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This  article  investigates  the  determinants  of  the  prices  of pharmaceuticals  and  their  impact  on  the  demand
for  prescription  drugs  in  the  context  of  Taiwan’s  pharmaceutical  market  where  medical  providers  earn
profit  directly  from  prescribing  and  dispensing  drugs.  Based on  product-level  data,  we  find  evidence
that  the  profit-seeking  behavior  of the  medical  providers  in the  prescription  drug  market  transfers  the
force of  competition  from  the  unregulated  wholesale  market  to the  regulated  retail  market  and  hence
market  competition  still  plays  an  important  role  in  the  determination  of  the regulated  price.  We  also
find  that  the profit-seeking  behavior  plays  a similar  role to advertising  in  that  it increases  the  brand
loyalty  and hence  lowers  price  elasticity.  An important  implication  of  our  study  is  that  the  institutional
eywords:
rice regulation
eneric competition
herapeutic competition
rice elasticy

features  in  the  pharmaceutical  market  matter  in  shaping  the  nature  of  pharmaceutical  competition  and
the responsiveness  of pharmaceutical  consumption  with  respect  to  changes  in  price.

© 2012 Elsevier B.V. All rights reserved.
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emand for prescription drugs

. Introduction

In recent years, a substantial amount of technological progress
n medicine has taken the form of pharmaceutical innovation. As a
esult, an increasing number of studies have paid attention to how
he pharmaceutical market operates in the health sector (Berndt,
002). In particular, the determinants of the prices of pharmaceu-
icals and their effects on the demand for prescription drugs have
ong been a focus in this line of research (see, e.g., Berndt et al., 1995;
llison et al., 1997; Lu and Comanor, 1998; Rizzo, 1999; Danzon
nd Chao, 2000; Pavcnik, 2002; Ekelund and Persson, 2003; Wang,
006; Dalen et al., 2006; Iizuka, 2007; Ellison and Snyder, 2010).
owever, most of these studies used data obtained from West-
rn countries where prescribing and dispensing are separated. The
xperiences of East Asian countries where physicians prescribe and

ispense drugs are much less well researched. A few exceptions

nclude Wang (2006) and Iizuka (2007) who target their research
n the pharmaceutical markets in China and Japan, respectively.

∗ Corresponding author. Tel.: +886 2 27822791x207; fax: +886 2 27853946.
E-mail addresses: ymliu@mail.ncku.edu.tw (Y.-M. Liu), yhkao@mail.ncku.edu.tw

Y.-H.K. Yang), crh@econ.sinica.edu.tw (C.-R. Hsieh).
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Compared to other markets in the economic sector in gen-
ral and in the health sector in particular, study outcomes of the
harmaceutical market are more likely to be sensitive to the institu-
ional features because of the complex institutional context in this

arket (Reinhardt, 2007). In many countries, governments pro-
ide insurance coverage for prescription drugs and regulate the
rices that they reimburse. In addition, physicians act as front-line
rofessional agents, making consumption decisions on behalf of
heir patients in the prescription drug market. Instead of a simple
ilateral relationship between demand (the buyer) and supply (the
eller), these characteristics shape the structure of the prescription
rug market in a quadrilateral relationship: the pharmaceutical
rm, the medical provider, the patient and the payer. Whether or
ot the study outcomes on the determinants of prices and their
ffects on the demand for prescription drugs are sensitive to the
lternative structures of this quadrilateral relationship is an issue
hat is well worth exploring.

This article uses the prescription drug market in Taiwan as an
xample to investigate the question of how the institutional fea-

ures of the health sector affect the determinants of price and
uantity in the pharmaceutical market. In Taiwan, the government
rovides universal insurance coverage for prescription drugs and
egulates the reimbursement price. In addition, physicians both

dx.doi.org/10.1016/j.jhealeco.2012.03.003
http://www.sciencedirect.com/science/journal/01676296
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existing drugs. As mentioned, the government only regulates the
reimbursement price (the retail price) and does not regulate the
wholesale price based on which the clinics and hospitals purchase

3 In other words, Taiwan has not imposed a referencing price system as adopted
in many European countries whereby pharmaceutical manufactures are allowed to
have certain range of freedom to set their own  retail prices. In Taiwan, the public
payer sets the retail price for each individual drug on the basis of “product brand”
instead of the “chemical substance”. For generic drugs, this is the so-called “branded
generics”.

4 The BNHI monitors 10 countries as a reference group for international com-
parisons, including Australia, Belgium, Canada, France, Germany, Japan, Sweden,
72 Y.-M. Liu et al. / Journal of He

rescribe and dispense drugs. As a result, Taiwan’s pharmaceu-
ical market provides an interesting setting in which to address
he following two questions: (1) Compared to the system where
rescribing and dispensing are separated, does the integration of
rescribing and dispensing alter the form of price competition in
he pharmaceutical market, and how does it do so? (2) How is
he price elasticity of demand for prescription drugs influenced
y institutional features such as the integration of prescribing and
ispensing?

The remainder of this article is organized as follows. Section 2
escribes the conceptual framework that is based on the institu-
ional features of the prescription drug market in Taiwan. Section

 describes the data and methodology used in the analysis. Section
 presents the results, and Section 5 summarizes our findings and
iscusses policy implications.

. Conceptual framework

There are two major institutional features in the Taiwanese
harmaceutical market that make our study setting different from
ther existing studies which focus on countries in North America
nd Europe.

First, Taiwan, like many Asian countries such as China and Japan,
as a health-care system in which physicians both prescribe and
ispense drugs.1 Under this system, most patients directly receive
heir outpatient care prescription drugs from the hospitals or clin-
cs that they visit. Second, Taiwan has a social insurance system,
nown as national health insurance (NHI), which provides uni-
ersal insurance coverage to all citizens and offers comprehensive
enefits, including physician services, hospital care, and prescrip-
ion drugs. To control the cost of public insurance, the government
egulates the reimbursement price of prescription drugs (P), i.e., the
rice paid on behalf of patients, in the retail market, but it does not
egulate the acquisition prices (Pa) that hospitals or clinics obtain
rom the pharmaceutical manufacturers in the wholesale market.
hat is, the government regulates public prices only and leaves
istribution margins (P – Pa) unregulated. These two institutional
eatures together enable clinics and hospitals to profit from the
ales of prescription drugs.2

We  first describe how the regulated prices are set. Then, we
xplain how the profit margins between the reimbursement and
he acquisition prices affect the demand for prescription drugs.

.1. The determinants of the regulated price

In addition to obtaining authorization to market a new drug,

aiwan, like other countries with direct price controls on pharma-
eutical products, requires that the pharmaceutical manufacturer
f a new drug obtain approval for coverage and a price for

1 In recent years, the government in Taiwan has adopted a series of reforms
o separate drug prescribing from dispensing (Chou et al., 2003). However, the
eforms have been incomplete in the sense that hospitals can still keep their phar-
acy department for outpatient services and physicians practicing in clinics are

till allowed to hire pharmacists on site to dispense drugs. Japan and South Korea
ave also adopted similar reforms to separate drug prescribing from dispensing;
ee  Iizuka (2007) and Kwon (2003).  For a more detailed analysis on the histori-
al  background of the integration of drug prescribing and dispensing in East Asian
ountries, see Eggleston and Yang (2009).  In Switzerland, physician dispensing is
lso allowed in some regions where the density of pharmacies is lower (Rischatsch
nd Trottmann, 2009).
2 Throughout this paper, the reimbursement price is equivalent to the retail price
hich is regulated by the public payer and the acquisition price is equivalent to

he  wholesale price which is unregulated. Thus, in our paper, the terms reimburse-
ent price, retail price and regulated price are interchangeable. Similarly, the terms

cquisition price, wholesale price and unregulated price are interchangeable.
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eimbursement from the single public payer, the Bureau of
ational Health Insurance (BNHI).

At the time of entry, the public payer (BNHI) uses a mix of
trategies to determine the reimbursement price (or referring to as
he launch price) for each specific brand-name and generic drug,
ncluding references to existing products and to international com-
arisons, and a drug’s therapeutic value. In general, the public payer
xes the regulated price product by product and the level of the
egulated price is positively associated with the therapeutic value
nd the version of drugs according to the following four specific
riteria.3 First, BNHI uses the median price of international com-
arisons (PIM) to set the upper limit on regulated prices for branded
rugs still on patent (Pon

b ), that is, Pon
b ≤ PIM.4 Second, for off-patent

randed drugs, the upper limit of the regulated price is 85% of the
nternational median price, that is, Poff

b ≤ 0.85PIM. Third, for generic
rugs that have passed a bio-equivalent test (Pbe

g ), the upper limit
f the regulated price is the price of the branded price in the same
herapeutic group, that is, Pbe

g ≤ Poff
b . Fourth, for generic drugs for

hich a bio-equivalence test is not conducted, the upper limit of the
egulated price is 80% of the price of the branded drugs in the same
herapeutic group, that is, Pg ≤ 0.8Poff

b (Hsieh and Sloan, 2008).5

ased on this practice, the determinant of the launch price (P) can
e expressed as follows:

 = P(V, Po), (1)

here V represents the version and the therapeutic value of the
roduct, Po represents the price of other existing competing prod-
cts in the same therapeutic category.6 Equation (1) states that the
ublic payer considers the therapeutic value and the price of other
xisting products when setting the regulated price for each product
t the time of entry.7

Following entry into the market, the public payer uses a mar-
et survey on the prices and quantities of sales in the wholesale
arket as the basis for updating the reimbursement prices for
witzerland, the United Kingdom, and the United States.
5 For more detailed information on the practicing rule of regulation on pharma-

eutical prices in Taiwan, see the website of the Bureau of National Health Insurance
http://www.nhi.gov.tw/english/index.asp).

6 As noted, the median price of international comparisons (PIM) serves as the
enchmark or reference point to set the launch prices for brand-name drugs, which

n  turn provide the reference point for determining the launch prices for generic
rugs. Based on this recursive relationship, the effect of PIM is incorporated in the
rice of other existing competing products (Po). In addition, PIM is only relevant to
he  determination of the launch prices for brand-name drugs which only account
or  16% of pharmaceutical products selected in our sample as we will discuss in the
mpirical section. Thus, we will use the price of other existing competing products
o  serve as a proxy variable to capture the effect of PIM in our empirical estimation.

7 Since the implementation of the NHI program in March 1995, the public payer
n  Taiwan (BNHI) has established a task force committee, which consists of repre-
entatives from medical professionals and government officials, to decide the level
f  the launch price for each pharmaceutical product entering the NHI formulary. In
ractice, the public payer gives the committee judging which measures of thera-
eutic value count a great deal of discretion in making the final decision regarding
he  launch price and regarding whether or not to set the launch price close or equal
o  the median prices based on international comparisons. In short, deciding how
he  drug’s therapeutic value is used and how the regulation measures and defines
his value are committee-driven.

http://www.nhi.gov.tw/english/index.asp
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Taiwan, the demand for prescription drugs (Q) can be expressed as
follows:

Q = F(P, �, Z) (6)
Y.-M. Liu et al. / Journal of He

rugs from pharmaceutical manufacturers, with the difference
etween the reimbursement price and the wholesale price becom-

ng the profit margin earned by the clinics and hospitals. To squeeze
his profit margin, the public payer regularly conducts market sur-
eys to collect information on the actual average wholesale price
nd then readjusts the reimbursement price level according to the
ew estimates of the average wholesale prices. During the period
996–2006, the public payer updated the reimbursement prices
ve times after it learned the average wholesale price based on
xtensive surveys.8

Based on these pricing practices, we model the determination
f the regulated price in period t (Pt) for the existing product as
ollows:

t = Pt−1
a + ˛Pt−1, (2)

here Pa is the average acquisition (wholesale) price which is
efined as follows:

a = (1 − �) × P = P − � × P, (3)

here � is the discount rate offered by the pharmaceutical
anufacturers.9  ̨ is a “reasonable zone” of profit margin which

llows medical providers to cover the technical fees and transaction
osts of dispensing drugs.10 Based on current practice, the regu-
ator sets  ̨ = 0.15, which is similar to the practice adopted by the
apanese government (Iizuka, 2007). Thus, we treat  ̨ as a constant.

Equation (2) states that the public payers take the weighted
verage of the acquisition price in the wholesale market, which
s obtained from a market survey, and the reimbursement price in
he previous period to set the regulated price in the current period.

From the inception of the NHI program to the writing of this
aper, the public payer has never publicly released the results of
he market survey. Thus, Pa is unobservable to the outside parties.
owever, the link between the regulated price and the acquisition
rice can be deduced based on the theoretical reasoning that uses

 set of the observable variables to infer the effect of the unobserv-
ble variable. Ellison and Snyder (2010) refer to the discount rate
ffered by the pharmaceutical manufacturers (�) as the “counter-
ailing power” in the wholesale pharmaceuticals, that is, the ability
f larger buyers (e.g., larger hospitals) to extract discounts from
uppliers (e.g., pharmaceutical manufacturers). As noted by Ellison
nd Snyder (2010),  supplier competition is a necessary condi-
ion for larger-buyer discounts. Thus, both buyer-size and supplier
ompetition are required for countervailing power. Following this
ramework, in combination with the institutional features of the
harmaceutical market in Taiwan, we specify that the discount rate
�) is a function of the number of competing products in the same

arket (N), the buyer-size (M), and the therapeutic value of drugs
V). That is,

 = �(N, M,  V) (4)

Other things being equal, the discount rate is positively asso-
iated with N and M,  but is negatively associated with V, that is,
�/∂N > 0, ∂�/∂M > 0, ∂�/∂V < 0. This is because an increase in the

ntensity of supplier competition and an increase in buyer-size
ive buyers more of an advantage in extracting better price con-
essions from suppliers. Thus, the countervailing power gained by
he medical provider (�) is positively associated with the number of

8 During the period 1996–2006, the number of products updated by each wave
f  price surveys varied substantially, ranging from 592 to 9801.
9 For example, if the reimbursement price for a drug is NT$100 and the discount

ate  offered by a firm is 10%, then the acquisition price for this drug is NT$90. As a
esult, medical providers earn NT$10 from prescribing the drug.
10 Throughout this paper, medical providers refer to clinics and hospitals.

0
b
e
t
p
p
o
(

g
b

onomics 31 (2012) 471– 483 473

ompeting products within the same market and the buyer-size. In
ddition, medical providers are in a better position to gain a larger
egree of countervailing power from the pharmaceutical suppliers
f lower-quality products, such as generic drugs without conduct-
ng a bio-equivalence test, as compared with high-quality products,
uch as brand-name drugs with significant therapeutic advances
ver existing products. This inverse relationship between the ther-
peutic value and the countervailing power can be simplified by
bserving the relationship between the versions of the drugs and
he countervailing power. In general, medical providers could gain
arger countervailing power from the suppliers of generic drugs
han from the suppliers of brand-name drugs given the fact that
he current pricing rule adopted by the regulator in Taiwan gen-
rates a higher generic-to-brand price ratio as compared to other
ountries such as the United States.11

Putting equations (3) and (4) into equation (2),  we rewrite equa-
ion (2) as follows:

t = [1 +  ̨ − �(V, N, M)]Pt−1(V, Po) (2′)

By omitting the superscript for the time period, equation (2′)
an be simplified as the following reduced-form equation:

 = P(N, M, V, Po) (5)

Equation (5) states that the level of the regulated price is a func-
ion of the number of competing products in the same market (N),
he size of the buyer (M), the therapeutic value of the drug (V), and
he prices of other existing products (Po). This equation predicts
hat the regulated price is influenced by the number of products in
he same market through the competition in the wholesale mar-
et. As more products enter the market, medical providers gain
ore countervailing power and hence pharmaceutical firms are
ore likely to cut the acquisition price to a lower level in order to

e selected in the provider’s formulary. The public payer in turn
earns the lower acquisition price from the extensive market sur-
ey and hence updates the reimbursement price accordingly. Thus,
e predict that the level of the reimbursement price is negatively

elated to the number of competing products in the same market,
hat is, ∂P/∂N < 0.12

Following the same theoretical reasoning, we  also predict that
he regulated prices is positively related to the therapeutic value
f the product and price level of other existing products, but is
egatively related to the buyer-size.

.2. The effect of the regulated price on the demand for
rescription drugs

Given the institutional features of the pharmaceutical market in
11 In Taiwan, the generic-to-brand price ratio is concentrated in the range of
.7–0.8 (Liu et al., 2009). By contrast, in the United States, the average generic-to-
rand price ratio declines to about 0.3 over 3 years after the first generic entry (Saha
t  al., 2006). This comparison suggests that the regulated prices of generic drugs are
oo  high, which in turn give the suppliers of generic products wider space to offer
rice discounts to medical providers. For a more detailed discussion whereby hos-
itals or clinics in Taiwan gain a larger countervailing power from the suppliers
f generic products than from the suppliers of brand-name products, see Liu et al.
2009).
12 In practice, the effect of such competition may arise from two sources: (1)
eneric competition; (2) therapeutic competition. We will discuss the distinction
etween these two types of competition in the section on the empirical study.
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here � represents the profit margin earned by the medical
roviders, that is,

 = P − Pa = �P, (7)

Z represents other determinants of the demand for prescription
rugs, such as the prices of other competing products and the ther-
peutic value. Equation (6) states that the demand for prescription
rugs is a function of the regulated price, the profit margin and
ther determinants.13

Based on equations (6) and (7),  the effect of the reimbursement
rice on the demand for prescription drugs can be shown to be as
ollows:

∂Q

∂P
= ∂F

∂P
+ ∂F

∂�
× ∂�

∂P
= F1 + F2� (8)

here F1 = ∂F/∂P, F2 = ∂F/∂�. In this model, the sign of F1 is nega-
ive if the “law of demand” holds. The sign of F2 is positive if the
hysicians’ prescription choices are positively affected by the profit
argins, that is, the physicians have an incentive to prescribe more

rugs if the profit margin is higher. Thus, the demand for prescrip-
ion drugs is positively associated with the profit margin.14

An important implication of equation (8) is that the incentive
o earn a profit margin reduces the price sensitivity of demand for
rescription drugs and the magnitude of this effect depends on
he size of the countervailing power (�). This is because the profit

argin provides an incentive for physicians to “stick” to the spe-
ific drug and hence increases the brand loyalty. This mechanism
s similar to the effects of advertising and promotion that increase
he brand loyalty and hence decrease the price elasticity of demand
or prescription drugs (Rizzo, 1999).

Since the discount rate (�) is unobservable to us, we cannot
irectly test the hypothesis that the profit margin reduces price
ensitivity. However, we can indirectly empirically test the effect
f the profit margin on the price elasticity given the fact that the
nobservable discount rate is positively related to some observ-
ble variables, such as the version of the drugs. As mentioned,
edical providers tend to gain a higher countervailing power from

he suppliers of generic products as compared to the suppliers of
rand-name products, that is �g > �b.15 As a result, according to
quation (8),  we predict that the demand for generic drugs is less
esponsive to the change in the regulated price as compared to the
emand for branded drugs. That is,
∂Qg

∂Pg

∣∣∣∣ <

∣∣∣∣
∂Qb

∂Pb

∣∣∣∣ as �g > �b (9)

13 Under the NHI system in Taiwan, office-based physicians are paid on the basis of
he  services they provide. Thus, the majority of office-based physicians can directly
enefit from profit margins because the total amount of reimbursements claimed
nd received from the single public payer represents the major income sources for
ffice-based physicians (Lin et al., 2005). For hospital-based physicians, they are
aid  a salary plus a bonus. In this case, they may  not directly benefit from the profit
argins received by the hospitals. However, given that hospitals operate outpatient

harmacies on their own, hospital-based physicians’ prescription choices are sub-
ect to the restriction of the hospital’s own  prescription formulary. As a result, profit

argins significantly influence the prescription decisions of both office-based and
ospital-based physicians (Liu et al., 2009).
14 Iizuka (2007) refers to this effect as the agency problem where physicians act
s  imperfect agents for their patients in the sense that physicians may choose drugs
ased not on efficacy, safety or cost, but solely on the extent of the profit margins
hat they or their institutions obtain. One of the focuses of this study is to empirically
xamine the effect of “imperfect agents” on the demand for prescription drugs and
ot  on the direct test to examine whether the agency problem exists in Taiwan’s
harmaceutical market. For the direct test as to whether physicians act as imper-
ect  agents in the pharmaceutical market, see Iizuka (2007),  Liu et al. (2009) and
ischatsch et al. (2009).
15 Here the subscript g refers to generic drugs and the subscript b refers to brand-
ame drugs.
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Based on equation (9),  we  predict that the absolute value of
he price elasticity for generic drugs is smaller than that for the
rand-name drugs.

. Data and empirical methods

.1. Data sources

The data used in this study come from three sources. First, we
btained data on the aggregate quantity of prescription drug con-
umption from a longitudinal data set which contains one million
ndividuals (about 5% of the total population in Taiwan) randomly
elected from the registry of NHI beneficiaries in the year 2005. The
ampling file was then merged with insurance claim files that trace
ack all the medical utilization records of the same individuals in
ach year and follow their medical utilization data for subsequent
ears, hereafter referred to as the NHI sampling claims data.

The NHI sampling claims data were made publicly available
hrough the National Health Research Institute. This data set con-
ains detailed records on the utilization of personal health-care
ervices, including outpatient visits, hospital admissions and pre-
cription drugs. We  merged the data for outpatient visits and
npatient admissions with the corresponding drugs prescribed and
ispensed using anonymous identification numbers. The data on
rescription drugs provide the drug identification number (drug

D), the quantity utilized, and total expenditures. The advantage of
his data set is that all the medical utilization data can be linked
ogether for the same patient. In addition, this data set is based
n national sampling data and serves as a good representation of
he population data. Thus, the summation of drug utilization across
ll patients represents the aggregate demand for the same drug in
aiwan.16

Secondly, we  collected data on the reimbursement price and
ther characteristics of prescription drugs from the website of the
NHI which publishes the reimbursement price quarterly for each

ndividual drug listed in the NHI formulary. By linking the drug ID
ith the NHI formulary dataset, the reimbursement price, ingredi-

nt name, brand-name, dosage, entry time, and manufacturers for
ll of the drugs can be identified.

Third, we used the Anatomical Therapeutic Chemical (ATC) clas-
ification system established by the World Health Organization to
ategorize the therapeutic use of the drugs in the NHI formulary
nd assigned defined daily doses (DDD) for each drug as a standard
nit of measurement.17

We  selected three common therapeutic markets to test our
ypotheses: (1) oral hypoglycemic agents (OHAs); (2) serum

ipid reducing agents; and (3) antidepressants. The details of the
herapeutic classification of these markets are listed in Table 1.18
ocusing on these therapeutic markets provides two advantages
or our study. First, these drugs are designed to treat several
mportant chronic diseases in terms of their respective prevalence
ates and share of health-care expenditure, such as diabetes,

16 We compared total pharmaceutical expenditure in our dataset with that of
opulation data published by BNHI at the 1st level of the Anatomical Therapeutic
hemical (ATC) classification, and found that the distribution of drug expenditure
y  ATC categories in our sampling dataset was consistent with that of the population
ata.
17 Since the DDDs for some drugs are not listed on the WHO/ATC website, we
eferred to the clinical pharmacology references to obtain DDDs for those drugs.
18 Since some drugs have multiple indications and can be included in more than
ne ATC coding, using the ATC classification system to define markets may  give
ise to some challenging issues such as where some competing products can not be
ncluded in the same ATC group. Our study might not suffer from these problems
iven that our analysis only focuses on three therapeutic areas.
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Table 1
Number of products classified by the ATC code in the sampling claims data.

ATC code at 4th level Description Number of products

Generic Branded Total

Oral hypoglycemic agents (OHAs)
A10BA Biguanides 44 2 46
A10BB  Sulfonamides, urea derivatives 126 7 133
A10BF  Alpha glucosidase inhibitors 9 2 11
A10BG Thiazolidinediones 3 3 6
A10BX Other oral blood glucose lowering drugs 8 3 11
Subtotal 190 17 207

Lowering lipid agents
C10AA HMG  CoA reductase inhibitors 39 18 57
C10AB  Fibrates 66 9 75
C10AC Bile acid sequestrants 5 4 9
C10AD Nicotinic acid and derivatives 6 2 8
C10AX Other lipid modifying agents 7 2 9
Subtotal  123 35 158

Antidepressants
N06AA Non-selective monoamine reuptake inhibitors 32 13 45
N06AB  Selective serotonin reuptake inhibitors 39 11 50
N06AG  Monoamine oxidase A inhibitors 4 1 5

h
t
i
s
i

t
m
a
u
h
n
g
a
p
d
k
o

m
b
q
p
e
p
4

3

t
a
p

a
f
a

w
D

Q

w
d
N
c

D
l
d
m
m
p

b
reimbursement prices product by product, drugs with the same
ingredient but produced by different manufacturers are treated as

6.00%

8.00%

10.00%

12.00%

14.00%
N06AX  Other antidepressants 

Subtotal 

Total

ypertension and depression. Fig. 1 shows the market share (in
erms of NHI drug expenditure) of these three therapy areas overall
n the Taiwanese market. In 2006, these three therapeutic areas
ummed together accounted for about 12% of NHI drug spending,
ndicating a rapid increase from 7.5% in 1997.

Second, these three classes of prescription drugs are similar in
hat patients typically continue to be prescribed such drugs for

onths or years, once they find a drug that is effective for them. As
 result, the relatively large market size has attracted many prod-
cts into this market and hence these three therapeutic markets are
ighly competitive. Our sampling claims data show that the total
umbers of products in the same therapeutic market for oral hypo-
lycemic agents, serum lipid reducing agents and antidepressants
re 207, 158, and 131, respectively (Table 1).19 Among these 496
roducts, there are 408 generics and 88 brands. This suggests that
rugs used for the treatment of chronic diseases provide ideal mar-
ets in which to investigate the effect of regulation and competition
n the demand for prescription drugs.

We use the product-quarter as our observation unit. That is, we
atch the quantity and price of prescription drugs by product and

y quarter. The analysis covers a period of 10 years from the first
uarter of 1997 to the fourth quarter of 2006. During this study
eriod, some old drugs may  exit the market while other new drugs
nter the market. Thus, the data are in the form of an unbalanced
anel that contains quarterly time series of price and quantity for
96 products.

.2. Variable definitions

Table 2 reports the definitions of the empirical variables and

heir summary statistics. The first key variable in our empirical
nalysis is the quantity of drug consumption. After aggregating the
rescription consumption of each visit and admission by quarters,

19 We define a “product” of the prescription drug at the level of the manufacturer
nd drug presentation which consists of a particular choice of packaging and dose
orm for a drug. This definition is similar to the one used in Ellison et al. (1997).  In
ddition, all drugs in our sample are pills. S
20 11 31
95 36 131

408 88 496

e first transformed the quantity of drug consumption in terms of
DD according to the following equation:

i = qi

DDDi
(10)

here qi indicates the quantity of drug consumption for the ith
rug (by brand-name) in terms of its package unit obtained from
HI sampling claims data, and Qi indicates the quantity of drug
onsumption for the ith drug expressed in terms of DDD.

Our data show that the average quarterly sale per drug is 12,071
DDs (Table 2). Since our data set represents 5% of the total popu-

ation, this result implies that the average annual market size per
rug is about 1 million DDDs (12,071 × 4 × 20). In addition, the
ean market size for a generic drug is only about one-third of the
ean market size for a branded drug, suggesting that many generic

roducts compete within the same therapeutic market.
The second key variable in our empirical analysis is the reim-

ursement price (P). Since the public payer in Taiwan regulates
0.00%

2.00%

4.00%

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

An�depressants Lowering Lipi d Agents OHAs To tal

Fig. 1. Time trend of market shares in dollars.
ource: 2005 NHI sampling claims data, calculated by authors.
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Table 2
Variable names, definitions, and descriptive statistics.

Mean (standard deviation)

Variable Definition Full sample Branded
sub-sample

Generic
sub-sample

Quantity Quantity of drug consumption
measured in terms of defined daily
doses (DDDs)

12071.45
(39291.27)

26887.84
(68060.97)

9327.21
(31357.75)

Price (P) NHI reimbursement price per DDDs (in
NT$)

24.07
(25.73)

41.73
(35.78)

20.44
(21.25)

NGC Number of products within the same
ingredient and dosage form, i.e.
number of generic competitors

16.71
(13.30)

5.35
(7.51)

18.75
(13.14)

NTC Number of products within the same
therapeutic market, i.e., number of
therapeutic competitors

7.02
(8.59)

5.35
(1.84)

7.34
(9.32)

PTM
O Mean NHI reimbursement price per

DDDs of other competing products
within the same therapeutic market (in
NT$)

25.71
(22.22)

35.43
(26.19)

23.82
(20.84)

PGM
O Mean NHI reimbursement price per

DDDs of other competing products
within the same generic market (in
NT$)

26.08
(24.57)

– 23.71
(21.62)

Market  share Market share of products purchased by
medical centers and metropolitan
hospitals

0.29
(0.34)

0.65
(0.29)

0.23
(0.30)

Brand Dummy = 1 for brand-name drug 0.16
(0.37)

Stock company Dummy = 1 if the generic drug is
produced by domestic firms with stock
publicly issued in the Taiwan market

0.17
(0.37)

Drug vintage (DV) Number of months from the entry into
the NHI formulary to December 2006

61.80
(34.67)

60.29
(36.08)

61.56
(34.51)
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we group academic medical centers and metropolitan hospitals as
larger hospitals and use the market share of products purchased
by larger hospitals to measure the buyer-size. From Table 2, it is

22 One of the key drivers in the therapeutic competition is the quality of the
newer drugs relative to the older ones. In the literature, there are several alternative
approaches to measure the quality of the newer drugs, such as whether there is a
Number of observations 

ote: The average exchange rate was around US$ 1 to NT$ 32.5 in 1997–2006.

ifferent products.20 In addition, different products may  be packed
n different formulations which make the reimbursement price in
erms of its package unit (p) not directly comparable across drugs.
hus, we employed defined daily doses (DDDs) as a standard unit of
easurement and used the price per DDD (P) to empirically mea-

ure the reimbursement price set by the public payer. That is, we
ransformed the directly observable reimbursement price (p) into
rice per DDD (P) according to the following equation:

 =
(

p

y

)
× DDD, (11)

here y indicates the dosage unit per package (or strength of prod-
ct). We  further deflated the nominal reimbursement price to 2006
ew Taiwan dollars using the consumer price index for all goods.

Our data show that the mean real price per DDD is about NT$24
or all drugs.21 In addition, the data show that the mean real reim-
ursement price of brand-name drugs is more than two times
igher than that of generic products. This result is consistent with
he current regulation that the brand-name drugs receive a higher
eimbursement price than the generic drugs, other things being
qual.

As shown in equation (5),  the major explanatory variables in
ur study include competition (N), buyer-size (M), the prices of
ther products (Po) and therapeutic value (V). In the pharmaceutical
arket, there are two types of competition: (1) generic competi-
ion between products with the same chemical ingredient; and (2)
herapeutic competition between products of similar molecules in
he same therapeutic class (Ellison et al., 1997; Wang, 2006). We

20 As mentioned in note 3, this is the so-called “branded generics”.
21 The average exchange rate was around US$ 1 to NT$ 32.5 in 1997–2006.
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easure generic competition by the number of competing prod-
cts with identical ingredients and dosage forms (NGC). Similarly,
e measure therapeutic competition by the number of competing
roducts within the same therapeutic market which is defined by
he ATC code at the 4th level (chemical subgroup) (NTC).22 Our data
how that the mean number of generic competitors is 16.71 and
he mean number of therapeutic competitors is 7.02, suggesting
hat the drug markets selected in our study are highly competitive
n Taiwan (Table 2).

Since our measure of drug consumption is in aggregate form,
e are not able to measure the size of buyer for the individual
urchaser. However, we use the concentration of larger buyers as a
roxy variable to measure the buyer-size. The regulatory agency in
aiwan classifies medical providers into four accreditation levels:
1) local clinics; (2) local community hospitals; (3) metropolitan
ospitals; and (4) academic medical centers. The accreditation level

s closely correlated with the size of the medical providers.23 Thus,
ajor therapeutic advance over existing competitive products, whether the new
roducts are first-in-class or global products which are defined as those introduced

n  at least four major countries (Lu and Comanor, 1998; Grabowski and Wang, 2006).
owever, the NHI sampling claims data do not contain information on such quality
easures.

23 For example, in 2006, the mean numbers of hospital beds in metropolitan hospi-
als and academic medical centers were about 650 beds and 1300 beds, respectively.
y contrast, the mean number of beds in local community hospitals was only 120
eds.
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hown that larger hospitals account for 29% of drug consumption.
or brand-name drugs, this share increases to 65%. This suggests
hat the major purchasers of brand-name drugs are larger hospitals,
hile the major purchasers of generic drugs are small hospitals and

linics.
As our measures of market competition, we measure the prices

f other products in two different forms. The first one is the mean
rice of other competing products within the same therapeutic
arket (PTM

O ). The second one is the mean price of other competing
roducts within the same generic market (PGM

O ).24

With regard to empirical measures of the therapeutic value, our
ata do not provide information on the rating of the therapeu-
ic value for individual drugs. Instead, we define a series of proxy
ariables to measure the therapeutic value of drugs. First, a binary
ariable “brand” is set to equal 1 if the individual drug is produced
y the branded firm in the same chemical-substance market and to
qual 0 otherwise. Although pharmacologically the chemical com-
ound for generic drugs is similar to that for brand-name drugs,
any physicians and patients may  still perceive generic drugs to

e lower-quality products compared to branded drugs (Hellerstein,
998; Lundin, 2000).25 Thus, the dummy  variable for branded drugs
erves as a proxy for therapeutic value. In our data set, about 16%
f products are brand-name drugs.

Second, we define the binary variable “stock company” as equal-
ng 1 if generic products are produced by local firms with their
tocks openly issued in the Taiwanese market, and as equaling 0
therwise. This variable captures the size effect and assumes that
he quality of generic products is positively related to the size of
rms. For example, larger firms tend to have better capacity to con-
uct bio-equivalence tests for their generic products. We  define this
ariable only for the sub-sample of generic products and find that
nly about 17% of generic products are produced by larger firms
hich have their stocks openly issued in the local stock market.26

Third, we calculate the drug vintage by counting the number of
onths from the entry into the NHI formulary to December 2006,

he end point in our study sample. Since Taiwan established the NHI
rogram in March 1995, the maximum length of the drug vintage

n our sample is 141 months. As shown in Table 2, the mean drug
intage is about 5 years and there is no significant difference in
rug vintage between generic and brand-name drugs.

We also provide further simple descriptive analysis by the ther-
peutic areas, including relative prices and market shares between
rands and generics. The results suggest that there are no important
ifferences across the three therapeutic areas. Due to space limi-
ations, these descriptive analyses are contained in an appendix
vailable as supplementary data.

.3. Empirical implementation

Following our conceptual framework, the empirical strategy for

esting our hypotheses is specified as the following two equations:

og(Pi) = ˛0 + ˛1Ni + ˛2Xi + ei, (12)

24 The mean price here refers to a quantity weighted average.
25 In Taiwan, the bio-equivalence test for generic drugs is not mandatory. This is
nother reason why  the quality of brand-name drugs is perceived to be more stable
nd reliable than that of generic drugs.
26 At the time of writing this paper, Taiwan had not built its industrial capabil-
ty  to develop an innovative product in the prescription drug market. Thus, the
rand-name drugs used in Taiwan are foreign drugs in the sense that these prod-
cts are produced by other pharmaceutically advanced countries, such as Japan, the
nited States and other European countries. By contrast, most generic drugs used

n  Taiwan are produced by local firms. For the details on pharmaceutical innovation
nd industrial development in Taiwan, see Hsieh and Lofgren (2009).
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og(Qi) = ˇ0 + ˇ1Log(Pi) + ˇ2Zi + ui (13)

here Pi represents the reimbursement price for the ith drug; Qi
epresents the quantity of consumption for drug i; Ni includes a
ector of variables that represents the number of competing prod-
cts available in the same generic market and the same therapeutic
arket; Xi and Zi indicate the vectors of other control variables

or hypotheses testing, including the size of the buyer, mean price
f other competing products, the therapeutic value of drugs, drug
intage and dummy  variables representing the year and drug cat-
gories; ˛j and ˇj (j = 0, 1, 2) are parameters to be estimated; and
i and ui are random error terms.

The major characteristic of our empirical specification is that
quation (13) includes price as an endogenous explanatory vari-
ble. Under this framework, we  will first estimate price by
eans of the ordinary least squares (OLS) method. Then, the

wo-stage least square (2SLS) procedure will be used to esti-
ate equation (13) to identify the endogenous nature of the

rice.
In the first stage, we use the number of products available in

he same ingredient market (NGC) as an instrument from sup-
ly regimes to identify the demand for drug consumption in the
ull and generic sub-samples, as well as the number of products
ithin the same therapeutic market (NTC) as an instrument in

he branded sub-sample.27 The validity of the instrument depends
n the assumption that the change in the competitive environ-
ent is not correlated with ei and ui. Since pharmaceutical firms
ight enter or exit a market because of the change in quantity

emanded, a weak instrument test is performed to make sure
hat NGC/NTC is valid. After estimating the semilogarithmic equa-
ion (12), we  obtain the predicted value of the natural log of the
eimbursement price and use this predicted value to estimate equa-
ion (13) by means of a logarithmic functional form in the second
tage.

. Estimation results

Table 3 reports three alternative specifications that represent
ifferent estimations of equation (12). In the first specification, we
stimate the determinants of the reimbursement price using the
ull sample which includes both brand-name and generic drugs.
n the second and third specifications, we estimate the same

odel by splitting the data into two sub-samples: brand-name
nd generic drugs. The weak instrument test for the explana-
ory power of our instrument (NGC/NTC) generates F-statistics
f 1503.08, 30.93 and 1881.47, respectively, which are larger
han the critical value of 10 suggested by Staiger and Stock
1997). In addition, the partial R2 values are 0.1241, 0.0151 and
.1746, respectively. These statistics indicate that our instru-
ent (NGC/NTC) is not weak with respect to the reimbursement

rice (P).
Moreover, we also perform Hausman tests, which compare the

hanges in the reimbursement price’s coefficients in estimating

quation (13) with and without allowing the variable to be endoge-
ous, in order to examine the endogeneity of the reimbursement
rice. Regardless of whether the models pertain to the all drugs,

27 Similar instruments are also proposed by Ellison et al. (1997) and Iizuka (2007).
t  is worth noting that OLS is asymptotically biased and inconsistent, whereas the
nstrumental variable (IV) approach is consistent but has small sample bias. The
wo-stage least squares method uses an instrumental variable approach to produce
onsistent estimates, which is the standard method used to deal with the endogene-
ty  problem and has been widely adopted in the field of health economics (Hsieh
nd Lin, 1997; Ellison et al., 1997; Iizuka, 2007; Morris and Gravelle, 2008). For more
echnical details, please refer to chapter 12 in Greene (2003).
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Table 3
First-stage regression on the reimbursement price.

Full sample: Log(P) Branded sub-sample: Log(Pb) Generic sub-sample: Log(Pg)

Coef. SE Coef. SE Coef. SE

NGC −0.018** 0.0005 −0.010** 0.001 −0.021** 0.0005
NTC −0.0004 0.0007 −0.087** 0.014 −0.0004 0.0007
Market share 0.220** 0.016 0.036 0.045 0.253** 0.017
Log(PGM

O ) 1.009** 0.009 – 1.023** 0.011
Log(PTM

O ) 0.044 0.035 −0.141 0.081 0.187** 0.039
Brand 0.181** 0.014 – –
Stock  company – – 0.075** 0.008
Drug  vintage −0.004** 0.0005 −0.001 0.001 −0.005** 0.0006
Drug  vintage2 0.00002** 3.63e − 06 8.31e − 06 9.22e − 06 0.00002** 4.00e − 06

Year+

1998 0.003 0.022 −0.020 0.047 0.016 0.040
1999 0.009 0.022 0.011 0.048 0.024 0.038
2000  −0.016 0.022 0.026 0.053 −0.007 0.039
2001  −0.033 0.023 0.010 0.058 −0.017 0.039
2002  −0.048* 0.023 −0.007 0.061 −0.069 0.040
2003 −0.008 0.025 −0.159* 0.076 0.023 0.041
2004 −0.023 0.025 −0.206** 0.077 0.002 0.042
2005 −0.026 0.026 −0.238** 0.084 0.004 0.042
2006  0.014 0.027 −0.283** 0.093 0.054 0.043
Const. −0.059 0.103 3.370** 0.219 −0.427** 0.115
ATC4  (Significant) (Significant) (Significant)

Adj.  R2 0.8692 0.7491 0.8726
Partial R2 0.1241 0.0151 0.1746
F-statistics++ 1503.08 (0.00) 30.93 (0.00) 1881.47 (0.00)

SE is the White standard error. ATC4 includes 13 drug class dummy variables at the 4th level of the ATC as listed in Table 1 with the reference being A10BA.
** 1% significance level.
* 5% significance level.
+ Reference year = 1997

++ P-values are in parentheses.

Table 4
Estimates of the demand for prescription drugs for the full sample.

Dependent variable: log(Q)

Specification (1) Specification (2)

OLS 2SLS OLS 2SLS

Coef. SE Coef. SE Coef. SE Coef. SE

Log(P) 0.570** 0.031 −0.876** 0.129 0.578** 0.042 −0.967** 0.127
Log(P)* brand −0.483** 0.065 −0.280* 0.067 – –
Log(PTM

O ) 0.034 0.179 0.136 0.181 0.053 0.180 0.123 0.191
Log  (PGM

O ) −0.392** 0.059 1.056** 0.129 −0.482** 0.058 1.096** .136
NTC 0.0098** 0.002 0.0099** 0.0023 0.009** 0.002 0.010** 0.002
Brand  1.828** 0.219 1.576** .173 0.342** 0.060 0.672** 0.072
DV  0.034** 0.002 0.036** 0.002 0.033** 0.002 0.036** 0.002
DV2 −0.0002** 0.00002 −0.0002** 0.00002 −0.0002** 0.00002 −0.0002** 0.00002
Market  share 3.760** 0.066 4.194** .074 3.782** .066 4.221** .078

Year+

1998 −0.257** 0.095 −0.298** 0.096 −0.251** 0.095 −0.299** 0.101
1999  −0.365** 0.094 −0.396** 0.095 −0.352** 0.094 −0.394** 0.100
2000  −0.458** 0.097 −0.536** 0.098 −0.433** 0.097 −0.529** 0.103
2001  −0.501** 0.100 −0.580** 0.101 −0.476** 0.100 −0.574** 0.106
2002  −0.570** 0.102 −0.638** 0.103 −0.540** 0.102 −0.630** 0.109
2003  −0.378** 0.111 −0.314** 0.112 −0.347** 0.111 −0.304** 0.118
2004  −0.208 0.113 −0.155 0.114 −0.170 0.114 −0.139 0.121
2005  0.020 0.120 0.106 0.121 0.063 0.120 0.124 0.127
2006 −0.183  0.127 −0.034 0.1129 −0.140 0.128 −0.014 0.136
Const.  5.703** 0.491 5.127** 0.497 5.888** 0.133 5.282** 0.523
ATC4  (Significant except A10BF, A10BG) (Significant except A10BF, A10BG) (Significant except A10BF, A10BG) (Significant except A10BF, A10BG)

R2 0.4342 0.4251 0.4300 0.3577
Hausman test++ 142.20 (0.00) 167.11 (0.00)

SE is the White standard error. ATC4 includes 13 drug class dummy variables at the 4th level of the ATC as listed in Table 1 with the reference being A10BA.
** 1% significance level.
* 5% significance level.
+ Reference year = 1997.

++ P-values are in parentheses.
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Table 5
Estimates of the demand for prescription drugs for the branded and generic sub-samples.

Dependent variable: Log(Q)

Branded sub-sample Generic sub-sample

OLS 2SLS OLS 2SLS

Coef. SE Coef. SE Coef. SE Coef. SE

Log(P) −0.489** 0.068 −1.721** 0.591 0.777** 0.045 −0.549** 0.115
Log(PTM

O ) 0.397 0.281 0.270 0.308 −0.217 0.201 −0.014 0.211
Log(PGM

O ) – – −0.535** 0.063 0.841** 0.127
NGC 0.049** 0.005 0.035** 0.009 – –
NTC – – 0.008** 0.002 0.008** 0.002
Stock  company – – 1.331** 0.056 1.216** 0.059
DV  0.039** 0.004 0.036** 0.004 0.037** 0.003 0.039** 0.003
DV2 −0.0003** 0.00003 −0.0003** 0.00003 −0.0002** 0.00002 −0.0002** 0.00002
Market  share 5.193** 0.120 5.264** 0.133 3.097** 0.074 3.551** 0.085

Year+

1998 −0.187 0.156 −0.213 0.168 −0.304** 0.104 −0.339** 0.109
1999  0.014 0.158 0.029 0.169 −0.503** 0.103 −0.578** 0.108
2000 0.042 0.163 0.048 0.175 −0.657** 0.106 −0.734** 0.111
2001  0.096 0.171 0.089 0.183 −0.743** 0.109 −0.805** 0.114
2002  0.279 0.177 0.257 0.190 −0.890** 0.112 −0.945** 0.117
2003  0.730** 0.193 0.530** 0.228 −0.784** 0.122 −0.681** 0.127
2004  1.185** 0.199 0.925** 0.246 −0.742** 0.125 −0.657** 0.131
2005 1.358** 0.213 1.005** 0.284 −0.563** 0.132 −0.438** 0.138
2006  1.275** 0.2235 0.859** 0.320 −0.799** 0.140 −0.604** 0.147
Constant 6.012** 0.820 9.837** 2.022 6.185** 0.546 5.242** 0.576
ATC4  Significant in 12 group dummies Significant in 6 group dummies Significant in 11 group dummies Significant in 11 group dummies
R2 0.6508 0.5937 0.4086 0.3529
Hausman test++ 5.51 (0.02) 159.06 (0.00)

SE is the White standard error. ATC4 includes 13 drug class dummy variables at the 4th level of the ATC as listed in Table 1 with the reference being A10BA.
** 1% significance level.
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ment price, but this effect is not statistically significant in the
sub-sample of brand-name drugs. This result is inconsistent with
our prior expectation. A plausible explanation for this result is

28 Wang (2006) investigates price competition in the Chinese pharmaceutical mar-
ket  with a special focus on the competition between high-quality global products
(mainly brand-name drugs) and low-quality local products (mainly generic drugs),
Reference year = 1997.
++ P-values are in parentheses.

rand-name drugs or generic drugs, the Hausman test statistics,
ith P-values of 0.00, 0.02 and 0.00 are significant at the 5% level,

uggesting that the reimbursement price is endogenous. The Haus-
an  test statistics are reported in Tables 4 and 5.
In the first-stage regression that is reported in Table 3, we find

hat the number of generic competitors has a significantly neg-
tive impact on the level of the reimbursement price. As more
eneric products enter the market, the level of the reimbursement
rice becomes lower. This result is quite robust across different
pecifications. In addition, we find that the effect of generic com-
etitors on the reimbursement price is larger for generic drugs than
or brand-name drugs. The estimated coefficients indicate that the
eimbursement price of the brand-name drugs is reduced by 1% for
ach additional product entering the market, holding other things
onstant. For generic drugs, this effect is 2.1%.

By contrast, we find that the number of therapeutic competitors
oes not have a significant effect on the reimbursement price in
he regression analyses of the full sample and generic sub-sample.
owever, the number of therapeutic competitors has a significantly
egative impact on the level of the reimbursement price for brand-
ame drugs. This effect (−0.087) is larger than the effect of generic
ompetitors on the price of the brand-name product (−0.010), indi-
ating that brand-name drugs are more responsive to therapeutic
ompetition than generic competition.

Putting the estimation coefficients of generic competitors and
herapeutic competitors together, we summarize the major fea-
ures of price competition in the Taiwanese pharmaceutical market
s follows. First, generic competition not only drives down the price

f generic products, but it also drives down the price of branded
roducts. This result is inconsistent with the finding in China where
eneric competition only drives down the price of local generic
roducts, but has no effect on the price of global branded products

w
b
p
e
c

Wang, 2006).28 This comparison suggests that the overall quality
f generic products is better in Taiwan than in China, and hence
he local generic products produced by domestic firms serve as a
ood substitute of brand-name products produced by global firms.
econd, therapeutic competition has a significant negative effect
n the price of brand-name drugs but has no effect on the price of
eneric products. This result is consistent with the finding obtained
rom China (Wang, 2006), indicating that therapeutic competition
as no additional effect on the generic prices given that generic
ompetition has already driven generic prices to a lower level.
verall, these results suggest that the profit-seeking behavior of

he medical providers arising from the integration of prescribing
nd dispensing in Taiwan creates a strong linkage between the reg-
lated reimbursement (retail) prices and unregulated acquisition
wholesale) prices for prescription drugs. As a result, the competi-
ion in the wholesale market has a significant impact on the level
f the reimbursement price in the retail market, even though the
overnment regulates this price.

With regard to the buyer-size effect, we find that the market
hare of larger hospitals has a positive effect on the reimburse-
hich provides an interesting reference point for comparison with our results
ecause both China and Taiwan have the same institutional background in the
harmaceutical market in that physicians both prescribe and dispense drugs. How-
ver, Wang (2006) did not investigate the effect of price on the pharmaceutical
onsumption as we  did in this paper.
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and report the results of the sub-sample analysis in Table 5. The
results indicate that the price elasticity for brand-name drugs is
−1.72, while the price elasticity for generic drugs is −0.55. Although
80 Y.-M. Liu et al. / Journal of He

hat the market share of larger hospitals may  reflect not only the
uyer-size effect, but also the quality of generic products. As noted,
he bio-equivalence test of generic products is not mandatory in
aiwan. The public payer only uses the “price premium” as an
ncentive mechanism to induce generic firms to perform a bio-
quivalence test. That is, generic drugs receive a higher price if a
io-equivalence test is conducted. Larger hospitals may  only pur-
hase bio-equivalent generics because generic products which are
ot tested for bio-equivalence are deemed to be of lower quality.
s a result, we observe that generic products with a higher market
hare in larger hospitals are associated with a higher reimburse-
ent price.
We  also find that the mean price of other products within the

ame generic market has a significantly positive effect on the reim-
ursement price in the analyses of the full sample and generic
ub-sample.29 By contrast, the mean price of other products within
he same therapeutic market is not significantly associated with
he reimbursement price in the analyses of the full sample and
randed sub-sample. The mean price of other products within the
ame therapeutic market only has a significantly positive effect on
he reimbursement price in the generic sub-sample. However, this
ffect is smaller than the effect of the mean price of other products
ithin the same generic market. These results worked together

uggest that the prevailing prices of the existing products in the
eneric market are more relevant than those in the therapeutic
arket when the regulator sets the reimbursement price, which in

urn, in combination with the finding on the number of competing
roducts, indicates that generic competition plays a more impor-
ant role than therapeutic competition in affecting the publicly
egulated price in Taiwan.

Overall, our results also indicate that the level of the reimburse-
ent price is positively associated with the therapeutic value of the

rugs. Specifically, we find that the reimbursement price of brand-
ame drugs is significantly higher than that of generic drugs. The
stimated coefficient indicates that the price premium for brand-
ame drugs is about 20%.30 This result is consistent with the pricing
ule adopted by the public payer whereby the brand-name drugs
eceive a higher level of the reimbursement price compared to
eneric products, other things being equal, suggesting that the
NHI takes the return on R&D investment into account in setting
he regulated price for brand-name drugs. However, this result also
ndicates that the generic-to-brand price ratio is about 0.83 (1/1.2),

hich is significantly higher than the average generic-to-brand
rice ratio observed in unregulated markets such as the United
tates (Saha et al., 2006). This comparison suggests that the public
ayer in Taiwan gives a low premium to brand-name products, or
lternatively, that the prices of generics are too high, although they
id value the therapeutic value in setting the regulated price.

In addition, we find a significant price premium for generic
rugs produced by larger domestic firms. The estimated coeffi-
ients indicate that larger domestic firms on average receive price
remiums of about 7.8% for their products, indicating that the pub-

ic payer offers a price premium for quality improvement even
or generic products. We  find that the level of the reimbursement
rice is negatively associated with drug vintage, indicating that

ew entrants in the NHI formulary receive a higher price. How-
ver, this effect is not statistically significant in the sub-sample of
rand-name products.

29 In order to avoid zero values of PGM
o for on-patent drugs, we drop the PGM

o variable
n  the branded sub-sample.
30 We estimate this value by taking the antilog of the estimated coefficient reported
n  Table 3 (0.181) and subtract 1 from the result of the antilog. See Halvorsen and
almquist (1980).
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Our estimation also finds that the regulated price did not decline
ver time after accounting for the above-mentioned variables. An
xception is the price of brand-name drugs. As compared to the
ase year (1997), the regulated price of the brand-name products
oes not significantly decline over time between 1998 and 2002.
owever, there is a significant effect of the time trend on the regu-

ated price after 2003. A plausible explanation for this result is that
he public payer is more likely to choose off-patent brand-name
rugs as the target of the cost-containment effort. Since the growth
ate of expenditure steadily exceeded the growth rate of the pre-
ium after Taiwan introduced the NHI program in March 1995, the

ccumulated financial deficits of the NHI program increased over
ime and hence forced the public payer to cut the reimbursement
rice in a more significant way  in recent years. Many brand-name
rugs went off-patent during our study period and hence became
he target of cuts in regulated prices.31

We  now turn to the regression estimates for the demand equa-
ion. The empirical estimates of the demand for prescription drugs
equation (13)) are presented in Tables 4 and 5. Table 4 shows
he coefficient estimates for the full sample, while Table 5 shows
he coefficient estimates for two  sub-samples. In both tables, we
rst estimate equation (13) using ordinary least squares (OLS)
egression that treats the reimbursement price (P) as an exoge-
ous explanatory variable. We  then estimate the same model by
eans of two-stage least squares (2SLS) that treats the reimburse-
ent price as an endogenous explanatory variable. As previously
entioned, the Hausman test rejects the null hypothesis that price

s an exogenous variable. In addition, the coefficient estimates vary
ignificantly with the models. This suggests that the coefficient esti-
ates are biased if we do not take the endogeneity of the price

ariable into account. Thus, we focus our discussions on the results
f the 2SLS model.32

The estimated results indicate a significantly negative effect of
he reimbursement price on drug consumption. This result is quite
obust across different specifications. Since we include the double-
og form in our estimation, the estimated coefficient represents the
rice elasticity of demand for prescription drugs. Based on specifi-
ation (2) in Table 4, the estimated price elasticity is −0.97 for the
ull sample, indicating that a 10% decrease in the reimbursement
rice causes the consumption of the prescription drugs to increase
y 9.7%.33

The estimated results also reveal that brand-name drugs are
ore responsive to price changes than generic drugs. We  obtained

his finding from two  alternative specifications. First, we added
n interaction variable between the price and brand dummy  in
stimating equation (13). As reported in the first specification
f Table 4, this interaction variable is significantly negative. This
esult suggests that the price elasticity for generic drugs is −0.88,
hile the price elasticity for brand-name drugs is −1.16.34 Sec-

ndly, we  split the full sample into the two versions of drugs
31 For example, during our study period, the patents of several OHA drugs expired,
ncluding glimepiride, acrbose, repaglinide, nateglinide and pioglitazone.
32 For a more detailed discussion on the application of the 2SLS model, please refer
ngrist and Krueger (2001) which provides a non-technical review regarding the
stimation of the demand/supply elasticity and IV methodology.
33 In the literature, with a few exceptions, the price elasticity estimates for pre-
cription drug demand obtained from product-level data fall within the range from
0.48 to −3.4 (Berndt et al., 1995; Ellison et al., 1997; Rizzo, 1999; Dalen et al., 2006;

izuka, 2007).
34 This result is obtained from the summation of two coefficients: Log(P) and
og(P)*Brand.
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he absolute values of the price elasticity vary with the models
sed, the empirical findings are consistent in terms of the relative
alues of the price elasticities between brand-name and generic
rugs.

Our finding that the consumption of the brand-name drugs
s more sensitive to price changes than that of generic drugs is
pposite to the empirical finding obtained from the US pharma-
eutical market (Frank and Salkever, 1997; Ellison et al., 1997), but
s consistent with our theoretical prediction.35 This result indicates
hat the institutional features matter in shaping the price sensitiv-
ty of drug consumption. Our result indicates that the integration
f prescribing and dispensing in Taiwan, in combination with a
irect regulation on the reimbursement price, creates a profit-
eeking opportunity that medical providers can make profits in the
rescription drug market. The profit margin earned through pre-
cription drugs plays a similar role to advertising to form the habit
or the brand loyalty) of drug prescription and hence decreases the
rice elasticity of demand. Given the above evidence that generic
ompetition plays a more important role than therapeutic com-
etition, in combination with the fact that the regulator’s pricing
ractices favor generic products, medical providers in general earn

 higher profit margin through prescribing generic drugs than
rand-name drugs.36 Therefore, the finding that the demand for
eneric drugs is less responsive to price changes than brand-name
rugs is consistent with the empirical finding that advertising in
he prescription drug market, especially in terms of the form of
etailing effort, reduces price sensitivity (Rizzo, 1999).

In addition to the own-price effect, our estimation also controls
he cross-price effect. We  find that the mean price of other products
n the same therapeutic market does not have a significant effect
n demand, but the mean price of other products within the same
eneric market has a significantly positive effect on the demand for
rescription drugs. This result suggests that the cross-price effect
nly occurs in the generic market instead of the therapeutic mar-
et. In addition, the positive coefficient of the cross-price effect
ndicates that products within the same generic market are “sub-
titutes”. The estimated cross-price elasticity ranges from 0.84 to
.10.

We also find that the number of therapeutic competitors has
 positive effect on the demand for prescription drugs. A plausi-
le explanation for this result is that the number of therapeutic
ompetitors may  capture the effect of the marketing effort such as
dvertising. In general, the stock of advertising within the same
herapeutic market is positively associated with the number of
ompeting products. In addition, the empirical evidence suggests
hat the effect of advertising on prescription drugs mainly reflects
he increase in the overall demand of the same therapeutic market
the market expansion effect) instead of an increase in the market
hare of the individual firms (the market switching effect) (Berndt
t al., 1995; Berndt, 2007).

Overall, our estimated results also indicate that the demand for
rescription drugs is positively related to the “quality” of the prod-
ct. First, Table 4 shows that the demand for brand-name drugs is

s much as 96% higher than that of generic drugs in specification
2) after accounting for the effects of other factors. This result sug-
ests that brand-name drugs possess a competitive advantage over

35 For example, Ellison et al. (1997) found that the conditional (unconditional)
lasticity of brand-name drugs ranges from 1.16 to 1.99 (0.38–1.93). By contrast,
he conditional (unconditional) elasticity of generic drugs ranges from 1.45 to 2.96
1.04–2.97). This result suggests that the consumption of generic drugs is more
ensitive to price changes than that of brand-name drugs in the United States.
36 Although the direct evidence of this reasoning is lacking, Liu et al. (2009) provide
vidence to support this argument through an indirect test.
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eneric drugs that might stem from the entry of new drugs during
ur study period. For example, there are five new chemical entities
ntering the OHAs market after 2000 (Liu et al., 2011).

Second, Table 5 shows that the demand for generic drugs is
igher if the products are produced by large firms. A plausible
xplanation for this result is that generic products produced by
arger firms are deemed to be of higher quality as compared to
hose produced by smaller firms.

Third, we also find that the drug vintage has a significant effect
n the demand for prescription drugs. The estimated results indi-
ate that the quantity of drug consumption increases with the
rug vintage, but rises at a decreasing rate. Based on the results
f Table 4, the drug vintage reaches its maximum impact on drug
onsumption at 90 months (or 7.5 years). That is, holding other
actors constant, the quantity of drug consumption increases over
ime after the drug is included in the NHI formulary. However, as
he drug vintage passes the threshold of 7.5 years, the demand for
uch a drug starts to decline. This result suggests that the prescrip-
ion drug market in Taiwan is competitive in the sense that many
ew products enter the market and the newcomers have an advan-
age in that they increase their market share during the first 7 years
f their product life cycle.

Fourth, we find that the quantity of drug consumption is sig-
ificantly positively associated with the market share of larger
ospitals. This reflects the buyer-size effect in the sense that the
emand for a specific drug is higher if the buyers of this drug are
oncentrated in larger hospitals.

Finally, the estimated results show that the time dummy  vari-
bles have a significant effect on the demand for prescription drugs.
or the full sample and the generic sub-sample, the estimated
esults indicate that the demand for prescription drugs declines
ver time. However, the demand for prescription drugs increases
ver time for the sub-sample of brand-name drugs. A plausible
xplanation for these results is that the time dummies may  capture
he trend of patent expiration. As the period of patent protection
xpires for some brand-name drugs during our study period, many
eneric firms enter the market. As more firms enter the market to
hare the overall demand for prescription drugs, the demand for
ndividual products may  decline over time. As expected, the effect
f new entry is more significant in the generic market than in the
rand-name market. Therefore, we  observe that the demand for

ndividual products decreases over time for all drugs in general
nd for generic drugs in particular.

. Conclusions

This article empirically investigates the determinants of the reg-
lated price and its impact on the demand for prescription drugs in

 setting in which the single public payer regulates the reimburse-
ent price for prescription drugs and medical providers earn profit

irectly from prescribing and dispensing drugs. Using a product-
evel data set that contains quarterly time series of price and
uantity for 496 pharmaceutical products consumed in Taiwan,
ur study has several important findings. First, we find that the
egulated price is responsive to the degree of market competi-
ion as measured by the number of competing products in the
ame generic and therapeutic markets. Specifically, we find that
eneric competition (measured by the number of generic competi-
ors) affects regulated prices for both branded and generic drugs,
ut therapeutic competition (measured by the number of thera-

eutic competitors) only affects the price of brand-name drugs and
as no additional effect on the price of generic products. Secondly,
e also find that the demand for prescription drugs is responsive

o changes in the regulated price. The estimated price elasticity of
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emand for prescription drugs is −0.97. Compared to brand-name
rugs, the consumption of generic drugs is less responsive to price
hanges.

Our findings have two policy implications. First, the profit-
eeking behavior of the medical providers in the prescription drug
arket serves as a transmission mechanism to transfer the force

f competition from the wholesale market to the retail market
hrough a market price survey. As a result, regulation does not
eaken the competition in the pharmaceutical market, and mar-

et competition still plays an important role in the determination
f the regulated price. Although this profit-seeking behavior intro-
uces competition to the regulated market, this competition may
ot enhance the efficiency of the pharmaceutical market. Rather,
he profit-seeking behavior of the medical providers in the pharma-
eutical market gives rise to two distortions in the relative prices
n the health sector, which in turn lead to a loss of efficiency in
esource allocation.

The first distortion is of the price of prescription drugs rel-
tive to health-care services. Compared to prescription drugs,
ealth-care services such as providing diagnostic information and
urgical treatment are very labor-intensive. In contrast to phys-
cal products, there is no wholesale market for services, and
ence no profit margin between reimbursement and acquisi-
ion prices. In view of the margin on prescription drugs, medical
roviders have a financial incentive to substitute prescription drugs
or other inputs, which in turn leads to an increase in phar-

aceutical consumption and inefficiently high drug expenditure
Iizuka, 2007; Trottmann, 2010).

The second distortion attributable to the integration of pre-
cribing and dispensing is between the prices of brand-name and
eneric drugs. Profit margins induce medical providers to include
rugs in their own formularies based on the size of the margin

nstead of efficacy, safety, or cost. Several studies find evidence of
he physicians’ choice of brand-name or generic drugs being influ-
nced by profit margins (Liu et al., 2009; Rischatsch and Trottmann,
009; Rischatsch et al., 2009). Given the fact that the regulation
f the bio-equivalence test is not strictly enforced in some coun-
ries, such as Taiwan and China, and hence brand-name and generic
rugs are not always perfect substitutes, the generic substitution

nduced by profit margins will in turn lower the quality of health
are.

Second, our finding that price has a significantly negative effect
n the quantity of drug consumption indicates that the demand
urve for prescription drugs is downward sloping instead of being

 vertical line. This suggests that quantity increases induced by
utting regulated prices offset part of the cost-containment effort
lthough the demand is inelastic in that cutting prices leads to a
aving in the overall expenditure. Since we find that the demand
or generic drugs is less responsive to price changes as compared to
rand-name drugs, this suggests that the offsetting effect of low-
ring price is smaller for generic products than for brand-name
roducts. As a result, generic drugs are better targets for cutting
rices with a view to containing costs, which in turn would reduce
he profit margins of generic drugs and is beneficial to reducing the
istortion in the relative prices between generic and brand-name
roducts.
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