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INTRODUCTION

In Korea, 97% of the population is registered for National Health 
Insurance (NHI), social insurance provided by the government 

through a single plan. Among total medical costs in 2010, 74.5% 
were at least partially covered by health insurance benefits, 
and 62.7% were fully covered.1 Of medical costs covered by 
health insurance, prescription drugs accounted for 26.1% of 
costs in 2013, slightly decreasing after reform of the Korea Phar-
maceutical Pricing Regulations in 2012.2 General drug expen-
ditures were 21.1% of total health expenditures per capita, 
which is greater than the Organization for Economic Cooper-
ation and Development (OECD) average of 16.4%. However, 
per-capita expenditures are lower than other countries because 
of the low average medical costs in Korea. Although health-
care expenditures per capita in France are almost twice those 
in Korea, drug expenditures per capita in France are lower than 
those in Korea. Moreover, drug expenditures in Korea are grow-
ing, increasing at an average of 12.4% from 2004 to 2010, which 
is very high, relative to other developed countries. The average 
annual growth rate of drug expenditure per capita for people 
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aged 10 and up from 2002 to 2009 was 8.1%, which is double the 
average rate of OECD countries and three to four times greater 
than that of Denmark and Norway (where drug expenditures 
per capita are low).3

Although the economic incentives for medical institutions 
to prescribe drugs were eliminated after the separation of pre-
scription and dispensary practices in Korea in 2000,4 drug ex-
penditures have continuously increased in accordance with 
an ageing population, increased prevalence of chronic diseas-
es, increased preferences of doctors and patients for expen-
sive drugs, and changing prescription patterns.5,6 Although 
the government has implemented various policies to rational-
ize drug expenditure and made many attempts to reduce drug 
prices and promote the proper use of drugs,7 it has been met 
with little success. In order to effectively control increases in 
drug expenditures, the causes there of need to be examined. 
The degree to which increases in drug expenditures can be at-
tributed to the prices of expensive prescription drugs or to a 
pattern of drug use tied to therapeutic methods or disease prev-
alence must be compared in order to establish effective policy 
measures.6,8,9

In order to describe expenditure trends, Steve Morgan classi-
fied factors affecting drug expenditures as a volume effect, a 
price effect, and a therapeutic choice.10 Volume effect is divided 
into volume of prescriptions and prescription size. Price effect 
is divided into the use of generics and price changes. Therapeu-
tic choice is grouped into therapeutic mix and drug mix.

These factors explain trends as a mutually exclusive final fac-
tor, which is derived from and complexly affected by changing 
market conditions. These include changes arising from an age-
ing population and disease patterns (e.g., a rise in chronic dis-
eases), changes in therapeutic patterns because of new drugs, 
and increased demand because of successful marketing.

This research used Morgan’s model to identify the contribu-
tion rates of factors affecting drug expenditure in Korea. We ex-
amined the extent to which the following four variables con-
tributed to the increase in drug expenditures paid for by health 
insurance in Korea: therapeutic choice, drug-mix, original use, 
and price changes. In other words, a deterministic model de-
signed to describe the rate of increase in drug expenditure per 
capita as the product of each factor’s growth rate was developed 
to examine the respective contribution rate of each factor.

MATERIALS AND METHODS

Research data
We referenced two databases from January 2008 to October 
2012: detailed statements on treatments covered by health in-
surance and the NHI Claims Database of the Health Insurance 
Review & Assessment Service (HIRA), which includes medi-
cal claims filed by medical institutions through the NHI and 
that are compiled and referenced through the Electronic Data 

Interchange. These data include information on all prescrip-
tion drugs. Of these, medical treatment statements from Janu-
ary 2008 to June 2012 were analyzed.

Research model
Morgan’s model used Fisher ideal indexes to identify the con-
tribution rate of four factors that affect drug expenditure: the 
price effect, drug-mix, original use for the drugs, and therapeu-
tic choice.10 The Fisher ideal approach is the full-attribution of 
the expenditure approach and the geometric mean of the Las-
peyres and Paasche indexes, which show growth rates com-
pared with the previous period. The product of the Fisher in-
dexes of the four factors affecting drug expenditure is titled the 
Fisher ideal formula, implying the level of change in total drug 
expenditure per exposed population in the applicable period.

The Laspeyres index shows the growth rate of drug expen-
diture using a change in one of the factors and assuming that 
the other factors remain constant. Thus, the Laspeyres index 
presents a “forward-looking approach,” because it shows the 
future rate of change over the base period. On the other hand, 
the Paasche index shows the growth rate of expenses using a 
change in one variable when the other factors are assumed to 
remain constant in the current period. Thus, it presents a “back-
ward-looking approach” (Appendix 1).

Using exposure to drug treatment (exposure) as an example, 
the Laspeyres index shows the effect of an increase or reduction 
of one unit of expenditure in the current period when a patient 
uses a drug in accordance with the rate of the base period (Ap-
pendix 1).

The Laspeyres price index mathematically equals the price 
index of all drug purchases. The original index shows the effect 
of switching between brands of drugs and generic use with the 
same ingredients. This index presents the change in market 
share of drug brands as a weighted average of price. The expo-
sure to drug treatment (category) index shows the effect of the 
change in the composition of the population exposed to the 
drug treatment. The drug-mix index indicates the effect of ch-
anges among prescription drugs within the same therapeutic 
scope.

The Anatomical Therapeutic Chemical Classification System 
(ATC) codes used in this research are established items devel-
oped by the HIRA as therapeutic classifications used for evalua-
tion according to target group classification. The therapeutic 
subgroup at the second level of classification is set as a standard.

The target drugs used in this analysis comprised all 16528 
drugs used from January 2008 to June 2012. Of these, 15728 
drugs provided and used new product codes. The number of 
target drug types used for final analysis was 13959, excluding 
drugs that did not have ATC codes, were not included in the 
original classification defined by the HIRA, or were not in use.
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RESULTS

Rate of change in drug expenditure by factor
The Laspeyres and Paasche indexes were used to adjust and 
identify the rate of change in drug expenditure according to 
original use, drug-mix, and therapeutic choice (Table 1). Ac-
cording to the Laspeyres indexes, which show the level of ch-
ange in price under the assumption that other factors remain 
constant from the base year, the price dropped by nearly 10% 
in 2012, whereas it decreased by 1–2% in other years. The sig-
nificant price drop in 2012 was a result of overall drug price re-
ductions implemented in April 2012.

The rate of change in drug expenditure by therapeutic choice 
was explored using both the Laspeyres and Paasche indexes. 
The Laspeyres index, which fixes other factors in the base year 
and shows the effect of the change in composition of people 
exposed to drug treatment by therapeutic scope (category) on 
drug expenditure, increased by almost 6% in 2009, compared 
to the previous year. Furthermore, it increased by 2.5% in 2010, 
3.8% in 2011, and 1.3% in 2012. This implies that therapeutic 
choice had a significant effect on annual drug expenditure.

The Laspeyres and Paasche indexes were also used to explore 
the contribution rate of a change in drug-mix on drug expen-
diture. Controlling for other factors, the annual growth rate of 
drug expenditure by drug-mix with general ingredients within 
the therapeutic scope increased by 7.6% in 2009, followed by 
a continuous increase of 1–3% every year.

The Laspeyres and Paasche indexes were also used to explore 
the effect of original use on the rate of change in drug expendi-
ture, compared with the previous year; however, original use 
had almost no effect on the rate of change in drug expenditure.

Contribution rate to the rate of change in drug 
expenditure using the Fisher ideal index
Table 2 presents the results of our analysis using the Fisher ide-

al indexes that explored the contribution rate of price chang-
es, original use, drug-mix, and therapeutic choice to the rate 
of change in drug expenditure. Original use had almost no ef-
fect on drug expenditure, whereas drug-mix and therapeutic 
choice were factors continuously affected drug expenditure. 
Of these, therapeutic choice had a greater effect on drug expen-
diture. Although overall drug expenditure in 2011–2012 fell 
because of artificial price adjustments, the contribution rate of 
drug-mix continuously increased (Fig. 1).

Contribution rate of each factor to the rate of change 
in drug expenditure
The contribution rate of each factor to the rate of change in drug 
expenditure was calculated. Because the product of the Fisher 
drug-mix index is the rate of change in drug expenditure, the 
Fisher ideal index of the rate of change for all drug expendi-
ture was logged. Accordingly, the contribution rate was calcu-
lated by summing the logs of each factor’s Fisher ideal index 
and calculating the absolute value for each factor. The contri-
bution rate was thus calculated as a distribution ratio of each 
factor with a sum of 100.

With regard to the effect by year, the price dropped signifi-
cantly in 2012 because of the government’s overall price reduc-
tion policy, accounting for 80% of the total change in drug pric-
es in the period studied and leading to an overall reduction in 
price. With the exception of 2012, therapeutic choice and drug-
mix contributed to about 40–60% and 30–40%, respectively, of 
the annual increase in drug expenditure. Original use typically 
had a contribution rate of less than 10% (Table 3, Fig. 2).

DISCUSSION

Although increases in drug expenditures resulting from an age-
ing population and an increased prevalence of chronic diseases 

Table 1. Laspeyres and Paasche Indexes for Factors Affecting Drug Cost by Year

2008–2009 2009–2010 2010–2011 2011–2012
LI PI LI PI LI PI LI PI

Price changes 0.9812 1.0230 0.9908 1.0159 0.9873 0.9965 0.9047 0.9149
Original use 0.9865 1.0232 0.9964 1.0213 0.9935 1.0027 0.9947 1.0030
Drug-mix 1.0760 0.9724 1.0199 1.0305 1.0281 1.0307 1.0139 1.0169
Therapeutic choice 1.0569 1.0284 1.0249 1.0210 1.0382 1.0373 1.0133 1.0006
LI, Laspeyres indexes; PI, Paasche indexes.

Table 2. Fisher Ideal Indexes for Factors Affecting Drug Expenditure by Year

Yr
Fisher ideal indexes

Change in drug expenditure per capita
Price changes Original use Drug-mix Therapeutic choice Total

2008–2009 1.0018 1.0047 1.0229 1.0426 1.0734 1.0961
2009–2010 1.0033 1.0087 1.0252 1.0229 1.0613 1.0472
2010–2011 0.9919 0.9981 1.0294 1.0378 1.0576 1.0572
2011–2012 0.9098 0.9988 1.0154 1.0070 0.9291 0.9371

Fisher ideal index is the geometric mean of the Laspeyres and Paasche indexes.
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Fig. 1. Fisher ideal indexes for factors affecting drug expenditure by year.
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Table 3. Attribution of Factors Affecting Drug Expenditure by Year

Yr
Fisher ideal indexes (%)

Price changes Original use Drug-mix Therapeutic choice Total
2008–2009 2.6 6.6 31.9 58.9 100.0
2009–2010 5.5 14.6 41.8 38.1 100.0
2010–2011 -10.7 -2.5 38.1 48.7 100.0
2011–2012 -80.2 1.0 13.0 5.9 100.0

Fisher ideal index is the geometric mean of the Laspeyres and Paasche indexes.

Fig. 2. Attribution of factors affecting drug expenditure by year.
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are a global trend, the difference is striking in Korea, compared 
to other OECD countries. The 9.8% average annual growth rate 
over the past 5 years is serious to the extent that it can threaten 
the financial sustainability of the NHI.2,6,11 In order to control 
the increase in drug expenditures, the overall prices of 6506 
drugs, which accounted for 47.1% of drugs reimbursed in April 
2012, were reduced.2

Nevertheless, the increase in drug expenditure was caused 
not only by price but also by various factors, such as volume of 
drug use and drug-mix.10,12-17 Thus, it is questionable whether 
this increase can be controlled using only overall drug price re-
ductions. This study explored mechanisms that led to increas-
ing drug expenditure over the past 4 years and estimated the 
contribution rate of each factor to this increase.

The model used in this study assessed four factors affecting 
drug expenditure, based on a study by Morgan.10 These factors 
include price changes, original use, drug-mix, and therapeutic 
choice. Of these, the increase in drug expenditure in Korea was 
mainly attributed to therapeutic choice and drug-mix. Thera-
peutic choice contributed to over 50% of the increase in drug 
expenditure, mostly due to changes in the rate and pattern of 
exposure to drug treatments.13 In Korea, the number of drugs 
per prescription was 4.16, which is very high, compared to oth-
er OECD countries.18 Thus, more therapeutic mixes were pre-
scribed. If there is a pattern of prescribing expensive drugs that 
have recently been developed, the contribution rate of thera-
peutic choice will increase. Even the effect of original use is ex-
cluded, the annual growth rate of drug expenditure because of 
drug-mix was 20–30%, which has remained consistent. This re-
veals a tendency to prefer expensive drugs under the assump-
tion that an increase in the volume of drug use per patient is 
limited.

The result of this study is similar to that by Morgan,13 which 
targeted a population of elderly people in Canada and showed 
that contribution rates of drug and therapeutic choices for 
drug treatments over 5 years from 1985 to 1989 were 40% and 
38%, respectively. Although the contribution rate of drug price 
was approximately 22% over 5 years in Canada, it was less than 
5% in Korea (and sometimes negative), with the exception of 
2012. This implies that the government typically controlled 
drug prices. Furthermore, because of an overall drug price re-
duction in 2012, holding other factors constant, drug prices 
per capita were reduced by 9%. This contributed to 80% of the 
overall change in drug prices and played a significant role in 
reducing drug prices by 7–8%.

Drug expenditures paid for by the NHI, accounted for 26.1% 
of the total health insurance expenditure in 2013, which is 
high.19 An inability to control of steep increases in drug expen-
diture can threaten the financial sustainability of the NHI. Al-
though the government has focused on prices, it has failed to 
control increases in drug expenditure. This is because the root 
of the increase in drug expenditures in Korea resides in thera-
peutic choice and drug-mix rather than in price. Thus, in order 

to reduce drug expenditures in Korea, various prescription 
drugs for patients should be controlled, and policies to prevent 
patterns of prescribing expensive drugs that have not been 
proven effective and incentives for cost-effective drugs within 
the therapeutic scope are required. Despite limitations in the 
data on claims made to Korea’s NHI, this study is significant in 
that it examined the causes of the increased in drug expendi-
tures using mass data at the national level for all Korean people.
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APPENDIX 1

1. Laspeyres indexes

IL (Exposure)t=
Exposuret×Drugmixt-1×Originalt-1×Pricest-1
Exposuret-1×Drugmixt-1×Originalt-1×Pricest-1

Exposure: patterns according to therapeutic choice
Drug: drug-mix
Original: original use for the drugs
Prices: price changes

2. Paasche indexes

IP (Exposure)t=
Exposuret×Drugmixt×Originalt×Pricest
Exposuret-1×Drugmixt×Originalt×Pricest

Exposure: patterns according to therapeutic choice
Drug: drug-mix
Original: original use for the drugs
Prices: price changes

3. Fisher ideal index is the geometric mean of the Laspeyres and Paasche indexes

I (Exposure)t=[IL (Exposure)t×IP (Exposure)t]
1
2
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