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Abstract

Tele-home-care (or tele-medicine) is being implemented by
the application of multimedia such as CATV and ISDN. In
this paper, by focusing on the so-called “social
hospitalization of the aged,” we carry out an estimation of
the extent to which tele-home-care based on multimedia can
help in saving the cost of hospitalization of the aged in the
Sfuture.  Estimation consists of the following two parts.
First, we estimate the trends of the aged population and
their hospital expenses using the regression analysis.
Second, we assume that new technology such as multimedia
and new medical instruments develop according to a
logistic curve. Thus, we estimate the rate of diffusion of
CATV and ISDN by logistic curves. Then, by multiplying
this number by hospital costs per elderly patient as
estimated previously, we have been able to calculate the
extent to which hospitalization costs can be saved in the
entire economy. Our results indicated that in the year 2050,
US$257.3 billion, or nearly 7.4% of total hospitalization
costs of the aged could be saved by tele-home-care.
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Introduction

In Japan today, the medical expenses of elderly people’
account for a large share of the medical expenses. The
aging of society will inevitably bring about an increase in
the medical expenses of the elderly which totaled US$ 33
billion in 1983, accounting for 23% of the total national
medical expenses. In 1995, the medical expenses of the
elderly people were approximately US$ 90 billion,

In this paper, following to the definition of the Ministry of
Welfare and Health, the terms “elderly” and “aged” refer to those
70 years of age or older, and those who are bedridden and 65 years
or older.
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accounting for more than 30% of the national medical
expenses. This means that the medical expenses of the
elderly have risen threefold in the last ten years. The
elderly, on the other hand, account for approximately 10%
of the entire population of Japan, thus 30% of the aggregate
medical expenses are those of the elderly

This paper examines the characteristics and economic
effects of the tele-home-care, based on a field study of local
governments which are implementing such systems through
the use of multimedia such as CATV and ISDN. An
example of simple estimation is, for instance, found in Kido
& Nakamura [2]. The economic benefits of tele-home-care
cover a wide range of areas. Here, we focus on the “social
hospitalization” of elderly people. Social hospitalization is
defined as the aged being hospitalized and given medical
treatment at medical institutions in spite of the fact that
medical treatment at home is possible. We carry out an
estimation of the extent to which tele-home-care based on
multimedia can help in saving the cost of hospitalization in
the future. In so doing, we estimate the trends of the aged
population and their hospital expenses by the regression
analysis as well as estimate future increases in tele-home-
care utilizing CATV and ISDN by applying logistic curves.

Estimation Method

Estimation of hospitalization costs of the aged and
number of elderly patients

Here, we conduct an estimation of the extent to which
hospitalization costs of the aged can be reduced by applying
the tele-home-care system. The estimation procedure is as
follows. First, we estimated the hospitalization costs of the
aged by regression analysis and forecast future values.
Second, we estimated the number of elderly inpatients. By
dividing the aggregate hospitalization costs of elderly
people by the number of elderly inpatients, we obtained the
hospitalization costs per elderly patient (more details
provided in later section). Then, we multiply the cost per
elderly person by the number of elderly people who can be
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treated by the tele-home-care system, and the
hospitalization costs that can be saved are obtained.

In estimating hospitalization costs, by following the method
of Phelps [4] and Hiroi [1], we conducted regression
analysis with the growth rate GNP deflator of medical
services, and the aging rate. Since we take hospitalization
costs per elderly person as a variable, the effects of an
increase of such people to total hospitalization costs cannot
occur in theory. However, the increase in the ratio of
elderly people does change the contents and quality of
medical services, and thus we retain the ratio as a variable.
The data used is based on the 1995 edition of Annual
Report of Medical Care for the Aged, published by the
Health and Welfare Bureau for the Elderly, Ministry of
Health and Welfare. Since only data pertaining to
hospitalization costs per person 70 years of age was
available, we estimated the hospitalization costs of one
elderly person 70 years of age or older based on this data.
The regression equation for hospitalization costs per elderly
person and its results are as follows:

In(COST) = 11.6000 + 0.030670DEFLATOR
(79.6338) (2.2511)
+0.12005POP70

(7.5889)

O

Adjusted R* = 0.85909, DW = 1.5382,
where COST: Hospitalization costs per elderly person,
DEFLATOR: GDP deflator of medical services,
POP70: Ratio of elderly 70 years of age or older to
total population.

In forecasting future hospitalization costs, we assumed that
the GDP deflator increases at 2%.

Secondly, we attempt to estimate the future hospitalization
costs per elderly inpatient by the following procedure:

hospitalization costs per elderly inpatient
= hospitalization costs per elderly person x

(number of elderly people/number of elderly patients).
= hospitalization costs per elderly person x

(1/ hospitalization rate of elderly people)

According to this equation, we can forecast the future
aggregate hospitalization costs of elderly people by
multiplying the estimated value of hospitalization costs per
elderly person times the future number of elderly people 70
years of age or older, based on data obtained from
Population Projections for Japan, January 1997 by the
National Institute of Population and Social Security
Research. For estimation, we adopted three cases of aging
ratio, namely, low, moderate, and high estimation according
to the above data. In order to obtain hospitalization costs
per elderly inpatient, it is necessary to estimate the number
of elderly inpatients in the future. The number of elderly
inpatients 70 years of age or older was 625,000 in 1996,
and the hospitalization rate accounts for 0.050% of the total
population of elderly people 70 years of age or older. We
assume that this percentage will not change in the future.
We thus multiplied the forecasted value of the number of
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elderly people by this percentage, and we obtain the figures,
as indicated by table 1.

Table 1 - Estimated Hospitalization Costs per Elderly
Patient and Number of Tele-home-care Systems in the
Future

Hospitalization Cost | Number of Systems
US$ Million CATV ISDN
2000 60,876 3 14
2005 88,438 9 54
2010 117,789 23 166
2015 155,533 60 485)
2020 220,757 148 1,255
2025 252,129 345 2,558
2030 250,365 722 3,832
2035 248,816 1,256 4,559
2040 267,906 1,764 4,854
2045 323,608 2,094 4,957
2050 347,502 2,258 4,991

Estimation of the number of tele-home-care systems in
the future

In carrying out the tele-home-care system based on
multimedia, systems such as CATV and ISDN, as discussed
in the previous section, are necessary. Since this paper
analyzes tele-home-care carried out by local governments,
the number of ISDN and the number of CATV for the
purpose of tele-home-care operated by local governments
are required. These figures are obtained by the Bureau of
Telecommunications, Ministry  of  Posts and
Telecommunications. Based on this data, we estimate the
number of CATV and ISDN systems owned or operated by
local governments. In the actual estimation, by following
Mansfield [3], we assume that new technology such as
multimedia and new medical instrument develop according
to logistic curve. Thus, we estimate the rate of diffusion of
CATV and ISDN by logistic curves, and we assume that the
number of tele-home-care systems will develop along these
curves in the coming years.

The original data provided by the Ministry of Posts and
Telecommunications is shown in table 2 (CATV) and table
3 (ISDN). The original data are expressed in terms of the
number of CATV operators and that of ISDN subscribers.
As for the number of local governments as ISDN
subscribers, there is no existing data. Therefore, we assume
that the first category of INS1500 is equal to the number of
ISDN subscribers. We also assume that ISND will be
diffused at the same rate as CATV.
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Table 2 - Number of CATV Operators

‘83 428 ‘91 1,261
‘84 484 ‘92 1,371
‘85 550 ‘93 1,491
‘86 633 ‘94 1,623
‘87 709 ‘95 1,738
‘88 826 ‘96 1,819
‘89 944 ‘97 1,884
‘90 1,091 ‘98 1,902

Source: Ministry of Posts and Telecommunications

Table 3 - Number of ISDN Subscribers:
Image Transmission Service

‘86 815 ‘93 2,779
‘87 890 ‘94 2,930
‘88 1,023 ‘95 3,321
‘89 1,408 ‘96 3,680
‘90 1,740 ‘97 3,780
‘91 2,064 ‘98 3,907
‘92 2,414

Source: Ministry of Posts and Telecommunications

In the estimation, the diffusion process of new technology
can be expressed by the following logistic curve:

& _ (o)A -x(0))

2
r @

where % >0 denotes constant, and 4 satiation demand.
The solution of differential equation (2) is expressed as
follows:

A

1+[i ~ l]exp(— kdt)

Xo

x(@®) = ?3)

where x(0) = X,

The non-linear equation to be estimated is denoted as
follows:

X, =— 4 +€,
1+ (X% - l)exp(—kAt)

In this type of estimation, error terms tend to be correlated:
namely,

Q)

& = P& -1 tu,

Inserting this into equation (4), we have the following
equation to be estimated.

X, = + P& -1 +u, .

1+ ILO—I)exp(—kAt )
)

The equation to be estimated is as follows:
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The estimation result of CATV is summarized as follows:

Parameter  Estimate  Standard Error t-statistic
A 23717.70 170.046 13.9827
k 188525 015704 12.0048

Adjusted R* = 997280
Durbin-Watson = 1.785753

The estimation result of ISDN is summarized as follows:

Parameter  Estimate Standard Error t-statistic
A 5006.98 573.008 8.73806
k 227708 024526 9.28430

Adjusted R” = 991287
Durbin-Watson = 1.54233

The expected values of the number of CATV and ISDN
installed (which are used in the tele-home-care system) in
coming years are shown in table 2.

Results: Economic Effects Of Tele-Home-Care

Let us now obtain the number of elderly patients who will
be able to have tele-home-care by the introduction of the
tele-home-care system. We have found from the field study
of tele-home-care systems implemented by local
governments that there are 16 terminals at the patient's
home on average attached to one CATV system, and 12
terminals on average attached to one ISDN system. An
elderly patient is observed regularly by one terminal
annually on average. Thus, the estimation of the number of
elderly patient treated by the tele-home-care system is
obtained. Then, by multiplying this number by hospital
costs per elderly patient as estimated previously, we can
calculate how much hospitalization costs can be saved in
the entire economy.

Hospitalization costs for elderly patients that can be saved
by a tele-home-care system which uses CATV and ISDN
are shown in table 4. The percentage of hospitalization
costs, for instance, that can be reduced to the aggregate
hospitalization costs of elderly people is indicated in table 5.
A reduction of US$ 14 million (0.081% of hospitalization
costs of elderly people) will be saved by the year 2000,
US$ 252 million (0.214%) by 2010, and US$ 2,842 million
(1.287%) by 2020. And by the year 2050, US$ 25.7 billion
will be saved, which accounts for 7.4% of the aggregate
hospitalization costs of elderly people. Leaving the
argument over whether this 7.4% reduction is big or small,
there is no doubt that the hospitalization costs of elderly
people will be reduced by the introduction of the tele-home-
care system.
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Table 4 — Reduction of Social Hospitalization Costs

Costs (US$ million)
CATV ISDN total
2000 4 10| 14
2005 12 58] 71
2010 39, 213 252
2015 119 745 863
2020 375 2,467 2,842
2025 976 5,664 6,640
2030 2,092 8,788 10,880
2035 3,768 10,768 14,536
2040 5,848 12,428 18,277
2045 8,223 14,804 23,027
2050 9,645 16,084 25,729
Table 5 - Ratio of Hospitalization Cost-Savings to
Total Costs
Ratio (%)
CATV ISDN Total
2000 0.065 0.016 0.081
2005 0.014 0.066] 0.080j
2010 0.033 0.181 0.214
2015 0.076 0.479 0.555
2020 0.170] 1.118 1.287,
2025 0.387 2.247 2.634
2030 0.836 3.510 4345
2035 1.514 4,328 5.842]
2040 2.183 4.643 6.826
2045 2.541 4.575 7.116
2050 2.776 4.629 7.404]

It should be noted that the sums shown in table 4 are the net
effect of the tele-home-care system. In other words, costs
have already been deducted when those columns are
calculated. Costs include the initial investment to construct
CATV and ISDN networks, and equipment such as
terminals and devices for tele-home-care, and operation
costs such as telecommunications bills. Here, we regard the
initial investment as the only cost incurred when the tele-
home-care is introduced’. Based on our findings from field
research, the initial investment is approximately US$ 1
milliion per system on average in the case of CATV, and
US$ 500 thousand in the case of ISDN. We disregarded

> The construction cost of a CATV network is distributed
proportionally among other services and can be considered as
being imputed to tele-home-care. However, tele-home-care is not
the principal service provided by CATV. Furthermore, in addition
to the labor costs of public health nurses and home-helpers that
accompany tele-home-care, costs such as imputed wage of the
family as a provider of care service and imputed rent of residence
should be considered, in general.
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Figure-1 Economic Effects of Tele-home-care

depreciation and accounted only for the cost of the newly-
built system. Those were subtracted from the aggregate
medical expenses saved by a tele-home-care system.

Conclusion

There is a sense of impending crisis among those who
belong to local governments and those engaged in welfare
activities regarding the implementation of Nursing Care
Insurance. Is it actually possible to ensure the provision of
care services that Nursing Care Insurance guarantees in
words? Is it possible to secure enough funds and qualified
persons for the provision of services? At present, tele-
home-care services are provided free of charge. But when
Nursing Care Insurance is implemented, patients will have
to contribute 10% of the expenditures and the quality of
services provided will also be an important. It is highly
advisable that the entire local community be involved in
building an information sharing network system, which
covers such areas as health preservation/health/welfare for
adequate provision of care services. The solution to these
issues rests upon how the tele-home-care system will
evolve in the coming years.
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