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Abstract

The School of Graduate Studies,
The Open University of Japan
Masayuki Yokoi

The Estimation of the Separation of Prescription and Dispensation Medicines between
Doctors in Medical Institutions and Pharmacists in Pharmacies by Statistical Analysis of
the National Data

1. Introduction

In the late 20th century, Japan introduced the separation of prescription and dispensation
medicines between doctors in medical institutions and pharmacists in pharmacies
(hereafter, the separation system). Reports have differed about whether the separation
system has been effective since the 1960s in reducing medication costs. Most economic
evaluations of clinical pharmacy interventions suffer from a number of methodological
limitations, including the absence of a control group. The economic effectiveness of the
separation system has not been quantitatively investigated, as it is difficult to accurately
compare the objects under study. In particular, it is impossible to undertake a double-blind
test of the separation system, as e experience contents, by their very nature, must be
known by doctors, patients, and pharmacists. Despite these difficulties, Japan’s separation
system rapidly proliferated in the 1990s, and in 2015 was present in 70% of all healthcare
facilities in Japan.

2. Research Objective

In my doctoral research, | examined the financial efficiency of separating pharmacies
from clinics by undertaking multiple linear regression analysis of Japanese prefecture-
level data. The results would lead to a clear understanding of the cost efficiency of the
separation system. In this summary, I mainly detail the conclusions of my weighted
multiple linear regression analysis.

3. Methodology

I performed weighted multiple linear regression analysis (WLS), with daily medicine
costs for internal use or other medicine costs per prescription as the dependent variable;



as independent variables, I used the expansion rate of the separation system, the base ratio
of generic medicine replaced with brand name medicine, the proportion of people in the
population aged 75 years or older, and the number of doctors per 100,000 individuals.
Weights were determined by examining the prescription sheets submitted to the
pharmacies in each prefecture. | hypothesized that these variables would considerably
correlate with daily medicine costs.

I examined the correlation between medicine costs per prescription and the factors
believed to influence medical expenses, by analyzing objective nationwide prefecture-
level data derived from three sources—namely, the Japanese Statistics Bureau of the
Ministry of Internal Affairs and Communications (JSB); the Ministry of Health, Labour,
and Welfare Insurance Bureau Security Research Division (JMHLW); and the Japan
Pharmaceutical Association (JPA), a nonprofit public service corporation.

In the present study, | examined the financial efficiency of separating pharmacies from
clinics; I did so by evaluating data from each of Japan’s prefectures. I hypothesized that
the results would lead to a clearer understanding of the cost efficiency of the separation
system.

3.1 Dependent variable

From the JMHLW (2016) website, | obtained for each prefecture in 2016 data on the
average medicine cost and dosage days per prescription. Nationwide data on prescriptions
are available from insurance applications received by pharmacies for medical expenses,
99% of which are currently covered by medical insurance.

3.2 Independent variables

3.2.1 Expansion rate (%)

The expansion rate refers to the number of separation system upgrades among Japan’s
administrative divisions; I obtained from JPS (2016) these data for the 2016 fiscal year.
3.2.2 Generic medicine replacement ratio (%)

These data were taken from the IMHLW website; specifically, they are based on trends
in 2016 regarding the composition of medical expenses (for computation processing)
(JMHLW, 2016). From these data, for each prefecture, | calculated the rate of generic
medicines replaced by brand name medicines (hereafter, the generic medicine
replacement ratio). These data are precise, as they are based on universal healthcare and
medical insurance data.

3.2.3 Proportion of the elderly (%)

Elderly persons were defined as those aged 75 years or older. | obtained data on this group
of individuals (hereafter, the proportion of the elderly) from the JSB (2016) website. The
proportion of the elderly in each prefecture is based on city and district population data



captured by the JSB during the national census.

3.2.4 Number of doctors per 100,000 individuals

These data were taken from the JMHLW website. Specifically, these were based on
research in 2014 into the number of doctors in each prefecture. This research is carried
out every two years, and | availed myself of the most recent data (i.e., those from 2014
research).

3.3 Data weight

Here, the data weight refers to the number of prescriptions reported on the separation
system upgrades, among Japan’s administrative divisions; I obtained these JPS (2016)
data for the 2016 fiscal year.

3.4 Data analysis

I undertook weighted multiple regression analysis, using the daily cost per prescription
of total medicine, internal medicine, one-shot medicine, external medicine, injection
medicine, and medical devices as the dependent variable. Additionally, as mentioned, the
expansion rate, generic medicine replacement ratio, proportion of the elderly, and number
of doctors per 100,000 individuals were used as independent variables. All statistical
analyses were performed by the application software R studio, R Commander, and EZR,
written in the statistical programming language “R.”

4. Results

4.1 Total medicine costs

In the weighted multiple regression analysis, when the objective variable was a daily total
medicine cost, the 95% confidence interval of the partial regression coefficient of the
expansion rate (“separation ratio””) and of the generic medicine replacement rate (“GE
ratio”) was negative. On the other hand, the number of doctors per 100,000 individuals
in the population (“Dr. number/100,000’") was always positive. No trend was seen in the
proportion of the elderly (“75 years or over ratio”), because the 5% confidence interval
of the partial regression coefficient exceeded 0.

Table 4-1 Results: total medicine costs

Coefficient Estimate 95% lower limit 95% upper limit
Intercept 446.9369 360.5990 533.2749
Dr. number/100,000 0.0977 0.0177 0.1777
GE ratio (%) -1.5518 -2.6945 -0.4091
Separation ratio (%) -1.0959 -1.5061 -0.6857
75 years or over ratio (%) 0.6654 -1.0542 2.3850

Multiple R-squared: 0.7564.
4.2 Internal medicine costs
In examinations of the daily internal medicine costs, the 95% confidence interval of the
partial regression coefficient of the separation ratio and of the GE ratio was negative. On



the other hand, no trends were seen in either the 75 years or over ratio or the
Dr. number/100,000, because the 5% confidence interval of the partial regression
coefficient exceeded 0.

Table 4-2 Results: internal medicine costs

Coefficient Estimate 95% lower limit 95% upper limit
Intercept 367.1454 288.3667 445.9420
Dr. number/100,000 0.0654 -0.0076 0.1318
GE ratio (%) -1.4125 -2.4551 -0.3698
Separation ratio (%) -0.9072 -1.2816 -0.5329
75 years or over ratio (%) 1.5638 -0.0052 3.1329

Multiple R-squared: 0.5886.
4.3 One-shot medicine costs
In examinations of the daily one-shot medicine costs, the 95% confidence interval of the
partial regression coefficient of the separation ratio was negative. On the other hand, no
trends were seen in the GE ratio, the 75 years or over ratio, or the Dr. number/100,000;
again, this is because the 5% confidence interval of the partial regression coefficient
exceeded 0.
Table 4-3 Results: one-shot medicine costs

Coefficient Estimate 95% lower limit 95% upper limit
Intercept 7.2075 3.4189 10.9961
Dr. number/100,000 -0.0003 -0.0038 0.0032
GE ratio (%) -0.0298 -0.0799 0.0204
Separation ratio (%) -0.0443 -0.0623 -0.0263
75 years or over ratio (%) 0.0056 -0.0699 0.0810

Multiple R-squared: 0.4142.
4.4 External medicine costs
In examinations of daily internal medicine costs, the 95% confidence interval of the
partial regression coefficient of the 75 years or over ratio was negative. On the other hand,
the Dr. number/100,000 was positive. No trend was seen in the GE ratio or in the
separation ratio, because the 5% confidence interval of the partial regression coefficient
exceeded 0.
Table 4-4 Results: external medicine costs

Coefficient Estimate 95% lower limit 95% upper limit
Intercept 46.5274 35.2654 57.7894
Dr. number/100,000 0.0214 0.0109 0.0318
GE ratio (%) -0.1239 -0.2729 0.0252
Separation ratio (%) 0.0275 -0.0260 0.0810




75 years or over ratio (%)

-0.6227

-0.8470

-0.3984

Multiple R-squared: 0.6310.

4.5 Injection medicine costs

In examinations of daily injection medicine costs, the 95% confidence interval of the
partial regression coefficient of the separation ratio and of the 75 years or over ratio was
negative. On the other hand, the Dr. number/100,000 was positive. No trend was seen in
the GE ratio, as the 5% confidence interval of the partial regression coefficient exceeded

0.Table 4-5 Results: injection medicine costs

Coefficient Estimate 95% lower limit 95% upper limit
Intercept 26.0759 14.2151 37.9368
Dr. number/100,000 0.0112 0.0002 0.0222
GE ratio (%) 0.0104 -0.1429 0.1710
Separation ratio (%) -0.1718 -0.2281 -0.1154
75 years or over ratio (%) -0.2814 -0.5176 -0.0452

Multiple R-squared: 0.5483.
4.6 Medical device costs

In examinations of daily medical device costs, the 95% confidence interval of the partial
regression coefficient of the separation ratio was negative. On the other hand, no trends
were seen in the Dr. number/100,000, the GE ratio, or the 75 years or over ratio, as the

5% confidence interval of the partial regression coefficient exceeded 0.

Table 4-6 Results: medical device costs

Coefficient Estimate 95% lower limit 95% upper limit
Intercept 0.8123 -0.5674 2.1920
Dr. number/100,000 0.0007 -0.0006 0.0020
GE ratio (%) 0.0051 -0.0131 0.0234
Separation ratio (%) -0.0091 -0.0157 -0.0026
75 years or over ratio (%) 0.0011 -0.0264 0.0286

Multiple R-squared: 0.1987.
5. Discussion

5.1 The separation system

I found that the daily costs of total, internal, one-shot, and injection medicines and
medical devices had significant and partially negative correlations with the expansion rate.
First, | found that the separation system strongly influenced cost reductions in these areas.
No significant partial correlations were found between the expansion rate and external

medicine. This is because the most popular medicine of this type on the Japanese market
is a light-duty pain-killer, which is thought to have characteristics that allow patients to
make their own purchase and use decisions.



5.2 Generic medicine

I found that the daily costs of total and internal medicine had significant and partially
negative correlations with the expansion rate. The use of generic medicines to reduce
medicine costs is a well-known practice. Many generic medicines are sold, leading to a
significant cost-reduction trend among internal medicines; on the other hand, in fields
where little or no generic medicine is sold, no such trend was observed.

5.3 Number of doctors per 100,000 individuals, and the proportion of the elderly

I found that the daily costs of total, internal, external, and injection medicines had
significant and partially positive correlations with the Dr. number/100,000. This finding
does not contradict those of previous studies, as growth in Dr. number/100,000 has
naturally led to an increase in the total medical expense.

In any case, attention should be drawn to the growing 75 years or over ratio and its part
in increasing overall medicine costs. It was found that the growth in the 75 years or over
ratio is not increasing the medicine costs per prescription; the reason for this is that elderly
persons tend to consult many medical institutions and receive many prescriptions.
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