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Abstract

The impact of a reform that increased consumer information on brand

name and generic pharmaceutical prices is analyzed both theoretically

and empirically. The theoretical results show that an increase in infor-

mation likely reduces the price of brand name pharmaceuticals, while the

results regarding generics are less clear. In the empirical part of the paper,

the introduction of the substitution reform in the Swedish pharmaceuti-

cals market in October 2002 is used as a natural experiment regarding the

e¤ects of increased consumer information on pharmaceutical prices. The

results clearly show that the reform has lowered the price of both brand

name and generic pharmaceuticals.
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1 Introduction

In this paper, a reform of the Swedish pharmaceutical market will be used to

study the e¤ects of increased consumer information about price di¤erences in

medically equivalent treatments (brand name and generic drugs) on the pricing

policy of pharmaceutical �rms.

There is a vast theoretical literature concerning the e¤ects of imperfect con-

sumer information on pricing and market structure. Stigler (1961) showed that

imperfect information creates market power and prices above competitive levels;

while Diamond (1971) showed that if information is costly, this could lead to an

equilibrium where �rms charged the monopoly price rather than the competitive

price. In addition, Salop and Stiglitz (1977) presented a model where low-cost

stores had higher sales because low search cost individuals actively seek them

out, while only high search cost individuals patronized the high cost stores.

They also established that costly information could lead to market equilibria

where the law of one price does not hold. In a related study, Stiglitz (1979)

showed that under imperfect information, increasing the number of �rms could

actually reduce competition and increase prices.

Turning to theoretical models of pharmaceutical markets, Frank and Salkever

(1992) have shown that an increase in the number of informed consumers will

lead to lower brand name pharmaceutical prices. Also, based on a conjecture by

Grabowski and Vernon (1992) that an increase in the number of informed cus-

tomers (i.e. cross-price sensitive consumers) would increase the negative impact

of entry on brand name pharmaceutical prices, Frank and Salkever showed that,

theoretically, this is not necessarily the case. Our theoretical model, presented

in section 3 below, will be a modi�ed version of the Frank and Salkever model.

Only a few empirical tests of how consumer information a¤ects prices in

health care markets exist. Pauly and Satterthwaite (1981) studied how the

market for a reputation good (i.e. a good that is marketed mainly through

recommendation from friends, relatives or colleagues) such as physician services

was a¤ected by additional primary care physicians entering the market. Since

this increases consumer search costs in their model, this will also make each pri-

mary care physicians demand curve become less elastic, leading to higher prices.

In a more recent paper, Sorensen (2000) studied the relationship between imper-

fect consumer information and prices among prescription pharmaceuticals. The
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data were collected from pharmacies in upstate New York, and the price di¤er-

ences among medically equivalent prescriptions were found to be large. In fact,

on average the highest listed price exceeded the cheapest available alternative

by as much as 50 percent. In addition, the results give support to a consumer

search cost model, since frequently purchased pharmaceuticals had both lower

markups and lower price di¤erences when compared to one-time prescription

pharmaceuticals.

In October 2002, the Swedish pharmaceuticals market was reformed. The

reform (Lag 2002:160) required that pharmacists inform the consumers if there

are substitute products available, as well as that the cheapest available substi-

tute product would be provided within the Swedish pharmaceuticals insurance

system. The reform also required that the consumers are given the opportunity

to buy the prescribed pharmaceutical product instead of the cheapest available

product, paying the di¤erence in price between the products themselves. This

means that under the new regulations, consumers have more information about

the price di¤erence between the prescribed (often brand name) product and the

cheapest available (generic) alternative than they had prior to the reform.

There were some other changes due to the reform that could also have af-

fected the pricing decision of pharmaceutical �rms. First, the out-of-pocket

cost for patients changed somewhat. Second, the transaction cost of generic

substitution was lowered when the reform was introduced. In this paper we will

argue that although all three changes could have a¤ected the market, the most

important change was the increase in consumer information. Thus, the intro-

duction of the substitution reform will be used to empirically measure the e¤ects

of increased consumer information on brand name and generic pharmaceutical

prices.

Our theoretical model shows that an increase in information is likely to re-

duce the price of brand name pharmaceuticals, but the results regarding gener-

ics are less clear. Hence, the main hypothesis to be tested is if the substitution

reform, by increasing consumer information about pharmaceutical prices, has

decreased the price of brand name and/or generic pharmaceuticals. In addition,

we will test whether the possible price response di¤ers between brand name and

generic drugs and also study additional heterogeneity in the reform-e¤ect, sug-

gested by the theoretical model. The empirical analysis is performed using

monthly data on pharmaceuticals sold January 2001 to October 2006.



Consumer Information and Pharmaceutical Prices: Theory and Evidence 3

The paper contributes to the existing literature in the following ways; �rst,

contrary to previous theoretical studies, our theoretical model analyses how

both brand name and generic pharmaceuticals are a¤ected by increased con-

sumer information. Second, previous studies of the introduction of substitution

reforms in European pharmaceuticals markets (e.g. Buzzelli et al., 2006) use

pharmaceutical price indexes as their dependent variable. As such, they can-

not study heterogeneity in the reform-e¤ect among brand name and generic

drugs. The introduction of the substitution reform and the use of individual

pharmaceutical price data in our paper make it possible to study both how

pharmaceutical prices were a¤ected by the reform, as well as possible hetero-

geneity in the reform-e¤ect among brand name pharmaceuticals and generics.

The main �nding from this paper is that the reform has lowered the price in

both pharmaceutical groups.

The next section describes the substitution reform, while section 3 presents

the theoretical model, based on Frank and Salkever (1992). Section 4 presents

the data and the empirical model to be used in this study, as well as the results

from the estimations. Finally, in section 5 the paper�s conclusions are presented.

2 The substitution reform

The substitution reform came into e¤ect on October 1, 2002. As mentioned

above, the reform required that pharmacists inform the consumers if there are

substitute products available, as well as that the cheapest available generic

substitute product (which is considered to be a perfect substitute for the brand

name drug by the Swedish Medical Products Agency) would be provided within

the Swedish pharmaceuticals insurance system. The pharmacist must also in-

form the consumers that they can buy the prescribed pharmaceutical product

instead of the generic if they pay the di¤erence in price between the products

themselves. As such, the new regulations provide consumers with more informa-

tion about the price di¤erence between the prescribed product and the cheap-

est available generic alternative then before. Finally, the reform requires that

pharmacists substitute the prescribed pharmaceutical product to the cheapest

available generic (or parallel imported product) in cases when neither the pre-

scribing physician prohibits the switch for medical reasons, nor the consumer

chooses to pay the price di¤erence between the prescribed and the generic alter-
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native. In cases where the physician prohibits the switch due to medical reasons

the consumer is still reimbursed.

The reform was supposed to lower pharmaceutical costs in two di¤erent

ways; directly, as more expensive pharmaceuticals were exchanged for cheaper

generic copies, and indirectly through increased price competition. The latter

e¤ect will be studied in this paper.

Pharmaceutical �rms decide which prices they charge for pharmaceuticals in

Sweden, but for products to be included in the Swedish pharmaceuticals insur-

ance system the price charged by the pharmaceutical �rms has to be authorized

by the Pharmaceutical Bene�ts Board. Pharmaceuticals are sold through a na-

tion wide government owned monopoly, the National Corporation of Swedish

Pharmacies (NCSP), which has a margin on the pharmaceutical products that

is determined by the Pharmaceutical Bene�ts Board. The regulations also im-

ply that the NCSP is required to charge a nation wide uniform price for each

pharmaceutical product in Sweden.

Before the substitution reform, a reference price system introduced in Janu-

ary 1993 was in e¤ect.1 Under that system, the Swedish National Social Insur-

ance Board set a reference price equal to 110 percent of the price of the cheapest

available generic product, and all costs exceeding this reference price were to

be borne by the consumer (RFFS 1992:20, 1996:31).

Some other changes due to the reform might also have a¤ected the pric-

ing policies of pharmaceutical �rms. First, the out-of-pocket cost for patients

changed when the reference price was abolished. Under the substitution reform

costs up to 100 percent of the cheapest generic alternative is included in the

pharmaceutical insurance system, compared to 110 percent during the refer-

ence price system. This increased the patients out-of-pocket costs for choosing

to buy the prescribed pharmaceutical with 0-10 percent of the price of the cheap-

est generic version, depending on the patient�s co-payment rate in the insurance

system. On average this means an extra out-of-pocket cost of approximately 19

SEK (� 2 EURO).2 As such, the change in consumer out-of-pocket payments

1The e¤ects of the reference price system on pharmaceutical prices have been analyzed

previously, see e.g. Aronsson et al. (2001) and Bergman and Rudholm (2003).
2The calculation is based on the fact that the average price of the prescribed products and

the available substitute products in the substitution system was approximately 300 SEK and

250 SEK, respectively, and a patient co-payment rate of 25 percent. 9:51 SEK = 1 EURO,

exchange rate 2008-09-12.
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due to the reform was quite small. Second, even before the reform a prescribed

pharmaceutical product could be substituted for a cheaper generic version if the

prescribing physician had given his/her consent to this on the prescription, or

if the patient requested substitution. In the latter case there was, however, a

recommendation that the physician be contacted before substituting products

if possible, and a requirement that the prescribing physician be informed about

the substitution after. This means that the transaction cost of generic substi-

tution was lowered when the reform was introduced in 2002, which could also

a¤ect the pricing behavior of pharmaceutical �rms. However, physicians that

did not want to be disturbed by pharmacy personnel wanting to make generic

substitutions should have consented to generic substitution even before the re-

form.3 Thus, we argue that the main reform e¤ect should be due to the increase

in consumer information.

3 Theoretical model

To study the e¤ects of increased information on brand name and generic drugs,

and to provide an theoretic underpinning for studying heterogeneity in these

e¤ects, we turn to the model developed by Frank and Salkever (1992). We

modify their model to be able to analyze the price of generics as well. In a

speci�c market there is one brand name �rm, b, and n � 1 generic �rms, that
all produce one pharmaceutical product each and have identical cost functions.

Since there are consumers who are willing to pay the di¤erence in price between

the brand name and generic pharmaceutical in order to get the brand name

pharmaceutical, it will be assumed that consumers actually view the brand

name and the di¤erent generic drugs as close substitutes, instead of perfect

ones.4 Therefore, a �rm cannot get all informed costumers by setting their

price slightly below the others. The consumers only di¤er in their preferences

for the drugs and the information they have about prices.

3We have not been able to �nd any studies of how common it was for prescribing physicians

to allow generic substitution before the reform. However, during the �rst 15 months after

the substitution reform, physicians choose to allow the exchange in 97 percent of the cases

(National Corporation of Swedish Pharmacies et al., 2004).
4During the �rst 15 months after the reform, consumers chose to deny the exchange in

approximately 5 percent of the cases (National Corporation of Swedish Pharmacies et al.,

2004).
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Several studies have reported that brand name products, in spite of consid-

erably higher prices than the available generic substitutes, are able to maintain

dominant positions in terms of market shares (e.g. Bond and Lean, 1977; Stat-

man, 1981; Hurwitz and Caves, 1988). For the Swedish pharmaceuticals market,

Aronsson et al. (2001) reported that some of the products in their study main-

tained market shares in excess of 80 percent even though they had a more than

50 percent markup over the price of the available generic substitutes. As such,

the principal di¤erence between a generic �rm and the brand name �rm in our

theoretical model is that the brand name �rm will be assumed to have a higher

market share compared to the generic �rm at equal prices, due to consumer

preferences for the brand name product. Due to its high market share, we as-

sume that a change in the brand name price will have a signi�cant impact on

the generic prices and treat the brand name �rm as a Stackelberg leader which

incorporates the generic �rms�price-responses in its pricing decision.5 It will

also be assumed that the generic �rms take all other prices as given in the sense

that they do not take into account how their pricing decisions will a¤ect that

of other pharmaceutical �rms. As such, the analysis will start by analyzing the

pricing decision made by the generic �rms.

The demand function for generic product i is written

Qi = �D
I
i (Pi; Pj ; Pb; n) + (1� �)DUI

i (Pi; n). (1)

� is the share of informed consumers in the market, who know the prices of

all available pharmaceutical products, and (1 � �) is the share of uninformed
consumers in the market, who only know the price of the drug they are buy-

ing. �DI
i and (1� �)DUI

i represent the demand facing the generic �rm i from

informed and uninformed consumers, respectively. Pi; Pj and Pb are the prices

of the generic drug i, all other generic drugs and the brand name drug, respec-

tively, which together with the number of pharmaceutical products, n, a¤ect the

demand for the generic drug i from the informed consumers. The demand from

the uninformed consumers is not a¤ected by other prices, but by the number of

pharmaceutical products.

5The qualitative results from the theoretical model hold even if the brand name �rm is

treated as a Nash player towards the generic ones.
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The generic �rm i�s pro�t function is written

�i = Pi � [�DI
i (Pi; Pj ; Pb; n) + (1� �)DUI

i (Pi; n)]

�Ci(�DI
i (Pi; Pj ; Pb; n) + (1� �)DUI

i (Pi; n)), (2)

where Ci(Qi) is the �rm�s cost function. The marginal cost is assumed to be

positive and constant.6 The �rm chooses Pi to maximize the pro�t, which gives

the following �rst order condition

d�i=dPi =

�
Pi �

dCi
dQi

�
�
�
�
dDI

i

dPi
+ (1� �)dD

UI
i

dPi

�
+�DI

i (Pi; Pj ; Pb; n) + (1� �)DUI
i (Pi; n) = 0. (3)

The price function of generic product i can thus be written Pi(�; n; Pj ; Pb). All

generic �rms are assumed to face identical demand and cost functions and will

therefore set the same price, which we denote by Pg. The best response function

of generics is written Pg(�; n; Pb).

Accordingly, the brand name producer�s demand function is written

Qb = �D
I
b (Pb; Pg(�; n; Pb)) + (1� �)DUI

i (Pb; n), (4)

which gives the following �rst order condition

d�b=dPb =

�
Pb �

dCb
dQb

�
�
�
�

�
@DI

b

@Pb
+
@DI

b

@Pg

@Pg
@Pb

�
+ (1� �)dD

UI
b

dPb

�
+�DI

b (Pb; Pg(�; Pb; n)) + (1� �)DUI
b (Pb; n) = 0. (5)

Equations (3) and (5) di¤er from each other since the brand name �rm get

higher sales compared to a generic �rm with the same price and because the

brand name �rm act as a Stackelberg leader. If @Pg@Pb
> 0,7 which we assume,

either one of these di¤erences guarantee that the brand name �rm will set a

higher price than the generic ones.

6This assumption is not crucial for the qualitative results from the model, but it simpli�es

expressions and makes them easier to interpret.
7See Appendix 1 for a discussion of these assumptions.
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3.1 The e¤ect of an increase in information

The e¤ect of an increase in the share of informed consumers (i.e. an increase in

�) on the price of generic drug i is written

dPi=d� = f
�
Pi �

dCi
dQi

�
�
�
dDI

i

dPi
� dD

UI
i

dPi

�
+
�
DI
i �DUI

i

�
+
dPi
dPb

dPb
d�

+
dPi
dPj

dPj
d�
g=(��i) (6)

We assume that the second order su¢ cient condition for a maximum, �i < 0,

is ful�lled (Appendix 2). The mark-up, Pi � dCi
dQi
; is positive. The second term

in the numerator, and therefore the �rst product, will be negative if the own

price response of informed consumers is greater than the own price response of

uninformed consumers, which is a reasonable assumption. The next two terms

show how the total demand for generic i is a¤ected by a change in the share of

informed consumers. These terms are jointly positive since informed consumers

are more likely to patronize the generic product i due to price information, while

consumers in the uniformed group choose the pharmaceutical product closest

to their personal preferences, brand name or generic.

The �nal terms show the indirect e¤ect on Pi of an increase in �, working

through the e¤ect of � on other prices. The terms dPi
dPj

and dPi
dPb
, which are

discussed in more detail in Appendix 1, are assumed to be positive. The last

two terms therefore imply that a generic �rm is more likely to reduce its price

if the brand name price is reduced and that any price change of a generic �rm,

due to symmetry, is enhanced by the price changes of the other generic �rms.

To sum up, the direct e¤ect of an increase in the share of informed consumers

on the generic prices is not clear cut. The �rst product works in the direction

of lower prices as long as the consumer becomes more price sensitive when

information about prices increases. On the other hand, the next two terms in

the numerator, DI
i and D

UI
i , together have a positive e¤ect on the price change

for generic product i. Finally, the sign of the indirect e¤ect depends on the

e¤ect of � on the brand name price, to which we now will turn.
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The e¤ect of an increase in � on the brand name price is written

dPb=d� = f
�
Pb �

dCb
dQb

�
�
�
@DI

b

@Pb
+
@DI

b

@Pg

@Pg
@Pb

� dD
UI
b

dPb

�

+
�
DI
b �DUI

b

�
+
dPb
dPg

dPg
d�

g=(��b). (7)

Pb� dCb
dQb

is positive and larger than the mark-up for a generic �rm. The second

term will be negative if the own price response of informed consumers is greater

than the own price response of uninformed consumers, which seems reasonable

to assume. The brand name �rm�s Stackelberg role, however, works for that

this term will be less negative than the corresponding one for the generic �rms.

The next two terms show how the total demand for the brand name product

is a¤ected by a change in the share of informed consumers. Since informed

consumers are aware of the cheaper generic substitutes, they buy less from the

brand name �rm than uninformed consumers and the sum of these terms will

be negative. That is, the brand name �rm, unlike the generic companies, loses

sales if there is an increase in the share of informed consumers, which reduces

the revenue loss from price reductions. Therefore, this works for a higher price

reduction for brand name drugs compared to the generic drugs. The sign of the

�nal term depends on the price change of the generic �rms.

Given our assumptions, the theoretical model shows that it is likely that

the substitution reform, which is our exogenous measure of increased consumer

information about pharmaceutical prices, will lead to price reductions for brand

name drugs while the predictions are less clear for the generic products. We

now turn to the task of empirically testing the predictions of our model, i.e.

that the prices of brand name (and perhaps also generic) pharmaceuticals will

be reduced by the substitution reform.

4 The empirical analysis

4.1 Data and empirical speci�cation

The pharmaceutical prices in Sweden during the period January 2001 to Oc-

tober 2006 are extracted from a dataset provided by the County Council of

Västerbotten, Sweden. The data cover all prescription pharmaceuticals sold

in the county during the period and sums up to a total number of 15 million
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prescriptions.

Only observations referring to pharmaceuticals considered to be exchange-

able within the substitution reform are relevant for this study. We identi�ed

these observations by a two step procedure. First, we used a wide de�nition of

which pharmaceuticals that should be considered to be exchangeable within the

substitution reform. This wide de�nition is based on the criteria speci�ed by

the Medical Product Agency, namely that the di¤erent pharmaceutical products

have the same active substance, strength, and form (pills, oral �uids, etc.) and

that the packages are of similar size. In a second step, these commodities were

more carefully examined by manually comparing them to the Medical Product

Agency list over substitutable products published at the time of the introduc-

tion of the reform. After this examination 4082 commodities, in 856 di¤erent

exchange groups, are de�ned to be substitutes according to the regulations set

out in the exchange reform. These commodities account for approximately 7

million prescriptions in our original sample. We can identify in which month

each prescription is sold, and there are thus a maximum of 70 observations for

each commodity, 21 before the reform and 49 after, giving a maximum number

of observations of 285 740 (=4082*70). However, not all of these pharmaceuti-

cal products are sold each month, reducing the actual number of observations

to 126 904. Due to missing data for one or more of our key variables, the �nal

sample consists of 105 587 observations.

Our dataset does not include information about which product that is the

brand name product.8 From the theoretical model we know that brand name

�rms will distinguish themselves by setting higher prices than their competi-

tors. This is also supported by previous empirical studies (e.g. Aronsson et al.,

2001; Bond and Lean, 1977; Statman, 1981; Hurwitz and Caves, 1988). Thus,

Brand is an indicator variable that takes the value one if the pharmaceutical

has had the highest price in the exchange group both in the �rst and third six

months periods prior to the reform. The six month period is used to reduce the

problem of not all commodities being sold each month, and two examination

periods are used to reduce the risk of our labeling being a¤ected by temporary

price changes. We choose examination periods prior to the reform, since the

8Note that in our dataset, so called "me-to-pharmaceuticals" fall in their own exchange

groups. This coincides with the regulations set out in the substitution reform, where substi-

tution to "me-to-pharmaceuticals" is not allowed.
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reform may reduce price di¤erences between brand name and generic drugs,

making labeling based on periods after the reform less robust. In the 9 percent

of the cases where the pharmaceutical had the highest price in only one of these

periods, a closer examination was performed where a pharmaceutical was clas-

si�ed as a brand name drug if there were only one producer not belonging to

the group of the most common generic producers in the Swedish market.9 The

remaining pharmaceuticals, where no apparent brand name producer could be

identi�ed were all treated as generics.10 ;11

The main purpose of the empirical part of this paper is to study the e¤ect

of the introduction of the substitution reform on the prices of brand name and

generic pharmaceuticals. Therefore, our focus will be to achieve unbiased es-

timates of the reform-e¤ect. As such, we use product-speci�c �xed e¤ects to

capture several of the e¤ects that according to equations (3) and (5) can explain

the di¤erence in price levels between pharmaceutical products, and focus our

attention on changes in the prices caused by changes in the shares of informed

consumers, as described in equations (6) and (7). The latter two equations

reveal several variables which will in�uence the reform-e¤ect. We will therefore

take them as starting points to study heterogeneity in the reform-e¤ect as well.

Since we are not able to model all di¤erences between the two equations, we

estimate the models separately for brand name products and generics, allow-

ing the parameter estimates to di¤er. However, the speci�cation for the two

groups will include the same variables. Below, we therefore only discuss the

9 In Sweden, there are some producers that specialize in producing and selling generic

products in several of the substitution groups covered in this study. These are easily identi�ed

in our dataset.
10All regressions have also been performed excluding these 9 percent of the cases. All

qualitative results from the estimations presented below are unchanged, and these results

have thus been excluded in order to save space.
11To test whether this method can identify the correct brand name pharmaceuticals a

dataset from Rudholm (2001) is used. In that dataset, the brand name pharmaceuticals were

identi�ed for 22 substances. Comparing the brand name pharmaceuticals in that dataset to

ours, 5 of the substances have been removed from the market. Of the 17 remaining substances

(corresponding to 12 percent of the prescriptions in our sample), the brand name product

coincide for all product types and package sizes in 13 cases. In the remaining 4 cases, the

brand name products coincide for tablets and capsules, but not for other types of products (e.g.

oral �uids, intravenous �uids, etc). Such products correspond to approximately 14 percent

of the observations in our sample. As such, we have re-estimated the empirical models using

a dataset including only tablets and capsules. All qualitative results from these estimations

coincide with the ones presented below. The results are available from the authors on request.
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speci�cations for one of the two groups, brand name products.

From equation (7) we know that the e¤ect of an increase in � on the brand

name price can be written

dPb =

�
Pb �

dCb
dQb

�
�
�
@DI

b

@Pb
+
@DI

b

@Pg

@Pg
@Pb

� dD
UI
b

dPb

�
=(��b)d�

+(DI
b �DUI

b )=(��b)d�+
dPb
dPg

dPg
d�

=(��b)d�. (8)

The �rst product on the right hand side includes the following four terms: the

markup over marginal cost, the di¤erence in own price response of informed and

uninformed consumers, the second derivative of the brand name �rm�s pro�t

maximization problem, and the change in information due to the introduction

of the substitution reform. Our data allow us to study heterogeneity in the �rst

and forth terms.12 First, the markup is assumed to be a linear function of our

proxy variable lnmarkup, that is�
Pb �

dCb
dQb

�
= 
0 + 
1 lnmarkupi. (9)

lnmarkupi is the logarithm of the di¤erence between the average price for

pharmaceutical product i in the pre-reform period and the minimum price in

the group of exchangeable products during that period.13 As such, this variable

is de�ned for pharmaceutical i. Mathematical formulas used to calculate this

and other proxy variables are presented in Appendix 3. Second, the change in

information is written

d� = 
3dDt + 
4d(infog �Dt), (10)

where D is an indicator variable taking the value one after the introduction of

the substitution reform, and infog is our proxy for the level of information avail-

able for consumers in exchange group g before the introduction of the reform.

12We do not model any heterogeneity in the second and third term. This reduces the

number of interaction terms in our full model, but, similarly to the omission of interaction

terms later discussed in Appendix 5, this do not cause any bias in the estimator of the reform

e¤ect.
13Using the minimum price in the group of exchangeable products as a proxy for marginal

cost is similar to the approaches adopted by Grabowski and Vernon (1992) and Rudholm

(2001). The logarithm is used since the dependent variable will also be in logarithmic form.


0 is included to capture the average of the di¤erence between the minimum price and the

marginal cost.
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This is de�ned as the extra expenditure on pharmaceuticals in exchange group

g prior to the reform compared to the expenditure if the given quantity would

have been bought at the lowest price in the exchange group each month, mea-

sured in percent. Following Sorensen (2000), this measure is based on the notion

that if consumers systematically and over time pay more than necessary for a

given pharmaceutical within an exchange group, this re�ects that consumers in

that group are less informed about prices of available generic substitutes than

in other groups, cet. par. The idea is that the change in the share of informed

consumers will be larger in markets with low initial information. Multiplication

gives the following expression for the �rst product in equation (8)�
Pb �

dCb
dQb

�
� d� = 
0
3dDt + 
0
4d(infog �Dt)

+
1
3(lnmarkupi � dDt)

+
1
4[lnmarkupi � d(infog �Dt)]. (11)

In the second product in equation (8), our division of the sample in brand

name and generic pharmaceuticals in part controls for di¤erences in the term

DI �DUI between pharmaceutical �rms, and we do not model any remaining

heterogeneity in this term or in the second-order derivative, �b. What remains

in the second product is d�, which is measured as described above.

The third product in equation (8) shows that the change in the price of the

brand name producer can also be a¤ected by price changes of generic products,

caused by a change in the proportion of informed consumers. The e¤ect on the

generic prices in an exchange group mostly depends on the same variables as

the e¤ect on the brand name prices. In addition it depends on the markup of

the generic �rms, which does not directly a¤ect the price change of the brand

name drug. To study whether this indirect e¤ect has any signi�cant e¤ect on

the brand name price, we therefore identify the term dPg
d� by diff lnmarkupi,

which is the di¤erence between the average markup in the exchange group g

and the markup for the brand name drug i.14 d� is measured as presented

above and we do not model any heterogeneity in the term dPb
dPg
. Therefore, the

third product in equation (8) leaves us with the two additional interaction terms

diff lnmarkup �D and diff lnmarkup � info �D.
14This speci�cation for the logarithmic markup of the other drugs in the exchange group is

chosen in order to reduce the multicollinarity problem which otherwise could be a problem.
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So far, only the variables of main interest for this study as presented in

equation (8) have been discussed, i.e. the variables that are supposed to capture

the e¤ects of increased consumer information due to the substitution reform.

However, as can be seen in equation (5), the price will also depend on n, which

in our empirical model will be measured by the number of products sold in

a speci�c substitution group each month. The interaction terms n � D and

n � info � D are included since the studies of Stiglitz (1979) and Frank and

Salkever (1992) indicated that the e¤ect on prices of the number of products

can be a¤ected by the share of informed consumers. A trend variable, Trend, is

included in order to account for possible common price trends. Finally, product-

speci�c �xed e¤ects, �i, have been included. The empirical speci�cation of the

most general price equation for brand name and generic pharmaceuticals can

thus be written

lnPriceit = �1Dt + �2(infog �Dt) + �3(lnmarkupi �Dt)

+�4(lnmarkupi � infog �Dt) + �5(diff lnmarkupi �Dt)

+�6(diff lnmarkupi � infog �Dt) + �7nit + �8(nit �Dt)

+�9(nit � infog �Dt) + �10Trendt + �i + "it. (12)

Descriptive statistics for all variables included in the empirical estimations

are presented in Table 1. lnPrice is the logarithm of the price of the phar-

maceutical per one hundred de�ned daily dozes expressed in Swedish crowns

in �xed October 2006 prices.15 Comparing the descriptive statistics for brand

name and generic products, prices are roughly the same in the two groups. How-

ever, as can be seen in Table 1, the markup over marginal cost is larger for the

sample containing brand name pharmaceuticals. Also, the descriptive statistics

for diff lnmarkup show that the competing products in an exchange group on

average have a lower price than the brand name product, while the opposite is

true for generics. As such, the similar prices for brands and generics in Table 1

are due to a selection e¤ect, where generic �rms to a large extent have chosen

to enter markets where the price is high. In addition, Table 1 shows that the

number of products, n, is larger in the subsample for generics, as is info.

15De�ned daily doses (DDDs) is a World Health Organization measure of drug quantity.
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Table 1 about here.

In equation (12), the following variables might be endogenous in the sense

that these variables correlate with the error term; info, lnmarkup, diff lnmarkup

and n. The available dataset does not contain any reasonable variables to be

used as instruments, hence endogeneity has to be addressed in some other way.

In order to be able to later conclude which result that might be driven by

endogeneity, we therefore discuss in Appendix 4 how the correlation between

the error term and these variables are expected to a¤ect the estimates of the

di¤erent parameters. One should however keep in mind that these variables

are proxy-variables and that the estimators can therefore also be biased due to

measurement errors. Since bias in the estimators related to the variables men-

tioned above might a¤ect the estimated reform-e¤ect, we show in Appendix 5

how we can create a simple model, without the interaction variables, in order to

estimate the reform-e¤ect. In short, we show that the estimator for the reform

parameter, �1, will be an unbiased estimator of the average reform-e¤ect if the

interaction variables are left out from the speci�cation. The explanation is that

this estimator will capture the linear relationship between this variable and the

omitted interaction variables (e.g. Greene, 2003, Chapter 8).

Due to low variation in the number of products during the period of study,

the remaining possibly endogenous variable, n, most likely only has a very

limited in�uence on the estimated reform-e¤ect. During the study-period, it

is likely that the bulk of the correlation between n and the reform is due to

the e¤ect the reform has on the number of products, and that only a smaller

fraction of the correlation is due to exogenous variation in n. Therefore, not

controlling for n in the regression probably gives a better estimate of the total

reform-e¤ect.16 As such, the speci�cation which will be used to estimate the

average e¤ect of the reform for both brand name and generic pharmaceutical

subsamples is written

lnPriceit = �1Dt + �10Trendt + �i + "it, (13)

where all included variables are exogenous. In all estimations, we use a Prais-

Winsten estimator which corrects for �rst order serial correlation in the error
16We will also estimate the basic model including the number of �rms, n, in order to study

how this a¤ects the parameter estimates for the reform indicator variable.
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terms. In addition the error terms are allowed to be heteroskedastic and corre-

lated within ATC-groups.17

4.2 The adjustment process

Two circumstances give �rms an incentive to gradually adjust their price after

the reform.18 First, there is incomplete information for �rms about the reac-

tions of consumers and other �rms to the reform. Second, price increases are

rarely allowed by the Pharmaceutical Bene�ts Board. To capture this, we in-

troduce the variable D=(t � R), where R is the time for the reform. We let

the denominator be raised to the power �, where � is a parameter that will

measure the curvature of the adjustment process. As such, our basic empirical

speci�cation including the adjustment process is written

lnPriceit = �1Dt + �10Trendt + 
[Dt=(t�R)�] + �i + "it. (14)

The models with adjustment are non-linear in the adjustment variableD=(t�
R). Since the models are nonlinear only due to one parameter, �, it is conve-

nient to estimate the models using a grid-search estimation strategy. We have

employed this method for each model setting � to values ranging from 0 to 4

and then estimating the remaining parameters using a Prais-Winsten estima-

tor. Finally, likelihood values were used to discriminate between the di¤erent

parameter values. The likelihood values were as well used to calculate 95 per-

cent con�dence intervals for the adjustment parameter, �. As can be seen in

the notes to Tables 2 and 3, the con�dence intervals are not symmetric around
17 In the World Health Organization�s Anatomical Therapeutic Chemical (ATC) classi�ca-

tion system, the drugs are divided into di¤erent groups according to the organ or system

on which they act, and their chemical, pharmacological and therapeutic properties. In the

ATC-groups used here, drugs which share the same chemical substances are grouped together.
18Since pharmaceutical �rms knew about the reform before it came into e¤ect in October,

2002, it is also possible that they started to adjust to the reform before this date. If this was

the case, we would expect to obtain larger estimates of the reform e¤ect if the estimations

were performed excluding observations from the months directly before the reform. To study

the importance of this possibility, we estimated all models excluding observations originating

from April 2002, when the law regarding the reform was passed by parliament, until October

2002, as well as from January 2002, when the bill was presented to parliament, until October

2002, respectively. Although some of the point estimates in these regressions were somewhat

larger than the ones presented in this paper, these di¤erences were not statistically signi�cant

at conventional levels. Thus, these results indicate that the potential adjustments before the

reform were too small to have any important impact on our estimates.
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the point estimates. This is expected since a value of � equaling zero lead to

an empirical model where the adjustment variable becomes equal to the reform

indicator variable.

4.3 Results

The results from the estimation for brand name products are presented in Ta-

ble 2. In order to study heterogeneity in the reform-e¤ect, we �rst discuss the

results of the full model. For all variables that interact with other variables,

we only discuss the di¤erential and the derivatives, respectively, which are eval-

uated at the mean value for each variable. The estimate of the di¤erential

� lnPrice=�D from the full model shows that the average reduction in the

price of brand name pharmaceuticals due to the reform is approximately 2 per-

cent,19 and there is a signi�cant negative trend showing an average decrease in

pharmaceutical prices of 0.2 percent per month.20 From the theoretical model it

is expected that if consumers had a low level of information prior to the reform

(i.e. they systematically spent more money than necessary on the pharmaceu-

ticals they bought), the reduction in brand name price after the introduction

would be large. As can be seen in the lower half of Table 2, this is also the case.

However, this result must be interpreted with caution since the estimators of

the parameters for info may be negatively biased, as discussed in Appendix 4.

Table 2 about here.

19Since the dependent variable is in logarithmic form, the exact change in price (in percent)

should for dummy variables be calculated using the formula 100� [exp(�)�1]. However, since
the parameter estimates are small, using the exact formula gives the same results as using the

parameter estimates directly after rounding.
20Negative trend estimates are expected for two reasons. First, the price index for pharma-

ceuticals in Sweden has declined during the period of study. Second, since the price index also

is a¤ected by entry of new, relative expensive pharmaceuticals, the price of existing pharma-

ceuticals have on average a more negative development than the price index. Still, one might

suspect that part of the reform e¤ect is captured by the time trend. We therefore estimate

the time trend for di¤erent time periods prior to the reform. Both for brands and generics,

these estimates are slightly more negative compared to the estimated time trend for the full

samples, but the di¤erences are not statistically di¤erent from zero. Thus, this does not seem

to be a problem in this paper. The results from these estimations are available from the

authors upon request.
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The point estimate of the interaction between the reform and lnmarkup

in Table 2 shows that the e¤ect of the reform was more pronounced if the

markup was large. However, this result is not statistically signi�cant at con-

ventional levels. Neither does the indirect e¤ect from equation (8) (as proxied

by diff lnmarkup in our empirical model) show any signi�cant impact on the

reform-e¤ect on pharmaceutical prices. Finally, expanding the informed section

of the market through the introduction of the reform is found to increase the

impact of the number of products on pharmaceutical prices, while the number

of products had no signi�cant e¤ect on the prices themselves.

We estimate the basic model with and without n in order to study if the

inclusion of this variable a¤ects the estimate of the reform-e¤ect. As can be seen

in Table 2, the parameter estimate for the number of products is not statistically

signi�cant, and the estimated reform-e¤ect is similar in size in both models. As

such, the reform-e¤ect does not seem to be a¤ected by an exclusion of this

variable. The estimated reform-e¤ect in these two models is slightly lower than

in the full model, but still approximately 2 percent. There is also a negative

time trend of 0.2 percent per month.

The results from the model with the adjustment variable show that the esti-

mated reform-e¤ect is larger than in the basic model, with an estimated average

price reduction during the study-period of 4 percent. One explanation for this

result is that including the adjustment parameter in the empirical speci�cation

changes the parameter estimate for the time trend from -0:20 to -0:15 percent

per month. The estimate for the reform dummy in this model, minus 6 per-

cent, can be interpreted as an estimate of the long run e¤ect of the reform.

The relatively large standard errors of this estimate, nearly 2 percent, is likely

caused by that the correlation between D and D=(t�R)� is as high as 0.82 (e.g.
Greene, 2003, Chapter 4). According to a likelihood-ratio test, we can reject

the hypothesis of an instant adjustment at the time of the reform. We therefore

regard the estimates from the model with the adjustment variable as the more

reliable ones. The estimated reform-e¤ect for the model with adjustment is

illustrated in Figure 1.

Figure 1 about here.
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The results concerning generic pharmaceutical prices presented in Table 3

indicate an average price reduction due to the reform of one percent in all three

estimated models not including the adjustment variable. Further the estimates

show a negative price trend of 0.3 percent per month. As such, the reform-

e¤ect without adjustment is smaller in size for generics than for brand name

pharmaceuticals, while the price trend is larger. Neither of the di¤erences is

statistically signi�cant.

Table 3 about here.

The point estimates of the derivatives at the bottom of Table 3 show that

both high values of info and lnmarkup enhance the e¤ect of the reform as

expected, but the e¤ect of info is not statistically signi�cant at conventional

levels. For generics, the parameter estimate for diff lnmarkup �D, is negative
and statistically signi�cant at the �ve percent level. Our interpretation of this

is that a high markup prior to the reform of the competitors to generic i in-

creases the reform-e¤ect on the competitors, which in turns increases the need

for generic i to lower its price. As discussed in Appendix 4, potential endogene-

ity will cause the estimators related to this variable to be positively biased. As

such, this gives further support that the results are in line with our theoretical

model. Finally, as in the estimations concerning brand name pharmaceuticals,

expanding the informed section of the market through the introduction of the

reform is found to increase the impact of the number of products on pharmaceu-

tical prices, but the number of products had no signi�cant e¤ect on the prices

themselves.

Turning to the results from our model including the adjustment process, the

results show that the reform-e¤ect is larger than in the basic models, with an

estimated average price reduction of 4 percent. As for brand name pharma-

ceuticals, a large part of the di¤erence between the models can be explained

by the di¤erence in the parameter estimates for the time trend. The point es-

timates for the parameter �, indicate that the adjustment path for generics is

less curved than that for brands. However the divergence is not statistically sig-

ni�cant di¤erent from zero. Further, the low value of � results in a correlation
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between D and D=(t�R)� of 0.99, which increases the standard errors for the
parameter estimates related to these variables (e.g. Greene, 2003, Chapter 4).

The standard errors for the two estimates are over 5 percent and it is there-

fore not meaningful to discuss these estimates. However, the standard error for

the total reform-e¤ect is not in�uenced by the high correlation between D and

D=(t�R)�. As for the brand name sample, we can reject the hypothesis of an
instant adjustment at the time of the reform, and we therefore regard the esti-

mates from this model as the most reliable ones. The estimated reform-e¤ect

for the model with adjustment is illustrated in Figure 2.

Figure 2 about here.

Taken together, the results indicate that the e¤ects of the reform on the price

paths of pharmaceutical products are more similar for brand and generic prod-

ucts than expected, with an average price reduction due to the implementation

of the reform of about 4 percent. These results could be compared to previous

studies concerning the e¤ects of substitution reforms on pharmaceutical prices

(e.g. Buzzelli et al., 2006). In comparison, their results show an average price

reduction of 3 percent after the implementation of the substitution reforms. It

should, however, be noted that they use pharmaceutical price index data, from

16 OECD countries, and that their estimate therefore is not directly compara-

ble to ours. Firstly, their estimate is an average for all drugs, not only those

directly a¤ected by the reforms. Secondly, the study by Buzzelli et al. does not

incorporate any adjustment process in the empirical speci�cation.

5 Discussion

The introduction of the substitution reform in 2002 changed the pharmaceuti-

cals market in Sweden in three ways. First, due to the requirement that patients

be informed if there were cheaper available products available, the amount of

consumer information concerning pharmaceutical prices increased. Second, the

out-of-pocket cost for patients not buying the cheapest generic increased some-

what (on average with approximately 12.5 SEK � 1.3 EURO) when the refer-

ence price was abolished. Third, the transaction costs for generic substitution
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decreased when the reform was introduced. However, even before the reform a

prescribed pharmaceutical product could be substituted for a cheaper generic

version, although this required that the prescribing physician had given his/her

consent to this on the prescription, or the patient requested substitution. Since

the change in out-of-pocket cost was small and generic substitution could be

done even before the reform, we argue that the major change due to the reform

was the increase in consumer information about pharmaceutical prices.

As such, the introduction of the Swedish substitution reform was used as

a natural experiment regarding the e¤ects of increased consumer information

on brand name and generic pharmaceutical prices. The main hypothesis to be

tested was if the introduction of the substitution reform had led to any reduction

in the price of brand name and/or generic pharmaceuticals. Another hypothesis

to be tested was whether the possible price response due to the introduction of

the reform di¤ered between brand name and generic drugs.

First, following Frank and Salkever (1992), a theoretical model was set up to

analyze the e¤ects of increased consumer information on pharmaceutical prices.

The model indicated that an increase in information would, under reasonable

assumptions, led to a price reduction for brand name products, while the results

for generic pharmaceuticals were more ambiguous. Based on our model, we

also expected that the reduction in price would be large if the markup over

marginal cost was large and/or the market had been characterized by low levels

of information before the reform.

The results form the empirical part of the paper show an average reduction

in prices due to the reform of about 4 percent during the study-period, both

for brand name and generic pharmaceuticals. In addition, the results give some

support for the reform-e¤ect being ampli�ed for pharmaceuticals in markets

which had previously been characterized by low levels of consumer information,

as well as for pharmaceuticals which prior to the reform had high markups over

marginal cost.

We are also able to present tentative results regarding how an increase in

information will a¤ect the impact of the number of products on pharmaceutical

prices. The results presented in this paper are in line with Grabowski and

Vernon�s (1992) conjecture, that expanding the informed portion of the market

should increase the price lowering e¤ect of entry.

A �nal point that needs to be discussed is how the brand name product
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has previously been able to set a high price relative to the generic substitutes

without losing market share in the absence of the substitution reform. Stiglitz

(1979, p 340) suggests that �a �ow of ignorance can be maintained either by

entry of new �rms or new individuals�. This could perhaps make it possible

for, for example, a brand name producer to price its product high relative to its

generic substitutes without losing market shares. To empirically investigate this

question is outside the scope of the present paper, but warrants future research.
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Appendix 1. Indirect e¤ects

The e¤ect on the price of generic i of a change in the price of the other generics

is written

dPi
dPj

=

��
Pi �

dCi
dQi

�
�
d2DI

i

dPidPj
+ �

dDI
i

dPj

�
=(��i).

The �rst term includes d2DI
i =dPidPj , which describes how the slope of the

demand curve facing �rm i is a¤ected by a change in the price of other gener-

ics. This term will be negative if a price reduction of other drugs changes the

marginal consumer to one who is less price sensitive than the previous one.

However, without knowing the speci�c form of the demand function, this term

cannot be signed. Since the drugs are substitutes, the second term is positive

and states that if the other prices are reduced, this will lower the demand for

drug i, which works for a price reduction of drug i. The price response of �rm

i to a price change by the brand name �rm and the price response of the brand

name �rm to a price change by the generic ones can be written correspondingly.

Theoretically, we cannot rule out the possibility that the �rst term is negative

and dominates the second one without making more explicit assumptions about

the demand function. In this paper we will assume that dPi
dPj

> 0, dPidPb
> 0 and

dPb
dPg

> 0, without assuming a speci�c demand function. Among the possible

demand functions that would result in the positive derivatives that we assume,

a simple linear demand function like DI
i = d1 � d2Pi + d3Pj + d4Pb can be

mentioned.

Appendix 2. Second order conditions

The second order pro�t maximization condition for generic �rm i, is written

d2�i=dP
2
i = �i =

�
Pi �

dCi
dQi

�
�
�
�
d2DI

i

dP 2i
+ (1� �)d

2DUI
i

dP 2i

�

+2 �
�
�
dDI

i

dPi
+ (1� �)dD

UI
i

dPi

�
< 0.
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The corresponding expression for the brand name �rm is written

d2�b=dP
2
b = �b =

�
Pb �

dCb
dQb

�
�

"
�

 
@2DI

b

@P 2b
+ 2

@2DI
b

@P 2g

�
@Pg
@Pb

�2
+
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b

@Pg
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b
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�
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�
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+
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b
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�
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UI
b

dPb

�
< 0.

Appendix 3. De�nitions of empirical measures

Denote the lowest observed price in exchange group g prior to the reform by

MinPriceg. Let Salesit denote the sales of pharmaceutical i at period t and

let Salesgt be the corresponding for all pharmaceuticals in an exchange group.

Then infog; lnmarkupi and diff lnmarkupi is written as follows

infog =

"
RX
t=1

�Pn
i=1 Priceit �W 1

it

MinPricegt

�
�W 1

gt � 1
#
� 100

lnmarkupi = ln

"
RX
t=1

Priceit �W 2
it �MinPriceg

#

diff lnmarkupi = ln

"
nX
i=1

RX
t=1

Priceit �W 3
it �MinPriceg

#

� lnmarkupi,

where R is the time for the reform and

W 1
it = Salesit=Salesgt; W 1

gt = Salesgt=

 
RX
t=1

Salesgt

!
;

W 2
it = Salesit=

 
RX
t=1

Salesit

!
; W 3

it = Salesit=

 
RX
t=1

Salesgt

!
.

That is, infog is de�ned as the extra expenditure on pharmaceuticals in ex-

change group g prior to the reform compared to the expenditure if the given

quantity would have been bought at the lowest price in the exchange group

each month, measured in percent. lnmarkupi is measured as the logarithm of
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the di¤erence between the average price for pharmaceutical product i in the

pre-reform period and the minimum price in the group of exchangeable prod-

ucts during that period. Finally, diff lnmarkupi is created by subtracting

lnmarkupi from the logarithm of the di¤erence between the average and the

lowest price in one exchange group in the pre-reform period.

Appendix 4. Endogeneity

By recalling the de�nition of the variable info from Appendix 3, we see that this

variable depends on prices and therefore could be correlated with the error term

of equation (12). For brand name pharmaceuticals, an increase in the pre-reform

error terms will lead to an increase in info. The inclusion of product-speci�c

�xed e¤ects operates so that the sum of the error terms for a pharmaceutical

during the whole study-period approaches zero. Therefore an increase in the

pre-reform error terms for a pharmaceutical will lead to a reduction in the

post-reform error terms for that pharmaceutical. For brand name �rms, this

results in a negative correlation between the post-reform error terms and the

variable info, which will lead to negative bias in the estimators related to info.

(The correlation between info and the pre-reform error terms does not directly

a¤ect the bias, since info is only included in the model together with the reform

dummy.)

For the cheapest generic in an exchange group, an increase in the pre-reform

error terms will lead to a reduction in info, since the denominator will increase

proportionally more than the numerator. Therefore, the post-reform error term

of this pharmaceutical will be positively correlated with info. This is also

true for a uniform increase of the pre-reform error terms for all generics in an

exchange group. In the estimation for generic pharmaceuticals, the estimators

related to info are therefore likely to be positively biased.

To sum up, for the reasons mentioned above we expect the estimators related

to info to be negatively biased for brands and positively biased for generics.

All pre-reform error terms for a pharmaceutical have a positive e¤ect on

the variable lnmarkup, except the error term for the observation that a¤ect

MinPrice which has a negative e¤ect. Since in each exchange group there is

only one observation ofMinPrice, and several observations of other pre-reform

prices, it is reasonable to expect the correlation between the lowest pre-reform
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price and the post-reform error terms to be smaller in absolute size than the

correlation between all pre-reform prices and these error terms. The variable

lnmarkup is therefore expected to be negatively correlated with the post-reform

error terms, making the estimators related to this variable negatively biased.

Since an increase in lnmarkup will lead to a decrease in diff lnmarkup, the

estimators related to the latter variable will be positively biased.

The variable n is likely to be endogenous as well. An increase in the size of

the error term will, through its e¤ect on the price, lead to an increase in the

number of products. This will, in turn, lead to positive bias in the estimators

related to n. Including n in the estimation and treating it as exogenous might

also lead to a negative bias in the estimator of the reform-e¤ect. The reason

is that the reform is likely to have a negative e¤ect on prices, which in turn

could have a negative e¤ect on the number of products. If the number of

products is estimated to have a negative e¤ect on the prices, conditioning on it

will then work for an overestimation of the negative price e¤ect of the reform.

However, in addition the reform makes it more likely that a generic product

will be dispensed, increasing the probability of generic entry. Including n could

therefore also lead to an underestimation of the negative price e¤ect of the

reform.

Appendix 5. Measuring the reform-e¤ect

Denote the reform indicator variable by the vectorD. LetX(D) denote the it�7
matrix for the interaction variables (info �D), (lnmarkup �D), (lnmarkup �
info � D), (diff lnmarkup � D), (diff lnmarkup � info � D), (n � D) and
(n � info �D) and let 
 be the vector of parameters related to these variables.
Ignore for simplicity that our model also includes the variables n and Trend

and product-speci�c �xed e¤ects, �i. Then our structural model is written

lnPrice = X(D)
 +D�1+".

If this equation is estimated on reduced form, excluding X(D), the estimator

for �1 becomes according to Greene (2003, Chapter 8).

b1=�1+(D
0
D)

�1
D0X
 + (D

0
D)

�1
D0".

Now, in order to simplify things assume that there are observations in only

two periods, one before the reform (t = 1) and one after (t = 2), and let us
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calculate what b1 represents if we omit the interaction terms from our empirical

speci�cation. The matrices are written

D0=
�
0 1

�
;D=

 
0

1

!
;X=

 
0 0 0 0 0 0 0

x1 x2 x3 x4 x5 x6 x7

!
; "=

 
"1

"2

!
,

where 0 and "1 are vectors of zeros and error terms for the I pharmaceuticals

before the reform, and where 1, x1, x2...x7 and "2 are vectors of ones, the

interaction variables and the error terms for the I pharmaceuticals after the

reform. Matrix multiplication then gives

b1=�1+

7X
k=1

1

I

IX
i=1

xki
k +
1

I

IX
i=1

"i2:

That is, if we exclude the interaction terms with the reform dummy, the average

e¤ect of these variables will still be captured by the parameter estimate of the

reform indicator variable.
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Table 1. Descriptive statistics

Brands Generics

Variable Mean Std. Dev. Mean Std. Dev.

Price 1796.04 4359.74 1727.62 5137.14

lnPrice 6.64 1.18 6.39 1.31

D 0.67 0 .47 0.67 0 .47

info 7.98 22.51 12.90 81.63

lnmarkup 4.34 1.49 3.21 1.62

diff lnmarkup -0.28 0.59 0.97 1.12

n 2.35 1.44 3.29 1.56

Trend 33.99 20.05 33.09 19.45

info �D 5.15 16.44 8.74 65.17

lnmarkup �D 2.90 2.37 2.10 1.99

lnmarkup � info �D 26.46 101.03 32.65 371.04

diff lnmarkup �D -0.18 0.51 0.69 1.08

diff lnmarkup � info �D -1.10 9.34 13.91 99.60

n �D 1.66 1.70 2.24 2.07

n � info �D 15.02 55.61 28.86 119.17

Nr. lnmarkup 47008 57861

Nr. 47121 58466

Products 873 1613

Nr. lnmarkup is the number of observation for the variables including lnmarkup or

di¤ lnmarkup while Nr. is the number of observations for all other variables.
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Table 2. Brand name prices

Full Basic+n Basic Basic+adj.

D 22.32�� -18.85��� -18.86��� -56.88���

(11.13) (5.71) (5.70) (17.19)
Trend -2.01��� -2.01��� -2.01��� -1.53���

(0.51) (0.52) (0.50) (0.47)
n 1.60 -0.23

(1.36) (0.79)
info �D -4.35�

(2.48)
lnmarkup �D -6.25��

(2.94)
lnmarkup � info �D 0.71�

(0.39)
diff lnmarkup �D 1.98

(5.84)
diff lnmarkup � info �D 1.20�

(0.67)
n �D -2.28

(1.68)
n � info �D -0.04

(0.05)
D=(t�R) (
) 38.14���

(13.89)
D=(t�R) (�) 354.00���

(see note)

� lnPrice=�D -19.25��� -18.85��� -18.86��� -42.40���

(5.60) (5.71) (5.70) (12.25)
d lnPrice=d(info �D) -1.73�

(0.99)
d lnPrice=d(lnmarkup �D) -0.62

(4.12)
d lnPrice= 11.59
d(diff lnmarkup �D) (7.37)
d lnPrice=d(n �D) -2.62�

(1.54)
d lnPrice=dn -0.15 -0.23

(0.77) (0.79)

Sample size 47008 47121 47121 47121
Log likelihood 76724 76858 76859 76868

The reported values are the estimates multiplied by 1000. The regressions include product-
speci�c �xed e¤ects. Robust standard errors, conditioned on the parameter, �, are reported
in parentheses. ***, ** and * denote signi�cance at the 1, 5 and 10 percent level, respectively.
The 95%-con�dence interval for � is 0<�<1086: The di¤erential/derivatives are evaluated at
the mean for each variable. For D/(t-R)� the mean in the post-reform period is used.
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Figure 1. Brand name prices, estimated reform e¤ect with 95 percent CI
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Table 3. Generic prices

Full Basic+n Basic Basic+adj.

D 35.85��� -11.02��� -10.98��� -135.85��

(12.08) (1.70) (1.70) (55.49)
Trend -2.67��� -2.75��� -2.74��� -2.01���

(0.75) (0.76) (0.76) (0.62)
n 2.39��� 0.75

(0.73) (0.57)
info �D -1.37

(1.03)
lnmarkup �D -8.03���

(2.38)
lnmarkup � info �D 0.22

(0.17)
diff lnmarkup �D -10.82���

(4.16)
diff lnmarkup � info �D 0.19

(0.14)
n �D -2.50��

(1.05)
n � info �D 0.01

(0.01)
D=(t�R) (
) 125.20��

(54.51)
D=(t�R) (�) 101.00���

(see note)

� lnPrice=�D -11.19��� -11.02��� -10.98��� -41.34���

(1.79) (1.70) (1.70) (14.38)
d lnPrice=d(info �D) -0.44

(0.36)
d lnPrice=d(lnmarkup �D) -5.13��

(2.53)
d lnPrice= -8.40��

d(diff lnmarkup �D) (4.09)
d lnPrice=d(n �D) -2.41��

(1.01)
d lnPrice=dn 0.77 0.75

(0.58) (0.57)

Sample size 57861 58466 58466 58466
Log likelihood 79506 79847 79843 79855

The reported values are the estimates multiplied by 1000. The regressions include product-
speci�c �xed e¤ects. Robust standard errors, conditioned on the parameter, �, are reported
in parentheses. ***, ** and * denote signi�cance at the 1, 5 and 10 percent level, respectively.
The 95%-con�dence interval for � is 0<�<672: The di¤erential/derivatives are evaluated at
the mean for each variable. For D/(t-R)� the mean in the post-reform period is used.
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Figure 2. Generic prices, estimated reform e¤ect with 95 percent CI


