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Abstract

Increasing of obesity people is a global health problem in a lot of countries including Japan. Promoting policies
to increase the awareness of and changed attitudes toward physical activity and encouraging greater participation
from people in such an activity is important from the perspective of sound financing policies for health care in Japan.
This paper’s purpose is to test the hypothesis that physical activity affects the frequency of and the medical expenses
incurred for treating diabetes and hypertension in a prefecture.

This study’s data were taken from the Family Income and Expenditure Survey, Patient Surveys, the Survey of
Physicians, Dentists and Pharmacists, the Report on Health Center Activities and Health Services for the Aged, and
Social Indicators by Prefecture. The method is least-squares regression analysis with prefectural data. Physical activity
is defined by sports-related expenses as a proxy variable. The variable of medical expenses incurred for treating
hypertension and diabetes is defined as the money spent on medical treatment for each household. The frequency of
diabetes and hypertension is defined as data per 100,000 people.

The results showed that sports-related expenses were negatively related to the frequency of and the medical
expenses incurred for treating diabetes and hypertension. The coefficients of the following factors are as given medical
expenses incurred for the treatment of diabetes and hypertension: —0.00585, coefficient of the frequency of diabetes:
—-0.4942, and coefficient of the frequency of hypertension: —0.1005. Since all the three factors are negative values, it
shows that physical activity has the possibility to reduce both medical expenses incurred for treating of diabetes and

hypertension and frequency of diabetes and hypertension.
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Introduction

Increasing of obesity people is a global health problem in a lot
of countries including Japan. Obesity is associated with a variety of
health problems. For improvement and prevention of obesity, physical
activity is important. The Japanese government is promoting policies
to increase the awareness and changed attitudes toward physical
activity and is encouraging greater participation from people in such
an activity. With the vital nature of such policies from the perspective
of sound financing policies for health care, several countries are already
engaged in research of the relationship between medical expenses
incurred by people and their level of physical activity that they involve
themselves in Shephard [1] made analyzes of exercise programs
for senior citizens in Canada. He also estimated the medical savings
possible if cardiopulmonary functions are maintained and raised by
20% through cardio-respiratory exercise programs for senior citizens.
The Hillary Commission [2] estimates that yearly medical expenditures
can be reduced by $4,800 per capita if the percentage of those who do
not exercise is reduced from 31% to 21%. The Canadian Fitness and
Lifestyle Research Institute [3] estimated the amount saved on direct
medical expenses for cardiovascular disease by a 1% reduction of the
number of Canadian citizens not actively involved in regular exercise.
The Institute also reported that the increase in the number of people
involved in exercise equivalent to walking over an hour a day from
21% of the population in 1981 to 37% in 1995 saved $700 million
(Canadian). In Australia, Daset [4] made calculations about the savings
in medical expenses and estimated that a 5% drop in cardiovascular
disease and lower back pain could be gained through physical exercise.
Colditz [5] indicated that increased medical expenses due to lack of
exercise stand at US $24.3 billion, equivalent to approximately 2.4% of
total medical expenditures. Pratt et al. [6] calculated the yearly direct

medical expenses for men and women over the age of fifteen in the
United States. Expenses for those who exercise regularly are $1,019,
but $1,349 for those who do not exercise, showing the possibility of
reduced medical expenditure through improving a regime of physical
exercise. In Canada, Katzmarzyk et al. [7] estimated the economic
costs of physical inactivity. The study indicated that the economic
burden of physical inactivity was $5.3 billion and represented 2.6%
of the total health care costs in Canada. Oldridge [8] indicated that
physical inactivity was associated with considerable economic burden
in developed countries. Zhang et al. [9] estimated the total economic
burden of physical inactivity in China, and indicated that physical
inactivity was imposing a substantial economic burden on the country.
Bueno et al. [10] described the annual drug expenditures for the
hypertensive and diabetic Brazilian, and analyzed the association with
physical activity level and engagement in walking. The study showed
that the annual expenditures of the use of medicines for controlling
hypertension and diabetes of Brazilian elderly were inversely associated
with physical activity level and engagement in walking.

In comparison with the research made in these countries, there
is very little research on medical expenses and physical activity for
Japanese people. One of the few studies is by Tsuji et al. [11]. That
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study indicated that time spent walking was significantly associated
with lower medical costs. Nagai [12] showed that people who spend
more time walking require a lower lifetime medical expenditure from
40 years of age.

This study used household sports-related expenses as a proxy
variable of physical activity. Having clarified the relationship between
physical activity and medical expenses through least-squares regression
analysis with prefectural data, the aim of this research is to contribute
to reducing medical expenses. In addition, this research intends to shed
light on the relationship between physical activity and the incidence of
diabetes and hypertension for Japanese people, following in the steps of
studies showing a higher degree of diabetes and hypertension for those
not engaged in physical activity [13,14]. It is also hoped this research
will have implications for future policies on health improvement.

Methods
Data and hypothesis

The data used in this study were taken from the Family Income
and Expenditure Survey, Patient Surveys, the Survey of Physicians,
Dentists and Pharmacists, the Report on Health Center Activities
and Health Services for the Aged, and Social Indicators by Prefecture.
Data were used in principle with prefectures as the base units. Data
from the Family Income and Expenditure Survey were taken from the
prefectural capital.

From the Family Income and Expenditure Survey, we used the
spending of medical treatment for each household, hereinafter referred
to as medical expenses. The total amount spent in a single household
on physical activity or sports equipment (such as golf equipment),
sports clubs or use of sports or training facilities gave us sports-related
expenses. The Patient Surveys allowed us to make use of data on
the frequency of diabetes and hypertension per 100,000 people. The
Survey of Physicians, Dentists and Pharmacists gave us the number
of physicians by region for every 100,000 people. This is henceforth
referred to as the number of physicians. The Report on Health Center
Activities and Health Services for the Aged allowed us to calculate
the ratio of those over the age of 40, using data on the numbers of
those who have had basic health checkups. This will be referred to as
the medical checkup percentage. Also, using data on the number of
group health education events allowed us to calculate the number of
events for every 100,000 people over the age of 40. This is referred to
as the frequency of medical education. Social Indicators by Prefecture
allowed us to use data acquired on the percentage of those over 65, the
population density per 1 km? of arable land and per capita income.
These are hence referred to as the ratio of elder citizens, population
density and citizen income.

The available data is for the years 2000 and 2001. However, the
2000 and 2001 values for frequency of diabetes and hypertension were
calculated linearly with the use of data from the Patient Surveys for
1999 and 2002. This is because the Patient Surveys are held once every
three years. The number of physicians in 2001 was similarly calculated
linearly on a graph using 2000 and 2002 data for similar reasons,
because the Survey of Physicians, Dentists and Pharmacists is taken
every two years.

Method and hypothesis

Firstly, the purpose of this study is to clarify the relationship
between medical expenses and physical activity. The dependent
variable is medical expenses. The independent variables are sports-

related expenses, population density, number of physicians, percentage
of medical checkups, frequency of medical education, income and
the ratio of elder citizens. The amount of sports-related expenses is a
proxy variable of physical activity. This is based on the assumption that
households with the high expenses on sports-related activities will have
a higher frequency of daily physical activity. Factors of medical supply
and demand that are considered to have a great impact in general
on medical expenses have been selected as the other independent
variables. As an example, the ratio of elder citizens was used to reflect
the factor of increasing medical expenses due to the worsening of health
accompanying old age. The number of physicians is used as a variable
for access to treatment. The differences in population and size of each
prefecture have been adjusted by the use of population density as a
variable. Percentage of checkups has been used as a variable showing
short-term increases in medical expenses by early detection of disease
with checkups. Frequency of medical education is used to reflect the
impact on medical expenses of the prevention of disease encouraged by
medical education. Income is used for factors showing price changes in
medical services and production factors and general price fluctuations.
All variables were converted to logarithmic scale.

We used the method of least-squares regression for quantitative
analysis. This method provides the rationale to determine the best fit
line that explains the relationship between an independent variable
and a dependent variable. For the analysis, prefectural data for 2000
and 2001 are used. This analysis with panel data is able to control the
differences among the prefectures we cannot predict. A year dummy
variable was also added in the analysis to control the unobservable
factors, such as revision of medical treatment fees. The optimum model
was chosen through the use of F-tests and the Hausman Test.

The next step is to clarify the relationship between the frequency
of diabetes and hypertension and physical activity. The dependent
variables are the frequency of diabetes and hypertension. The
independent variables are sports-related expenses, population density,
number of physicians, percentage of checkups, frequency of medical
education, citizen income and the ratio of elder citizens. These are also
subject to the least-squares regression analysis with prefectural data for
2000 and 2001. The optimum model was chosen through the use of
F-tests and the Hausman Test.

Our hypotheses are as follows. Sports-related expenses are
significantly negatively related to medical expenses and the frequency
of diabetes and hypertension. Accordingly, physical activity suppresses
the increase of medical expenses and reduces the incidence of diabetes
and hypertension.

Results
The descriptive statistics are shown in Table 1.

The data in Table 1 are not yet transformed into logarithms. As a
result of the F-test and the Hausman Test, the fixed effect models were
adopted in all equations, and the necessity of estimates in consideration
of fixed effects was recognized. And as a result of the White Test, the
hypothesis of homoscedasticity was rejected. Hence, a White correction
for heteroscedasticity has been made in response to this problem. The
estimated results of the fixed effect models are shown in the Tables 2
and 3.

Table 2 shows the estimated result with medical expenses as a
dependent variable. Sports-related expenses, which is a proxy variable
of physical activity, was significantly related to medical expenses. The

Health Econ Outcome Res, an open access journal
ISSN: 2471-268X

Volume 4 + Issue 1+ 1000151



Citation: Furukawa M (2018) Effects of Physical Activity on the Frequency of and Medical Expenses Incurred for Treating Diabetes and Hypertension
in Japan. Health Econ Outcome Res Open Access 4: 151. doi: 10.4172/2471-268x/1000151

Page 3 of 4

Mean 2;?,?;?;?‘ Minimum | Maximum

Medical Expenses (yen) | 37103.78 5101.01 28664 53467

Diabetes (person) 168.38 34.65 90 282.67
Hypertension (person) 536.36 100.38 307.67 732

Sports (yen) 60512.06 | 11315.35 36517 102919
Dens (person) 1363.4 1621.02 259.3 8696.1

Physician (person) 207.27 36.52 121.7 272.65
Check (%) 15.48 5.5 5.41 29.14
Education (times) 530.05 205.51 30.68 962.21
Income (thousand yen) 2802.41 361.67 2067 4319
Elder (%) 19.46 2.92 12.8 25.5

Note: The number of samples is 94. The values are before transformation of
logarithms.

Table 1: Descriptive statistics.

Fixed Effect Model
Equation (2)
Medical Expenses

Equation (1) Equation (3)
Dependent Variable

Independent Variables

Sports -0.00585** -0.00779* -0.00880**
Dens 0.93838 1.63044 0.51389
Physician 2.11823** 1.84103** 2.31247*
Check 0.21406* 0.32271***
Education 0.36498* 0.42653**
Income -0.96168 -0.94579 -1.01675
Elder 0.8398 0.38407 0.84887
Adjusted R2 0.37112 0.36972 0.3809
Number of samples 94 94 94

Note: p<0.01; ***, p<0.05; **, p<0.1; *

Table 2: Estimated results of the fixed effect models with medical expenses as a
dependent variable.

Fixed Effect Model

Dependent Variable Equation (4) Equation (5)
Independent Variables Diabetes Hypertension
Sports -0.04942* -0.01005**
Dens -2.36449* -1.08111
Physician 1.81921*** 0.64756
Check 0.17761** 0.03048
Education 0.17702** 0.09593
Income -0.45913** -0.31081*
Elder 0.78916™** 0.74553**
Adjusted R2 0.46987 0.4753
Number of samples 94 94

Note: p<0.01; ***, p<0.05; **, p<0.1; *

Table 3: Estimated results of the fixed effect models with the frequency of diabetes
and the frequency of hypertension as a dependent variable.

coefficient was a negative value of —0.00585. This means that a 10% rise
in sports-related expenses would bring about a 0.0585% reduction of
medical expenses. This outcome backs up the hypothesis that physical
activity reduces medical expenses. All other independent variables also
showed significant relation to medical expenses.

Table 3 shows the estimated result with the frequency of diabetes
as a dependent variable. Sports-related expenses, which is a proxy
variable of physical activity, was significantly related to the frequency
of diabetes. The coeflicient was a negative value of —0.4942. This means
that a 10% rise in sports-related expenses would bring about a 0.4942%
reduction in the frequency of diabetes. This outcome backs up the

hypothesis that physical activity reduces the frequency of diabetes. All
other independent variables also showed significant readings, with the
exception of population density.

The estimated result with the frequency of hypertension as the
dependent variable was significant for sports-related expenses, the
coeflicient being a negative value of —0.01005. This means that a 10%
rise in sports-related expenses would bring about a 0.1005% reduction
in the frequency of hypertension. This outcome backs up the hypothesis
that physical activity reduces the frequency of hypertension. Citizen
income and the ratio of elder citizens were also significant.

Discussion

There are a number of policies in place to encourage physical
activity in Japan. The outcome of this study shows that physical
activity is capable of reducing household medical expenses and of
reducing the frequency of diabetes and hypertension. This certainly has
implications for planning health improvement policies and for sound
financial administration of medical insurance. A particular point here
is that in research conducted on Japanese people up to now, the extent
of the capability of physical activity to reduce medical expenses was
unclear. Sports-related expenses for all households in Japan in 2001
were \61,125 per household, while payments by patients of Japanese
national medical expenditure amounted to \4.4588 trillion. Though
our calculations may be overly simplified, the result of this study’s
analyzes show that a 10% increase in sports-related expenses, meaning
an increase of \6,112.5 worth of physical activity for each household,
has the potential to reduce medical expenditure by \450 billion. The
total amount spent in a single household on physical activity or sports
equipment (such as golf equipment), sports clubs or use of sports or
training facilities was used as a proxy variable of physical activity in
this study’s analyzes, but it may also serve as one guideline for policy
planning. However, these expenses show the monetary involvement in
physical activity but not the actual intensity of physical activity. It must
be borne in mind that there will be differences in intensity of physical
activity due to the type of physical activity, even with the same financial
investment. There is also the possibility of differences in the family
between those who provide the money for sports or physical activity
and those actually involved in physical activity. In the future, more
detailed research, such as analysis using individual data and analysis of
the reductive effect on medical expenses of different kinds of physical
activity, will be required for the implementation of effective health
improvement projects.

The outcome of this study is highly significant in that it shows how
the frequency of two different types of disease may be reduced through
physical activity. The study concentrated on the frequency of diabetes
and hypertension, a focus that offered the opportunity of gaining more
data on the correlation between physical activity and obesity, which
has been attracting increasing attention, and of gaining more data
relevant to the findings of the Japan Society for the Study of Obesity
that diabetes and hypertension are related to and caused by obesity,
and obstruct weight loss [15]. Further clarification of the relationship
between the frequency of diseases and medical expenses, analysis using
long-term data, and minimization of those medical expenses through
physical activity, is anticipated.

Conclusion

This study indicated that physical activity was capable of reducing
household medical expenses and to reduce the frequency of diabetes
and hypertension.
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