortage for up to two years if the
number of registered patients is less than 1,600 per GP. In the Capital
Region, GPs who are using this policy will be obligated to provide
services for five years [13].

In Denmark, another incentive is available. Incentives are paid when
a clinic closes and takes over patients who have lost their family
physician. In the case of the North Jutland region, higher rewards are
offered if the GP is responsible for more than 1,760 patients as a result
of the handover. New Zealand has a similar policy. The standard is 1,600
patients per GP, and if a GP contracts 5%-20%, 20%-30%, or more than

30% beyond this standard, the revenue factors for the additional patients
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are 2, 2.5, and 3, respectively. The scheme is limited to two years and is
primarily intended to smooth the transition period when a GP retires and
is replaced [13].

The province of British Columbia, Canada, offers incentives
designed to compensate for difficult working conditions in underserved
areas. “Isolation points" are decided based on the number of physicians
and geographic characteristics of the community, and this program
provides CAD 6,000 to CAD 30,000. In 2008, there were 144
communities qualified to pay this incentive, and in 2007-2008, a total of
1,568 physicians received this incentive [13].

There are also incentives to encourage post-op physicians to stay in
practice. Some provinces in Canada pay bonuses to GPs when they reach
a certain number of years in practice. For example, in rural Alberta,
physicians are paid an annual bonus of CAD 4,000 and CAD 10,000
after five and 26 years of practice, respectively [64]. In Thuringia,
Germany, there is an incentive for physicians to delay their retirement.
GPs aged 65 and older who apply and continue to work in a designated
area can get EUR 1,500 per quarter in addition to their regular income

[13].

Several countries offer incentives in the form of non-wage payments
targeted at different stages of a physician's career. Many policies target
first-time practitioners, encouraging them to open clinics in underserved
areas. There are also incentives for physicians who are already practicing
in such areas, aimed at keeping them in the area or postponing their
retirement. The amount of the incentives is often set by each region
depending on the severity of the shortage of physicians, and may be
conditional on meeting criteria such as the size of the clinic and the

amount of activity.
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The financial support offered by the 11 federal states in Germany is
targeted at GPs who are opening a practice for the first time. A one-time
payment is available to GPs who open clinics in designated shortage
areas. The amount of the subsidy ranges from EUR 15,000 to EUR
60,000 and is determined by the state, the extent of the shortage, the size
of the municipality where the clinic will be located, and the type of
services the physician will provide. In return for the incentive, some
provinces require that the services be provided for five to ten years.
Similar policies are being implemented in the Canadian provinces.
Ontario, for example, provides financial incentives ranging from CAD
80,000 to CAD117,600 for opening rural clinics [64].

Besides opening clinics, other types of financial support are intended
to improve working conditions. Various provinces in Canada provide
financial support for hiring temporary GPs, which can be utilized when a
GP is not present due to holidays or other reasons. The amount of
support varies from province to province and ranges from CAD 510
(Nova Scotia) to CAD 1,200 (Northwestern Territories). Financial
assistance, offered in some regions of Denmark, is available for GPs to
hire additional staff. The duration varies from region to region, and in
some areas there is no time limit. In the case of North Jutland, the GP is
provided DKK 110,000 per quarter for hiring a nurse [13].

There are also incentives aimed at encouraging people who are
considering retirement to postpone it. In Southern Denmark, GPs over
the age of 63 can receive a payment range from DKK 320,000 to DKK
1,080,000, based on their age, the size of their patient list, and the length
of their subsequent commitment. In North Jutland, GPs between the ages

of 62 and 65 receive DKK 55,000 per quarter [13].

1.2.3 Doing with less: service delivery reorientation
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The methods presented in this section are not directly methods of
luring physicians to underserved areas, but methods of doing well with fewer
physicians. In an environment where these methods are well established, it is
expected that physicians will be less hesitant to choose an area with a
shortage of physicians when choosing a practice location. There are various
method to improve work environment: group practice among physicians,
collaboration between physicians and other healthcare professionals,
performing some of the physician's functions by other professionals, and
introducing a new process. These will eliminate the burden on physicians and
improve the working environment, as physicians will not have to do

everything by themselves.

Group practices can contribute to improving physicians' working
conditions. In countries such as Canada [65], and Switzerland [38], medical
students have a preference for group practice. The benefits of group practice
include the ability to share work, share resources, and improve cooperation
with other physicians.

In 2007, France introduced the Maisons de Santé Pluridisciplinaires
(MSPs), which allow healthcare professionals to run a group practice with
other healthcare professionals while continuing to run their own business. As
of 2012, there were 235 MSPs (80% of them in rural areas), with plans to
create 450 more in the future. According to a survey covering 71 GPs in nine
MSPs, the workload per week for GPs belonging to MSPs was 46 hours,
whereas for other GPs it ranged from 52 to 60 hours. While the work
environment has improved, MSPs provide healthcare for longer hours than
other clinics [66].

In Germany in 2004, a system of community health centers (MVZs)
was launched to coincide with changes in the health insurance payment
system. MVZs have two or more medical specialties and are owned by a

hospital or one or more physicians. Both salaried and self-employed
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physicians are eligible to work in MVZs. In 2011, there were 1,750 MVZs. A
total of 9,571 physicians worked there, the majority of them were GPs and
internists. it is reported that physicians belonging to MVZs have better
working conditions and are more satisfied than those working in other forms.
It is also reported that MVZ in rural areas have better improved working
conditions, larger financial benefits, and higher patient satisfaction than
MVZ urban areas [67].

In countries where the typical way for physicians to work is through
employment rather than self-employment, employers sometimes create
networks to cover practices in underserved areas. Ireland's policy is to create
hospital groups where physicians working or training there are transferred to
hospitals in underserved areas within the group to gain new experience.
Similarly, in Japan, hospital groups and prefectures set up satellite clinics in
underserved areas, and physicians work there in shifts to support community
healthcare.

Non-physician healthcare professionals may take on some of the
roles previously performed by physicians. In some countries, pharmacists
and nurse practitioners have been given broader roles and authority, and such
regulatory reforms can contribute to reducing the burden on physicians. For
example, the 2009 health reform law ("Hopital, Patients, Santé, Territoires")
launched in France expanded the role of pharmacists. For example, they can
now update medication doses for chronic patients, reducing the burden on
physicians by taking on some of their work [13].

The medical treatment process is becoming more and more efficient
every day. While ingenuity can reduce the burden, the use of technology can
also dramatically improve the process. Telemedicine is one of them, and it
can be a way to reduce the burden as well as the access imbalance between
rural and urban areas. It is expensive to implement, and more difficult or
even more expensive to implement in areas lacking communication

infrastructure.
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2 Impact of increase of the number of physician on dispersal pattern of
physician

There are two views: one is that an increase in the number of physicians will
not address regional maldistribution, and the other is that it would correct [21]. The
former view is that an increase in the number of physicians would not correct
geographical maldistribution. The reason why urban areas tend to be favored was as
mentioned earlier. The other view was that an increase in the number of physicians
will eliminate geographical maldistribution. The hypothesis behind this was that in
areas where there are already many physicians, especially in urban areas, there would
be competition for patients because there are so many physicians, and as a result, it
would be difficult to earn descent income working in that location because physicians
would have to compete for patients. This theory was based on the premise that many
medical facilities were run by the private sector and that physicians were free to
choose where they practice [21]. Eliminating the regional maldistribution of
physicians by increasing the supply of physicians is considered to be very time-
consuming and costly. Furthermore, studies in other countries suggested that
increasing the supply of physicians alone would not improve distribution; rather, it

would cause an oversupply of physicians [68, 69].
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Situation in Thailand
3.1 Demographics

Thailand is a lower middle-income developing country and is divided into 77
provinces including Bangkok, 878 districts, 7,255 subdistricts called Tambons
[70]. According to the United Nations, a population is 69.63 million in 2019. The
United Nations projections for the future population estimate that it would be
70.34 million in 2030, but would decline to 65.94 million in 2050 and 46.01
million in 2100. In 2019, 16.8%, 13.4%, 57.4%, and 12.4% of the population was
under 15 years old, between 15 and 25 years old, between 25 and 65 years old,
over 65 years old, respectively. Thailand is in the process of aging and has the
highest percentage of population over 65 years old in ASEAN. This is expected to
reach about 20% by 2030 (aging society) and about 30% by 2050 (super-aging
society) [71].

The overall health of the Thai population has improved over the years.
Between 1990 and 2020, it was shown by the World Development Indicators that
life expectancy at birth had increased from 67.2 to 73.6 years for males and from
73.4 to 81.1 years for females [72]. In the same period, the overall male and
female adult mortality rate had decreased, although the male mortality rate
increased from 1990 to 2000 due to HIV/AIDS. According to the WHO, in 2019,
healthy life expectancy at birth in Thailand was 68.3 years, for males 65.9 years
and for females 70.6 years [73].

According to WHO, the total number of deaths in Thailand in 2016 was
approximately 539,000, and NCDs accounted for an estimated 74% of total
deaths. While this proportion has remained stable over the past 25 years, the
aging of the population has led to an increase in mortality rates and a gradual
shift in causes of death, with injuries becoming the second leading cause of

Disability-adjusted life years (DALY's) as shown in Figure. 3 [74].
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Figure 3. Thailand: Deaths and DALY's per 100 000 populations by major disease
groups, 1990-2015
Source: Adopted from Legido-Quigley H [74]

HIV/AIDS was a factor that slowed the decline in mortality from infectious
diseases until universal access to ART began in 2004 [75]. As of 2009, while
HIV/AIDS was still the primary cause of death in Thailand, it was ranked 12th in
2019, with a change from 2009 to 2019 of -96.2% [76]. Thailand was one of the
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six upper-middle-income countries with the slowest decline in adult mortality

between 1990 and 2015, largely due to male deaths from traffic accidents [77].
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3.2  Current number of physician

During 1960-1975, 25% of physicians trained in Thailand are estimated to

have emigrated, mainly to the US and UK [79]. Because of this migration, there

was a shortage of physicians throughout Thailand, with a growing disparity in

rural areas. In this period, the National Health Development Plan stated that the

government's agenda was directed towards the rapid development of health and

education [79]. After 1972, the government imposed a requirement on graduates

of public medical schools to serve in the Thai public sector for three years, or pay

a considerable penalty. This brought the number of rural hospitals from 200 in

1976 to 425 in 1985. Also, the number of rural physicians increased from 300 in

1976 to 1,162 in 1985, a four-fold increase in rural physicians in 10 years [29].
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The measures focused on rural areas, but due to rapid economic growth and a
government investment policy that began in the late 1980s, private hospitals with
free access to low-interest foreign loans became a target for investment. This
brought about rapid growth in the private healthcare sector from 1988-1997, and
physicians concentrated in urban private medical facilities. Prior to the economic
upturn, in 1986 private hospitals accounted for about 10% of all hospital beds and
physicians, but by 1995 the ratio had risen to 25% [80]. Since 1990, the number
of beds in rural hospitals has continued to increase, while the number of
physicians has either not increased or sometimes decreased. In contrast, the
number of beds in private hospitals increased along with the number of
physicians. The number of physicians in private hospitals increased 3.3 times in
10 years, from 1,000 in 1985 to 3,300 in 1995 [29]. The outflow of physicians
from MoPH to new private hospitals increased to 30% in 1997 from 8% in 1994.
The internal brain drain was quite significant: as of April 1997, three months
before the economic crisis, twenty-one district hospitals lacked a single full-time
physician [81]. The ratio of beds to physicians in district hospitals was 7.1:1 as of
1989 and increased to 15.3:1 in 1998 [80].

However, a severe economic crisis began in mid-1997, which rapidly
reduced demand for private hospital services [81].. Almost all private hospitals
decreased the number of beds and physicians, and some closed altogether. The
number of physicians in district hospitals in 2001 was 2,725, compared to 1,653
in 1997, and the ratio of beds to physicians decreased from 15.3 in 1998 to 10.6
in 2000 [29].

There are 36,472 physicians in Thailand as of 2020 [82]. There are 23
medical schools in Thailand, two of them is private and others are operated by
public [25]. The average number of graduates from medical school per year
between 2000 and 2009 was 1,423 [83]. The increase in the number of graduates
has been accompanied by an improvement in the distribution of workers: in 1979,

the number of physicians in Bangkok was 1 for every 1,210 residents, and in
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northeastern Thailand, there was 1 physician for every 25,713 residents. This 21-
fold gap had narrowed to five times by 2009 [84].

3.3 Related systems of physician education, training, and incentives

As shown in Figure 5, there are several factors influencing the geographical
distribution of physicians in Thailand. Moreover, the Thai government has
implemented several countermeasures to tackle to the geographical

maldistribution in Thailand [29].
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3.3.1 Recruitment of medical school

In Thailand, there are two types of recruit tracks for medical
students: normal tack and special truck. In addition, two types program are
ongoing: the Collaborative Project to Increase Rural Doctors (CPIRD, 1995-
2004) and One District, One Doctor (ODOD, 2005-2014). The difference
between the normal track and the special track is mainly the recruit and
education process, and obligation after their graduation [85].

As for the recruitment process, all twelfes-grade students are eligible
to apply for medical school’s admission examination under the normal track.
19 Medical schools affiliated by the Ministry of Education recruit students
based on the student’s achievement. With respect to the education process,
education duration is six years for all track students (one year basic science,
two years preclinical, and three years clinical). Finally, about their obligation
after the graduation, graduates from all tracks have to be engaged in rural
mandatory service [29, 86, 87]. This mandatory service was enacted in 1968
and physicians started to work mandatorily in 1972 [29]. Normal track and
CPIRD graduates have to work for a district hospital for three years after
graduation, otherwise, the government impose physicians to pay 13,000 USD
as a fine. As for the difference about the location selection, normal track
graduates can choose places more flexible depending on the availability of
vacant post. During the first three years of assignments in rural areas,
physicians were moved to community and provincial hospitals, most of them
within the same province [88].

Under the special track, CPIRD offers more opportunities for
medical education to people from rural areas; twelfes-grade students living in
a specified rural province were eligible to take an examination under the
special track [84]. Special track students who passed the examination study
together with normal track students only for the first three years. However,
for the last three years, special track students are trained in the 34 regional

and provincial hospitals affiliated by the MoPH where the teaching was
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conducted by medical staff. Medial students from all tracks experience
services in rural area in their clinical education. After that, they are eligible to
take physician license examination. Special track graduates are assigned to
severe underserved places in or near the graduate origin.

Students who live in a given rural "districts" are eligible for ODOD
program while CPIRD students have to live in a given "province". The only
one entrance examination is offered by 19 medical schools jointly. Students
are recruited depending on their achievement. ODOD program impose
participants to work longer in a given district as a resident and pay more if
they break the contract than CPIRD. Graduates using ODOD program must
practice for 12 years in their hometown, otherwise, they have to pay 65,000

USD as fine.

The CPIRD program was started to distribute annually 300
physicians to rural areas, and recruited 30 students in 1995 that increased by
293 in 2002 [29]. The CPIRD program has been successful, with a 14.9%
incidence of physicians to leave rural areas over 11 years, in comparison to
17.6% of physicians who did not participate in the CPIRD program [86].
Through 2009, more than 2,700 CPIRD physicians made additional
contributions to the public service in rural and remote hospitals [89], and the
physician-population ratio in rural and urban areas has increased from 1 in 10
in 2001 to 1 in 5 in 2009 since then [26]. Other studies have also shown that
CPIRD physicians are 51.6% less likely to retire from a MoPH hospital each
year when compared to normal track physicians. Furthermore, CPIRD
graduates are 138.9% more likely than normal track physicians to complete
three years of rural service [89, 90]. However, finding long-term success is
still difficult. Only 51% of CPIRD physicians and 44% of non-participating
physicians stayed on by the fourth year of the recommended MoPH rural
service [86]. Most of those CPIRD graduates did not remain at the district

hospital beyond what was required, and after three years, nearly three out of
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four had retired to pursue their professional training. This proportion was
also true for graduates who were recruited through regular courses. Although
mandatory service through CPIRD is fulfilled, it is a minor proportion that is
kept for longer periods. In addition, there is not always an improvement in
retention rates after the mandatory service period, even with financial
incentives [84].

As for the difference between CPIRD and ODOD, there is no
evidence of a difference in drop-out rates between CPIRD and ODOD
program students during 2005-2010 [26]. In addition, one study confirmed
the outcomes of high retention rates in rural areas for the ODOD program,
showing that ODOD graduates are 71.7% and 36.6% less likely to leave rural
practice than normal track physicians and CPIRD physicians, respectively. In
addition, ODOD graduates had a 2.36 times higher probability of completing
a three-year rural assignment at a MoPH hospital than their Normal Track
cohorts. However, no statistically significant difference in the completion of
three years of rural work between CPIRD and ODOD physicians [89].

Despite the success of the ODOD program, several problems have
arisen. These problems are due to low admission rates, limited professional
development of ODOD physicians, relatively high penalties for non-
adherence, and the detrimental effects of extensive mandatory service for
ODOD physicians. As for admission criteria, all ODOD candidates are
required to pass an entrance examination equivalent to the National Entrance
Examination. However, it was found that remote rural residents were less
likely to achieve the lowest requirement than students residing in urban
areas. As a result, in the 2005-2016 period, the ODOD students enrolled less
than 80% of expectations, and in fewer years, less than half. The number of
students passing the entrance exam was lower than expected, which resulted
in the underachievement of ODOD production numbers. As a result, in the
2005-2016 period, the ODOD students enrolled less than 80% of

expectations, and in fewer years, less than half. The number of students
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passing the entrance exam was lower than expected, which resulted in the
underachievement of ODOD production numbers. In response to the low
admission rate, the Cabinet approved a four-year extension of the ODOD
program in 2013, allowing student enrollment from 2013 to 2016, in order to
achieve the additional production goal of 3,232 physicians [26]. In addition,
restriction of specialist training for ODOD graduates is argued. In the ODOD
program, graduates are assigned to mandatory rural service as a generalist for
12 years. Physicians who graduated from the ODOD program and wished to
be medical specialists have had stress. In 2013, the MoPH administrators
decided to eliminate this restriction by allowing ODOD physicians to be
trained of almost all medical specialists after completing 4 years of service in
rural areas, except for physicians under the training in family medicine that
can be participated after graduation. However, this policy relaxation allowed
to ODOD physicians to work not for primary care as a specialist and also
raised concern to undermine the major objective of the ODOD program. In
response to this problem, the revision announcement in 2016 limited the
choice of medical specialists for ODOD physicians to several major domains
allowing physicians to work in rural community hospitals such as internal
medicine, general surgery, pediatrics, and orthopedics.

To overcome the problems of ODOD program, the inclusive track
was introduced as a replacement of the ODOD program in 2017. The
recruitment strategy is similar to ODOD that is from remote rural areas.
However, the inclusive track has less duration of compulsory service as well
as penalty fine than those of the normal track and CPIRD. Instead of the less
duration of compulsory service and penalty fine, no subsidized education in

return for service that was paid for ODOD students [26].

3.3.2 After graduate education and training
Graduates of medical schools in the country are required to complete

a six-year program, pass a graduation examination administered by each
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school, and then take and pass a national licensing examination administered
by the Medical Council of Thailand to obtain a license to practice medicine
in Thailand [88]. The National Licensing Examination for Physicians is
divided into three parts: basic science, preclinical, and clinical, and students
must pass all three parts. The physician's license is valid for life and does not
need to be renewed. At the initiative of the Thai Medical Association, there
was an attempt to mandate Continuing Professional Development to ensure
medical competence as a requirement for reacquisition of a medical license.
However, there was resistance from the medical community, which had not
reached a consensus on mandatory license renewal.

As a response, in order to encourage physicians to practice in rural
hospitals, the government established a system of financing to supplement
physicians' earnings with a monthly allowance. 60-88 USD per month as
hardship allowance was introduced in 1975 and amended in 1997. Now the
rate is 250 USD per month for physicians who work in remote districts, and
500 USD per month (almost three times of their base salary) for those who
work in the most remote districts (69 districts are designated). In addition,
physicians who do not work privately can receive 400 USD per month [29].
As such, newly graduated physicians working in rural hospitals earned 1,900
USD per month, that is 10-15% more than new physicians in non-private
urban hospitals in 2008 [86], but another research described that rural
physicians still earn lower than new graduates in private practice in an urban
areas [29]. It is said that when all allowances are added together, the monthly
salary is 5-10 times the base salary [91]. These incentives implemented with
the mandatory service is said to be the one of the most important contributor
[91].

Non-monetary incentives are also available, such as special
allowances for rural workers, social recognition, free housing, and social
recognition of the annual Best Rural Physician Award [74, 91]. Each year, a

"Hardship Award" is presented to the best rural physician in the most remote
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area. In addition, some medical schools specially recognize graduates who
have done outstanding work in rural areas. Many rural physicians are invited
to serve as adjunct or full-time lecturers in medical schools, primarily in the
Department of Community Medicine. Some also receive honorary degrees
from the university. Some rural physicians are honored at the national level
as "Model Thais of the Year. [29]"

The career paths of public sector physicians are similar to those of
other professions in the public service. Most public hospital clinicians are
civil servants and usually begin their career path from level 4 of the position
classification (PC) system (11 levels in all) [28]. To be promoted to higher
PC levels, academic or administrative performance must be approved and
evaluated by the hospital director. The evaluation framework is competency-
based, administered by the Office of Public Sector Development
Commission (OPDC). Since physicians are generally recognized universally
as leaders of health professional teams in Thailand, physicians are usually
promoted within 10-12 years to at least PC level 7 or 8, equal to the head of
the department at the MoPH central headquarters [28]. Furthermore, the
MoPH employed a strategy to address the internal exodus of rural physicians
since October 1996. Physicians who have worked in rural areas for an
extended period of time are promoted to PC level 9, which is considered the
equivalent of a provincial medical chief or deputy director of a central
department in the MoPH [29]. In addition, the 2008 civil service reform
replaced the traditional PC system with a new career advancement
mechanism: the PC was renamed and positions were now classified
according to the type of work, such as academic and technical clusters,
administrative clusters, support clusters, and so on. This was intended to
improve the effectiveness of civil servants' performance. In reality, however,
there were no significant changes to this system.

Although most physicians are GPs, it is noted that the ratio of

specialists is increasing due to their social prestige and economic benefits
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[88]. Graduates desiring to continue their specialty training must follow the
regulations of the Medical Council of Thailand. The number of postgraduate
training of specialist physicians exceeds that of family physicians in some
years. General physicians work in district hospitals, while specialists work in
general hospitals and regional hospitals. The proportion of specialist
physicians in the country grew from 3% in 1971 to 85% in 2009. According
to a 2011 survey, 13-18% of newly graduated physicians wanted to pursue
specialist training after one year (out of three years) of mandatory rural
service, and 61-73% planned to pursue specialist training after three years of
rural service [86]. Most residency programs, such as general surgery, internal
medicine, and pediatrics, require a minimum of three years of rural practice
experience, with exceptions such as psychiatry, forensic medicine, and
pathology, which the MoPH intends to rapidly expand in size due to a
shortage of personnel in these areas. The length of study in residency training
programs varies between 3 years for some specialties (internal medicine,
obstetrics and gynecology, psychiatry, pediatrics, etc.) and 5 years for others
(neurosurgery, thoracic surgery, urology, etc.). Physicians who complete five
or more years of work in a rural district hospital can apply for qualifying
board examination, and they get a Thai Board certificate from the Medical
Council of Thailand if they pass the exam. Those who have this certificate is
considered as equivalent to a Doctor of Public Health or Doctor of
Philosophy degree [29]. This is offered in the specialty of preventive
medicine, general practice and family medicine. In contrast to undergraduate
education, which is handled by medical schools, residency training programs
can be offered by public and private tertiary hospitals, but must be certified
and accredited by the Medical Council of Thailand and the relevant specialty
royal university. The participation of many healthcare providers in residency
training programs has resulted in a significant increase in the number of
specialists trained between 1990 and 2010, from approximately 500 to over

1,500 per year.
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3.4 Related health system, policy and regulation
3.4.1 Infrastructure development

In the 1960s, there are no district hospitals in Thailand. Only a few
large district had health centers, and health centers provided primary
healthcare (PHC) services. Other districts without health centers relied on
mobile health teams providing healthcare services several times among a
year [84]. Along with the National Health Development Plan, the District
Health System Development Project was initiated in 1977 in order to ensure
that all districts were provided with complete geographical coverage of
district hospitals and health centers over the next 20 years. In addition, the
expansion of rural hospitals was completely suspended between 1982 and
1986 because there are limited resources [29]. Moreover, the Fifth National
Medical Education Seminar in 1986 decided that “there should be no new
medical schools in the capital and vicinity provinces [29].” As a result, there
were 728 district hospitals with 10 to 120 beds in 2001, and more than 95 of
rural districts were covered [29]. By the late 1990s, the targeted coverage had
been attained in districts and subdistricts. In 2010 there were 9,758 health
centers in the 7,255 subdistricts; 731 district hospitals in the 801 districts;
and 68 provincial and 25 regional hospitals in the 76 provinces outside
Bangkok [84] . Every district hospital must be staffed by physicians and
nurses [92]. Only 2,725 physicians worked there, however, the number of
estimated required physicians is 4,700 [29].

Following the improvement in infrastructure, more healthcare
professionals have been engaged. The number of physicians has increased
significantly, especially with the establishment of medical schools outside
Bangkok, which has greatly improved the country's ability to produce
physicians. The number of physicians has increased fivefold in about 30
years, from 8,000 in 1985 to more than 40,000 in 2013 [91, 93].

Furthermore, the number of rural physicians quadrupled from 300 to 1,162
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by the middle of the 1990s because Thai government allocate physicians to
rural areas [29].

The establishment of a private, for-profit medical school in 1989
was met with strong opposition from rural physicians' associations. Two of
the Medical Council members resigned and held a press conference to
express their opposition. Finally, the Medical Council made the decision to
admit only private, non-profit medical schools. Since then, no new private
medical schools have been established. Graduates of private medical schools
are required to pass a licensing examination, compared to graduates of public

medical schools, who are automatically licensed [29].

3.4.2 Insurance system

Currently, Thailand has three major insurance systems: Civil Servant
Medical Benefit Scheme (CSMBS), Social Security Scheme (SSS), and
Universal Healthcare Coverage Scheme (UCS). CSMBS was introduced in
1978 and is administered by the Comptroller Generals Department of the
Ministry of Finance. Legally, the basis for CSMBS is the Royal Decree on
the Disbursement of Medical Benefits, B.E. 2523), last amended in 2007
(B.E. 2550). It covers Thai civil servants, their dependents (parents, spouse
and up to two children), and the retirees from the public sector. Services are
funded by taxation to compensate for the low salaries of government
officials, and the package includes pension, housing benefit, and child
allowance. It is the most comprehensive of the three insurance schemes in
terms of benefits provided. It covers about 4.4 million people (about 9% of
the Thai population) [94] and is financed by the general tax, with no
contribution by the insured. There are no restrictions on the choice of
medical facilities, including emergency and inpatient care, and the insured
can choose any medical facility. No conditions are excluded, including
childbirth and annual physical examinations. Furthermore, treatment is paid

directly by the insurer to the medical facility, and the insured's out-of-pocket
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expenses are free, except for admissions to private hospitals. Private beds
and services provided by special nurses are not covered, but this is also the
case for SSS and UCS. Payment is FFS for outpatient and based on
Diagnosis Related Group (DRG) for inpatient. As of 2016, the expenditure
was 37.7 billion baht [94].

The SSS was introduced in 1990. In that year, Thailand enacted the
Social Security Act and established the Social Security Office. The scheme
covered private-sector full-time employees, and in 1991 the self-employed
were also allowed to join the scheme on a voluntary basis. SSS is a
component of a comprehensive social security system including pension,
disability compensation, and funeral grants. Under the SSS, employers,
employees, and the government contribute to the fund, with each
contributing 1.5% of the insured's salary. Self-employed persons are required
to contribute to the fund as employers and employees. The hospitals
available are those contracted by the insured among registered public and
private healthcare providers, including for hospitalization and emergency
cases, and work-related injuries and illnesses are not covered. Payment is
made on a per capita basis, although some treatments are FFS. The program
features cash benefits in the event of illness or maternity leave, but does not
include annual medical check-ups. As of 2016, it covers 10.6 million people
and the expenditure was 37.7 billion baht [94].

Although there were much effort, 30% of the population was still
uninsured by 2001 [77]. The most recent introduction is the UCS, introduced
in 2002, which covers all citizens not covered by CSMBS or SSS and
includes about 48 million people (about 75% of the total population) [94].
With this introduction, universal coverage has been achieved. It was
implemented in April 2002, based on the "30 baht universal coverage" policy
pledged by the Thai Rak Thai Party. The UCS is administered by the
National Health Security Office (NHSO) of the MoPH, and is financed by a

general tax with no contribution from beneficiaries. 30 baht per visit or
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hospitalization is paid by the public. 30 baht payment was removed in
November 2006, making the UCS completely free. Covers about 47 million
people, which is about 75% of the total population of Thailand [95]. The
healthcare provider is a contracted healthcare provider in the insured's
district. Beneficiaries are required to receive medical services at PHC
facilities, which are gatekeepers to secondary and tertiary care, and are
required to pay 100% co-pay if they are seen at other facilities [96]. When
hospitalized, the patient will be referred to a district hospital by the PHC
facility. The payment method is per capita for outpatient and DRG for
inpatient. Medical checkups are not included. As of 2016, the expenditure
was 37.7 billion baht [94].

Prior to the introduction of the UCS in 2002, the Medical Welfare
Scheme (MWS, also known as the Low-Income Card Scheme), and the
Voluntary Health Card Scheme (VHCS), along with CSMBS and SSS. While
CSMBS and SSS were for people in formal employment, MWS and VHCS
were for people in informal employment. The MWS was introduced in 1975
as a government subsidized program for the poor and later expanded to cover
the elderly in 1992 and other vulnerable groups (e.g., children under 12 years
old) in 1994. The VHCS was a voluntary health insurance program for those
not covered by the other three programs. Each household could purchase
VHCS coverage for one year for 500 baht (about US$15) [97]. Although
these four insurance schemes attempted to cover the entire population, the
MWS and VHCS had operational problems, and it is estimated that about
30% of the population was uninsured [98]. The MWS had been criticized for
its eligibility criteria (Means Test), card administration, and coverage of the
noncovered population. The program failed to reach all of the eligible
population [99, 100]. In the VHCS, the program resulted in a loss of revenue
for healthcare facilities because there was no formal budget allocation. In

addition, the VHCS had a reverse selection problem: since the VHCS was a



42

voluntary program, the presence of an illness was positively correlated with

the purchase and use of the VHCS [99].

3.4.3 Payment system
General information

In recent years, healthcare expenses have been increasing in most
countries [101]; during the period 2000-2015, the average annual growth rate
of the global economy was 2.8%, while the average annual growth rate of
global healthcare expenses was 4.0% [102]. Controlling costs has therefore
become a significant global concern. Since hospitalization costs are the
largest component of healthcare expenses, controlling costs incurred from
hospitalized patients is an important key to healthcare cost containment
[103]. Payment system is one of the methods to control, and there are several
kinds of payment system [104, 105]. The major payment methods adopted in
Thailand include FFS based on cost, per capita method, and DRG payment.
Which payment methods are applicable depends on the insurance systems
that individuals are in and whether patient is hospitalized or outpatient.

One of the most common methods of cost-based payment is FFS. It
has been argued that healthcare providers have an incentives to perform more
for patients to increase their revenue [106]. Traditionally, physicians and
healthcare providers charged patients medical fee in a case-by-case manner
without any common rule. As a result, medical fees were not consistence and
standardized, and differed by patient. The first DRG was introduced in the
United States in 1983 in order to overcome this challenge. Since the 1990s,
DRG-based payment has been becoming the major method of healthcare
service fee reimbursement for acute hospitalized care in most high-income
countries instead of FFS. The most common reason that healthcare providers
and the governments implement DRG-based payment is improving
efficiency and cost control [106-111]. One research examined slight evidence

related to impact of DRG-based payment system in various high-income
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European countries [112]. The results suggested that DRG is useful in term
of improving hospitals' efficacy by shortening their average length of stay
(LOS), however, DRG also increases the number of patients.

Under the DRG-based reimbursement system, healthcare providers
receive fixed payment for each hospitalization depending on the DRG
classification. DRG classification is determined by the main and secondary
diagnosis, age and gender of the patient, comorbidities, and complication
[106, 111]. Basically, it is assumed that patients with the same DRG have the
same LOS and consume the same level of medical resources. Introducing the
DRG lets healthcare provider know the amount they will be reimbursed for
caring each disease. From the healthcare providers' perspective, medical fees
per hospitalization for each disease is fixed, healthcare providers have an
incentive to save medical resources for patients and to improve efficiency.
Theoretically, healthcare providers may reduce LOS and level of healthcare
service to decrease costs as Annear and Huntington mentioned [113]. To
increase the number of patients, unintended results, for example, unnecessary
hospitalization to increase the number of patients, too early discharge with
planned rehospitalization to increase revenue, and hospitalization only low-

risk and low-cost patients to make financial risk minimum [114].

DRG in Thailand

In Thailand, the FFS payment system was applied prior to
introduction of DRG. Before DRG system, FFS provided the opportunity for
physicians to serve unnecessary care, and increased the Thai healthcare
expenditure like those experienced by other countries. In order to change this
situation, the DRG study began in 1993 with the drafting of a blueprint for
healthcare reform. The first DRG was introduced in order to allocate
resources in the context of the Low-Income Card scheme, a welfare system
for the poor. Developed as a key mechanism for inpatient hospital payments,

Thai DRG version 2, based on the U.S. Medicare DRG, was implemented
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nationwide under Thailand's UCS in 2002. In 2003, the third DRG, including
1,200 DRGs, was introduced and payments by the National Health Security
Office to all hospitals were executed for inpatient medical services within the
global budget of the UCS. The fourth DRG was introduced when CSMBS
started to adopt DRG in 2007. In 2010, the fifth DRG for acute, subacute,
and psychiatric services was announced, which has 2,700 case groups in
acute cases [111]. Later, when all teaching hospitals joined the UCS, the Thai
DRGs were changed to be in line with the Australian DRGs. After 2012, the
common Thai-DRGs with 2,450 classification based on ICD-10 and a risk
adjustment factor to reflect additional funding for teaching hospitals or
regional difference are specifically tailored for implementation in the three
major government health insurance schemes, CSMBS, SSS and UCS [115,
116]. There are several changes in the Thai DRG version 6.2. The main
change is that a workshop of medical experts was held to examine the
relationship between the level of medical resource use and diagnostic
complexity in the existing claims data, and then the classification
methodology was re-examined. Based on the evidence and through expert
consultation, a high correlation between patient classification and hospital
resource consumption was achieved. A new relative weight (RW) was
established in Thai DRG version 6.2. For the insured patients under Thai
health security schemes, the RW was adjusted for a patient’s LOS (adj. RW)
determined remuneration to the hospital for inpatient care [117]. Thanks to
the new RW, even though DRG version 6.2 has fewer disease clusters (603
vs. 726) and fewer DRGs (1,541 vs. 2,451 DRGs, 910 fewer) than DRG
version 5, most statistical results show improved performance in DRG
version 6.2 and suggested that DRG version 6.2 is able to classify more
accurately than DRG version 5. Moreover, the RW of DRG version 6.2 was
able to explain nearly 60% of the total hospital resource use. In conclusion,
Thai DRG version 6.2 was able to classify patients into the same groups

better than TDRG version 5.1 and showed a higher correlation with hospital
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resource use [116]. A RW was assigned to each Thai-DRG group, indicating
the amount of resources used in treating patients in that group relative to the

reference group.

Payment system of each insurance system

Since establishment of CSMBS, open-ended payment system
(opposite of closed-end meaning decided budget) has been adopted.
Healthcare providers of CSMBS are paid outpatient medical fees based on
FFS. On the first of July, 2007, the Thail government changed CSMBS
hospitalization payment system from the FFS based payment system to DRG
based payment system in order to restrain increasing healthcare expenditure.
It means that all impatient healthcare expenditure paid by all patients were
imbursed from the Comptroller General's Department before reform. After
reform, healthcare providers are able to be reimbursed based on DRG [114].

Since its inception in 1991, SSS has paid healthcare providers using
a comprehensive, flat-rate closed-end method (fixed per capita payment) for
both outpatient and inpatient care. The closed-ended payment method
specifically refers to the gross budget system (Glabal Budget). Since medical
treatment is provided within a predetermined budget, it is said to be easier to
control healthcare expenditures. However, since there were concerns about
the lack of services under the closed-end system, the DRG-based payment
system was adopted for inpatient care in 2005 [114].

UCS uses a closed-end system for both outpatient and inpatient care.
For inpatients, DRG-based payments with global budgeting have been used
since the inception of the UCS system in 2003. For outpatients, capitation
payment system is applied. People resister with a hospital and hospitals gain
a flat rate of USD 30 per capita per year. The capitation system is believed to
create strong incentives for a more equitable redistribution of human
resources. After its introduction, some large hospitals in the city that were

previously overstaffed now refuse to accept new graduates. In addition,
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hospitals in heavily populated and poor areas, previously understaffed, now
say they have enough money to hire more staff [29].

A study using nationally representative data from Thailand showed
that reforming CSMBS healthcare expenditures to DRG-based payments in
Thailand reduced the number of hospitalizations by 0.6-1.1% and had no
significant effect on hospitalization frequency or LOS [114]. It is suggested
that the overall decrease in the number of hospital admissions was the result
of hospitals' selection of which patients to hospitalize. This author suggests
that hospitals may have attempted to prepare for financial risk by choosing to
hospitalize patients with relatively less complex treatment (i.e., lower costs)
rather than by changing the intensity of care (i.e., reducing LOS) as a result
of payment reform. The study also found that after the reform, CSMBS
beneficiaries were 10% more likely to be hospitalized at community
hospitals, which are considered the lowest level of public healthcare facilities
for inpatients in Thailand, and 7%, 2%, and 1% less likely to be hospitalized
at general hospitals, other public hospitals, and hospitals affiliated with
medical schools, which are higher level public healthcare facilities,
respectively. In Thailand's public healthcare facility system, patients are
usually first seen at community hospitals, which have the lowest medical
intensity. If the patient is in bad condition, the community hospital physician
will refer the patient to a higher medical intensity hospital based on the
patient's condition and each hospital's ability to treat the patient. In most
cases, referrals are made to community hospitals that can provide secondary
care, while more complex cases are referred to general hospitals that provide
tertiary care. High-level referral hospitals are those with advanced medical
technology and the highest level of care. There are two types of referrals: to
hospitals that provide a higher level of care and vice versa, possibly
reflecting the fact that after the CSMBS transition to the DRG system,
referrals to the former have decreased and those to the latter have increased

[114]. This suggests that the DRG payment reforms reduced the demand for
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higher-level hospitals, which are often located in urban centers, and
increased the demand for rural hospitals, which may have affected the

distribution of physicians.

3.4.4 Delivery system

In Thailand, the MoPH is responsible for formulating health policies
and strategies and implementing regulations. It is the main health service
provider at the national, provincial, district, and sub-district levels, and the
MoPH plays a particularly important role in rural areas where private health
services are infrequent [94]. The Provincial Health Office (PHO) is in charge
of provincial health administration, supervising and supporting the regional
or general hospitals, district hospitals, and district health offices within each
province. District health offices, supervised by the PHO, supervise all health
centers in their districts and manage the district health system in
collaboration with the district hospitals [88]. There are three levels of
medical care: health centers under the jurisdiction of the district health center
provide PHC services; district hospitals under the jurisdiction of the PHO are
responsible for PHC and secondary care (all district hospitals have the
clinical capacity to have inpatient services and have 10 to 120 beds); tertiary
care is provided by the regional/general hospitals depending on their size and
capacity medical care and other specialized care. There are both public and
private medical facilities in Thailand. As shown in the Figure 6, they are
divided into hospitals operated by the MoPH, those operated by government
agencies other than the MoPH, and those operated by the private sector. As
of 2014, MoPH facilities accounted for 67% of the 161,000 hospital beds in
Thailand, non-MoPH public facilities accounted for 14%, and private
hospitals accounted for 19% [77]. The majority of hospitals are public,
accounting for 79% of all inpatients, while private hospitals cover 14% of
total outpatients and 11% of total inpatients [94]. MoPH hospitals have the

highest bed occupancy rates (>80%), while private hospitals have lower rates
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(50-60%) [88]. As 0f 2009, 53.5% of all physicians worked in the MoPH,
while 22.7%, 4.3%, 17.1%, and 2.4% worked in ministries other than the
MoPH, local government hospitals, private companies, and state-owned

companies, respectively [88]. Physicians affiliated with public healthcare

providers are legally allowed to practice privately after hours.
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Figure 7. Healthcare facilities in Thailand, 2015
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Hospitals operated by MoPH are provided by regional or provincial
hospitals, district hospitals, and health centers at the provincial, district, and
subdistrict levels, respectively. Since 1977, the Fourth National Socio-
Economic Development Plan has led to the establishment of PHC systems in
the regions and major investments in district health infrastructure and
provincial referral hospitals. By 1990, all districts had district hospitals.
Subsequently, health promoting hospitals were established in subdistricts,
and by the 2000s, all subdistricts were fully equipped.

At the subdistrict (tambon) level, 9,768 health centers and 734
district hospitals are the main healthcare providers. Each subdistrict has at
least one health center that serves for each population of 3,000 to 5,000
people and requires a team of about 3-5 nurses and paramedics. However, in
many of these health centers’ physicians attend on a rotation basis only for
one or two clinic sessions of 3—6 hours per month. In addition, physicians
may also be moved frequently between different facilities with negative
consequences for continuity of care [92]. They mainly provide PHC and are
the first point of contact for residents to receive various services such as
prevention and treatment. Basically, it does not have inpatient facilities and
provides services on an outpatient basis.

Each district has one district hospital that has an inpatient facility for
every 30,000 to 50,000 people and primarily provides PHC. District hospitals
have 30 to 150 beds, depending on the size of the population. District
hospitals provide comprehensive preventive and curative services and refer
patients to higher level hospitals depending on the patient's condition.
Typically, a 30-bed district hospital is staffed by about 100-300 staff
including 3-4 general physicians, 30 nurses, 2-3 pharmacists, 1-2 dentists,
20+ paramedics, and other administrative staff, while larger district hospitals

may also have specialists in obstetrics, surgery, pediatrics, etc. [92]. Although
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there are some differences, each regional hospital is linked to 8-12 health
centers, which receive referrals.

Each province has a provincial hospital with more than 150 beds.
The largest regional hospitals have more than 1,000 beds [88]. Regional
hospitals also serve as referral points to provincial hospitals [74]. Other
government hospitals include 64 military hospitals, 11 university hospitals,
61 specialized hospitals, 8 hospitals under other ministries, 12 hospitals
under local government (municipalities and Bangkok Metropolitan

Authority) and a few state enterprises.

The number of private hospitals is 322, and 30% of these are located
in Bangkok. Private clinics and hospitals are primarily responsible for
offering curative services to meet the needs of the affluent population who
choose to pay even though they are covered by CSMBS, SSS, or UCS [88].
Most private hospitals are small, with less than 100 beds. Large private
hospitals are located in Bangkok and primarily serve foreign patients.

The percentage of private hospitals increased sharply between 1989
and 1997, as the number of private hospitals. After the 1997 economic crisis,
there was a migration of physicians from private hospitals to public MoPH
hospitals, which coincided with the closure of a significant number of private
hospitals due to a downturn in household demand and the financial
difficulties of private hospitals. The Medical Resource Survey for the seven-
year period from 2002 to 2009 shows that physicians at district hospitals had
the highest workload, followed by physicians at general hospitals, and
physicians at university hospitals had the lowest workload. Physicians at
private hospitals had about the same workload as physicians at regional
hospitals. The workload of physicians at district hospitals is declining, while
that of physicians at other institutions remains unchanged [88].

At the village level, which is even smaller than the subdistrict level,

each village has about 10 Village Health Volunteers (VHVs) who provide
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health information and education to the community and assist health center
staff in conducting community-based screenings and other activities. VHVs
also assist patients and health center staff in conducting community-based
screenings and other activities. VHVs also support patients and families and

provide long-term care.

3.4.5 Other policies

In Thailand, the government introduced the VHVs to expand the
PHC work force in rural areas. To further expand the PHC workforce in rural
areas, Thailand has introduced VHVs who work closely with local people.
The VHVs are responsible for promoting PHC throughout the country,
managing communicable diseases, and providing local communities with
basic care services. VHVs visit homes to provide follow-up care and serve as
a link between clinical care and community resources. Home visits include
blood pressure monitoring, emotional support through family counseling and
conversation, and providing relevant advice on healthy lifestyles. They also
assist with a range of community projects and introduce residents to
traditional healthcare resources. VHVs are composed of people from the
local community, so they fully comprehend the cultural context of the
community's medical needs and are able to provide individuals and families
with appropriate physical and emotional support. Currently, about 700,000
trained volunteers are available throughout the country [118]. VHVs in
Thailand have been shown to be effective in the successful implementation
of public health activities such as HIV prevention and control, avian
influenza monitoring, and children's oral hygiene, and the WHO has
recognized the program as a global model of community-based public health

[83].

3.5 Related research (Geographical distribution of physician)
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The inequitable physician distribution among rural and urban areas has
changed from the 1970s. The number of physicians working for rural hospitals is
300, 1,162, 1,874 in 1976, 1985, 1998, respectively. The number is increasing,
but the required number of physicians in 1998 is 3,161. The difference in
physician-population ratio between the poorest north-eastern area and Bangkok
was 21 times, 8.6 times,13.8 times, and 10.5 times in 1979, 1986, 1996, and
2001, respectively. One of the reason why the difference in 1996 increased is the
emergence of the private sector, which served mainly wealth and urban areas
[29].

The density of physicians in Bangkok in 2007 was 10 times as high as in the
country's most rural areas [86]. The number of populations per physician in
Bangkok was 1,210 in 1970, while the number of physicians was 25,713. It was
21 times in 1970, however, the significant difference was reduced to 5 times in
2009 [84].

In the study of Daniel et al. in 1994, the geographical distribution of the
number of physicians in developed and developing countries was compared. Data
were obtained from annual country surveys conducted by the WHO, national
statistical summaries, and published information on national policies and
programs. In Thailand, the overall number of physicians per 1,000 population
was 1.59, with a large gap between urban and rural areas of 8.54 and 0.35,
respectively. In developing countries, the level of urbanization and the economic
disparity between rural areas were considered to be the most important factors
determining the level of geographic imbalance [119].

Nishiura et al. used the Lorenz curve and the Gini coefficient to analyze the
regional characteristics and geographic distribution of the population and
physicians in each province of Thailand in 2000. As a result, a clear geographical
maldistribution of physicians in each province was confirmed (Gini coefficient =
0.433). 39.6% of physicians are concentrated in Bangkok while 10% of the

population is there [17].
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While countries are suggested to have 1 physician per 1,000 population by
the WHO [120]. The MoPH set a target ratio for the number of physician per
population at 1,800:1. In 2018, the ratio in the Bangkok Metropolitan area is
630:1, while the mean ratio in rural areas is 2,373:1 [87]. In addition, WHO sets
the minimum threshold for the number of physicians, nurses, and maternity
nurses per 1,000 population at 2.28 [121]. Thailand has 2.8 physicians, nurses,
and maternity nurses per 1,000 population, which is slightly above the minimum
standard required by WHO. However, given that the number of physicians is
lower than the standard, it can be inferred that a large area is covered by the
number of nurses and maternity nurses.

Woranan Witthayapipopsakul et al. assessed the equity of physician
distribution in public hospitals affiliated to the MoPH by using “concentration
index (CI)” that is advocated by the World Bank to represent the equity. In the CI
and Spearman's correlation analyses, it was found that there is a correlation
between the density of physicians and the wealth of the region compared to other
healthcare providers. Nevertheless, the degree of concentration of medical
resources in Thailand is considered to be very equitable. The exclusion of
Bangkok and private hospitals was considered to be one reason, but the
development of rural medical infrastructure since the 1970s, the mandatory rural
work requirement for all physicians enacted in 1972, and financial incentives for

rural work were also considered to have contributed to this [91].
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Situation in Japan
4.1 Demographics

According to the United Nations, the population in 2019 is 126.86 million.
The United Nations projections for the future population estimate that it will be
120.76 million in 2030, and will decline to 105.80 million in 2050 and 74.96
million in 2100. In 2019, 12.6%, 9.3%, 50.1%, and 28.0% of the population is
under 15 years old, between 15 and 25 years old, between 25 and 65 years old,
over 65 years old, respectively [71]. In Japan, the proportion of elderly people
aged 65 and above is currently the highest in the world, and Japan entered the
"super-aged society" in 2007 when the proportion exceeded 21% for the first time
[122]. Moreover, the percentage of elderly people in Japan is expected to rise to
33.4% and 39.4% by 2035 and 2060, respectively [123]. Japan's population is
still changing rapidly.

The overall health of the Thai population has improved over the years.
Between 1990 and 2020, it is shown by the World Development Indicators that
life expectancy at birth has increased from 75.9 to 81.6 years for males and from
81.9 to 87.8 years for females [72]. According to the WHO, in 2019, healthy life
expectancy at birth in Thailand was 74.1 years, for males 72.6 years and for

females 75.5 years [73].
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Figure 9. Japan: Deaths and DALY's per 100 000 population by major disease
groups, 1990-2016
Source: Adopted from Legido-Quigley H [74]

According to WHO, NCDs are a leading cause of death and morbidity in
Japan, as in many other high-income countries; the top three causes of death in
2015 were cerebrovascular disease, ischemic heart disease, and lower
respiratory tract infections. With the increase in life expectancy, the Japanese

are suffering from more chronic and age-related diseases [74].



Leading causes in 2005
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4.2 Current number of physician

10. Japan: Causes of death, both sexes, 2005 and 2015

In Japan, the problem of the number of physicians has shifted from a

shortage to a surplus. Japan first experienced a physician shortage in the 1960s

and 1970s [23]. The government at the time set a goal of securing at least 150
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physicians per 100,000 people, the same level of other developed countries, and

in the 1970s doubled the number of medical school enrollments to strengthen the

supply of physicians. In order to achieve this goal, the government established 34

new medical schools including 18 national and 16 privates in the 1970s [20]. In

1984, the number of physicians reached the target. As Japan's population is aging

and is expected to decline, the possibility of a surplus of physicians has become a

problem. In 1982, a decision was made to " consider the establishment of a
rational training plan for physicians to ensure that they are assigned in a proper

level and that there is not an overall excess of physicians," and the number of
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physicians began to be curtailed [124]. A possible way to control the number of
physicians has been proposed as a government-sanctioned reduction in medical
school enrollment, but this measure is controversial and has been resisted by
several interest groups [125].

Japan has issued the following several policies regarding the increase of
medical school capacity [126]. (i) Based on the "New Comprehensive Measures
for Securing Physicians" (agreed on August 31, 2006), the number of physicians
can be increased up to 10 in each of the 10 prefectures where the shortage of
physicians is recognized as particularly serious during the period from FY 2008
to FY 2009. In addition, Jichi Medical University will also be able to increase the
number of physicians by 10. As a result, the number of enrollment of medical
schools increased from 7,793 in 2008 to 8,486 in 2009 [127]. (ii) Based on the
"Emergency Measures to Secure Physicians" (decided by the government and the
ruling party on May 31, 2007), the number of physicians may be increased by up
to 5 per prefecture (up to 15 in Hokkaido) from FY2009 to FY2019 in principle,
in order to secure and assign physicians to regions and departments in need of
physicians. (ii1) Based on the "Basic Policies for Economic and Fiscal Reform
2009" (approved by the Cabinet on June 23, 2009) and the "New Growth
Strategy" (approved by the Cabinet on June 18, 2010), the number of students can
be increased up to 10 per prefecture each year in principle through the regional
quota from FY2010 to FY2011. This increase shall be based on the regional
medical revitalization plans, etc., which are to be established by prefectures from
FY2009. (iv) Based on the "Basic Policies for Economic and Fiscal Management
and Reform 2018" (Cabinet Decision on June 15, 2018), the current capacity of
medical schools will be generally maintained for FY2020 and FY2021. (v) Based
on the "Basic Policies for Economic and Fiscal Management and Reform 2019"
(Cabinet decision on June 21, 2018), promote effective measures against uneven
distribution of physicians in regions and medical specialties by utilizing the
physician uneven distribution index and taking into account the career path of

physicians including clinical training and specialized training.
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The number of physicians in Japan is 339,623 and 280,431 as of 2020 and
2010, respectively [128]. However, around 17% of them practice in Tokyo.
Although prefectures nearby Tokyo increased the number of physicians, the

increase of population remained the physician-population ratio [127].

4.3 Related systems of physician education, training, and incentives

4.3.1 Recruitment of medical school

In general, medical schools accept applicants who have graduated
from high school. The entrance examination process differs between public
and private universities. At most public universities, acceptance or rejection
is determined by the results of the national standardized Center Test and a
secondary examination conducted by each university on the same day. The
second examination is held twice, but the number of accepted applicants is
smaller and the difficulty level is higher in the second session. Private
universities may or may not use the Center Test, and the schedule of the
second examination depends on the university. Many applicants apply to
both public and private universities or several private universities at the same
time. 6-year tuition differs between public and private universities, and is
approximately 3.5 million yen and 20 million yen for public and private
universities, respectively. The curriculum during the school year consists of
basic and clinical medicine in the first through fourth years, and clinical
training in the fifth and sixth years. After that, in February of the sixth year,
the National Qualifying Examination for Medical Practitioners is held, and if
the student passes the exam, he or she is granted a medical license. There are
no restrictions on the area of employment after graduation or the department
of medical treatment, and students are free to choose any of these areas.

In addition to the general quota, there is a "regional quota" for
medical school applicants. The regional quota is about 10% of the total
number of accepted applicants to the medical school, and is basically open to

those who reside in the prefecture where the university is located or those
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who attended high school in the prefecture. They are exempted from tuition
and admission fees, but are required to work in the prefecture for 9 years
after graduation. If a student leaves the program while still in school or
during the nine-year obligation period, the total scholarship amount, plus
interest, must be repaid in a lump sum. If a physician leaves the regional
quota and then begins specialist training without the consent of the
prefectural government, he or she will not be certified as a specialist [126].
Especially in unserved areas, medical schools are considered to have the role
of stabilizing the provision of medical care in the prefecture, and in order to
increase the number of physicians practicing in that prefecture, more medical
schools have set regional quotas when selecting students. The regional quota
system differs slightly among medical schools, but basically it provides
scholarships. The regional quota system has three main methods: 1) selection
of medical school students from within the same prefecture where the
medical school is located, 2) selection of medical school students who are
willing to engage in local healthcare services no matter where they are from,
and 3) provision of scholarships or conditional scholarships to those who are
already enrolled in medical school. In 1997, there were only two medical
schools that offered regional quotas, with a total of 11 students; in 2010,
there are 67 out of 79 medical schools that have regional quotas, with a total
of 1,172 students [13]. In FY2020, the total admission capacity of medical
schools was 9,207 (excluding Jichi Medical University), of which 1,679 were
for regional quotas [126]. Each medical school indicated that it was
increasing the percentage of students recruited from among high school
graduates in the prefecture (2003: 30.1%, 2010: 36.7%). Since many of these
quota systems are relatively new and not many students have graduated so
far, their evaluation has been incomplete so far. A survey conducted by the
MEXT of six schools that graduated medical students with regional quotas
found that 89% of students who graduated with regional quotas stayed in the

prefecture, while 54% of students who graduated with general quotas stayed
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in the prefecture [129]. While this statistic is comparatively encouraging, a
long-term follow-up study on the impact is necessary to solidify this first
impression.

In 1972, Jichi Medical University was established for that single
purpose: to train physicians in areas where there is a shortage of medical
professionals. Although Jichi Medical University is a private university
strictly speaking, it operates with a scheme of unique management and
funding. It is operated by a educational foundation, which is jointly funded
by the national government and 47 prefectures. The recruitment and selection
process takes place first in each prefecture (2 or 3 local high school graduates
are selected by each prefecture for admission), followed by a second
selection process by the university. all students are required to practice back
in their home prefecture after 6 years of medical training. Students obtain
loans while in medical school and are exempted from reimbursement if they
work for a certain period of time at a public hospital designated by the
prefectural governor (9 years with 2-3 years of clinical training as a primary
care generalist and then 6-7 years in rural services). 97% of the physicians
who graduated from Jichi Medical University (2,962 in total) had fulfilled
their service obligation by 2006. Seventy percent of graduates remained in
their home prefectures beyond their service obligation period [130].
Compared to graduates of other medical schools, graduates of the Jichi
Medical University who have completed their service obligation are more
likely to practice in rural areas. In a study by Inoue, Matsumoto, and Sawada,
a significantly higher percentage of graduates of Jichi Medical University
practiced in rural areas even after fulfilling their service obligation [131].
Moreover, even among graduates of Jichi Medical University (who
deliberately chose to work in rural areas), those who grew up in rural areas
and those who chose primary care/general practice as their specialty are

likely to remain in rural areas after 9 years of service obligation [52].
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4.3.2 After graduate education and training

In 2004, the Ministry of Health, Labor and Welfare (MHLW)
implemented a new training system for fresh physicians. It requires all new
graduates of medical schools to rotate work in all related specialties over a
two-year period of post-graduate clinical training [132]. Prior to the
introduction of the new system, the majority of medical school graduates
received their post-graduate medical training directly at an academic hospital
affiliated with the medical school, where they graduated from the program.
Nomura reports that approximately 75-80 percent of graduates were
belonging to universities where they graduated from the program [133]. The
new system requires residents to rotate through a number of specialties,
whereas most prior training programs were biased toward a single specialty.
The new system has dramatically changed the career patterns of Japanese
residents, with more training programs outside university hospitals and a
system that matches applicants' needs with training sites on a national level.
After the new program was introduced, there was a significant increase in the
number of non-university hospitals and in the number of residents choosing
non-university hospitals as their training destination. Between 1999 and
2005, the number of non-university hospitals for training nearly doubled, and
no new university hospitals have opened since 1979 except for Tohoku
Medical and Pharmaceutical University and International University of
Health and Welfare. In the year 2003, just before the introduction of the new
program, the number of residents choosing a university hospital was 5,923
(73%), while 2,243 residents chose a non-university hospital. In contrast, in
the year 2004, after the introduction of the new program, 3,262 residents
(44%) preferred university hospitals and 4,110 residents chose non-university
hospitals [133]. This transfer of residents from university hospitals to non-
university hospitals is causing a significant physician shortage in rural areas,
as university hospitals are important in allocating physicians to rural areas.

As a result, a number of rural hospitals have no choice but to terminate some
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specialty services. This has the potential to threaten Japanese regional
healthcare. After the change of the training system, it is revealed that
residents tend to prefer urban general hospitals to local university hospitals.
Residents’ manpower as physicians and their concentration in urban areas
can not be ignored considering a lot of graduates (approximately 7,500
annually) are employed in hospitals as physicians. As a matter of fact,
according to the research by Toyabe, although indices of physicians
distribution as a whole got worse after 2004, it was improved if residents
were excluded from the calculation [134].

Prior to 2019, the national government set the recruitment capacity
for clinical interns by medical institution, but after 2019, the national
government will set the capacity for each prefecture, and prefectures will be
able to set the capacity for each medical institution within their prefecture.
Until now, the capacity was set based on the population and the number of
medical students, so the number of capacity in urban areas was high, but with
the change in the calculation method, the number of capacity in non-urban
prefectures increased. [135].

Recently, in 2018, a new policy was implemented that requires
physicians seeking specialty certification after a two-year postgraduate
program to undertake their training at hospitals that are designated by the
Japanese Medical Specialists Board. This new system of standardized
medical specialist training resulted in a 20% increase in the number of
trainees, but most of the trainees stayed in prefectures with a high population
density, a national aging rate lower than 27%, or a high density of physicians
(i.e., 250 physicians per 100,000 population), further exacerbating the
inequality between urban and rural areas in the distribution of physicians
[136]. As for specialist training, the Japan Medical Specialists Board has set
the ceiling number of recruits by prefecture for each medical specialty [135,
137]. For example, if applicants actually want to work in internal medicine in

the popular Tokyo metropolitan area, they can expect to face a narrow
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recruitment process. Therefore, if applicants are not recruited, they will have

to choose a training location in a prefecture where sealing is not required.

Related health system, policy and regulation
4.4.1 Infrastructure development

Over the past 50 years, several policies have been implemented in
Japan to address the maldistribution of physicians. In the 1970s, 34 new
medical schools were established to increase the nationwide physician-
population ratio to 150 per 100,000 people [23]. This policy resulted in an
effective doubling of physician-population ratio (per 100,000 people) from
114.7 in 1970 to 258.8 in 2018. However, it but has not improved inequalities
in physician distribution [138].

In Japan, at least one medical school has been established in all 47
prefectures based on the policy of "one medical school per prefecture”
announced in 1973. Especially in underserved areas, medical schools are
established to satisfy the demand for physicians in each prefecture. The
number of medical schools and the total number of medical students are
managed by the MHLW and the Ministry of Education, Culture, Sports,
Science and Technology (MEXT), and have remained almost unchanged for
the past 30 years except for a few examples. In 2016 and 2017, Tohoku
Medical and Pharmaceutical University and International University of
Health and Welfare established medical schools, respectively. The capacity
was 100 for Tohoku Medical and Pharmaceutical University and 140 for
International University of Health and Welfare. As for 2022, the number of
medical schools and the capacity were 81 and 9,374. Compared to 2008,
before the increase plan in the number of physicians, the number of
enrollment increased by 1,581 because of the establishment of new medical
schools and the expansion of the number of enrollments as mentioned in

section 4.2 [139].
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4.4.2 Insurance system
Overview of insurance

The Constitution of Japan, which was enacted in May 1947, clearly
states that the people have the right to health and that the improvement of
social welfare, social security, and public health is the responsibility of the
government. In Japan, government-led social security policies brought about
the achievement of universal health coverage in 1961. The features of
Japanese universal health insurance are: (1) all persons, regardless of
whether they are Japanese or foreign nationals, who are permitted to stay in
Japan for more than three months are obliged to join the public medical
insurance system, and (2) which public medical insurance system they join is
determined by their occupation, age, and area of residence, and they are not
free to choose any one of them. (3) Regardless of which healthcare insurance
system a citizen belongs to, "free access" which allows the citizen to freely
choose the healthcare provider and frequency of visits at his/her own
discretion is guaranteed. Thanks to the free access system, citizens can
receive necessary medical services with a certain level of co-payment if they
have an insurance card when they become ill, etc. On the other hand,
however, one problem pointed out is the casual visit to the nighttime
outpatient clinic of secondary emergency healthcare providers for patients
who require hospitalization or surgery, even though they have minor

illnesses.

Benefits

In principle, the benefits are the same regardless of which public
medical insurance plan an individual enrolls in. While there are some
differences in disease prevention and health promotion plans among insurers,
these differences in benefits are minor because public health insurance is not
a choice for enrollees. Under both systems, benefits cover hospitalization,

outpatient visits, psychiatric outpatient visits, prescription drugs, home
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nursing care, dental care, and other expenses. The co-payment ratio for
healthcare expenditures is the same across the systems, with those under 70
years of age paying 30% of the total cost, and children under 6 years of age
(before compulsory schooling) paying 20%. Those aged 70 to 74 pay 20%,
those aged 75 and over with low income pay 10%, and those aged 70 and
over with income equal to that of the working-age population pay 30%, etc.
The co-payment ratio is determined according to age and income. The co-
payment ratio ranges from 10-30%, but if the co-payment amount is still too
high and exceeds a certain monthly limit, a high-cost medical care benefit
system is available to pay the amount in excess of the monthly limit. The
maximum co-payment amount depends on the insured person's age and

income, as shown in the Table below [140].

Monthly maximum healthcare expenditure

Income Age 70 and above Age 69 and

(by individual) (by household) (by household)
11.60 Mil- 252,600 + (Actual Healthcare expanse — 842,000) x 1%
Esggzle”t t0YoUNg 7 211,60 Mil 167,400 + (Actual Healthcare expanse — 558,000) x 1%
3.70-7.70 Mil 80,100 + (Actual Healthcare expanse — 267,000) x 1%
Ordinarily 1.56-3.70 Mil 18,000 57,600
Resident tax Cat 2 24,600
exemption Cat 1 9.8 Mil of pension 8,000 15,000 35,400
income and below

Table 1 Monthly maximum healthcare co-payment amount

Source: Adopted from MLHW [140]

For example, assume that the age of an insured person is under 69
and the income ranges from 3.7 to 7.7 million JPY, the maximum monthly
amount of co-payment is calculated as 80,100 JPY + (medical expense —
267,000) * 1%. The high-cost medical care benefits system plays an

important role in preventing individuals from financial risk [140]. The total



67

paid amount of the high-cost medical care benefits system in 2013 was
1,677.2 billion JPY for people aged under 75 years old, and 542.9 billion JPY
for those aged 75 and older. From 2004 to 2013, the amount for those under
75 years old increased 1.56 times, while the amount for those aged 75 and

older increased 1.65 times [141].

Mainly three kinds of insurer

There are more than 3,000 insurers in Japan, which can be
categorized mainly into three: (A) vocational insurance, (B) National Health
Insurance (community insurance), and (C) the latter-stage elderly healthcare
system (for people aged 75 and older.) The latter-stage elderly healthcare
system is supported by public expense and support fund from vocational
insurance and National Health Insurance. The insurance premium that
insured people pay depends on the insurance system because the calculation

method of an insurance premium depends on the insurance system.

A) Vocational insurance

Vocational insurance is categorized into three, and one of which is
by a Health Insurance Association, mainly for large companies. The Health
Insurance Association is consisted of more than 1,300 insurers and is eligible
for public subsidies in case of financial difficulties of the insurers. As of
April 1, 2017, there were 1,357 Health Insurance Associations, all of which
are public corporations established under the Health Insurance Law [142].
There are associations organized by a single company (single association)
and associations organized by employers in the same industry (general
association), with 29.17 million members as of August 31, 2016.

The second one is insurance by mutual aid associations for civil
servants, which can not be available for public subsidies. Mutual aid
associations are insurers established under the Mutual Aid Associations Law

to cover national public servants and others. As of the end of March 2014,
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there were 85 such associations, with 8.91 million members as of the end of
March 2014. As with health insurance societies, the level of premiums varies
depending on the mutual aid association to which the insured person belongs.
The third one is Kyokai Kenpo insurance operated by Japan Health
Insurance Association for employees of small and medium-sized enterprises.
In addition to insured people's premium, the main fund resource of Japan
Health Insurance Association is support subsidies consisted of public fund
and insurance premium from Health Insurance Association. Based on the
Health Insurance Law, the Kyokai Kenpo is an insurer established so that
employees and dependents of small and medium-sized companies, for whom
it is difficult to establish a Health Insurance Association, can enroll in the
plan. The number of enrollees is 37.18 million as of the end of August 2016,
and the premium level differs for each branch established in each prefecture.
In the event that a Health Insurance Association becomes unable to operate
due to financial difficulties or other reasons and is dissolved, the insured who
had been a member of the association will be enrolled in the Kyokai Kenpo.
Under these circumstances, the Kyokai Kenpo plays a role as a safety net for
employee insurance. In the case of the Health Insurance Association and the
Kyokai Kenpo, the company where the employee works pays half of the
insurance premiums. The calculation of premiums is made by multiplying the
monthly standard wage (the monthly salary and other remuneration received
by the insured person from the employer, divided into a series of intervals)

by the premium rate.

B) National Health Insurance (community insurance)

National Health Insurance is a medical insurance system for the self-
employed, unemployed, and retired persons under 75 years old. In other
words, it plays a role as a medical safety net supporting the nation's health in
that it is a system that insures residents who are not covered by any other

medical insurance. Until 2017, municipalities were responsible for the
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operation of National Health Insurance, but in 2018 it was transferred to
prefectural jurisdiction. In the current National Health Insurance system,
enrollees pay premiums, but about 50% of the actual benefit expenditures are
covered by public funds. The method of calculating premiums for National
Health Insurance differs from municipality to municipality. The premiums
are calculated based on a combination of the following four categories:
income premiums (calculated based on the insured's income of last year),
asset premiums (calculated based on the insured's assets (land and house)),
per capita premiums (imposed per individual), and per household premiums
(imposed per household). The system is financially unstable due to structural
problems such as the high age structure of the insured, low income levels,

and low premium (tax) collection rates.

C) The latter-stage elderly healthcare system

The latter-stage elderly healthcare system was introduced in 2008 by
divided from National Health Insurance, covering all those aged 75 and older
without distinction between the main person and dependents. It is operated
by prefectures and municipalities. Under this system, premiums are paid by
deducting from insured people's pension that is calculated on a prefectural
basis based on the healthcare expenditures of the past two years. Because the
co-payment of insured people is less than 10% of healthcare expenditure, this
system is supported by public funds and other two insurance systems
mentioned earlier [143].

Approximately 50% of the financial resources of the latter-stage
elderly healthcare system are public fund (national government: prefecture:
municipalities = 4:1:1), about 40% are subsidies from each insurer, and about
10% are the insurance premiums from insured people. The total healthcare
expenditure of the latter-stage elderly healthcare system in 2017 is 16,800
billion yen consisted of 15,400 billion yen of expense of benefits and 1,300

billion yen of patients' out-of-pocket [143]. In principle, support payments
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from premiums of the working-age population are allocated proportionally
by the number of enrollees (aged 0-74) in each insurer, and the burden is

heavy on insurers with weak financial strength.

4.4.3 Payment system

As mentioned earlier, under the universal health insurance system,
all citizens are covered by one of the public medical insurance plans.
Healthcare expenditures for visits to healthcare providers are based on the
medical service reimbursement system. Medical service reimbursement is the
compensation received by healthcare providers and pharmacies for medical
services and medicines covered by public insurance [144]. Healthcare
providers claim the payment agency for the calculated amount excluding
patients' co-payments. Medical service reimbursement is determined by the
Minister of Health, Labor and Welfare based on discussions at the Chuikyo
(Central Council of Medical Examiners) and is revised every two years. The
reimbursement is based on a point system, and each point is valued at 10 yen.
According to the medical service reimbursement table, hospitals may charge
additional points if they staff above a certain staffing level. Each hospital
tries to attract personnel in order to increase revenue.

When a patient visits a healthcare provider with an insured person's
card, the patient pays a copayment (10-30%) to the provider based on age
and income for the medical services received. The 70-90% of the healthcare
expenditure, excluding the copayment, is covered by public funds such as
insurance premiums and taxes paid by the citizens. Healthcare providers
claim this 70-90% portion to the payment organizations (the Social Insurance
Medical Fee Payment Fund and the Federation of National Health Insurance
Associations). The payment organizations examine the appropriateness of the
claims and bill the medical insurers for the medical service reimbursement to
be paid to healthcare providers, etc. In other words, the role of the payment

organization is to examine the medical service reimbursement statements
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(receipts) billed by healthcare providers, etc., and to pay the reimbursement
based on the results of the examination. The payment organization examines
whether or not the medical treatment provided to the patient by the
healthcare provider complies with the rules for medical treatment (e.g., rules

in charge of medical treatment and related notices).

Insured Person (Patient)

3 Pay
Co-insurance

Medical Facility that Accepts Insurance
(Hospital, medical clinic, pharmacy) Health Insurer
Health-insurance medical

practitioner

(@Provide medical

service @Pay Insurance

premiums
(installments}

@& submit claim for
reimbursement of

remaining 70-30% of
medical fees

& Forward
examined
invoice

& Pay invoice

@ Reimburse Reimbursing Institution

medical fees (Health Insurance Claim Review &

Reimbursement Services (HICRRS),
Federation of National Health Insurance
Associations)

11. Flow of charges and payments for publicly insured medical services

Source: Adopted from Health and Global Policy Institute [145]

Medical service reimbursement means the fee that healthcare
providers and pharmacies receive in exchange for providing medical services
and drugs covered by medical insurance. Medical service reimbursement is
quantified in terms of points, and each point is valued at 10 yen. The MHLW
has set medical service reimbursement points and calculation requirements
for medical services, medical devices, and pharmaceuticals, and all domestic
healthcare providers must comply with these regulations. In addition, it is
prohibited to charge higher healthcare expenditure than the reimbursement
points specified, and in principle, the combination of insured and uninsured
medical treatment (mixed treatment) is not allowed. However, there are

already some cases in which combined uninsured and insured medical
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treatment is allowed as part of the uninsured combined medical care cost
system. The uninsured combined medical care cost system includes

evaluation medical care and patient-directed medical care.

Medical service reimbursement system (FFS and Diagnosis Procedure
Combination (DPC))

Since the foundation of the current medical insurance system was
established in 1961, the reimbursement system has been based on FFS
payment. Under the reimbursement system, reimbursement is calculated
based on the number of points set individually for medical services, drugs,
and medical equipment covered by insurance, and each healthcare provider
receives reimbursement from the insurer based on the number of
reimbursement points.

Currently, FFS system is basically adopted in the outpatient setting.
Medical fees are calculated based on the amount of defined medical
treatment performed. In the case of hospitalization, as described below, some
acute care hospitals or hospital beds have adopted DPC, and when a patient is
hospitalized in a hospital or hospital bed that is not subject to DPC, FFS
payment system is adopted. When hospitalized not in DPC hospitals or
hospital beds, reimbursement differs depending on the function of the
hospital or hospital beds. Basically, if a high level of outcome is achieved
through the provision of extensive medical care by a large number of medical

personnel, a higher score can be calculated.

Introduction of DPC

DPC is a unique Japanese reimbursement system that was
introduced in the early 2000s in response to growing concern about
healthcare expenditure, LOS, and demand for medical services as the

population rapidly ages.
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From 1998 to 2004, a comprehensive payment system for acute
stage inpatient care was introduced at 10 national hospitals as a trial. The trial
showed that although the LOS varied greatly from patient to patient, even for
the same disease, the difference between the comprehensive reimbursement
per day and the actual treatment cost was smaller under the comprehensive
reimbursement per hospital stay system than under the comprehensive
reimbursement per day system, and that there were incentives to lower the
per diem price. The current DPC system, which calculates a fixed fee per day
based on the LOS, was introduced. The main purpose of DPC is to promote
standardization and transparency of medical care. By establishing an
objective medical information database, it is hoped that the results of medical
care and areas for improvement will be clarified, and the disparities in the
quality of medical care between hospitals will be corrected, thereby
improving overall quality. At the same time, patients will benefit from being
able to refer to standard treatment and pricing information with objective
data. It is also expected to reduce the average LOS. As of April 1, 2016, an
estimated 1,667 hospitals with approximately 490,000 beds, or about 55% of
all general hospital beds in Japan, are subject to DPC operations [146]. It is a
flat-rate payment system similar to the DRG/PPS (Prospective Payment
System) system introduced in the United States, and uses DPC codes that are
structured primarily based on disease codes and procedures (as of April 2016
As of April 2016, there were a total of 4,244 classifications) [146].

The DPC system is characterized by its comprehensive evaluation
on a per day basis and by its partial incorporation of FFS payment methods.
The amount of the medical reimbursement fee is the sum of the
comprehensive evaluation portion set for each DPC and the FFS evaluation
portion, which is not subject to DPC. The comprehensive evaluation portion
is calculated by multiplying the amount per day (set in three steps) by the
number of days spent in the hospital and a coefficient set for each medical

institution (coefficient for each medical institution) [147]. Basic inpatient
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charges, medical tests (including diagnostic imaging), injections, medicines,
and medical treatments that cost less than 1,000 points are subject to the
comprehensive evaluation portion, which is calculated based on the number
of points per day by DPC classification, the number of days spent in the
hospital, and a predetermined coefficient for each healthcare provider.
Surgery, radiotherapy, anesthesia, and medical treatments that cost more than
1,000 points are not subject to comprehensive evaluation, and are calculated
on a FFS basis.

The institution-specific coefficients consist of three elements: basic
coefficient, functional evaluation coefficient I, and functional evaluation
coefficient II. Basic coefficient is a coefficient that evaluates the basic
medical functions of medical institutions. In order to reflect the
characteristics of the facilities, DPC hospitals are classified into three groups
of medical facilities: (1) the headquarters of university hospitals, (2) DPC
specialized hospitals, and (3) DPC standard hospitals (hospitals other than
Group I and Group II). Functional evaluation coefficient I is a coefficient that
evaluates the structure of the hospital, such as staffing and the system of the
facility as a whole. Functional evaluation coefficient Il is a coefficient that
evaluates incentives to improve the efficiency of the healthcare provider
system as a whole through participation in DPC/PDPS (incentives for the
roles and functions that healthcare providers should play).

The calculation method differs depending on the stage of
hospitalization, and three hospitalization periods are set. The fixed fee per
day for hospitalization period I is set higher than that for hospitalization
periods II and III. Hospitalization Period II refers to the period from the first
day to the average LOS in Hospitalization Period II. The fixed fee for this
period varies according to the diagnosis group classification, but is set lower
than that for Hospitalization Period I after taking into account the average
input of medical resources per day. Hospitalization Period III is the last

period of specified hospitalization, and the flat fee per day is lower than that
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of Hospitalization Period II [148]. Exceptionally, reimbursement for patients

who stay longer than Hospitalization Period III is calculated on a FFS basis.

4.4.4 Delivery system

The MHLW is the central leadership organization in the Japanese
healthcare system. The MHLW actively cooperates and collaborates with a
wide variety of organizations including the Cabinet, Ministry of Finance,
MEXT, Ministry of Agriculture, Forestry and Fisheries, Ministry of
Economy, Trade and Industry, Japan Medical Association, Japan Nurses
Association, and many others. Since 2016, then-Prime Minister Shinzo Abe
has considered healthcare to be a major industry in Japan, and the Cabinet
Office, along with the Ministry of Economy, Trade, and Industry, has taken
the lead on much of Japan's healthcare policy [74].

Japan's healthcare delivery system is based on a universal health
insurance system and a free access system, which allows patients to receive
medical care at any medical institution.

Medical facilities in Japan can be divided into general clinics (with
or without beds), dental clinics, and hospitals, most of which are clinics. As
of 2019, there were 8,300 hospitals, 6,644 bedded clinics, 95,972 non-bedded
clinics, and 68,500 dental clinics. Looking at the change in the number of
medical institutions between 1987 and 2019, the number of hospitals has
decreased by a factor of 0.86, while the number of clinics without beds has
increased by a factor of 1.7 [149].

Hospitals and clinics can be broadly classified into the following
categories: national, public medical institutions, social insurance-related
organizations, corporations, and individuals. In Japan, the medical care
delivery system is mainly private, and while most clinics used to be private,
recently the number of clinics established by corporations has been
increasing. This situation is one of the characteristics of the Japanese

healthcare delivery system, as the majority of hospitals in countries such as
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the United Kingdom and France are public institutions [150]. Individuals and
private medical institutions (medical corporations) account for 70% of
hospitals and more than 50% of hospital beds, making the private sector-
centered healthcare delivery system one of the characteristics of the
healthcare delivery system in Japan [151]. In addition, from an international
perspective, Japan has a large number of hospital beds per population, a long
average LOS, and a low number of medical personnel per bed. For example,
although the average LOS has been shortened, it is still long compared to
other countries.

Medical facilities in Japan are also categorized into primary medical
facilities (clinics), secondary medical facilities (community hospitals), and
tertiary medical facilities (specialized hospitals). Patients are expected (but
not required) to visit a primary medical facility and are referred to a
secondary or tertiary medical facility if necessary. Regional public health
centres or community health centres provide with public health services.
However, he Japanese healthcare system does not clearly distinguish between
primary, secondary, and tertiary care, and there is no gatekeeper system. If a
certain amount of money is paid, it is also possible to be related to a medical
institution that provides advanced medical care without a referral from a
primary medical institution [74].

Hospital beds in Japan include general hospital beds, sanatorium
beds, psychiatric beds, infectious disease beds, and tuberculosis beds, with
general hospital beds being the most common [152]. It has been pointed out
that the baby boom generation (born between 1947 and 1949) will all be 75
years old or older by around 2025, and social security costs, including
nursing care and medical expenses, are expected to increase rapidly. With the
further aging of society expected in the future, it is necessary to make
efficient use of limited healthcare resources. In order to functionally
specialize medical institution beds according to the nature of medical needs

and to enable patients to receive appropriate medical care according to their
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conditions, the government plans to reduce the number of hospital beds to

about 1,150,000 by 2025 [153].

4.4.5 Other policies

In Japan, the MHLW has launched a study group on the supply and
demand of medical personnel to address the regional maldistribution of
physicians, and discussions are underway. An interim report on the results of
the study was issued in March 2019 [154, 155]. The report stated that, as
measures to address physician maldistribution, each prefecture should
formulate a plan for securing physicians and include it in its medical plan,
utilizing the physician maldistribution index, and that a certification system
should be established to evaluate work in areas with a small number of
physicians.

The physician maldistribution index was established as an indicator
of physician maldistribution that enables objective comparison and
evaluation of the number of physicians in each region on a nationwide basis.
The index includes the following three dimensions [155]. First, the index
includes age- and gender-adjusted consultation rates to account for
differences in medical needs due to demographic changes. Second, the index
reflects population inflows and outflows during the day and at night to more
accurately reflect medical demand. Third, it takes into account the gender
and age structure of physicians to adjust for physician performance. The top
third of the physician maldistribution index is defined as physician-majority
prefectures, while the bottom third is defined as physician-minority
prefectures. As with the plan for securing physicians, the plan is based on a
three-year cycle, with each cycle being repeated as the SMAs or prefectures
belonging to the physician-minority prefectures move out of this category. In
order to normalize the uneven distribution of physicians, each prefecture will
consider establishing regional quotas for medical schools and various other

measures to secure physicians, and the MHLW plans to limit the number of
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physicians and restrict the movement of physicians on a prefectural basis
based on the criteria for physician majority/minority prefectures [154-156].

The plan for securing physicians to be established at the prefectural
level shall be based on the physician maldistribution index. In securing
physicians on a prefectural basis, prefectures with a small number of
physicians shall secure physicians from prefectures with a large number of
physicians, and prefectures with a large number of physicians shall not
secure physicians from other prefectures. Prefectures with neither a small
number of physicians nor a large number of physicians shall be able to secure
physicians from tertiary medical regions (prefectures) with a large number of
physicians, if necessary, when there are areas with a small number of
physicians within the prefecture. The plan for securing physicians in each
SMA is basically the same as that for each prefecture [154, 157, 158].

The certification system for evaluating work in physician-majority
areas requires that physicians work in a physician-majority area for a defined
duty for a minimum of six months. Physicians who are certified will be able
to become administrators of certain hospitals (under consideration).
Incentives for individual physicians who become administrators, as well as
tax, subsidy, loan, and reimbursement evaluations for such healthcare

providers are to be considered [135, 154, 159, 160].

The Comprehensive Medical Care Fund is used to eliminate the
uneven distribution of physicians [161]. The national government provides
the fund to prefectures, which in turn pass it on to municipalities and
operators. The fund can be used for measures to secure physicians, but the
specific use and amount of the fund vary from prefecture to prefecture. It
may be used to pay allowances for physicians or to pay for training, but the

allowances are not as expensive as in Thailand [162].
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Although it has not been implemented, the government and
prefectures are also considering interventions to ease the anxiety of
physicians as they work in low-physician areas. For example, support is
being considered for group practice, making it easier for physicians to take
vacations by allowing the government to dispatch replacement physicians,
allowing remote consultations among physicians, and allowing joint use of
medical facilities. Financial incentives are also being considered for medical
institutions that send out physicians in response to requests from regions

where there is a shortage of physicians [135].

4.5 Related research (Geographical distribution of physician)

Kobayashi examined the change in geographical distribution of physicians
between 1980 and 1990. During this period, at least one medical school has been
established in each of 47 prefectures. The authors tried to describe how improve
the number and distribution of physicians. The increase in the number of
physicians was about 37%, with an increase in the number of physicians per
100,000 population from 127 to 165 nationwide. However, the Lorenz curve and
Gini coefficient analysis did not show any improvement in the inequality of
physician distribution. The number of physicians increased proportionally in
municipalities with a population of 30,000 or more, but hardly increased in areas
with a population of less than 10,000 [23].

Toyabe conducted a study that aimed to identify trends in the distribution of
physicians by comparing the number of physicians in Japan in 1996 and 2006.
Time series trends in the number of physicians and physician distribution from
1996 to 2006 were analyzed. The indexes used to show the maldistribution of the
number of physicians compared to the population were the Gini coefficient, the
Atkinson index, and the Theil index. From 1996 to 2006, the number of
physicians increased annually, but was still below the international level. After
2004, all three physician unevenness indices showed a worsening trend, with the

maldistribution of hospital-employed physicians being the most pronounced. The
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number of hospital-employed physicians has increased substantially in urban
areas, but not in less densely populated areas. Excluding residents from the
calculations improved the measure of maldistribution. The author concluded that
the problem of a shortage of physicians in Japan is related to both a shortage in
the absolute number of physicians and the unequal distribution of hospital-
employed physicians. The introduction of a post-graduate training system may
exacerbate this situation [134].

Tanihara et al. analyze data covering six time points, across a decade: 1998,
2000, 2002, 2004, 2006, and 2008. Secondary tiers of medical care (STM), as
defined by the Medical Service Law and related regulations, are the spatial units
of analysis. The trends of geographic disparities in the distribution of population
and physicians in the 348 secondary tiers of healthcare in Japan were examined.
In addition, the population and the number of physicians per 100,000 population
in each STM were compared. To quantitatively evaluate the maldistribution, the
Gini coefficient for the distribution of physicians was calculated. During the
period 1998-2008, there was an increase of 0.95% in the total population and an
increase of 13.6% in the number of practicing physicians per 100,000 population.
However, the ratio of the number of physicians to the population increased in
smaller, predominantly rural areas, although the inequality of physician
distribution remained unchanged. On the other hand, the Gini coefficient of
population increased as the maldistribution of population became more severe
during the same period. Although there was a decrease in the absolute number of
practicing physicians in the smaller STMs, the number of practicing physicians
per population increased in the STMs located in rural areas because the
population, the denominator of the STM, decreased. Between 1998 and 2008,
policies to increase the number of physicians and the physician-population ratio
in all regions of Japan, regardless of size, did not lead to an equalization of the
geographic distribution of physicians. The increase in the physician-population
ratio in small rural STMs was due to concurrent urbanization, not to an increase

in the number of practicing physicians [18].
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Hara et al. conducted a study aimed at examining the longitudinal geographic
distribution of physicians in Japan, adjusting the demand for healthcare according
to changes in the population age structure. The trends in the number of physicians
per 100,000 population in the Japanese SMA were examined between 2000 and
2014. Healthcare demand was reconciled with per capita healthcare expenditure.
The trends in the Gini coefficient and the number of SMAs with low physician
supply were analyzed. In addition, authors performed a subgroup analysis by
dividing SMAs into four groups according to their urban-rural classification and
initial physician supply. Trends in the Gini coefficient and the number of SMAs
with low physician supply over time indicated that the distribution of physicians
got worse in terms of equity over the study period. There was an increase of
22.9% in the number of physicians per 100,000 population in urban areas with
high initial physician supply and 34.5% in urban areas with low initial physician
supply, which appeared to increase for all groups. However, after adjustment for
healthcare demand, there was a 1.3 percent decrease in physician supply in the
former group and a 3.5 percent increase in the latter. In rural areas, the number of
physicians also decreased, by 4.4% in the group with the highest initial physician
supply and by 7.6% in the group with the lowest initial physician supply. In
Japan, although there was an increase in the total number of physicians, there was
a decrease in the demand-adjusted supply of physicians in recent years in all
regions except for urban areas with low initial physician supply. In addition, the
distribution of physicians had consistently deteriorated in fairness since 2000
[19].

Inoue's study evaluated changes in the geographic distribution of physicians
over a 22-year period between 1980 and 2002 and the characteristics of
physicians in 1980 that predicted practice in rural areas in 2002. Data on the
approximately 93,000 physicians recorded in the censuses for both years revealed
that in both years the rural physician-population ratio was about half that of the
urban area, with no improvement in maldistribution. 92.7% of physicians who

were in urban areas in 1980 were still in urban areas in 2002. On the other hand,
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55.9% of physicians who were in rural areas in 1980 remained in rural areas in
2002. Being in primary care in 1980 and practicing in rural areas both predicted
practicing in rural areas in 2002 (OR [95% CI]: 1.28 [1.23-1.35], 16.18],
respectively [15.43-16.95]) [20].

The ways to show maldistribution

Both the Lorenz curve and the Gini coefficient were originally developed in

the economic field to assess inequality in the distribution of income, but their
application have gone beyond socioeconomics to include use in the field of public
health. They have also been widely used as an indicator of the maldistribution of

medical resources in a region [23, 163-167].

5.1 Lorenz curve

The Lorenz curve is a figure that shows inequity and concentration of
income, wealth, or health resource developed by American economist Max
Lorenz in 1905 [168]. In the graph, the horizontal axis describes the cumulative
population ranked by income, wealth, or health resource, while the vertical axis
describes the cumulative income, wealth, or health resource. For example, if an x
and y value is 40 and 15, respectively, it explains that 40% of the population has
15% of the overall income, wealth, or health resource. The straight line with 45
degrees slope crossing the origin and the point where x and y is 100% is usually
depicted with the Lorenz curve in a figure of the Lorenz curve. That is the perfect
distribution line and describes all of the population have income, wealth, or
health resource equally. The Lorenz curve ordinarily lies under the perfect
distribution line and represents the actual distribution. The more the Lorenz curve
is apart from the perfect distribution line, the more the unevenness exists.
Because the Lorenz curve is one of the best, simplest and the most
understandable way to explain the degree of unevenness, it is recognized and

used worldwide.
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To show the Lorenz curve, the population and number of physicians per unit
area are used. First, the number of physicians per unit area is divided by the
population to obtain the physician-population ratio per unit area, and then the unit
areas are sorted in ascending order of the physician-population ratio [18, 21, 23,
134]. The cumulative population percentage and the cumulative number of
physicians percentage are obtained. Plot the cumulative population percentage
and cumulative number of physicians percentage on a graph and connect each
point with a line to complete the Lorenz curve. At the same time, a line is drawn
connecting the origin and the vertex (the point where the cumulative population
percentage and cumulative number of physicians percentage are each 1). This

represents the perfect distribution.

o
o

Perfect distribution line

60 30

40

Cumulative health resource( %)
20

Lorenz curve

T T T T T T
0 20 40 60 80 100

Cumulative population( %) ranked by health resource

Figure 12. Example of the Lorenz curve and the Gini coefficient

5.2 Gini coefficient

The Gini coefficient was invented by an Italian statistician named Corrado
Gini in 1912 [169]. It was derived from the Lorenz curve. The Gini coefficient is
calculated as the ratio of the area A (between the perfect equality distribution line
and the Lorenz curve) divided by A+B (the total area under the perfect equality

distribution line). The closer Gini coefficient is to one (the smaller the area A),
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the closer the equal distribution is. The closer Gini coefficient is to zero (the
larger the area A), the closer the unequal distribution is.

To compute the Gini coefficient, the Lorenz curve is used. First, the area
below the Lorenz curve (part B in the Figure 12) is calculated. To calculate the
Gini coefficient, the Lorenz curve with plotted unit areas is used. The first point
is the origin, the second is the point of the unit area closest to the origin, and the
third is the intersection of the line drawn from the second point to the x-axis and
x-axis. The triangle area enclosed by these three points is calculated. Thereafter,
four points are used: the first and second points are the second and third points
used to calculate the area of the previous triangle; the third point is the point in
unit area of the second nearest the origin; the fourth point is the intersection of
the line drawn from the third point to the x-axis with the x-axis. The area of the
trapezoidal area enclosed by these four points is calculated. The area below the
Lorenz curve is calculated by repeating this process and adding up all the areas.
The area between the Lorenz curve and the perfect distribution line (part A in the
Figure 12) can be calculated by subtracting the area of part B obtained earlier

from 0.5. The Gini coefficient is defined by Brown as follows [170]:

n-1
6 =1 ) (Fors + Y}y = X
i=0

There are three characteristics of the Gini coefficient. The first one is
anonymous. The coefficient does not disclose individual information. Just
looking the Gini coefficient, we can’t comprehend who possess high and low part
of the health resources. The second one is scale of independence. The Gini
coefficient does not depend on how wealthy a country is. For example, both rich
and poor countries may show the same coefficient due to similar income
distribution. The final characteristic is that the Gini coefticient does not depend
on the size of the population. Thus, it is comparable among countries.

Ordinarily, the interpretation of the coefficient is usually done in comparative

terms, by contrasting the calculated value to that of other geographic units and
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population groups [171]. As for the one of the criteria, the Gini coefficient 0.4 is
usually considered as a "guard line" for the gap in the allocation of medical and
health resources. The Gini coefficient <0.2 means highly fair distribution of
health resources; between 0.2 and 0.3 means relatively fair; between 0.3 and 0.4
means more reasonable; between 0.4 and 0.5 indicates a large gap; and >0.5
indicates a high degree of unfairness [172]

In the Algerian study, geographical maldistribution of private physicians and
its transition was analyzed by using the Gini coefficient. The results that 0.47 of
the Gini coefficient in 1998 rose to 0.50 in 2017 concluded that the entire
disparities had increased [173]. A U.S. study used the Gini coefficient to measure
variation in the distribution of physicians and hospital beds over a 30-year period,
covering 46 states and ranking the distribution of physicians and hospital beds
within each state based on the Gini coefficient of fairness [174].

While examining the Gini coefficient is convenient to grasp the distribution
of health resource, there are some limitations in using it. The first limitation is
sampling bias. Its validity depends on the sample size. Small countries or
countries with less diversity frequently tend to show the low Gini coefficients. On
the other hand, large countries or countries with diversity usually demonstrate the
high Gini coefficients. The second shortcoming of the Gini coefficient is that
demographic structure is not took into account. For example, elder people
generally need more healthcare resource than young people, but calculation in the
Gini coefficient doesn’t consider this aspect. In order to overcome this problem,
calculation the Gini coefficient by adjusting the healthcare demand is needed.
Thirdly, it is also a merit of the Gini coefficient, the Gini coefficient doesn’t tell
us individual information. Just reviewing the Gini coefficient, we can’t identify
who struggle in poor in a population. Thus, additional research is needed to make
policies. Finally, the Gini coefficient does not reflect the quality of life. In
general, people living in urban areas tend to have a higher income and health

resource than those who live in rural areas. Nevertheless, people in urban areas
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have more difficulties to keep their health, for example, they tend to exercise less

and sometimes have to spend more to gain healthier food.

5.3 Atkinson index

The Gini concentration coefficients complemented the defect in the Lorenz
curve regarding the display of distributional bias, but even this has a weakness
latent in it. Suppose there were two distributions with the same Gini coefficient.
Distribution 1, in which inequality is high in the low-income group and low in the
high-income group, and Distribution 2, in which inequality is low in the low-
income group and high in the high-income group, but the Gini coefficient is the
same. In a sense, the Gini coefficient is value-neutral and does not take into
account social welfare. The Atkinson scale has been proposed as a complement to

the Gini coefficient.

1

ne1- DA

i=1

The ratio of the population in the i-th income bracket to the total population
is pi, its income level is Yi, and the overall average income is Y~. € is a parameter
that indicates the weight given to poverty in the low-income bracket, and this
parameter should be increased if you want to strongly express its severity. The
larger the value of ¢, the relatively more weight is given to inequality at the lower
end of the distribution and the relatively less to inequality at the upper end. If € is
quite high, inequality is sensitive only to transfers among the bottom tiers; if € is
zero, transfers of health services have zero weight and the distribution is ranked
only in terms of total level of health services [175].

A research conducted by Toyabe, the geographical maldistribution of
physician was examined by using the Gini coefficients, the Atkinson index, and
the Theil index. All three indices changed similarly [134]. Moreover, Mark
examined the maldistribution of GPs in England and Wales from 1974 to 2003
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using the Gini coefficient and the Atkinson index. The study showed that the
trend of the Gini coefficient and the Atkinson index was similar, but their degree
of change was different. The change in the Atkinson index was more significant
than the one in the Gini coefficient. In this study, the change in the Atkinson

index is more sensitive than the Gini coefficient change [6].

5.4 Theil index

The Theil index was proposed by Dutch economist H. Theil, using entropy to
calculate income inequality. The Theil index is primarily used to analyze
differences in the contribution of resource allocation among regions, but it can
also be used to break down overall differences. The Theil index ranges from 0 to
1, with smaller values indicating greater inequity among regions. The Theil index
was originally proposed as a measure of income inequity, but because it can be
decomposed by group, can import group-level data, and is especially useful for
smoothing effects in hierarchical data sets, it is now being used as a measure of
inequity in health surveys [134, 175-177]. The formula for calculating the Theil

Index can be expressed as follows [178].
n
r= Y rios(3)
i=1

In the formula, Pi is the ratio of the population of a location to the total
population and Yi is the ratio of the health resources owned by a location to the
total number of health resources. The characteristic of the Theil index is
inequality decomposable into within- and between-group inequality [179]. There
are two components: an “within-group" component, which is a weighted sum of
inter-unit inequality within each group, and an "between-group" component,
which measures inequality solely due to variations in health resource density

between groups. The decomposition equation is;

T = Tintra class + Tinter class
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Tintra class = Z Png
g=1

k
By
Tinter class = Z Pg logF
g
g=1

In the equations above, "intra-class" represents the difference in health
resource allocation within a region, "inter-class" represents the difference in
health resource allocation between regions, Pg is the ratio of the population of a
location to the total population, and Yg is the ratio of the health resources held by
a location to the total number of health resources. The contribution of each part of
the difference to the total Theil index can be calculated by decomposing the total
Theil index. In the case of health resource allocation, a TI = 0 implies equity in
allocation, with smaller values indicating greater equity in allocation and vice
versa.

Another characteristic of the Theil index is less intuitive and not directly

comparable across populations with different sizes or group structures [179].
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CHAPTER 3: RESEARCH METHODOLOGY
1 Study Design

In this study, longitudinal comparative descriptive study was conducted,
using secondary data.

Comparing two countries, Thailand and Japan, this study showed how two
countries were similar or different. Thailand and Japan are classified as upper-middle-
income economies (4,096 USD to 12,695 USD in GNI per capita) and high-income
economies (12,696 USD or more in GNI per capita), respectively [180]. There are a
lot of differences in healthcare system, population composition, human behavior and
so on. Comparative studies allow for the sharing of knowledge and practices about the
healthcare systems of both countries. Comparisons can contextualize the current
situation of physician maldistribution and how it has been addressed. Moreover, it can
identify systems and practices that have been effective in each country. Since laws
and other regulations are different in each country, it may not be possible to directly
apply the systems of one country to the other, but it may be possible to utilize the
principles of the other country.

Longitudinal method is to compare two or more time points. In this study,
data in 2008 and 2018 were employed. Both in Thailand and Japan, the government
implemented several policies to address the geographical maldistribution in long term
as mentioned in the literature review section. Comparing indicators and policies in
this period in each country would describe how improve the country’s geographical

distribution and policy that was effective.

2 Study Area

The setting of this study was nationwide, which included all the provinces of
Thailand and all the SMA derived from the 47 prefectures of Japan. To show the
number of physicians and their maldistribution over the past 10 years in a given
region, it was sufficient to show the change between the present and 10 years ago.
However, if the region had been restructured, it was difficult to simply calculate the

number of physicians, and a simple comparison between 10 years ago and the present
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was not possible because of the possibility of erroneous interpretations. Therefore, the
provinces/SMAs with the larger number of provinces/SMAs among 2008 and 2018
were modified based on the year with the smaller number of provinces/SMAs, and
various indicators such as population, area, and number of physicians were calculated
after the modification. Specifically, Bung Kan province was carved out from Nong
Khai province as the 77th province in Thailand in 2011 [181]. This brought the
number of provinces from 76 Province as of 2008 to 77 provinces in 2018. In this
study, each variable was calculated based on the lesser number, 76 provinces in 2008.
This was based on the assumption that Bung Kan province and Nong Khai province
as of 2018 were combined and considered the same area as Nong Khai province in
2008. Thus, it was assumed that Thailand had 76 Province in both 2008 and 2018.
Similarly, in Japan, there were 348 SMAs in 2008 [182], but since then many
municipalities had been merged [183], and the number of SMAs had been reorganized
to 335 as of 2018 [184]. It was common practice to recognize the number of SMAs in
Japan as of December 31 of each year [138, 185]. Since the year with the smaller
number was used as the base year, each variable was calculated based on 335 SMAs
in Japan. Variables such as population and number of physicians by municipality for
both 2008 and 2018 were aggregated by SMA as of 2018. Population and number of
physicians by municipality in 2008 were also aggregated by SMA as of 2018,
assuming that the same 335 medical regions continued from 2008 to 2018. This
matching of ranges to a single point for multiple-year health resource maldistribution
comparisons to remove the effects of regional reorganization had been done in past
studies [18, 21, 23, 134, 186]. The reason for matching the year with the smaller
number of provinces and SMAs was because it was not possible to match the year
with the larger number of provinces and SMAs. For example, in Thailand, Nong Khai
province was one province in 2008, meaning that this could not be divided into Nong

Khai province and Bung Kan province as of 2018.

3  Study Period
The study period was from 2008 to 2018 both in Thailand and Japan.
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4 Operational Framework

In this study, there were three kinds of outcome variables to be compared: the
Gini coefficient; Physician-population ratio; Correlation coefficient (population
density and physician-population ratio). In addition, demographic variables,
population, area, and population density were compared as premise of the outcome
variables. Moreover, health system, including, current number of physician,
infrastructure development, recruitment of medical school, insurance system, payment
system, delivery system, after graduate education and training and policies in each

country were described and compared as background and context of each results.

Thailand Japan [@ |

Outcome Outcome
- Longitudinal Number of physician - Longitudinal Number of physician
- Longitudinal Physician distribution - Longitudinal Physician distribution
Demographic | Systems and policies Demographic | Systems and policies
- Population - Number of medical school and graduates - Population - Number of medical school and graduates
- Area - Recruitment method of medical school - Area - Recruitment method of medical school
- Population - Insurance system - Population - Insurance system
density - Payment system density - Payment system
- Delivery system - Delivery system
- After graduate education - After graduate education

Figure 13. Operational Framework
5 Source of data
All data was open secondary data that could be downloaded in the

government website. The variables list that to be analyses was as follow:

Table 2. Source of variables

Variables Data source

Gini coefficient | Calculated from the collected variables (Population and the

number of physicians. See section 7.2.2 (Gini coefficient))
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Physician- Calculated by dividing the number of physicians by 1000

population retio | population (see section 6 (Variables))

Correlation Calculated from the collected variables (Population density

coefficient (from population and area) and physician-population ratio
(population and the number of physicians)) See section 7.3

Population Collected from the following source (see section 5.1.1 and
5.2.1)

Area Collected from the following source (see section 5.1.2 and
5.2.2)

Population Calculated by dividing population by area (see section 6

density (Variables))

Number of Collected from the following source (see section 5.1.2 and

physician 5.2.3)

5.1 Thailand

5.1.1 Population, Area

The population and area data of Thailand in 2018 could be
downloaded from the Thai National Statistical Office (NSO) website [187].
The data named " Number of Population from Registration by Sex, Area,
Density, House, Region and Province: 2011-2020" was downloaded. The
data was arranged by the bureau of Registration Administration, Ministry of
Interior. Data on population and area by province for 2008 were also
downloaded from the Thai NSO website [188]. In the "Tables compiled by
other agencies" tab, select Ministry of Interior, The Bureau of Registration
Administration, 2008 for Ministry, Department, and Data year, respectively.
Did not select any country/region. Then a list of data would be displayed, and
select "POPULATION FROM REGISTRATION, AREA, DENSITY AND
HOUSE BY PROVINCE: 2008" for each area (Bangkok, central region,

northern region, northeastern region, southern region).
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5.1.2 Number of physician

The number of physician data of Thailand in 2018 could be
downloaded from the Thai NSO website as well [189]. The data named
"Number of Health Personnel by Region and Province: 2016 - 2020" was
downloaded. The data was arranged by the Office of the Permanent Secretary
for Public Health, MoPH. Data on the number of physicians by province for
2008 were also downloaded from the Thai NSO website [188]. In the "Tables
compiled by other agencies" tab, select MoPH, Office of the Permanent
Secretary, 2008 for Ministry, Department, and Data year, respectively. Did
not select any country/region. Then a list of data would be displayed, and
select "NUMBER MEDICAL AND HEALTH PERSONNELS BY
PROVINCE: 2008" for each area (Bangkok, central region, northern region,

northeastern region, southern region).

Japan

5.2.1 Population

The Japanese population data was cited from “Counts of population,
vital events and households derived from Basic Resident Registration [190]”,
and could be downloaded from the website of the Portal Site of Official
Statistics [191]. The data is arranged by the Ministry of Internal Affairs and
Communications, Counts of population. In this study, the number of
Japanese population registered in the Basic Resident Registration Book was
used. The Basic Resident Registration Act was amended (effective July 9,
2012) to include foreign nationals. To enable comparisons between years,
only the Japanese population was used in this study. The Basic Resident
Registration population here refers to the number of Japanese citizens who
have a fixed address in a municipality in Japan and are listed in the Basic

Resident Registration of that municipality as of March 31 of each year.

5.2.2 Area
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The Japanese area data was cited from “Municipalities Area
Statistics of Japan”, and could be downloaded from the website of the
Ministry of Land, Infrastructure, Transport and Tourism, Geospatial
Information Authority of Japan [192]. The data is arranged by the Ministry of
Land, Infrastructure, Transport and Tourism, Geospatial Information
Authority of Japan. This refers to the "area" as used in the National Area
Survey by Prefecture, Town, Village, and Village. This area includes the
Northern Territories (the Habomai Islands, Shikotan Island, Kunashiri Island,
and Etorofu Island) and Takeshima Island. The area is as of October 1 of

each year.

5.2.3 Number of physician

The Japanese number of physicians data was cited from “Statistics
of Physicians, Dentists and Pharmacists [193]”, and could be downloaded
from the website of the Portal Site of Official Statistics [194]. The data is
arranged by the MHLW of Japan. Physicians with an address in Japan are
required by Article 6, Section 3 of the Medical Practitioners Law to
participate in this survey. Physicians report their address, gender, date of
birth, and location of their workplace as of December 31 of the survey year.
A physician is defined as a person who has passed the national medical
examination based on the Medical Practitioners Law and is licensed by the
Minister of Health, Labor and Welfare, and is required to notify the Minister
of Health, Labor and Welfare via the prefectural governor of his/her address

every two years thereafter based on the Medical Practitioners Law.

6 Variables

Variables were population, area, population density, number of physicians,
physician-population ratio, Gini coefficient, and correlation coefficient between
population density and physician-population ratio. Population, area, and number of

physicians were the numbers recognized by national surveys, as described in "5
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Sources of data". Population and number of physicians were discrete variables, while
area was a continuous variable. Population density was calculated by dividing
population by area and represents the number of people per square kilometer.
Physician-population ratio was calculated by dividing the number of physicians by the
population in units of 1000 and represents the number of physicians per 1000
population. The Gini coefficient was explained in the literature review and the
calculation method was described in detail in "7 Data analyses." The Correlation
coefficient was also explained in detail in "7 Data analyses". The Gini coefficient and

Correlation coefficient were continuous variables.
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Variable name

Detail

Population

Area

Population density

Number of physicians

Physicians-population ratio

Gini coefficient

Correlation coefficient

Discrete variable

Obtained from census

Continuous variable

Obtained from census

Continuous variable

Calculated by dividing population by area of
each province

Discrete variable

Obtained from census

Continuous variable

Calculated by dividing the number of
physicians by 1,000 population

Continuous variable

If the area between the line of perfect equality
and Lorenz curve is A, and the area under the
Lorenz curve is B, then the Gini coefficient is
A/(A+B)

Continuous variable
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Data Analysis
7.1 Descriptive statistics

Mean and standard deviation or median and quartile for population, area,
population density, number of physicians, physician-population ratio of all
provinces/SMAs in both 2008 and 2018 would be shown. Basically, continuous
variables and discrete variables can use both of mean (standard deviation) and
median (quartile). Which to use (mean (standard deviation) or median (quartile))
depends on the distribution of the variables. To determine whether each variable
follows the normal distribution or not, both Shapiro-Wilk test and Kolmogorov—
Smirnov test were conducted for each variable. Sample size in Thailand and
Japan were 76 provinces and 335 SMAs, respectively. Kolmogorov-Smirnov test
is more appropriate in this case because the Shapiro—Wilk test is more appropriate
method for small sample sizes (<50 samples) although it can also be handling on
larger sample size while Kolmogorov—Smirnov test is used for n >50 [195]. If a
variable followed the normal distribution, mean/standard deviation would be used
to show the descriptive statistics, on the other hand, if a variable was not normal
distribution, median/quartile would be used. As mentioned in the study area
section, the number of provinces was 76 and the number of SMAs was 335. That
was based on the smaller number of provinces/SMAs compared to the number of
provinces/SMAs in 2008 and 2018. In addition, to examine the differences
between 2008 and 2018, Wilcoxon signed rank test was conducted for each
variable.

Then, all provinces/SMAs were divided into 4 groups according to two
criteria in 2008: urban/rural, and had a higher/lower initial physician supply as
shown in Figure 14. First, the median population density for Thailand in 2008
was determined. Using the median population density as a reference, the 76
provinces were divided into two groups: high and low. Provinces higher than the
median were considered urban, and those lower than the median were considered
rural. Similarly, the median physician-population ratio was calculated. The

median value was used as the basis for dividing the 76 provinces into high and
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low. Provinces above the median were considered to have a high initial physician
supply, and provinces below the median were considered to have a low physician
supply. The group with urban and high initial physician supply was group 1, the
group with urban and low initial physician supply was group 2, the group with
rural and high initial physician supply was group 3, and rural and low initial
physician supply was group 4. The 335 SMAs in Japan were also divided into
four groups based on the median population density and physician-population
ratio in 2008. This dividing method was based on the previous research [19, 196].
For the provinces/SMAs included in each group, descriptive statistics for area,
population, population density, number of physicians, physician-population ratio
were shown. Mean and standard deviation or median and quartile for area,
population, population density, number of physicians, physician-population ratio
was shown as well. Which to be described (Mean/standard deviation or
median/quartile) was based on the distribution of each variable as mentioned in
the previous section (7.1.1). As mentioned in the study area section, the number
of provinces is 76 and the number of SMAs was 335. That was based on the
smaller number of provinces/SMAs compared to the number of provinces/SMAs
in 2008 and 2018. It meant that each of the 76 provinces and 335 SMAs were
divided into four groups. Thus, by reviewing how each indicator for each group
changed between 2008 and 2018, it was possible to confirm whether the regional
maldistribution had been eliminated as more physicians were allocated to areas

where there were initially low numbers of physicians.

Population density

Urban (High) Rural (Low)

High | Group 1 Group 3
All 76 provinces / Divide into 4 groups
335 SMAs by two criteria in 2008

Physicians to
population ratio

Low [ Group2 | Group 4

Figure 14. Way of dividing provinces/SMAs into four groups

* High and low indicate higher or lower than the overall median
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7.2 Lorenz curve and Gini coefficient

7.2.1 Lorenz curve

Thai and Japanese Lorenz curve and Gini coefficient in both 2008
and 2018 were shown to examine how physicians distribute and how
geographical maldistribution was redressed from 2008 to 2018. Lorenz
curves and Gini coefficients for both 2008 and 2018 were also calculated
based on 76 provinces for Thailand and 335 SMAs for Japan. To show the
Lorenz curve as of 2008 for Thailand, the population and number of
physicians per province in 2008 were used. First, the number of physicians
per province was divided by the population to obtain the physician-
population ratio per province, and then the provinces were sorted in
ascending order of the physician-population ratio. This sorting method was
based on previous studies [18, 21, 23, 134]. Next, the cumulative population
percentage and the cumulative number of physicians percentage were
obtained. Plotted the cumulative population percentage and cumulative
number of physicians percentage on a graph and connected each point with a
line to complete the Lorenz curve. At the same time, a line was drawn
connecting the origin and the vertex (the point where the cumulative
population percentage and cumulative number of physicians percentage were
each 1). This represents the perfect distribution. Thus, Lorenz curves for

2008 and 2018 for Japan and Thailand were created.

7.2.2 Gini coefficient

To compute the Gini coefficient, the Lorenz curve is used. First, the
area below the Lorenz curve (part B in the Figure 15) was calculated. To
calculate the Gini coefficient for Thailand, the Lorenz curve with 76 plotted
provinces in Thailand was used. The first point was the origin, the second
was the point of the province closest to the origin, and the third was the
intersection of the line drawn from the second point to the x-axis and x-axis.

The triangle area enclosed by these three points was calculated. Thereafter,
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four points are used: the first and second points were the second and third
points used to calculate the area of the previous triangle; the third point was
the point in province of the second nearest the origin; the fourth point was
the intersection of the line drawn from the third point to the x-axis with the
x-axis. The area of the trapezoidal area enclosed by these four points was
calculated. The area below the Lorenz curve was calculated by repeating this
process and adding up all the areas. The area between the Lorenz curve and
the perfect distribution line (part A in the Figure 15) could be calculated by

subtracting the area of part B obtained earlier from 0.5.
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Figure 15. Explanation of the Lorenz curve and the Gini coefficient

The reason why the Gini coefficient was used and other indicators were declined is
following. The Atkinson index needs to set a parameter that indicates the weight given

to areas with lesser physicians. However, setting the weight may cause a bias,
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especially in comparison among countries. Thus, the Atkinson index was not
appropriate to use. As for the Theil index, one of its characteristics is less intuitive and
not directly comparable across populations with different sizes or group structures.
The sizes and group structures were different between Thailand and Japan. As such,
the Theil index was also not appropriate in this comparative study. On the other hand,
the Gini coefficient is comparable even if the size and structure of the population vary
among the countries. As a conclusion, the Gini coefficient was considered the most

suitable in this study.
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7.3 Relation between population density and physician-population ratio
To examine the degree of concentration of physicians in urban areas, a
univariate analysis of population density and physician-population ratio was
performed. Spearman's correlation coefficient was calculated for both 2008 and
2018 for Thailand and Japan, respectively, and changes over time were checked.
Since the distributions of both population density and physician-population ratio
were considered skewed rather than following a normal distribution, the
correlation coefficient was calculated as Spearman's correlation coefficient. This

method was based on a previous study by Matsumoto [21].

8 Software

All analyses was performed using Python 3.7.11 (Python Software

Foundation, https://www.python.org/).

9 Ethical Consideration

This study " GEOGRAPHICAL DISTRIBUTION IMPROVEMENT OF
PHYSICIANS IN THAILAND AND JAPAN: A COMPARATIVE LONGITUDINAL
SECONDARY DATA ANALYSIS." was reviewed and approved by The Research
Ethics Review Committee for Research Involving Human Research Participants,
Group I, Chulalongkorn University (COA No. 112/65).

In this study, all data was open access secondary data without any individual
data, and downloaded from NSO of Thailand and Japan. As such, this research was
exempted for ethics review in compliance with the Office for Human Research

Protections (OHRP Exempt Categories) 45 CFR part 46.101(b).
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CHAPTER 4: RESULTS
1 Demographic Changes in Both Countries

As shown in Table 4 and 5, the population was increasing in Thailand while
it in Japan was decreasing. In Thailand, the population grew 1.05 times in the 10 years
between 2008 and 2018. On the other hand, Japan's population had decreased by 0.98
times. The number of physicians in Thailand increased 1.73-fold from 21,354 in 2008
to 36,938 in 2018, an increase of 15,584. The number of physicians had increased in
both countries, but the number of physicians in Thailand had increased 1.73 times
over the past 10 years, whereas the number of physicians in Japan had increased 1.14
times. In Japan, the numbers were 286,699 and 327,210 in 2008 and 2018,
respectively, a 1.14-fold increase. The resulting physician-population ratio improved
1.65-fold in Thailand, from 0.34 (2008) to 0.56 (2018). In Japan, the ratios were 2.26
and 2.62 in 2008 and 2018, respectively, a 1.16-fold improvement. While the number
of physicians in Thailand has increased significantly, the physician-population ratio in

2018 was still about one-fifth that of Japan.

Table 4. Descriptive statistics of entire Thailand

Thailand
2008 2018 Ratio 2018/2008
Number of Population 63,389,730 66,413,979 1.05
Area (sq.km.) 513,119.54 513,139.54 1.00
Population Density (/sg.km) 123.54 129.43 1.05
Number of Physician 21,354 36,938 1.73

Physician population ratio 0.34 0.56 1.65
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Table 5. Descriptive statistics of entire Japan

Japan
2008 2018 Ratio 2018/2008
Number of Population 127,076,183 124,776,364 0.98
Area (sq.km.) 372,077.02 372,953.07 1.00
Population Density (/sg.km) 341.53 334.56 0.98
Number of Physician 286,699 327,210 1.14
Physician population ratio 2.26 2.62 1.16

Next, variables for each province/SMAs were identified. First, the
distribution of each variable was reviewed. Both in Thailand and Japan, it was found
that all variables in 2008 and 2018 didn’t follow the normal distribution as the results
of Kolmogorov-Smirnov test and Shapiro-wilk test shown in Table 6 and 7,
respectively. Population, area, population density, number of physicians, and
physician-population ratio for Thailand were distributed as shown in Figures 16
(2008) and 17 (2018), respectively. In addition, Figure 18 showed variables both in
2008 and 2018 in one graph with blue graph showed variables in 2008 while orange
graph represented variables in 2018. In a similar manner, those for Japan were
distributed as shown in Figures 19 (2008), 20 (2018), and 21 (both 2018 and 2018)

respectively. The dashed line in the figures represented the median of each variable.

Table 6. P-value of Kolmogorov-Smirnov test of each variable

Thailand Japan
2008 2018 2008 2018
Number of Population <0.001* <0.001* <0.001* <0.001*
Area (sq.km.) <0.001* <0.001* <0.001* <0.001*
Population Density (/sg.km) <0.001* <0.001* <0.001* <0.001*
Number of Physician <0.001*  <0.001* <0.001* <0.001*
Physician population ratio <0.001* <0.001* <0.001* <0.001*

* Statistically significant at p-value < 0.05



Table 7. P-value of Shapiro-wilk test of each variable
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Thailand Japan
2008 2018 2008 2018
Number of Population <0.001* <0.001* <0.001* <0.001*
Area (sg.km.) <0.001* <0.001* <0.001* <0.001*
Population Density (/sg.km) <0.001* <0.001* <0.001* <0.001*
Number of Physician <0.001* <0.001* <0.001* <0.001*
Physician population ratio <0.001* <0.001* <0.001* <0.001*

* Statistically significant at p-value < 0.05
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Figure 16. Distribution of each variable of Thailand in 2008
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Table 8. Descriptive statistics of Thai provinces
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Thailand

2008 2018 Ratio P-Value @
2018/2008

Number of Mean 834,075 873,868 1.05 <0.001%*
Population SD 728,155 735,530 1.01
Median 631,905 716,543 1.13
Q1 464,023 478,046 1.03
Q3 1,010,321 1,082,667 1.07

Area (sg.km.) Mean 6,751.57 6,751.84 1.00 0.317
SD 4,670.32 4,670.29 1.00
Median 5,760.84 5,760.84 1.00
Q1 3,520.12 3,520.12 1.00
Q3 9,599.70 9,599.70 1.00

Population Mean 227.75 244.67 1.07  <0.001*
Density (/sq.km.) SD 463.91 485.45 1.05
Median 121.94 125.80 1.03
Q1 78.68 84.04 1.07
Q3 161.75 169.09 1.05

Number of Mean 281 486 1.73  <0.001*
Physician SD 689 1,067 1.55
Median 140 273 1.95
Q1 95 179 1.87
Q3 252 449 1.78

Physician Mean 0.27 0.46 1.67 <0.001*
population ratio SD 0.16 0.23 1.45
Median 0.23 0.39 1.71
Q1 0.16 0.30 1.81
Q3 0.31 0.48 1.57

%

Statistically significant at p-value < 0.05

a. Wilcoxon signed rank test. Comparison between 2008 and 2018.



Table 9. Descriptive statistics of Japanese SMAs
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Japan

2008 2018 Ratio P-Value @
2018/2008

Number of Mean 379,332 372,467 0.98  <0.001*
Population SD 427,314 439,261 1.03
Median 235,406 218,094 0.93
Q1 112,132 101,762 0.91
Q3 480,542 465,834 0.97

Area (sg.km.) Mean 1,110.68 1,113.29 1.00 0.010%*
SD 1,103.01 1,102.85 1.00
Median 855.27 855.67 1.00
Q1 434.03 434.46 1.00
Q3 1,402.09 1,405.51 1.00

Population Mean 1,135.02 1,154.81 1.02  <0.001*
Density (/sq.km.) SD 2,536.58 2,667.36 1.05
Median 258.65 243.56 0.94
Q1 99.78 91.31 0.92
Q3 675.60 676.70 1.00

Number of Mean 856 977 1.14  <0.001*
Physician SD 1,244 1,468 1.18
Median 407 435 1.07
Q1 186 188 1.01
Q3 1,054 1,239 1.18

Physician Mean 1.95 2.24 1.15  <0.001*
population ratio SD 0.92 1.01 1.10
Median 1.75 1.98 1.13
Q1 1.46 1.70 1.16
Q3 2.16 2.46 1.14

%

Statistically significant at p-value < 0.05

a. Wilcoxon signed rank test. Comparison between 2008 and 2018.
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Table 10 and 11 showed how the province/SMAs, divided into four groups
according to population density and physician-population ratio as of 2008, had
changed between 2008 and 2018. Groups 1 and 2 were groups that include
provinces/SMAs with population densities above the median in the 2008 data, while
groups 3 and 4 were groups that included provinces with population densities below
the median. Similarly, Groups 1 and 3 included provinces/SMAs with a physician-
population ratio above the median in the 2008 data, while Groups 2 and 4 included
provinces/SMAs with a physician-population ratio below the median. Thus, Group 1
was relatively urban and initially had an abundance of physicians. Group 2 was
relatively urban and had a low initial physician staffing. Group 3 was relatively rural
and had a large initial physician allocation. Group 4 was relatively rural and had a

small initial physician allocation.
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10. Changes in variables for the four groups of Thailand
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11. Changes in variables for the four groups of Japan
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2 Lorenz curve and Gini coefficient

The Lorenz curves for Thailand were shown in Figure 22, both for 2008 and
for 2018, and Figure 23 showed both 2008 and 2018 plotted on one graph. Lorenz

curves for Japan were shown in Figure 24 and Figure 25.
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Figure 22. Lorenz curve for Thailand

—— Lorenz Curve_Thailand_2008

10
—— Lorenz Curve_Thailand_2018
—— Line of Equality
0.8
0.6
z
T
=]
G
=
=
0.4
0.2

=
=

=
=
=
R
-
b

0. 0.6

Population (%)

=
=)
=

Figure 23. Lorenz curve for Thailand (plotted on one graph)
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Figure 24. Lorenz curve for Japan
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The Gini coefficient was 0.372 in 2008 and 0.319 in 2018 in Thailand, as
shown in Table 12. The Gini coefficient for Japan was 0.217 and 0.211 in 2008 and
2018, respectively.

Table 12. Gini coefficient in Thailand

Thailand
2008 2018 Ratio 2018/2008
Gini coefficient 0.372 0.319 0.86
Table 13. Gini coefficient in Japan
Japan

2008 2018 Ratio 2018/2008
Gini coefficient 0.217 0.211 0.97
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3 Relation between population density and physician-population ratio
The population density and physician-population ratio for each province

were plotted; Figures 26 and 27 showed the plotted figures for Thailand and Japan,

respectively.
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Figure 26. Bivariate plot between population density and physician-population ratio

in Thailand
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In addition, Spearman's correlation coefficients between population density
and physician-population ratio were calculated. As shown in Table 14, the correlation
coefficients in Thailand were 0.168 and 0.181 in 2008 and 2018, respectively.
However, the high p-value was found. The correlation coefficients in Japan were

0.368 and 0.405 in 2008 and 2018 with statistically significant, respectively.

Table 14. Relation between population density and physician-population ratio in
Thailand

Thailand
2008 2018 Ratio 2018/2008
Spearman's correlation coefficient 0.168 0.181 1.07
P-value 0.146 0.119

sk

Statistically significant at p-value < 0.05

Table 15. Relation between population density and physician-population ratio in

Japan
Japan
2008 2018 Ratio 2018/2008
Spearman’s correlation coefficient 0.368 0.405 1.10
P-value <0.001* <0.001*

%

Statistically significant at p-value < 0.05
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In Thailand, there are two types of recruit tracks for medical students: normal

tack and special truck. Regarding the special track, there have been two types of

special tracks: the Collaborative Project to Increase Rural Doctors (CPIRD, 1995-

2004) and One District, One Doctor (ODOD, 2005-2014). The difference between the

normal track and the special track is mainly the recruit and education process, and

obligation after their graduation. Characteristics of both tracks were followings.

Table 16. Characteristics of physician educational system in Thailand
Special Track
Normal Track
CPIRD ODOD
Eligible all 12th - 12th grade willing | - 12th grade willing
grades students students who live students who live
Examination is in rural province in rural district and
Recruitment offered by areas are eligible urban are also
individual medical | - One exam offered eligible
school jointly - One exam offered
jointly
Regular six years | - The first three years are the same as the
course (1-year normal track
. basic science, 2 - The latter 3 years are in the 34 regional and
Education . o . .
years preclinical, provincial hospitals aftiliated by MoPH
and 3 years
clinical)
3 years obligation | - 3 years obligation 12 years obligation
Aft Choose places - assigned to severe assigned to severe
er
flexible depending underserved places underserved places
Graduate o ) )
o on the availability in or near the in or near the
obligation o o
of vacant post graduate origin graduate origin
Fine: 13,000 USD | - Fine: 13,000 USD Fine: 65,000 USD

On the other hand, at least one medical school has been established in all 47

prefectures based on the policy "One medical school per prefecture." Japanese
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educational system has normal track and regional quota. In addition, Jichi Medical

University was established in 1972 for single purpose: to train physicians in areas

where there is a shortage of medical professionals. Jichi Medical University has

unique characteristics. Characteristics of Japanese medical school were following.

Table 17. Characteristics of physician educational system in Japan
Jichi Medical Other medical school
School Normal track Regional quota
Eligible all - Eligible all - Residents and high
students students school students in the
_ 2-3 students from prefecture are also
Recruitment ..
each prefecture are eligible
selected - Relatively low minimum
score
Complete basic - Basic medicine and clinical medicine (1st —
and clinical 4th year)
medicine studies - Pre-clinical training (5th — 6th year)
Education by the 3rd year
Begin clinical
practice in the 4th
year
9 years obligation | - No Most universities require
Become a public restriction 9 years
official (physician) If leaving the program,
in own home the scholarship with
prefecture and interest is returned
After ) o
contribute to local Practice in areas
Graduate )
o healthcare designated by the
obligation .
university
Basically, remote islands
and remote areas within
the prefecture where the
university is located
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As for the career incentive in rural experience, clinicians typically start at
level 4 out of 11 and are promoted to level 7 or 8 (equal to the head of the department
at the MOPH central headquarters) after about 10-12 years. Nevertheless, physicians
who have worked in rural areas for an extended period of time are promoted to level 9
(the equivalent of a provincial medical chief or deputy director of a central
department in the MOPH). In Japan, more than 6 month practice in the designated
area allows physicians to be an administrator of certain hospitals. The individual and
entity merit is under considering.

Regarding the specialties training, most residency programs in Thailand,
such as general surgery, internal medicine, and pediatrics, require a minimum of three
years of rural practice experience. In the specialty of preventive medicine, general
practice and family medicine, five years experience allow physicians to take specialist
exam. In contrary in Japan, the new specialists training system was introduced in
2018. The Japanese Medical Specialists Board set ceiling number of specialists by
prefecture for each medical specialty.

Finally, with respect to the financial incentives, for example, rural Thai
physicians would receive rural service allowance. It ranges 250 USD (for physicians
who work in remote districts) to 500 USD (69 most remote districts) per month. In
addition, physicians who do not work privately would receive 400 USD. On the other
hand, in Japan, Comprehensive Medical Care Fund is used to eliminate the

maldistribution of physicians, but the amount of allowance is not high.
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5 Related healthcare policies
5.1 Insurance system
Currently, Thailand has three major insurance systems: Civil Servant Medical
Benefit Scheme (CSMBS), Social Security Scheme (SSS), and Universal
Healthcare Coverage Scheme (UCS). The following table shows the

characteristics of each scheme.

Table 18. Characteristics of Thai insurance system

Comptroller General’s Social Security Office, Ministry of National Health Security

Fioaneicg body Department, Ministry of Finance Labour Office, Ministry of Public Health

Government employees, public = ;
POy P To whom which not covered by

Population groups covered sector workers and Dependents Private sector employees g $ R
UI 1110 g (8] }\ covere seclor OorKers and L‘ cndents ale seclor ¢ p UyLL\ (,sM]ih nor SSS

(Covered even after retirement)

5 ; S ; Contracted hospital or referral line,
Contracted hospital or referral line,

Choice of provider Free choice : : ; registration required
registration |'|.'qu||‘cd el
b (notably district health system)
G . One-third each from the employee, i
Funding General tax General tax and co-payment
employer and government :
Copayment inpatient at private hospital only Maternity, emergency services 30-baht/visit
Payment to Outpatient Fee for service Capitation
health facilities ' jppatient Diagnosis-Related Grouping (DRG) based payments
Number of insured(2016) 4.4 Mil 10.6 Mil 48.0 Mil
Expenditure (2016) 71.0 Bil THB 37.7 Bil THB 109.3 Bil THB

In Japan, government-led social security policies brought about the
achievement of universal health coverage in 1961. The features of Japanese
universal health insurance are: (1) all persons, regardless of whether they are
Japanese or foreign nationals, who are permitted to stay in Japan for more than
three months are obliged to join the public medical insurance system, and (2)
which public medical insurance system they join is determined by their
occupation, age, and area of residence, and they are not free to choose any one of
them. (3) Regardless of which healthcare insurance system a citizen belongs to,
"free access" which allows the citizen to freely choose the healthcare provider
and frequency of visits at his/her own discretion is guaranteed. There are more
than 3,000 insurers in Japan, which can be categorized mainly into three: (A)

vocational insurance, (B) National Health Insurance (community insurance), and
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(C) the latter-stage elderly healthcare system (for people aged 75 and older). In
principle, the benefits and co-payment ratio are the same regardless of which
public medical insurance plan an individual enrolls in. The co-payment ratio is
determined according to age and income. The co-payment ratio ranges from 10-

30%. The following table shows the characteristics of each scheme.

Table 19. Characteristics of Japanese insurance system

Financing body Health insuracs Mutual aid

. association (HIA) . Kyokai Kenpo (1) Prefectures (47)
(Numbers as of 2015.3) ¢ associations (85) ¥ pol
(1,409)
. Employees and Self-employed,
Population groups ployes: . Employees of small and P OYeC
dependents for large Civil servants . . . unemployed, retired Aged 75 and older
covered . medium-sized enterprises c b
companies persons under 75 yrs.
Choice of provider Free choice

Premiums from the company and the  Premiums from the company and 50% public funds, 40% support

Premiums from enrollees,

Funding employee (Rates depend on the the employee, support subsidies 1nd public funds subsidies from other insurance
. . and ¢ funds. .
association, but are generally split 50-50) from public fund and HIA I systems, 10% premiums
Under 70 yrs.: 30%, Children under 6 yrs and aged 70 to 74 yrs: 20% 10%
Copayment ) o . ) o i i . . i
If the co-payment amount is still too high and exceeds a certain monthly limit, a high-cost medical care benefit system is available
Payment to Outpatient Fee for service
health o . . .
facilities ~ inpatient Depends on hospital and bed (No difference among insurance systems)
Nurmber of 29.13 Mil 8.84 Mil 36.39 Mil 33.03 Mil 15.77 Mil
insured(2015.3)
Expenditure (2014) 4,340 Bil JPY 1.344 Bil IPY 6.077 Bil JPY 10,999 Bil JPY 14,698 Bil JPY

5.2 Payment system

The major payment methods adopted in Thailand include FFS based on cost,
per capita method, and DRG payment. Which payment methods are applicable
depends on the insurance systems that individuals are in and whether patient is
hospitalized or outpatient as shown in the previous section in this chapter.

As for Japan, healthcare expenditures for visits to healthcare providers are
based on the medical service reimbursement system determined by the Minister
of Health, Labor and Welfare based on discussions at the Chuikyo (Central
Council of Medical Examiners) and is revised every two years. Medical service
reimbursement is the compensation received by healthcare providers and
pharmacies for medical services and medicines covered by public insurance. FFS
system is basically adopted in the outpatient setting. Medical fees are calculated

based on the amount of defined medical treatment performed. In the case of
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hospitalization, as described below, some acute care hospitals or hospital beds
have adopted DPC, and when a patient is hospitalized in a hospital or hospital
bed that is not subject to DPC, FFS payment system is adopted. When
hospitalized not in DPC hospitals or hospital beds, reimbursement differs
depending on the function of the hospital or hospital beds. Basically, if a high
level of outcome is achieved through the provision of extensive medical care by a

large number of medical personnel, a higher score can be calculated.

5.3 Delivery system

There are three levels of medical care: health centers under the jurisdiction of
the district health center provide PHC services; district hospitals under the
jurisdiction of the PHO are responsible for PHC and secondary care (all district
hospitals have the clinical capacity to have inpatient services and have 10 to 120
beds); tertiary care is provided by the regional/general hospitals depending on
their size and capacity medical care and other specialized care. There are both
public and private medical facilities in Thailand. There are several kinds of

operators as shown in the following figure.

Non-MoPH /
government facilities

MoPH affiliated facilities

48 Specialized 11 University
hospital hospitals (MoE)

/ 26 Regional / \ \

Province S 71 Provincial e
rovinciai .
i 2 60 Other public
Public Health hospitals L4 h Ttpl
Office (PHO) = ( ‘::;‘)'DB:A )
= e.g. MoD, Mo
o Cover each 734 District g
District 30,000- 50,000 \ R |/ &
i hospitals
Population S \ /
Cover each District Health ¢ 9 768 Health \ r N
Sub- Office ' e 365 Community
e 3,000- 5,000 centers (Heaith .
district . medical centers
population \ Promoting Hospital) )]
— N~/

Figure 28. Delivery system in Thailand (as of 2015)



125

Medical facilities in Japan can be divided into general clinics (with or
without beds), dental clinics, and hospitals, most of which are clinics. As of 2019,
there were 8,300 hospitals, 6,644 bedded clinics, 95,972 non-bedded clinics.
Hospitals and clinics can be broadly classified into the following categories:
national, public medical institutions, social insurance-related organizations,
corporations, and individuals. In Japan, the medical care delivery system is
mainly private, and while most clinics used to be private. The following table

shows the distribution of Japanese healthcare providers by operator types.

Table 20. Distribution of Japanese healthcare providers by operator types

Establishing Organization

Overall 8,300 100.0% 102,616 100.0%

National government 322 3.9% 537 0.5%

Public b i lic organizations 1,202 14.5% 3,522 3.4%
bodies

Social insurance bodies 51 0.6% 450 0.4%

Private Medical corporations 5,720 68.9% 43,593 42.5%

bodies  ndividuals 174 2.1% 41,073 40.0%

Others 831 10.0% 13,441 13.1%
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CHAPTER 5: DISCUSSION, CONCLUSION, AND
RECOMMENDATIONS

1 Interpretation of the results

This study used open secondary data from Thailand and Japan to examine the
number of physicians and the physician-population ratio in each province in Thailand
and in each SMAs in Japan. In addition, the Gini coefficient, which indicates
physician maldistribution in the country as a whole, and the correlation between
population density, which indicates physician preference, and the number of
physicians per population were examined.

First, the number of physicians and physician-population ratio in Thailand
was increased more than that in Japan from 2008 to 2018. Although the improvement
in Thailand was larger than Japan, physician-population ratio in Thailand had not
reached the WHO-recommended 1 in 1,000 standard yet. In addition, it was still about
one-fifth of Japan's physician-population ratio. Even though the number of physicians
in Japan was higher than in Thailand, the number of physicians in Japan was not
enough. Among 38 OECD countries, physician-population ratio of Japan was ranked
eleven counting from the last as of 2019 [197]. In Thailand, the number of physicians
in Groups 2 and 4, i.e., areas with relatively few physicians in 2008, had
approximately doubled, while Groups 1 and 3, which had a relatively abundant supply
of physicians in 2008, had approximately 1.55-1.74 times as many. This means that
Thailand had been able to focus on allocating physicians to areas where there were
few physicians over the past 10 years. On the other hand, in Japan, the number of
physicians in urban Groups 1 and 2 increased 1.17 and 1.10 times, respectively, while
those in Groups 3 and 4 increased only 1.00 and 0.99 times, respectively, suggesting
that physicians were concentrated in urban areas rather than in the high and low
number of physicians as of 2008. If Newhouse's trickle-down theory existed in Japan,
an increase in the number of physicians encouraged physicians to move from
saturated urban markets into rural areas where jobs and profits were more easily
obtain [22]. However, as Kobayashi, Matsumoto, and Inoue had pointed out [20, 21,

23], the trickledown advocated by Newhouse had not been found in Japan [22].
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The change in the Gini coefficient, which represented physician
maldistribution, had improved significantly in Thailand from 0.372 in 2008 to 0.319
in 2018, while in Japan there had been little improvement, 0.217 and 0.211 in 2008
and 2018, respectively. While previous studies had noted the inequitable distribution
of physicians in Japan and had reported little improvement over the years [18-21, 23,
134], this comparative study describes that the distribution of physicians in Japan was
found to be significantly more equitable than in Thailand. There have been very few
studies using the Gini coefficient regarding the regional distribution of physicians in
Thailand, but the Gini coefficient remained high and the regional distribution was
significant, which was consistent with previous studies [17]. Although one previous
study had shown that the distribution of physicians in Thailand was generally
equitable [91], the study didn’t include physicians working in Bangkok or private
sector. On the other hand, this study used physician registry database, which showed
that registered physicians, including those in Bangkok and private hospitals, were
unevenly distributed.

The correlation coefficients can describe the change in the number of
physicians and the Gini coefficient from 2008 to 2018 in both countries. In Thailand,
there was no correlation between population density and the physician-population
ratio, and no statistical significance was found. In other words, the degree to which
physicians in Thailand were concentrated in populated urban areas was small, but the
large Gini coefficient suggested that they were unevenly distributed by factors other
than whether or not they were in urban areas. In Japan, on the other hand, the
correlation coefficient was high with statistical significance. This means that the
physician-population ratio was higher in urban areas. Furthermore, this trend had
become stronger between 2008 and 2018. Thus, the Gini coefficient had improved in
Japan despite the greater allocation of physicians to central city areas, a seeming
contradiction. This may be interpreted as an improvement in the Gini coefficient,
perhaps because the decline in the rural population was more significant and thus the
number of physicians per population in the rural areas appeared to improve. Suppose

it is true that physicians who have worked in urban areas are not likely to migrate to
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rural areas, as Inoue pointed out [20]. In that case, it can be inferred that the
geographical maldistribution of physicians in Japan is not expected to extinguish in
the future unless effective countermeasures are put in place because there are a lot of
physicians in urban areas now.

In the 10-year period from 2008 to 2018, the improvement in the regional
maldistribution of physicians in Japan was considerably smaller than in Thailand.
However, a hypothesis can be made that this was the result of improvements already
made in Japan. Research on the regional maldistribution of physicians in Japan had
been widely conducted since Kobayashi's study in the 1990s. Although the subject of
the study was slightly different, the Gini coefficient as of 1990 was 0.340 [23], which
was close to the current Gini coefficient in Thailand. In Japan, more than one medical
school was established in each prefecture in the 1970s, suggesting that the regional
maldistribution of physicians might had been considerably eliminated by the time of
Kobayashi's study. Based on this hypothesis, it is suggested that establishing medical
schools in a wide geographical area might contribute significantly to improving the

regional maldistribution of physicians.

2 Comparison and effects of each health system on the physician distribution
Healthcare systems that are thought to influence the regional maldistribution
of physicians was compared. The first was the insurance system. In general, the
higher the number of people with private insurance, the higher the density of
physicians is likely to be [198]. It had been shown in the US. that physicians were
more concentrated in wealthier areas [199]. In Thailand, CSMBS coverage is more
extensive, while in Japan, there is little difference in benefits depending on the type of
insurance one has. Therefore, it is assumed that the type of insurance had relatively
less effect on the regional selection of physicians in Japan, and the insurance system
in Thailand was more likely to accelerate the regional maldistribution of physicians.
Studies in Taiwan had also shown that universal health insurance equalizes the
regional maldistribution of medical personnel [200]. Both countries have universal

health insurance, but Thailand's universal health insurance was established relatively
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recently, in 2002. If the trend toward equalization had accelerated since then, it was
possible that the physician maldistribution had been corrected during the 10 years of
this study.

Matsumoto and other researchers proposed that in a healthcare system where
physicians can choose where to practice without regulation and where the majority of
healthcare providers are privately owned, the concentration gap between surplus and
shortage areas decrease as the physician-population ratio increase [21, 22, 201]. While
in Japan, the choice of location for medical treatment is generally free, in Thailand,
graduates are required to serve medical treatment in a designated area for a certain
period of time. Furthermore, the majority of healthcare providers in Japan are private,
whereas in Thailand, most are public. This suggests that the maldistribution of
physicians in Japan was relatively easier to eliminate by increasing the number of
physicians.

A capitation payment system has the potential to address equity issues in the
distribution of healthcare human resources by providing incentives for health facility
managers to maintain optimal staffing levels to reduce costs and thereby redistribute
"excess" personnel to underserved areas [202, 203]. This suggests that in Thailand,
where the capitation system was applied to outpatients of the UCS, an incentive was
in place for the regional maldistribution of physicians to be easily eliminated. In
Japan, the capitation system has not been introduced, and this incentive was not likely

to work.

3 Comparison and effects of education and training system on the physician
distribution
As discussed earlier, there were differences in health insurance, healthcare
delivery systems, and payment methods that may have a variety of impacts on the
regional maldistribution of physicians. While these can affect the regional
maldistribution of physicians, they were not designed with the goal of eliminating
regional maldistribution. Those that likely directly affect the regional maldistribution

are systems of medical schools’ recruitment, education, and post-graduation training.
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As Matsumoto and other researchers had shown, physicians preferred urban
living and tended to pursue highly specialized clinical fields that required the
resources of urban hospitals [21, 53, 204-206]. Therefore, although policies to
increase the number of physicians alone would result in rapid growth in urban areas,
they would not correct the existing maldistribution, so interventions such as special
education and scholarship programs, as well as increasing the number of physicians,
had been shown to be effective [52, 53, 207-209]. In Japan, medical school graduates
in general are not required to do clinical practice in designated areas. Students through
the regional quota system are often required to practice in remote areas during their
clinical training from the fourth year, and are obliged to practice clinically in
designated areas for approximately nine years after graduation. In Japan, the place of
work after graduation from medical school is based on a matching system, and
physicians can choose any region, whether they are hired or not. The fact that regional
maldistribution had not been eliminated in the past decade suggests that these policies
had not been effective in eliminating physician maldistribution, or that there were
adverse forces working to offset this effect. On the other hand, all physicians in
Thailand are required to work in rural areas for three years after graduation, and
failure to do so means the payment of a fine. This is a direct policy to eliminate the
regional maldistribution of physicians, and it is suggested that it was working
effectively. In addition, the special programs, CPIRD and ODOD programs, add three
years during school and nine years after graduation, respectively, to the three years of
mandatory rural service after graduation in the normal track. In return for these
obligations, students are motivated by the accessibility of medical school and
scholarships, and students who participate in these programs contributed to the
elimination of regional segregation through further regional service.

The regional quota in Japan can be considered the equivalent of the special
track in Thailand. In Japan, the obligation is about 9 years, whereas in Thailand, the
obligation of CPIRD and ODOD is 3 and 12 years, respectively, but the conditions for
recruiting and scholarships are similar. The major difference in education system is

whether all physicians are required to work in rural areas or not. In Thailand, the 3-
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year obligation is also imposed on all graduates in the normal track, while in Japan
this kind of obligation do not exist.

In addition, the economic incentives for working in physician shortage areas
in Thailand and Japan were very different. In Thailand, physicians working in the
rural areas received an allowance of 250 USD to 500 USD per month, depending on
the region, and 400 USD if they worked only in public services [29]. As such, rural
physicians earned 10-15% more per month than new physicians in non-private urban
hospitals in 2008 [86]. In Japan, on the other hand, there was no standardized, high-
value allowance like in Thailand; the amount varied from prefecture to prefecture and

was relatively small.

4 Answers to research questions

Research questions for this study can be answered as follows. As for the first
research question, "How has the number of physicians in each Thailand and Japan
changed over the past 10 years? ", the answer is that the number of physicians in Thai
had increased by 15,584, from 21,354 as of 2008 to 36,938 as of 2018, and the
incremental ratio was 1.73 times. Thai population had increased from 63,389,730 in
2008 to 66,413,979 in 2018, a 1.05-fold increase. As a result, the physician-population
ratio in Thailand had improved from 0.34 in 2008 to 0.56 in 2018, a 1.65-fold
improvement. On the other hand, The number of physicians had been increased from
286,699 to 327,210 in 2008 and 2018, respectively, the number in 2018 was 1.14
times of that in 2008. In contrast, the Japanese population had declined from
127,076,183 to 124,77,364 during the same period, the decline ratio was 0.98.
Consequently, the physician-population ratio had improved from 2.26 in 2008 to 2.62
in 2018, a 1.16-fold improvement was found.

The second research question, "How has the geographical distribution of
physicians changed over the past 10 years in each Thailand and Japan? " In
Thailand, the Gini coefficient had been improved from 0.372 in 2008 to 0.319 in
2018. In contrast the Japanese Gini coefficient in 2008 was 0.217 while the one in

2018 was 0.211. Geographical maldistribution of physicians in Thailand improved
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more than that in Japan, comparing 2008 and 2018. It is because the Gini coefficient
that shows the geographical maldistribution improved in Thailand, while that in Japan
improved very little. Thailand could successfully distribute physicians to areas with a
low physician-population ratio rather than rural or urban during this decade even
though there was still a big maldistribution of physicians. The physician
maldistribution in Thailand was not a concentration in populated urban areas.
However, Japan relatively couldn't distribute physicians to shortage areas. Moreover,
the trend that physicians prefer populated urban areas to rural areas had been
strengthening. Despite the fact that the distribution of physicians to rural areas was
insufficient compared to urban areas, the decrease in the population in rural areas led
to the improvement of the physician-population ratio in rural areas.

As for the third question, "What are the related systems and policies that may
have affected the geographical distribution of physicians in each Thailand and
Japan?" The answer is physician education system, especially mandatory rural
services for all medical school graduates may be effective to improve the
geographical distribution of physicians in Thailand. On the other hand, in Japan,
because the degree of maldistribution had been low since the past, background
systems may prevent the geographic maldistribution of physicians from occurring.

Finally, as for the last question, "What are the differences and similarities
between Thailand and Japan in the geographical distribution of physicians and
related systems and policies? " Mandatory service system in Thailand is one of the
most significant differences among two countries. All graduates of medical schools
must contribute to rural services for three years while there is no mandatory service
for all graduates of medical schools in Japan. In addition, differences in financial
incentives among two countries were also remarkable. There were more variety and
amount in Thai financial incentives than ones in Japan. Moreover, there were some
differences in insurance system, payment system, and delivery system that may affect

physician distribution as discussed in section 2 and 3 of chapter 5.

5 Limitation
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There were some limitations in this study. This study used data from an
aggregated regional registry of physicians. However, it was possible that there were
several physicians who did not participate in the census, and this might cause
sampling bias. Furthermore, the data covered all registered physicians and did not
distinguish between clinical and non-clinical physicians. In the Japanese census data,
the number of clinical physicians could be identified, but in the Thai data, it was
currently difficult to determine the number of clinical physicians only. This might
overestimate the number of physicians in both countries. In particular, because of the
high ratio of non-clinicians in Thailand [93], the number of physicians or physician-
population ratio might be assessed as relatively low. One possible way to conduct an
analysis targeting the number of clinicians in Thailand would be to assume the
number of clinicians by multiplying a certain percentage by the total number of
physicians, based on previous studies [93].

A further limitation of this study is that it did not take into account the
specialty of the physician. The ideal distribution should be evaluated within each
specialty of the physician. This is because each specialty has its own distribution
pattern. Research on specific medical departments is needed in subsequent years.

Population adjustment is another limitation. Although it is usually known that
people need more medical care as they get older [210-214], this study did not take this
into account and was based on the assumption that all ages needed medical care
equally. This might underestimate the demand for medical care, especially in Japan,
where the population is aging rapidly. To overcome this limitation, it is possible to
calculate, for example, the physician-population ratio and Gini coefficient based on
the adjusted population calculated using age- and gender-specific medical care
utilization rates [19, 215].

Another limitation is that differences in geographic units between the two
countries might complicate the interpretation of the results of this study. In Thailand,
the analysis was based on the province as the targeted unit, while in Japan, the
analysis was based on the SMA. The median population of province in Thailand in

2008 was 631,905 (interquartile range [IQR]: 464,023-1,010,321), while the median
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population of SMA in Japan was 235,406 (IQR: 112,132-480,542). The median land
area was 5760.84 (IQR: 3520.12-9599.70) square kilometers for the Thai province
and 855.27 (IQR: 434.03-1402.09) square kilometers for the Japanese SMA. Thus, the
smaller the area, the easier it is for rural Japanese residents to cross the border and
access physicians in other areas. Therefore, in a simple comparison of the inequity of
physician distribution relative to population (Gini coefficient) between Japan and
Thailand, it could be considered more equitable for Japan as a country as a whole, but
when considering access to healthcare for rural residents, access to healthcare for

rural residents in Thailand was considered more severe.

6 Conclusion and recommendation

In spite of constant growth of physician numbers, physicians did not diffuse
according to population distribution in both countries. Rather, Japanese physicians
seemed to diffuse according to population distribution. In order to reverse the
continuing maldistribution of physicians, political intervention is required in both
countries.

Thailand had greatly improved the regional maldistribution of physicians,
which might be contributed to by requiring graduating physicians to work in rural
areas and by special track systems such as CPIRD and ODOD. However, the low
physician-population ratio was still considered problematic. Policies to increase the
number of physicians, such as the establishment of more medical schools and an
increase in enrollment, may be necessary. Furthermore, although there were 23
medical schools in Thailand, some provinces did not have medical schools [25]. Since
the number of physicians in provinces without medical schools is extremely low, there
is an urgent need to establish medical schools or clinical sites, especially in these
areas. It may also be useful to establish and calculate the physicians distribution
indicators across the country, as is currently developed in Japan. In Thailand, where
the average age and life expectancy are expanding and the population is aging,
healthcare needs is expected to change significantly in the future. To measure the

degree of physician maldistribution taking into account healthcare needs by age and



135

gender, as well as physicians’ specialty and age may be useful. Although this
measurement has been just started in Japan, efforts to grasp healthcare demand and
supply that is different from the past will be required in the future as the population
ages.

On the other hand, Japan had more physicians than Thailand, but the problem
was that the regional maldistribution of physicians had hardly been resolved. Strong
policies such as those implemented in Thailand may be effective, for example,
requiring all graduates to work in the countryside or requiring work in the countryside
as a prerequisite for opening a practice. In addition, another option would be to make
rural work experience a requirement for the training of medical specialists, especially
in PHC, as is put in place in Thailand. In Japan, since the medical specialists are
certified not by the government but by the Japanese Medical Specialty Board, detailed
reconciliation to solve conflicts would be required with some related party. Moreover,
it would be helpful to let medical students experience rural practices during their
clinical training. As many researchers mentioned, encouraging medical students and
young physicians to be experts in PHC by letting them experience rural practice is
supposed to be effective [20, 131, 132, 208, 216, 217]. Financial incentives should be
considered with countermeasures having mandatory obligations. In Japan, financial
incentives for rural physicians are not expensive and there are only a few merits.
Expanding financial and other incentives paralleling compulsory service may
contribute to improving the geographical maldistribution of physicians and satisfy

physicians more.
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APPENDIX 3 — CORRESPONDENCE TABLE OF THE GROUPS

TO WHICH EACH PROVINCE BELONGS

No Area Province PPR Group®
2018' | 2018 | (2008)
1 | Bangkok Bangkok 1.634 1 1
2 | Central Region Samut Prakan 0.439 1 1
3 | Central Region Nonthaburi 0.652 1 1
4 | Central Region Pathum Thani 0.702 1 1
5 | Central Region Phra Nakhon Si Ayutthaya 0.362 2 1
6 | Central Region Ang Thong 0.392 2 1
7 | Central Region Lop Buri 0.423 3 3
8 | Central Region Sing Buri 0.459 1 1
9 | Central Region Chai Nat 0.393 1 2
10 | Central Region Saraburi 0.629 1 1
11 | Central Region Chon Buri 0.804 1 1
12 | Central Region Rayong 0.503 1 1
13 | Central Region Chanthaburi 0.677 3 3
14 | Central Region Trat 0.483 3 3
15 | Central Region Chachoengsao 0.477 1 1
16 | Central Region Prachin Buri 0.466 3 3
17 | Central Region Nakhon Nayok 0.857 3 3
18 | Central Region Sa Kaeo 0.303 4 4
19 | Central Region Ratchaburi 0.507 1 1
20 | Central Region Kanchanaburi 0.331 4 4
21 | Central Region Suphan Buri 0.378 2 1
22 | Central Region Nakhon Pathom 0.575 1 1
23 | Central Region Samut Sakhon 0.874 1 1
24 | Central Region Samut Songkhram 0.366 2 2
25 | Central Region Phetchaburi 0.353 4 4
26 | Central Region Prachuap Khiri Khan 0.406 3 3
27 | Northern Region Chiang Mai 0.772 3 3
28 | Northern Region Lamphun 0.483 3 3
29 | Northern Region Lampang 0.590 3 3
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No Area Province PPR Group”
2018' | 2018 | (2008)
30 | Northern Region Uttaradit 0.461 3 3
31 | Northern Region Phrae 0.404 3 3
32 | Northern Region Nan 0.443 3 4
33 | Northern Region Phayao 0.444 3 4
34 | Northern Region Chiang Rai 0.436 3 3
35 | Northern Region Mae Hong Son 0.319 4 3
36 | Northern Region Nakhon Sawan 0.470 3 3
37 | Northern Region Uthai Thani 0.382 4 4
38 | Northern Region Kamphaeng Phet 0.275 4 4
39 | Northern Region Tak 0.338 4 4
40 | Northern Region Sukhothai 0.330 4 4
41 | Northern Region Phitsanulok 0.918 3 3
42 | Northern Region Phichit 0.443 3 2
43 | Northern Region Phetchabun 0.268 4 4
44 | Northeastern Region Nakhon Ratchasima 0.446 1 2
45 | Northeastern Region Buri Ram 0.292 2 2
46 | Northeastern Region Surin 0.296 2 2
47 | Northeastern Region Si Sa Ket 0.270 2 2
48 | Northeastern Region Ubon Ratchathani 0.420 3 4
49 | Northeastern Region Yasothon 0.264 2 2
50 | Northeastern Region Chaiyaphum 0.277 4 4
51 | Northeastern Region Amnat Charoen 0.272 4 4
52 | Northeastern Region Nong Bua Lam Phu 0.201 2 2
53 | Northeastern Region Khon Kaen 0.868 1 1
54 | Northeastern Region Udon Thani 0.359 2 2
55 | Northeastern Region Loei 0.299 4 4
56 | Northeastern Region Nong Khai 0.294 2 2
57 | Northeastern Region Maha Sarakham 0.323 2 2
58 | Northeastern Region Roi Et 0.291 2 2
59 | Northeastern Region Kalasin 0.268 2 2
60 | Northeastern Region Sakon Nakhon 0.280 4 4
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No Area Province PPR Group”

2018' | 2018 | (2008)
61 | Northeastern Region Nakhon Phanom 0.242 2 2
62 | Northeastern Region Mukdahan 0.307 4 4
63 | Southern Region Nakhon Si Thammarat 0.359 2 2
64 | Southern Region Krabi 0.281 4 4
65 | Southern Region Phangnga 0.418 3 3
66 | Southern Region Phuket 1.070 1 1
67 | Southern Region Surat Thani 0.543 3 3
68 | Southern Region Ranong 0.349 4 4
69 | Southern Region Chumphon 0.366 4 3
70 | Southern Region Songkhla 0.821 1 1
71 | Southern Region Satun 0.292 2 4
72 | Southern Region Trang 0.465 1 1
73 | Southern Region Phattalung 0.272 2 2
74 | Southern Region Pattani 0.279 2 2
75 | Southern Region Yala 0.389 4 3
76 | Southern Region Narathiwat 0.293 2 2

1. Represents physician-population ratio in 2018.

2. Group that each province belongs to as of each year by applying the

dividing method mentioned in chapter 3.

Note that each province was divided into four groups by using data in 2008

in this paper. Group number in 2018 was not used in this research but

shown to let readers utilize the latest information.
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APPENDIX 4 — CORRESPONDENCE TABLE OF THE GROUPS
TO WHICH EACH SMA BELONGS

PPR Group?
No Prefecture SMA

2018! | 2018 | (2008)
1| dvmE FES 2.381 3 3
2 | dbBE Fafg L 1.230 4 4
3| duiE L Sl 1.225 4 4
4 | dvimE LR 3.099 1 1
5| dtiE B 2.214 3 3
6| dLBE %A 1.795 4 4
7| duiEE FRZ2 ] 2.433 3 3
8| dtimE JbZEHI 1.899 4 3
9| dtiBE FaRB R 2.221 3 3
10 | dvimE B 1.698 4 4
11 | deimd HE 1.029 4 4
12 | b8 EJNAER 3.582 3 3
13 | duimE EJNHEEER 1.991 3 4
14 | dbEE ERE 1.292 4 4
15 | dvimE 22if 1.386 4 4
16 | dimE A 1.094 4 4
17 | dvimd pldh 1.652 4 4
18 | dvimE p5:%0'4 1.478 4 4
19 | dimE + B 1.896 4 4
20 | dbiE 8l B 1.787 4 4
21 | dbimE R=E 0.956 4 4
22 | BHRE EEH, 3.233 3 3
23| FHRE J\F HiE, 1.842 4 4
24 | FHRE RSkl 2.316 3 3
25| FHRE Fad A hish 1.320 4 4
26 | EHRE =g 1.282 4 4
27 | AR Tt b 1.385 4 4
28| &F 8 RE ] 3.164 3 3
29| &F R EF PR 1.533 4 4
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No Prefecture SMA PPR Group”
2018 | 2018 | (2008)
30 | EFE AT 1.701 4 4
31| EFR o= 1.706 4 4
R | =5FE KUl 1.647 4 4
33| 5FE £0 1.320 4 4
¥ | 5FE =h 1.233 4 4
B|&5FE AR 1.364 4 4
36| 5FE _F 1.550 4 4
37 | 2R (] 1.626 4 4
38 | BHE & 3.003 1 1
39 | R Kl - 2R 1.722 4 4
40 | BHIE A% - BXK - 8 1.611 4 4
41 | AR KEE - BEA 1.717 4 4
42 | TREE Je Rk 1.223 4 4
43 | TRHE VR IEN 1.998 3 4
44 | TREHE FEREZL 3.440 3 3
45 | AR RAAE - (I2HZF 1.948 4 3
46 | KHE AL - Ak 1.639 4 4
47 | AR BF 2.169 3 3
48 | TREHE SR - HERE 1.198 4 4
49 | LR gl 2.935 3 3
50 | tLER =E 1.394 4 4
51 | LR B 1.903 4 4
52 | LR ER 2.002 3 4
53 | fRE R Bt 3.053 1 1
54 | iBE R B 2.065 3 3
55 | RSB R B 1.496 4 4
56 | 252 AR 0.986 4 4
57 | BB R Wh & 1.850 2 2
58 | lB& R SE - ERE 1.955 4 4
59 | ZIEIR K 2.458 1 1
60 | ZXI B Shva 1.646 2 2
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No Prefecture SMA PPR Group”
2018 | 2018 | (2008)
61 | ZIE BERA - 0 bR h 1.143 2 2
62 | kIR AT 0.975 2 2
63 | IR +A 2.235 1 1
64 | ZXHE 2| 4312 1 1
65 | ZI R F - Byl 1.787 2 2
66 | XIE HEE - TE 1.133 2 2
67 | KR A - IRER 1.512 2 2
68 | AR Bk 1.593 4 4
69 | AR L8 1.486 4 4
70 | AR FH= 2.058 1 1
71 | AR B 1.301 2 2
72 | HEARE B 4.274 1 1
73 | tHARE EIES 1.838 2 2
74| BHER HIE 4.770 1 1
75| HERE Al 2.337 1 1
76 | BERER FRI 1.839 2 1
7| HER = - 2.113 1 1
78| FHER P ) 2.428 3 3
79| HER = i) 2.270 3 3
80 | A*HR EE 1.401 4 4
8l | FEER ‘A 1.876 4 4
82 | AFBR ik 1.942 2 1
83 | FERER KH - 8Bk 1.593 2 2
84 | HER EEL 1.597 2 2
85 | BmER ELEER 1.458 2 2
86 | WER BB 1.623 2 2
87 | BEE SRAV/aS 1.969 2 2
88 | MER Bk 1.671 2 2
89 | IBmER JIEk e £ 2.438 1 1
0| HER il 2.274 1 1
91 | BHER AR 1.357 2 2
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No Prefecture SMA PPR Group”
2018 | 2018 | (2008)
2| B/ER bl 1.543 2 2
93| B/ER R 1.485 4 4
9% | TER FE 3.027 1 1
95 | FER HEMAR 1.864 2 2
9 | TEE HELER 1.836 2 2
97 | TER EDf&E 1.905 2 2
98 | TER HHUED 1.948 2 2
9 | FER L R AEERS 1.242 2 2
100 | TER ZE 4.673 3 3
101 | FEE BE 1.626 2 2
102 | TEE MR 1.815 2 1
103 | B X rR SRR 13.550 1 1
104 | ERRHR X EEB 3.195 1 1
105 | ERFHER X PR 3.390 1 1
106 | B X FE &R 5.547 1 1
107 | REB XL 2.738 1 1
108 | HREB Xt ER 1.767 2 2
109 | EREB X ERHER 2.129 1 2
110 | EREHER 8% 1.800 2 2
111 | REB % 1.796 2 2
112 | REB b % R 1.972 2 1
113 | REB b % EErEER 3.195 1 1
114 | HZEHER It % ELER 1.754 2 1
115 | REB 5L« 1.376 4 4
116 | fAER) IR JINE AL BB 2.220 1 1
117 | mR)IR & EaER 2.618 1 1
118 | fRJIE AR - =H 2.292 1 1
119 | mRJIR i 1.922 2 2
120 | #BR)IR ARl 2.612 1 1
121 | mR)IE Bh 1.464 2 2
122 | #R)IR TR 2.385 1 1
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PPR Group?
No Prefecture SMA

2018 | 2018 | (2008)
123 | BRI B 1.767 2 2
124 | fAR)IE EP 2.406 1 1
125 | #R R Tk 1.688 4 4
126 | #TRE R 2.745 1 1
127 | FR R Bh 1.353 2 2
128 | FTRE HRiEk 1.872 2 2
129 | TR R SN 1.422 4 4
130 | FTRE Fi 1.842 4 4
131 | TR R i3 1.633 4 4
132 | BlLE o 2.208 3 3
133 | BWLLE =1l 3.231 1 1
134 | BlLE =1 i) 2.168 1 1
135 | 2L W5 2.285 3 3
136 | AJIIE FAINE 1.796 2 2
137 | BJIE Al 3.738 1 1
138 | AJIIE BEE AR 2.031 3 3
139 | AJIE REEALER 1.620 4 4
140 | f@F R BH - JFHF 3.814 1 1
141 | @F R R 1.283 4 4
142 | f@HF 8 FiE 1.286 4 4
143 | f@HE 287 1.735 4 4
144 | LA B bl 3.102 1 1
145 | LEYE 39 1.992 3 3
146 | ILEEB gk e 1.169 4 4
147 | 1LAE =L - =B 1.580 4 4
148 | REFR EA 2.527 3 3
149 | REF R Ei 1.720 4 4
150 | REFE Ei )] 2.467 1 1
151 | REF R FFHB 1.652 4 4
152 | REFR B 1.999 3 4
153 | REFFIE = 1.411 4 4
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No Prefecture SMA PPR Group”
2018 | 2018 | (2008)
154 | REF 2 AR 3.852 3 3
155 | REF R el 2.332 3 4
156 | REFR =F 2.104 1 1
157 | REFE g 1.788 4 4
158 | IX BB Iz & 2.864 1 1
159 | IXR B8 iy 1.710 2 2
160 | I B 12 HE 1.755 4 4
161 | IF B2 R 1.904 4 4
162 | I8 Fre B 1.847 4 4
163 | F:fE 2 Bk 1.616 4 4
164 | 5% 2 HoBFR 2.263 1 1
165 | FRfE R BREHEA 2.309 1 1
166 | %M 2 Bt 1.495 2 2
167 | ERfE R GEdEa 2.505 1 1
168 | A% 2 TEAER 1.694 2 2
169 | 5% 2 RERR 1.592 2 2
170 | 5% 2 PR aEp 2.761 1 1
171 | EHE B HB 1.277 2 2
172 | EHE EE R AB 4.307 1 1
173 | B E &raER 1.905 2 2
174 | EFRE BRI ER 1.730 2 2
175 | AR ME+E 1.554 2 2
176 | AR 78 = AL BB 1.728 2 2
177 | BB 75 = A r BB 1.707 2 2
178 | AR 75 = RIFERER 1.384 2 2
179 | BB B =AM ER 1.384 4 4
180 | AR = AR 1.845 2 2
181 | BAIE ZHE - BRPE 3.126 1 1
182 | =& 8 =g 1.974 2 2
183 | =E1E HEAFE 3.137 1 1
184 | =E R ARG EE 2.381 3 3
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No Prefecture SMA PPR Group”
2018 | 2018 | (2008)
185 | =& B EE Y 1.525 4 4
186 | #HEE KE 3.927 1 1
187 | HE R e 2.343 1 1
188 | #HEE RE 1.509 2 2
189 | #EE2 BT 1.939 2 2
190 | #E R W 1.559 2 2
191 | #HEE il 1.975 4 3
192 | HEER i i) 1.818 4 4
193 | REBAT FH& 1.755 4 4
194 | EBAF H 3 2.265 3 3
195 | REBAT T 1.964 4 4
196 | SRECKT =& - 23l 4574 1 1
197 | SREBKT 15 eld 1.982 1 2
198 | JREKT i3s 1.437 2 2
199 | KERAT Sae 3.757 1 1
200 | KBRAT = 2.772 1 1
201 | KRB AT LA 2.356 1 1
202 | KIRAT HAIA 1.974 2 2
203 | KRB AT FAIA 3.032 1 1
204 | KB AT B 2.313 1 1
205 | KRBT RN 2.300 1 1
206 | KBRAT KB 3.709 1 1
207 | EER = 3.391 1 1
208 | fx/ER RIEE 2.140 1 2
209 | FxER JLiEE 2.411 1 2
210 | XER B 2.132 3 4
211 | KER FHE 2.023 3 4
212 | XER i 2.191 3 3
213 | EER B4 2.638 1 1
214 | KER BERR 2.103 1 1
215 | RRIB = 2.804 1 1
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No Prefecture SMA PPR Group”
2018 | 2018 | (2008)
216 | RR IR i 2.815 1 1
217 | RRB g 1.987 1 2
218 | RRIB HR A 3.206 1 1
219 | RRIE FAA 1.752 4 4
220 | F1FLE ML 4.126 1 1
221 | MIERL B HE 1.830 2 2
222 | FIFLE BA 2.139 3 3
223 | FIERILE B H 1.820 4 4
224 | FOFRILE rilboal 2.639 3 3
225 | FIERILE 22pvl 2.459 3 3
226 | FIFLE = 2.264 3 3
227 | BENR AR 2.556 3 3
228 | BHVE HER 2.143 3 3
229 | BENR M 4.424 3 3
230 | BIRE T 2.711 3 3
231 | BRI o 1.471 4 4
232 | BIRIE HE 4.874 1 1
233 | BIRIE X H 2.010 3 3
234 | BIRIE e 2.659 3 3
235 | BIRIE 2 2.267 3 3
236 | HIRIE PRl 1.753 4 4
237 | LR BEEE 3.831 1 1
238 | LR BEES 3.013 1 1
239 | [ELIR =R HR 1.672 4 4
240 | LR B 1.641 4 4
241 | LR 21l - 2.016 3 3
242 | LB B IN= 3.042 1 1
243 | L 5B IN=Ti] 2.776 1 1
244 | [L BB LS 3.196 1 1
245 | K58 INSLEE S 2.150 1 1
246 | LB R EB= 2.396 3 1
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No Prefecture SMA PPR Group”
2018 | 2018 | (2008)
247 | LBR &l - IR 2.104 1 1
248 | [L B2 fiis e 2.537 3 3
249 [ LLOR =E 2.252 3 3
250 | LLAOE WFH 2.256 3 3
251 | lLAOR 5] 2.136 1 1
252 | lLAOE A - B 2.444 1 3
253 [ ILAR FEL - NEFH 4.157 1 1
254 | 1LOR B 2.739 1 1
255 | (LAE &M 1.772 4 3
256 | LLOE K 1.862 4 4
257 | BB R HA 3.825 1 1
258 | BB R A 2.715 3 3
259 | BB R iz 2.119 3 3
260 | HIIIE INE 1.579 4 4
261 | IR ESF:; 3.417 1 1
262 | B)INE ik 2.382 1 1
263 | EIEIR FEE 1.777 4 4
264 | ZiEIR R - A5 1.999 1 1
265 | ZiEIR S 2.035 1 1
266 | ZIEIR /NI 3.560 1 1
267 | BiE 2 T\ - KM 1.976 4 3
268 | EIE IR FS 2.458 3 3
269 | &AL = 2.101 3 4
270 | &AIIR R 3.702 3 3
271 | &AIE =& 1.679 4 4
272 | &R %% 2.019 3 3
273 | B[R i - RS 3.964 1 1
274 | @R HHE 1.881 2 2
275 | 12k R G 1.778 2 2
276 | @R P 1.974 2 1
277 | ‘BB e 1.954 4 4
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No Prefecture SMA PPR Group”
2018 | 2018 | (2008)
278 | 12 R AKX 4.696 1 1
279 | 12 E NE - Hitk 2.424 3 3
280 | f&fH R B 2.664 1 1
281 | @R BRIR 3.433 1 1
282 | f&ff R B - BF 1.860 2 2
283 | f&ff 2 = 2.081 1 1
284 | f&ff 2 JeFuH 3.436 1 1
285 | f&ff 2 REE 1.522 2 2
286 | AE R H &R 3.932 1 1
287 | EER HER 1.862 2 2
288 | AE B AL &8 2.251 3 1
289 | EEIR FaEk 1.706 4 4
290 | AE R EEL 2.534 3 1
291 | RIFE RlE 4.257 1 1
292 | RlgR I REIL 2.449 1 1
293 | RIgR LSS 3.162 1 1
294 | RIFE B 1.914 2 2
295 | RIFER HE 2.136 3 3
296 | RIFE RS 1.519 4 4
297 | RIGLE =153 1.608 4 4
208 | RIFE Py 1.820 4 4
299 | REARIR FH 1.780 2 2
300 | FEARLE B8 2.096 1 2
301 | BEARIR EEA 2.081 3 3
302 | FEARIR Eapic 1.839 2 2
303 | R ARIE BRIk 1.367 4 4
304 | FEARIE AV 2.519 3 3
305 | AEARIR =|d 2.938 3 3
306 | AR KBS 2.220 3 3
307 | AEARIR rE 2.202 3 3
308 | REALR REA - R8I 4.087 1 1
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No Prefecture SMA PPR Group”
2018 | 2018 | (2008)
309 | KB BB 3.400 1 1
310 | A2 D 3.283 1 1
311 | KRB EEL 1.905 4 3
312 | KHE 28 2.054 3 4
313 | KB il 1.732 4 4
314 | KB JL &R 2.049 3 3
315 | BlEE BIREER 3.682 1 1
316 | BIFE WA sE R 2.057 1 3
317 | BlER JIE [ 75 FA4F 1.813 4 3
318 | BFE H & A 2.302 3 3
319 | ZiFE i) 1.738 4 4
320 | BiFE R 1.360 4 4
321 | BiEE H AL 1.711 4 4
322 | ERER RS 4,051 1 1
323 | BIRBR P BE 2.208 3 3
324 | BIRBR )| 5 2.248 3 3
325 | ERER 7K 1.703 4 4
326 | BIRBR B|R - FME 1.907 4 4
27| BREER =HN 1.088 4 4
328 | BIRBE FriE 1.981 4 3
329 | ERER A& 1.324 4 4
330 | BERER w|E 1.826 4 4
331 | HHBE &R 1.934 4 3
332 | AR HRER 1.954 2 2
333 | HHBE FABp 3.002 1 1
334 | HiER =) 1.607 2 4
335 | FRER NE LWL 1.726 4 4

1. Represents physician-population ratio in 2018.

2. Group that each SMA belongs to as of each year by applying the dividing

method mentioned in chapter 3.
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Note that each province was divided into four groups by using data in 2008
in this paper. Group number in 2018 was not used in this research but

shown to let readers utilize the latest information.
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