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Abstract

This paper studies the e¤ects of price regulation and parallel imports in the on-

patent pharmaceutical market. In a theory model where the producer price is subject

to bargaining between the brand-name producer and a distributor, we show that the

e¤ects of price regulation crucially depend on whether the producer faces competition

from parallel imports. While parallel imports improve the bargaining position of

the distributor, price regulation counteracts this e¤ect and may even be pro�table

for the producer. We test the implications of our model on a unique dataset with

information on sales and prices at both producer and retail level for 165 substances

over four years (2004-7). We show that stricter price regulation reduces competition

from parallel imports, and has no (strictly negative) e¤ect on producer pro�ts in the

presence (absence) of parallel imports. Our results suggest that price regulation might

improve static e¢ ciency without being harmful for dynamic e¢ ciency in the presence

of parallel imports.
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1 Introduction

In this paper we study the e¤ects of price regulation and parallel imports in the pharma-

ceutical market for substances that are under patent protection. The presence of health

insurance makes demand for pharmaceuticals fairly price inelastic. Combined with market

power on the supply side, free pricing of pharmaceuticals is likely to result in rather high

prices. Most countries therefore control pharmaceutical prices in order to contain medical

expenditures. Such regulation is perceived to improve static e¢ ciency by forcing prices

closer to marginal production costs, but is likely to be harmful for dynamic e¢ ciency since

it reduces the returns on pharmaceutical �rms�R&D investments.1

Parallel trade of pharmaceuticals is also controversial for the same reasons. Allowing

for parallel trade is likely to trigger (intra-brand) competition between the original pro-

ducer and parallel traders in the importing (high-price) countries. This limits the scope for

pharmaceutical companies to engage in international price discrimination and may con-

tribute to price convergence across (high- and low-income) countries.2 Therefore, parallel

trade may be good for static e¢ ciency by stimulating competition, but bad for dynamic

e¢ ciency by reducing the pharmaceutical �rms�patent rent.

In Europe price regulation and parallel trade are essential features of pharmaceutical

markets. Almost every European country regulate pharmaceutical prices in order to con-

trol their medical expenditures, and parallel trade across member states is encouraged by

the EU commission. The principle of free movements of goods implies that �rms (or indi-

viduals) can legally trade pharmaceuticals without the consent from the original producer

across national borders within the European Economic Area (EEA). In the US both price

regulation and parallel trade (particularly from Canada) have been discussed as policy

measures to better control the increasing medical expenditures, but has so far not been

implemented mainly due to the concern about lower patent rent and thus incentives for

1This argument is well explained in Danzon (1997), and has received support from some recent empirical
studies; see e.g., Giaccotto et. al. (2005), Vernon (2005), and Golec and Vernon (2006). Moreover, Kyle
(2007) �nds that strict price control may also deter or delay launch of new drugs, and may therefore reduce
the availability of drugs within a given country.

2One important reason why parallel imports arise is to arbitrage away international price discrimination,
which is widely observed for pharmaceutical products (e.g., Ganslandt and Maskus, 2004). However, Kyle
(2010) �nds that pharmaceutical producers may still be able to maintain di¤erential pricing across countries
by using non-price strategies (e.g., packaging) to limit the scope for parallel trade.
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innovation.

Despite being very di¤erent policy instruments, parallel trade and price regulation are

likely to have similar e¤ects on market outcomes and welfare, and one may conclude that

the combination of these two instruments is particularly bad for the pharmaceutical �rms.

In this paper we will show that these conjectures are actually false, and that the interaction

between price regulation and parallel imports signi�cantly changes the expected e¤ects.

In particular, we will show that stricter price regulation may in fact be bene�cial to the

pharmaceutical �rms in the presence of parallel import, though it is clearly negative in

absence of parallel imports.

Our paper consists of both a theory and an empirical part. In the theory part we

consider a patent-protected brand-name drug that is sold in a domestic (high-price) and a

foreign (low-price) country. In the domestic country, the drug is distributed by a monopoly

distributor, and the producer price is a result of (Nash) bargaining between the brand-

name producer and the distributor. The distributor may also have access to a parallel-

imported drug version and sell this in competition with the original drug. The market for

parallel trade is competitive and the pro�tability of parallel import is determined by the

producer price di¤erence between the domestic and foreign countries.3 The distributor

sets the retail prices of the original and parallel-imported drugs in the domestic country

subject to price cap regulation.

In absence of parallel import, we show that a lower price cap always reduces the

bargained producer price and is harmful to both producer and distributor pro�ts. However,

in presence of parallel import, the e¤ects of stricter price cap regulation on producer price,

sales and pro�ts are ambiguous. If the original producer�s (distributor�s) bargaining power

is su¢ ciently high, then a lower price cap increases (reduces) producer prices. Moreover, if

the producer price increases due to stricter price cap regulation, then the original producer

also obtains higher pro�ts. Otherwise, the e¤ect on the original producer�s pro�ts is

ambiguous. Thus, the market e¤ects of price regulation are potentially very di¤erent

3Very few papers make the distinction between producer and retail prices when studying parallel trade.
One exception is Chen and Maskus (2005), building on Maskus and Chen (2004), who make this point
and argue that parallel trade occurs partly because of di¤erences in the vertical pricing structure across
countries.
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depending on whether or not the original producer faces competition from parallel traders.

The reason for the qualitatively di¤erent results is that competition from parallel

import changes the pricing incentives of both the original producer and the domestic

distributor. If the original producer pushes for higher prices, the distributor will respond

by reducing the retail price of the parallel-imported drug in order to shift demand away

from the (less pro�table) original drug towards the (more pro�table) parallel-imported

drug. The bargained producer price is therefore constrained not only by relative bargaining

power, but also by the producer�s incentive to restrain competition from parallel importers.

Thus, competition from parallel importers shifts market power from the upstream to the

downstream part of the industry, improving the bargaining position of the distributor vis-

à-vis the producer. However, stricter price cap regulation tends to weaken competition

from parallel importers, shifting market power back towards the upstream part of the

industry. The original producer can take advantage of this and obtain a higher producer

price, if his relative bargaining power is su¢ ciently strong. This explains why the original

producer may bene�t from a stricter price cap when facing competition from parallel

import.

Based on the theoretical analysis, we derive the following predictions for empirical

testing: (i) in markets with parallel imports, a reduction in the price cap leads to an

increase in both sales and market share of the original drug; (ii) in markets without

parallel imports, a lower price cap reduces both the producer price and the pro�ts of the

brand-name producer, whereas in markets with parallel imports both these e¤ects are

smaller and might even be positive. We also test the e¤ect of stricter price cap regulation

on total drug expenditures, although our analysis shows that the e¤ect is theoretically

ambiguous and depends on the price elasticity of demand.

To test these predictions, we make use of a unique administrative data set with de-

tailed information on all prescription-bound sales in Norway.4 Our sample consists of

165 on-patent substances and contains monthly information about sales and prices at

both producer and retail level (for each product) over a four-year period from 2004 to

4Actually, we merge data from two administrative databases from the Norwegian Institute of Public
Health; the Prescription database and the Wholesale database. More details are provided in Section 5.
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2007. The data set also includes information about the retail price cap and whether or

not the product is parallel-imported. The descriptive statistics reveal that (i) 55 of the

165 substances have sales of parallel-imported products during the sample period, (ii) the

parallel-imported drugs are on average priced lower than the original drug at both pro-

ducer and retail level, (iii) the retail price cap tends to be binding for the original drug,

and (iv) the distributor pro�t margins are fairly high for both drug versions, but slightly

higher for the parallel-imported drugs.

When testing the empirical predictions, we exploit exogenous variation in the price

caps. Since the price cap is determined by foreign prices and exchange rates, this enables

us to identify causal e¤ects of changes in the price cap regulation on the dependent vari-

ables. We use a regression model with product (substance) �xed e¤ects, which control

for unobserved (and observed) variation that is constant over time (e.g., product charac-

teristics) and period �xed e¤ects that control for time trends. Consistent with our �rst

prediction, we �nd that stricter price cap regulation reduces competition from parallel

imports resulting in higher market shares and sales of the original brand-name product.

Dividing our sample into substances with and without parallel import, we �nd, consistent

with our second prediction, that stricter price cap regulation reduces producer prices, but

the e¤ect is substantially weaker for substances with parallel imports. Moreover, we �nd

that a lower price cap has a strong, negative e¤ect on the original producers�pro�ts for

substances without parallel imports, but has no signi�cant e¤ect on the original produc-

ers�pro�ts for substances with parallel imports. Finally, we �nd that stricter price cap

regulation reduces total expenditures, but the e¤ect is much stronger for substances with

parallel imports than for substances without parallel imports.

The rest of the paper is organised as follows. In the next section we give a relatively

brief overview of some related literature and explain the contribution of our paper. In

Section 3 we provide a brief description of the Norwegian pharmaceutical market. In

Section 4 we present our theory model and derive predictions for the empirical analysis.

In Section 5 we give an overview of our data and o¤er some descriptive statistics of our

main variables. In Section 6 the empirical analysis is presented and we report our main

results. In Section 7 we discuss potential endogeneity issues in our empirical analysis,
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before o¤ering some concluding remarks in Section 8.

2 Related literature

Our paper contributes to, and bridges, two closely related strands of the literature on

pharmaceutical markets: the literature on the e¤ects of (i) parallel trade and (ii) price

regulation of pharmaceuticals. Our paper is, to the best of our knowledge, the �rst one to

study the e¤ects of price regulation and parallel imports in conjunction, taking explicitly

into account the vertical structure of the pharmaceutical industry.

The existing literature on parallel trade of pharmaceuticals consists of papers that

are mainly concerned with the e¤ects of parallel trade on prices, innovation and welfare.

Ganslandt and Maskus (2004) study �theoretically and empirically �the e¤ect of parallel

trade on the pricing of pharmaceuticals. In their theory section they set up a simple

model where a monopoly producer sells its product in a home and a foreign market. In

the foreign country there is price regulation, which makes parallel import to the home

country pro�table. The authors �nd that for small trade costs the original producer will

accommodate the import decisions of parallel traders and that the price in the home market

falls as the volume of parallel imports rises. This theoretical prediction is con�rmed by

an empirical analysis using data from Sweden before and after they joined the EU in 1995

and had to allow for parallel imports. Having price data for the 50 largest substances for

1994-1999, and using instrumental variable methods to account for potential endogeneity

in the entry decisions of parallel traders, they �nd that competition from parallel imports

reduced prices by 12-19 percent.

Even if parallel trade leads to lower prices, the welfare implications are far from clear-

cut. Jelovac and Borday (2005) analyse theoretically the price and (static) welfare impli-

cations of permitting parallel imports of pharmaceuticals using a theory model where a

monopoly producer sells a drug in two countries. The countries di¤er in health insurance

coverage and the patients�utility of medical treatment. In their model parallel trade makes

the prices converge between countries, it makes the patients in the importing (exporting)

country better (worse) o¤, and it decreases the pro�t of the monopoly producer. However,
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the e¤ect on total welfare is ambiguous. They �nd that permitting parallel imports im-

proves welfare if countries only di¤er in patients�utility of drug treatment, while it reduces

welfare if countries only di¤er in insurance coverage.5

While the static welfare e¤ects of parallel trade may be positive, a main concern is that

it reduces the monopoly rent of the patent holder and may therefore have adverse e¤ects

on innovation incentives. However, Grossman and Lai (2008) o¤ers a theoretical argument

to the contrary. In a North-South model with innovation in the North and price regulation

in the South, they show that allowing for parallel trade may in fact increase innovation

incentives under optimal price regulation. The key to this insight is that regulators will

optimally set di¤erent prices depending on whether or not parallel trade is allowed. This

mechanism is absent in the two previously mentioned papers, where price regulation is

either exogenous (Ganslandt and Maskus, 2004) or absent (Jelovac and Borday, 2005).6

The empirical studies on parallel trade of pharmaceuticals are mainly concerned with

price and competition e¤ects of such trade. In addition to the aforementioned study by

Ganslandt and Maskus (2004), we would like to highlight the contributions by Kanavos

and Costa-Font (2005), Kyle (2010) and Granlund and Köksal (2011). Using data from

30 countries, Kyle (2010) examines the e¤ect of both potential and actual entry of parallel

imports on prices of original drugs. She also �nds that parallel import reduces prices,

but the e¤ects are weaker than those reported by Ganslandt and Maskus (2004). On

the contrary, Kanavos and Costa-Font (2005) estimate the e¤ect of the market share

of parallel imports on price competition, but do not �nd statistically signi�cant e¤ects.

Finally, Granlund and Köksal (2011) study whether the Swedish mandatory substitution

reform in 2002 increased competition from parallel imports. The reform imposed reference

pricing also on the on-patent drugs on the Swedish market. They use a di¤erence-in-

5There is also a more general literature on the welfare e¤ects of allowing parallel imports (or, more
generally, uniform pricing versus third degree price discrimination). In a seminal paper, Malueg and
Schwartz (1994) show that the welfare e¤ects are generally ambiguous. Later contributions have considered
extensions such as endogenous quality (Valletti and Szymanski, 2006) and strategic policy choices (Roy
and Saggi, 2012).

6A related mechanism is present in the analysis by Pecorino (2002), who discusses whether the US
should allow for parallel imports of prescription drugs from Canada. He develops a theory model in which
the price of the drug in the foreign country (Canada) is determined by Nash bargaining between the
monopoly producer and the foreign government. Thus, international price discrimination occurs because
of monopsony power by payers. In this setting, parallel trade (back into the home country) will a¤ect the
negotated price in the foreign country in a way that can make the producer better o¤.
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di¤erences estimation on monthly data for a panel of all on-patent prescription drugs sold

in Sweden during the 40 months from January 2001 through April 2004. On average,

facing competition from parallel imports caused a 15-17 percent fall in prices. While the

reform increased the e¤ect of competition from parallel imports, it was only by 0.9 percent.

The present paper di¤ers from all the above-mentioned papers in two important as-

pects. First, neither of these studies take explicitly into account the vertical structure of

the pharmaceutical industry when assessing the e¤ects of parallel trade; more speci�cally,

how parallel trade a¤ects pharmacies�pricing incentives, which in turn a¤ect the relative

bargaining position of pharmacies (or wholesalers) vis-á-vis the patent-holding producer.7

Second, while the above-mentioned studies are concerned about the e¤ects of parallel trade

per se, we focus instead on how the presence of parallel trade a¤ect the impact of price

regulation.

There are several papers that study the impact of price regulation of pharmaceuticals.

One strand focuses on the impact on innovation incentives. Giaccotto, Santerre and Vernon

(2005), Vernon (2005) and Golec and Vernon (2006) report results suggesting that strict

price control is harmful for pharmaceutical �rms�pro�ts and R&D spending. Moreover,

Kyle (2007) uses cross-country data and �nds that the use of price controls has a negative

impact on both the extent and timing of the launch of new drugs in national markets.

Another strand focuses on the impact of price regulation on competition, pricing and

expenditures in the o¤-patent market. Danzon and Chao (2000) argue that price regu-

lation in pharmaceutical markets tends to drive out competition and may therefore be

counterproductive. They use data from seven countries for 1992, and �nd evidence that

support their claim for the o¤-patent market segment, where brand-name products face

competition from generic versions. Recent papers by Brekke, Grasdal and Straume (2009)

and Brekke, Holmås and Straume (2011) show that the use of reference pricing may be

more e¤ective than price cap regulation in reducing pharmaceutical prices and expendi-

7Maskus and Chen (2004) and Chen and Maskus (2005) study parallel trade and vertical price formation.
Their starting point, which is usually ignored in the literature, is that the pro�tability of parallel trade
is determined by cross-country di¤erences in producer prices and not retail prices. In a model where
a monopoly producer sells its product directly to consumers in one country and through an independent
retailer in the other country, the producer has an incentive to o¤er a lower price to the independent retailer,
but this makes parallel trade pro�table. There is no price regulation in this model though, and the set-up
does not particularly �t the characteristics of pharmaceutical markets.
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tures.8

We contribute to the literature on price regulation of pharmaceuticals by (in contrast

to the above-mentioned papers) analysing how the presence of parallel trade a¤ects the

impact of price cap regulation on pro�ts, prices and pharmaceutical expenditures.

3 The Norwegian pharmaceutical market

The total sales of pharmaceuticals in Norway amount to almost 20 billion Norwegian

crowns (NOK) in 2012.9 We focus on the segment of the market with patent-protected

substances, which accounts for about 70 percent of the total Norwegian market for phar-

maceuticals.10 In Europe patent-holding producers potentially face competition in high-

priced countries from parallel traders importing their products from low-priced countries

within the European Union (EU). National regulations and/or �rm behaviour that ob-

struct parallel trade are generally not allowed and would be subject to EU litigation.

Norway has adopted the EU legislation, which means that parallel traders are free to

import pharmaceuticals from EU countries to Norway (and export from Norway to EU

countries). In order to import pharmaceuticals, parallel traders have to obtain marketing

licence for each product imported to Norway, which requires that they have to relable and

repack the parallel-imported products with text in Norwegian for patient safety reasons.

Parallel traders usually also rebrand the product by replacing the company name of the

original producer with their own company name. The sales of parallel-imported drugs

varied from 4.3 to 6.9 percent of the total pharmaceutical sales in Norway during the

period 2004 to 2007, but their market share is considerably larger in the patent-protected

market segment, as we will show later.11

All prescription drugs on the Norwegian market are subject to price cap regulation

at retail level. The price cap is based on prices of the same product in a set of foreign

8See also Brekke, Holmås and Straume (2013) for the e¤ect of pharmacy margins on sales of brand-
names and generics, and on prices and expenditures.

91 Euro is about 8 NOK, 1 US dollar is about 6 NOK, and 1 British pound is about 10 NOK.
10See the report Facts and Figures 2013 by LMI (the Association of the Pharmaceutical Industry in

Norway) at www.lmi.no.
11See the report Facts and Figures 2013 by LMI (the Association of the Pharmaceutical Industry in

Norway), available at www.lmi.no.
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countries. While many countries use international reference pricing, the set of reference

countries and the price �xing rules vary. Norway uses a fairly small sample of nine Euro-

pean countries (Austria, Belgium, Denmark, Finland, Germany, Ireland, the Netherlands,

Sweden, and UK) as reference. The pharmaceutical companies report wholesale prices of

their drugs in the reference countries, and then the Norwegian Medicines Agency (NOMA)

sets the price cap equal to the average of the three lowest prices.12 To obtain the maximum

price at retail level, the NOMA sets a maximum mark-up the pharmacies can add to each

product. The regulated mark-up is partly a �xed fee (22 NOK) and partly a percentage

add-on (7 percent up to 200 NOK and 4 percent above 200 NOK).13 The price caps are

common to all products with the same substance irrespective of whether the drug is an

original brand-name, a parallel imported or a generic version, but vary according to pack

size, strength, and presentation form. The price caps are usually revised annually, but at

di¤erent dates for di¤erent drugs.

While retail prices are subject to price cap regulation, producer prices are determined

by negotiations between producers and distributors. The Norwegian market is concen-

trated at both upstream and downstream level and both producers and distributors are

likely to have bargaining power. In the o¤-patent market segment, the original producers

face competition from generic drug producers, which limits their bargaining power vis-

á-vis the distributors. However, in the on-patent market segment, the only competitive

threat for the original producers is the competition from parallel importers. When par-

allel import is pro�table, this may strengthen the bargaining position of the distributors

towards the original producer, which is exactly what we study in this paper.

At downstream level the Norwegian market is dominated by three wholesalers (Al-

liance Healthcare, NMD Grossisthandel, and Apokjeden Distribusjon) who purchase and

distribute all pharmaceuticals that are sold on the market. The three wholesalers also own

most (85 percent) of the pharmacies. The table below describes the Norwegian pharmacy

12For example, if P�zer report that Lipitor (100 tablets, 40 mg) costs 100 NOK in UK, 90 NOK in
Sweden and 80 NOK in Finland, and these are the three lowest prices of this particular product in the
reference countries, the price cap for this product in Norway would be set to 90 NOK. Prices in any of the
other reference countries (which are not among the three lowest prices) would not be taken into account.
13For example, for a drug with a maximum wholesale price of 300, the maximum mark-up the pharmacy

can charge is 22 + 200 � 0:07 + 100 � 0:04 = 40. Thus, the maximum retail price of the product is then 340
NOK.
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market in 2007.

[ Table 1 about here ]

The largest wholesaler is Apokjeden Distribusjon who owns pharmacies belonging to

the chain called Apotek 1. The second largest wholesaler is NMD Distribusjon who owns

Vitusapotek pharmacies and controls the franchise chain called Ditt Apotek. NMD Dis-

tribusjon also serves Sykehusapotek who are pharmacies owned by (and located at) public

hospitals. Finally, Alliance Healthcare owns the Boots/Alliance pharmacies and also dis-

tributes pharmaceuticals to the independent pharmacies. Thus, the downstream market

in Norway is basically controlled by these three wholesalers.

There are a few regulations on wholesalers that should be mentioned.14 First, the

wholesalers are required to store and deliver all pharmaceuticals that are demanded by

patients or prescribed by their doctors. Thus, exclusive dealing or exclusive sales contracts

between producers and wholesalers are not feasible. Second, producers are not allowed to

sell products directly to pharmacies, but need to reach an agreement with the wholesalers

in order to obtain sales. Third, wholesalers are required to report the gross and net trans-

acted producer prices to the government, and are not allowed to include side-payments in

their contracts with the producers.15

Finally, individuals in Norway are insured against medical expenditures by compulsory

social insurance collected through general taxation. The insurance covers prescription

drugs that are used to treat illnesses that last for some time (non-acute) and are su¢ ciently

severe (non-trivial). For non-reimbursable prescription drugs, patients have to pay the full

price charged by the pharmacy. For the reimbursable drugs, patients pay 38 percent of

the price of the drug, but only up to certain expenditure caps per script and per year.

If the pharmaceutical expenditures exceed these amounts, there is 100 percent insurance

coverage. The price cap regulation applies to all prescription drugs irrespective of whether

or not the drug is reimbursable.

14More information about the regulations can be found on the webpage of NOMA;
http://legemiddelverket.no/English/Import_wholesaling_retailing/Sider/default.aspx
15 Initially, the reason for this regulation was that the government based the (internal) reference price

for substances with generic competition on the producer prices. However, this reference pricing scheme is
abolished, but the regulation is preserved for monitoring and planning purposes of the health authority.
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4 Theoretical model

Consider a patent-protected brand-name drug that is sold in two countries, "domestic" and

"foreign", by the original brand-name producer. The producer prices in the two countries

are w and v, respectively. In the domestic country the drug is distributed by a monopoly

distributor and the producer price, w, is a result of bargaining between the producer and

the distributor.16 We consider the case where w > v in equilibrium, implying that there

is scope for arbitrage which is assumed to be exploited by parallel-trading �rms. For

simplicity, we assume that the market for parallel-traded drugs is perfectly competitive.

Abstracting from transportation costs, this implies that the domestic distributor can im-

port parallel-traded drugs at a price v. This price is taken to be exogenous, re�ecting

the assumption that the domestic market is small relative to the foreign market so that

domestic price changes have a negligible e¤ect on foreign prices. Domestic retail prices for

the original and the parallel-traded drugs are given by p0 and p1, respectively.

In the domestic market there is a continuum of consumers demanding the brand-name

drug. The consumers di¤er in their willingness-to-pay (�) for the drug treatment, where

� � U [0; 1]. The utility of a consumer with valuation � is given by

U =

8><>: � � �p0 if buying the original drug


� � �p1 if buying a parallel-imported drug
; (1)

where � 2 (0; 1) is the coinsurance rate. The residual share (1� �) of the price is covered

by medical insurance. The parameter 
 2 (0; 1) re�ects our assumption that consumers

attach a higher value to the original brand-name product than to the parallel-imported

product.17 The di¤erence in consumer valuation captures the reputation e¤ect related to

company name. The parallel importer usually rebrands the products replacing the original

producers�company name with its own company name. Such rebranding is a way to create

product di¤erentiation and thereby relax competition with the original producer.

In an equilibrium where both product types are sold, consumers with high (low)

16 In the theoretical model we do not distinguish between wholesalers and pharmacies. This corresponds
well with the Norwegian market where 85 percent of pharmacies are vertically integrated with wholesalers.
17 In order to ensure the existence of an equilibrium with positive sales of both product types when

parallel imports are allowed, we make the assumption p0 > v


.
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willingness-to-pay demand the original (parallel-imported) brand-name drug. The con-

sumer who is indi¤erent between purchasing the original and the parallel-imported drug

is characterised by

�0 =
� (p0 � p1)
1� 
 ; (2)

while the consumer who is indi¤erent between buying the parallel-imported drug and

refrain from drug consumption is characterised by

�1 =
�p1


: (3)

Demand for, respectively, the original and parallel-imported drugs, are therefore given by

y0 =

Z 1

�0

ds = 1� �0; (4)

y1 =

Z �0

�1

ds = �0 � �1: (5)

The pro�t of the original brand-name producer is given by

�0 = (w � c) y0 + (v � c) y1; (6)

where c 2 (0; v) is the marginal cost of producing the drug. The �rst term is the pro�t

from direct sales in the domestic country, whereas the second term is the pro�t from sales

to parallel traders. For simplicity, and without loss of generality, we ignore the residual

pro�ts from direct sales in the foreign country, which are independent of the parallel trade

and the pricing decisions in the domestic market.

Finally, the pro�t of the domestic distributor is given by

�D = (p0 � w) y0 + (p1 � v) y1: (7)

We consider the following two-stage game:

Stage 1 The domestic distributor and the original producer bargain over the producer

price w.
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Stage 2 The domestic distributor chooses retail prices and drug consumption takes place.

We assume that domestic retail prices are subject to price cap regulation. We consider

the case where, in equilibrium, the price cap binds for the original product. Given our

demand assumptions, an equilibrium where both product types are sold must necessarily

have a retail price for the parallel-imported drug below the price cap.

4.1 Benchmark: No parallel trade

As a benchmark for comparison, let us brie�y consider the case where parallel imports of

patented drugs are either prohibited or unpro�table (because the producer price di¤erence

between the countries is too small). In this case, domestic demand for the original drug

is given by

ey0 = 1� �p0: (8)

The pro�ts of the brand-name producer and the distributor are then given by, respectively,

e�0 = ( ew � c) ey0 (9)

and

e�D = (p0 � ew) ey0; (10)

where ew is the bargained producer price in the absence of parallel imports.
Assuming Nash bargaining between the producer and the distributor, the producer

price is given by

ew = argmax e
 := � ln e�D + (1� �) ln e�0; (11)

where � 2 (0; 1) is the relative bargaining strength of the distributor. If the price cap (p0)

binds, the equilibrium producer price is given by

ew = (1� �) p0 + �c: (12)
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A binding price cap then implies18

p0 <
1 + �c

2�
: (13)

Producer and distributor pro�ts are, respectively, given by

e�0 = (1� �) (p0 � c) (1� �p0) ; (14)

e�D = � (p0 � c) (1� �p0) (15)

whereas total drug expenditures are exogenously determined by the price cap, and given

by eT := p0ey0 = p0 (1� �p0) : (16)

The e¤ects of price cap regulation on producer pro�ts and total expenditures are

relatively straightforward:

@e�0
@p0

= (1� �) (1� � (2p0 � c)) > 0 if p0 <
1 + �c

2�
; (17)

@ eT
@p0

= 1� 2�p0 ? 0: (18)

Stricter price cap regulation unambiguously reduces both producer and distributor prof-

its.19 Although a lower retail price leads to higher sales, the producer price is bargained

downwards. As long as the price cap binds, the reduction in producer prices more than

outweighs the increase in sales, leading to lower producer pro�ts. The more bargaining

power the distributor has, the larger is the negative e¤ect of stricter price cap regulation

on producer pro�ts.

The e¤ect of price cap regulation on total expenditures is a priori ambiguous, though,

18The right-hand side of the inequality is simply the monopoly price the distributor would charge in
absence of price cap regulation.
19Obviously, a lower price cap reduces also distributor pro�ts given that the price cap is binding:

@e�D
@p0

= � (1� � (2p0 � c)) > 0 if p0 <
1 + �c

2�
:
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since a lower retail price leads to increased drug consumption. Therefore, the e¤ect on

expenditures depends on the price elasticity of drug demand. If the price cap is su¢ ciently

low to begin with, stricter price cap regulation will always reduce total expenditures.

4.2 Parallel imports

Suppose now that the original brand-name producer faces competition from parallel im-

porters. Since parallel-imported drugs are (by assumption) vertically di¤erentiated from

the original drug, it is pro�table for the distributor to price these drugs below the regu-

lated price cap.20 Substituting from (2)-(5) into (7) and maximising �D with respect to

p1, the pro�t-maximising retail price of parallel-imported drugs is given by

p1 (p0; w) = 
p0 �
1

2
(
w � v) : (19)

As expected, a lower price cap (which determines the price of the original drug) reduces

the optimal retail price charged for parallel-imported drugs. Notice also that a higher

producer price for the original drug will have the same e¤ect. If the distributor obtains a

lower pro�t margin on the original drug, the pro�t-maximising response is to steer demand

towards parallel-imported drugs by lowering their price.

With a retail price given by (19), sales for the two drug versions are given by

y0 (p0; w) = 1� �p0 �
� (
w � v)
2 (1� 
) (20)

and

y1 (w) =
� (
w � v)
2
 (1� 
) : (21)

Notice that, with a binding price cap for the original drug, the original producer price

a¤ects sales of the two drug versions through the distributor�s pricing of the parallel-

imported drugs. A higher original producer price reduces the distributor�s pro�t margin

on original drug sales. The distributor will optimally respond by lowering the retail price

of the parallel-imported drugs, which reduces (increases) the sales of the original (parallel-

20We consider the case where it is pro�table for the distributor to sell both the original and parallel-
imported drugs. This requires that parallel-imported drugs are priced lower than the original drug.
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imported) drugs. Notice that an interior solution with positive sales of both product types

requires v
 < w < p0.

At the �rst stage of the game, when the players anticipate that the retail prices will

be given by p0 and p1 (p0; w), the bargained producer price for the original drug is given

by

w� = argmax
 := � ln (�D � �D) + (1� �) ln�0; (22)

where �D = (p0 � v)
�
1� �p0




�
is the distributor�s pro�t from the sales of parallel-imported

drugs in the case of a bargaining con�ict with the original producer.21 On general form, the

�rst-order condition for an interior solution to this bargaining problem, i.e., w� 2
�
v

 ; p0

�
,

is given by
@


@w
=

�

�D � �D
@�D
@w

+
1� �
�0

@�0
@w

= 0; (23)

where
@�D
@w

= �y0 (p0; w) < 0; (24)

@�0
@w

= y0 (p0; w)� �
�
(
w � v) + (1� 
) c

2 (1� 
)

�
> 0: (25)

If the distributor has all the bargaining power, � ! 1, the outcome is a corner solution

where w ! c and there is no scope for pro�table parallel imports. In the other extreme

case, if the original producer has all the bargaining power, � ! 0, the outcome is, depend-

ing on the level of p0, either a corner solution with w ! p0 or an interior solution with

w < p0.22

It is not feasible to obtain an explicit interior solution for w�. However, we can use (23)

to examine the comparative statics properties of the interior solution. We are foremostly

interested in how the bargained producer price is a¤ected by price cap regulation:

Proposition 1 Let the equilibrium producer price, w�, be an interior solution to the Nash

bargaining game between the original producer and the distributor. Stricter price cap reg-
21We assume that, in case of a bargaining con�ict, the distributor optimally adjusts the price of parallel-

imported drugs to p1 = p0, which implies that demand for such drugs is 1� �p0


.

22 If � = 0, the equilibrium producer price is given by

w = min

�
p0;

v



+
2 (1� 
) (1� �p0)� �c (1� 
)

2�


�
:
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ulation will then reduce (increase) the equilibrium producer price if the relative bargaining

power of the distributor is su¢ ciently high (low).

Proof. In Appendix.

A reduction in the price cap leads, all else equal, to higher sales of the original drug.

Contrary to the case of no parallel imports, this has two counteracting e¤ects on the

interior solution to the bargaining problem between the distributor and the brand-name

producer. For the distributor, an increase in sales of the original drug means that the

pro�t loss of a higher producer price becomes larger, which strengthens the distributor�s

incentive to obtain a lower price in bargaining. For the original producer, on the other

hand, higher sales increase the pro�t gain of a higher producer price, strengthening the

�rm�s incentive to obtain a higher price in bargaining. Thus, the overall e¤ect of a lower

price cap on the bargained producer price depends on the relative bargaining power of the

distributor and the original producer. If the bargaining power of the distributor (producer)

is su¢ ciently strong, the former (latter) e¤ect dominates and a price cap reduction will

be followed by a reduction (increase) in the producer price.

It is worth emphasising how the original producer�s incentives in the bargaining game

change when the producer faces competition from parallel importers. Without parallel

imports, the brand-name producer would like to obtain a price as close to the price cap

as possible, and the bargained price is only constrained by the relative bargaining power

of the two parties. Thus, a lower price cap would always lead to a lower bargained

producer price (see Eq. (12)). However, with competition from parallel importers, the

distributor would respond to a higher original producer price by reducing the retail price

of parallel-imported drugs in order to steer demand away from the original drug version.

This weakens the original producer�s incentives to demand a higher producer price in

bargaining. In fact, unless the price cap is very low, the brand-name producer would

prefer to charge a producer price at a level below the price cap in order to sti�e the

distributor�s incentives to steer demand towards parallel-imported drugs. Consequently,

in an interior solution, the bargained producer price is constrained not only by the players�

relative bargaining power but also by the producer�s incentives to restrain competition
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from parallel importers. This a¤ects qualitatively the relationship between the price cap

and the producer�s incentives in the bargaining game. All else equal, a lower price cap

boosts the sales of the original drug at the expense of parallel-imported drugs. This

makes it less urgent for the original producer to keep the producer price low in order to

meet competition from parallel-importers. Consequently, the producer, if he has su¢ cient

bargaining power, will obtain a higher producer price.

Put di¤erently, competition from parallel importers shifts market power from the up-

stream to the downstream part of the industry, improving the relative bargaining position

of the distributor vis-à-vis the producer of the original brand-name drug. However, stricter

price cap regulation tends to weaken competition from parallel importers, shifting market

power back towards the upstream part of the industry. The original producer can take

advantage of this and obtain a higher producer price, if his relative bargaining power is

su¢ ciently strong.

Having established the relationship between the price cap and the bargained producer

price of the original drug, we can proceed to assess the equilibrium e¤ects of price cap

regulation on the sales of the two product types and on the pro�ts of the original brand-

name producer:

Proposition 2 (i) If @w�=@p0 > 0, stricter price cap regulation leads to higher sales

of the original drug, lower sales of the parallel-imported drugs, whereas the e¤ect on the

pro�ts of the original producer is ambiguous.

(ii) If @w�=@p0 < 0, stricter price cap regulation leads to higher sales of both drug

versions and higher pro�ts for the original producer.

Proof. In Appendix.

Regardless of how the bargained producer price responds to a change in the binding

price cap, stricter price cap regulation leads to higher sales of the original drug, which is

quite intuitive. If there is a positive relationship between the price cap and the producer

price, the increased sale of the original drug due to stricter price cap regulation comes

at the expense of parallel-imported drug sales. Again, this is quite intuitive. In this

case, stricter price cap regulation has an ambiguous e¤ect on the pro�ts of the original
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producer. Sales in the domestic market increases (although part of this sales increase

replaces foreign sales to parallel importers), but this is counteracted by a lower producer

price in the domestic market.

However, if a lower price cap leads to a higher original producer price, stricter price

regulation will, perhaps counterintuitively, increase the sales of both product types. From

(21) we see that, for a given original producer price w, and when the distributor sets

p1 optimally, the demand for parallel-imported drugs does not depend directly on the

price cap. The distributor will optimally adjust the price of parallel-imported drugs to

any changes in the binding price cap, in a way that makes the demand for parallel-

imported drugs insensitive to the level of the price cap.23 Stricter price cap regulation then

only a¤ects parallel-imported drug sales through changes in the original producer price.

More speci�cally, if a lower price cap leads to a higher producer price, the corresponding

reduction in distributor pro�t margins on sales of the original drug gives the distributor

a strong incentive to steer demand towards parallel-imported drugs. The distributor will

therefore reduce p1 to an extent where demand for parallel-imported drugs increases.

In the latter case, where @w�=@p0 < 0, the original producer unambiguously bene�ts

from stricter price cap regulation. A lower price cap leads to a sales increase to the domestic

market, both directly to the domestic distributor and indirectly via higher demand from

parallel importers. On top of that, the pro�t margin on direct sales to the domestic market

increases.

In the presence of competition from parallel importers, total drug expenditures in the

domestic market are given by

T := p0y0 + p1y1: (26)

The e¤ect of price cap regulation on total expenditures is then given by

@T

@p0
= y0 + p0

@y0
@p0

+
@p1
@p0

y1 + p1
@y1
@p0

7 0 (27)

As in the benchmark case of no parallel imports, the e¤ect of stricter price cap regulation

on total drug expenditures is a priori ambiguous. However, there are now more sub-e¤ects

23This particular feature results from the linearity assumptions of the model.
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to consider, and the strength of the previous sub-e¤ects are likely to be di¤erent.

The sum of the �rst and second terms in (27) is the e¤ect on original drug expenditures.

As in the benchmark case, a lower price cap leads to increased sales of the original drug,

making the e¤ect on expenditures ambiguous. The sum of the third and fourth terms is

the e¤ect on expenditures of parallel-imported drugs. Since the distributor will respond to

a price cap reduction by reducing the retail price of parallel-imported drugs, the third term

is positive. The sign of the fourth term depends on the sign of @w�=@p0. If @w�=@p0 > 0,

stricter price cap regulation leads to a reduction in the sales of parallel-imported drugs.

On the other hand, if @w�=@p0 < 0, stricter price cap regulation leads to an increase in

the demand for both product types, which reduces the scope for an overall reduction in

drug expenditures.

However, even if the demand for parallel-imported drugs falls as a result of a lower

price cap, it is by no means certain that the presence of parallel imports makes price

regulation a more e¤ective instrument for curtailing drug expenditures. The reason is

that the net demand loss for parallel-imported drugs is caused by consumers who switch

to the original drug, which has become relatively cheaper as a result of a lower price cap.

Thus, even if stricter price cap regulation leads to lower prices for both product types,

total drug demand increases and a larger share of demand is directed towards the most

expensive drug.

4.3 Discussion and empirical predictions

Although we cannot say anything conclusive about whether and how the e¤ectiveness

of price regulation as an instrument to control drug expenditures is determined by the

presence of parallel imports, the results reported in Proposition 2 clearly suggest that

stricter price cap regulation is less harmful for the original producer in markets with

parallel imports. Obviously, allowing for parallel imports will reduce the pro�ts of the

original producer. However, given that parallel imports are allowed, the original producer

is less harmed by price cap regulation and might even bene�t from it.

This has some potentially interesting implications for the optimal use of price cap reg-

ulation as a policy instrument. A standard concern about price regulation in on-patent
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drug markets is that, although it might improve static e¢ ciency by reducing total drug

expenditures, it will also reduce the patent-holder�s return on its investment in drug in-

novation and therefore reduce dynamic e¢ ciency. Our analysis suggests that the dynamic

e¢ ciency concern of using (relatively strict) price cap regulation should be less of a worry

in markets where parallel imports are allowed. In such markets, it might actually be the

case that stricter price cap regulation leads to both lower expenditures and higher pro�ts

for the brand-name producer; in other words, that stricter price cap regulation improves

both static and dynamic e¢ ciency.

If stricter price regulation improves both static and dynamic e¢ ciency in markets with

parallel imports, the policy implication that follows is that a policy of allowing parallel

imports of on-patent drugs should optimally be complemented by relatively strict price

regulation. The negative e¤ects of the former policy (in terms of dynamic e¢ ciency) may

be counteracted by stricter price cap regulation, shifting rents from the downstream to the

upstream part of the industry �from pharmacies to producers. From a dynamic e¢ ciency

perspective, the optimal policy package should allocate as much of the total industry rents

as possible to the upstream part of the industry. Under certain conditions, as we have

seen, price cap regulation has precisely this e¤ect in markets where the original producer

faces competition from parallel importers. Thus, our analysis suggests that both policies

� allowing parallel imports and enforcing a relatively strict price regulation �might be

part of the optimal policy package, making these instruments policy complements rather

than policy substitutes.

Based on our theoretical analysis, we make the following empirical predictions that

will be tested econometrically:

(i) In markets with parallel imports, a reduction in the price cap leads to an increase in

both sales and market share of the original drug.

(ii) In markets without parallel imports, a lower price cap reduces both the producer

price and the pro�ts of the brand-name producer, whereas in markets with parallel

imports both these e¤ects are smaller and might even be positive.

We will also test the e¤ect of stricter price cap regulation on total drug expenditures,

22



although our theoretical analysis does not allow us to make any clear-cut predictions

besides the e¤ect being theoretically ambiguous.

5 Data and descriptive statistics

For the empirical analysis we have obtained public register data from the Norwegian

Institute of Public Health. Our data are extracted from two di¤erent databases; the

Prescription database and the Wholesale database. The Prescription database contains

information about all prescription bound sales at pharmacy level in Norway from 2004

and onwards. From this database we have obtained monthly data on the price caps (set

by the regulator), the retail prices (charged by the pharmacy), and sales volumes for

both parallel-imported and original drugs over a four-year period (2004�2007). Prices and

volumes are in de�ned daily doses (DDD) per pack sold by the pharmacies. The data also

include detailed information about product name, manufacturer, marketing �rm, launch

date, pack size, strength, presentation form (e.g., tablet, capsule, injection), etc. From the

Wholesale database we have got monthly information about prices (per DDD) at producer

(ex-manufacturer) level for each pack purchased by the wholesalers. We merge the data

from these two databases using the pack identity, which gives us prices at both retail and

producer level for original and parallel-imported drugs.

We de�ne our sample by excluding substances where the brand-name product has

competition from generic versions. This leaves 165 substances with sales of brand-name

products that could be original or parallel-imported.24 Table 2 below provides descriptive

statistics of our sample.

[ Table 2 about here ]

In the table the sample is divided according to whether or not we observe parallel-

imported drugs within a substance. We see that for 110 (of the 165) substances there is

no parallel import in our sample period. A �rst observation is that the average prices for

parallel-imported drugs are lower than the average prices for original brand-name drugs at

both producer and retail level. This is partly because of di¤erent pricing at pack level, but

24A complete list of the substances in our sample can be provided upon request.
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also because parallel traders tend to enter the market with a smaller product sample than

the original producer. We see from the table that brand-name producers o¤er 313 di¤erent

packs whereas parallel traders o¤er 186 di¤erent packs. Moreover, the average pack size

is larger for parallel traders (52 DDDs) than for brand-name producers (41 DDDs). Since

the price per DDD is usually lower for larger packs, this is likely to explain parts of the

price di¤erences. This is also the reason why the price caps are on average lower for

parallel-imported products than for original brand-name products.25

A second observation is that the producer prices are substantially lower than the retail

prices. This is true both for original brand-name and parallel-imported drugs. The price

di¤erences imply that distributors have a fairly large product margin, which indicates the

existence of bargaining power at the downstream level. Finally, as can be seen from the

table, parallel traders have fairly high sales. For the 55 substances with parallel imports,

parallel traders have an average market share of 17 percent.

In Table A1 in the Appendix we report prices for each of the 55 substances with parallel

import. These �gures show the same pattern for almost every substance. Notice that the

price cap binds for a large number of the original drugs, whereas parallel-imported drugs

tend to be priced slightly lower than the price cap. Thus, these descriptive statistics seem

to �t the assumptions of our theoretical model reasonably well.

In the empirical analysis we exploit variation within substances or products (packs)

to investigate the e¤ect of the price cap on our dependent variables. Thus, an important

factor is the extent to which there is su¢ cient within variation in the price cap variable.

One way to display the within variation is simply to graph the price cap over time for

each substance. As our sample consist of 165 substances, we only show this variation for

the six largest (in sales value) substances with and without parallel import; see Figures 1

and 2 below.

[ Figure 1 and 2 about here ]

As we see from the �gures, there is substantial variation in the price caps over time. These

25As described in Section 3, the price cap is common to all products (brand-name and parallel-imported
drugs) but vary according to pack size, strength and presentation form.
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changes are due to revisions by the regulator, as explained in Section 3. An alternative way

to investigate the within variation is to decompose the standard deviation into between

and within components, which is reported in Table 3 below.

[ Table 3 about here ]

The table shows substantial within variation in the price cap variable.

6 Empirical method and results

When testing the main predictions from our theoretical analysis, we estimate the following

�xed e¤ect model:

yit = �+ �Pit + 
i + �t + "it; (28)

where i denotes product (substance or pack) and t denotes time period. The dependent

variable yit is either market shares, sales (DDD), producer prices, pro�ts or total expen-

ditures; Pit is the price cap; 
i is a product �xed e¤ect; �t is a period �xed e¤ect; and "it

is a mean-zero error term. Since our variables are typically not normally distributed, we

use the natural logarithm of all variables (except for market shares), which implies that

we estimate elasticities.

The product �xed e¤ect (
i) captures time-invariant, unobserved (and observed) fac-

tors that a¤ect our dependent variables. This could be product characteristics such as

the share of brand-loyal consumers and physicians, type of patients (age, gender), type

of disease (chronic or acute), type of product (tablet, capsule, injection), etc. The period

�xed e¤ect (�t) captures time trends in our dependent variables that are common across

products.

We estimate the e¤ects of price cap regulation on di¤erent samples. First, we run the

regression on the full sample of 165 substances. This means that we include the substances

that potentially could have parallel import, but de facto do not have parallel import.

Second, we run the regressions separately for the 110 substances with no parallel imports

and the 55 substances where we observe parallel imports. This enables us to measure
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the di¤erent e¤ects that variation in price cap levels have on the original brand-names

depending on whether or not there is competition from parallel imports.

6.1 Market shares and sales

We �rst estimate the e¤ects of price regulation on market shares and sales of original and

parallel-imported products. In this regression we use information at substance level, since

parallel-imported drugs in many cases di¤er from original drugs in pack size, presentation

form, etc.

[ Table 4 about here ]

As can be seen from Table 4, we �nd signi�cant e¤ects of price cap regulation on markets

shares. For the 55 substances with parallel imports, a 10 percent reduction in the price

cap results in almost �ve percent increase (reduction) in the market share of the locally-

sourced (parallel-imported) drug.26 Thus, stricter price cap regulation tends to drive out

competition from parallel-imported drugs.

Since price changes may a¤ect not just the relative sales of original and parallel-

imported drugs, but also their sales in absolute terms, we estimate the e¤ect of price

regulation on the sales (in DDD). In this regression we use information at the pack (not

substance) level to exploit the variation in our data.

[ Table 5 about here ]

Table 5 shows that the e¤ect of price regulation on the sales of original drugs varies

substantially according to whether or not they have competition from parallel imports.

For all 165 substances, our results show an elasticity of �0:48. When splitting the sample

into substances with and without parallel imports, we see that the e¤ect of price cap

regulation on the sales of original drugs is much stronger in the presence of parallel imports

(�0:86 vs. �0:35). This con�rms our �rst prediction. As explained in the theory section,

a lower price cap (in markets with parallel import) not only expands the market, but

also shifts sales from parallel-imported drugs to original drugs. The price elasticity for

26 In a linear-log model, the expected change in Y of a 1 percent increase in X is approximately b�=100.
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parallel-imported drugs is even higher than for the original drugs. This asymmetry in

elasticities is likely explained by the fact that parallel-imported drugs have lower market

shares (sales).

6.2 Producer prices and pro�ts

We expect the e¤ects of price cap regulation on producer prices and pro�ts to depend

crucially on whether or not there is parallel import, as stated in our second prediction.

We �rst test the e¤ect of price cap regulation on producer prices of both original and

parallel-imported drugs.

[ Table 6 about here ]

Table 6 shows that for all 165 substance a 10 percent reduction in the price cap leads to

on average 12.7 percent reduction in the producer price.27 As shown in the theory section,

the e¤ect of a lower price cap results in lower producer prices in absence of parallel import,

while the e¤ect in the presence of parallel import depends on the bargaining power of the

producer relative to the distributor. Consistent with our second prediction, we �nd that

the e¤ect of price cap regulation is weaker for substances with parallel import. However,

the e¤ect is positive, with an elasticity of 1.08, suggesting a relatively high bargaining

power of pharmacy chains in the presence of parallel imports. As expected, the e¤ect of

price cap regulation on the price of the parallel importer is negative, but weaker than for

the original drug.

We then test the e¤ect of price regulation on the pro�ts of the brand-name producer

and the parallel traders. We use sales revenues per product as a proxy for �rms�pro�ts.

For locally-sourced drugs, this should be a good proxy since the cost of producing the drugs

is likely to be constant over time. The correlation between sales revenues and pro�ts is

probably weaker for parallel importers since their pro�ts depend on foreign prices.

[ Table 7 about here ]

27The reason that the elasicity can exceed one is that the producer price is much lower than the price
cap enforced at retail (pharmacy) level. Table 1 shows that the average price cap is 71.78 NOK, while the
average producer price of locally sourced drug is 49.8 NOK.
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Table 7 shows, as expected, that a stricter price cap is harmful for the brand-name producer

in markets without parallel imports. However, for markets with parallel imports, we �nd

a non-signi�cant e¤ect of price regulation on the pro�ts of brand-name producers. This is

consistent with our second prediction. In markets with parallel imports, price regulation

has a strong, positive e¤ect on the brand-name producers�sales, but a weaker, negative

e¤ect on prices. Our result shows that the these opposing e¤ects o¤set each other. The

e¤ect of price regulation on the pro�ts (sales revenues) of the parallel importer is as

expected positive. A 10 percent reduction in the price cap results in a 28 percent reduction

in pro�ts due to reduction in sales and prices.

6.3 Total expenditures

In the �nal regression we estimate the e¤ect of price regulation on total expenditures. We

measure total expenditures at pharmacy (retail) level per substance. Total expenditures

are simply the price per DDD times the sales volumes in DDDs for all products with

the same substance. In absence of parallel import, a lower price cap directly reduces the

pharmacy price of the brand-name product, but sales volumes (DDDs) increase, as shown

in Table 4. In presence of parallel import, a lower price cap also shifts market shares from

lower priced parallel-imported drugs to higher priced original drugs. Thus, the net e¤ect

of lower price regulation on total expenditures is ambiguous and may depend on whether

or not the substance has competition from parallel-imported drugs, as explained in the

theory section.

[ Table 8 about here ]

We see from table 8 that a lower price cap reduces total expenditures. For all 165

substances a 10 percent cut in the price cap leads to almost 6 percent reduction in total

expenditures. Thus, the price e¤ect dominates the sales e¤ect. This is as expected since

demand for prescription drugs is fairly price inelastic. We also see that price regulation is

more e¤ective in reducing expenditures for substances with parallel imports.
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6.4 Robustness check

As a robustness check we have also used an alternative estimation strategy, where we

estimate the e¤ects of price cap regulation on the whole sample in a single regression

including a term where we interact the price cap with a dummy variable indicating whether

the product is subject to parallel import or not. Thus, we estimate the following �xed-

e¤ects model:

yit = �+ �1Pit + �2Di � Pit + 
i + �t + "it; (29)

where Di takes the value 1 if product i is subject to parallel import and takes the value 0

otherwise.

The results from these regressions, which are shown in Table A2 in the Appendix,

are largely similar to the ones presented above. A lower price cap leads to higher sales

of the brand-name product, and signi�cantly more so in markets with parallel import.

A lower price cap also leads to lower producer price and lower pro�ts, but both these

e¤ects are signi�cantly smaller in markets with parallel imports. While the e¤ect of price

cap regulation on pro�ts is negative for all products, most of this negative pro�t e¤ect

vanishes when products face competition from parallel importers (a 10% reduction in the

price cap leads to a 10% reduction in pro�ts on products without parallel import, while

the corresponding pro�t reduction for products with parallel import is only 2%). Finally,

a lower price cap reduces total expenditures for all products, but signi�canly more so for

products subject to parallel import competition.

7 Endogeneity issues

An unfortunate feature of our data is that we do not observe foreign drug prices. As a

result, we have explicitly (in the theory model) and implicitly (in the empirical analysis)

assumed that foreign producer prices are exogenous. However, we cannot rule out the

possibility that variation in the price cap in Norway might be correlated with variation in

those foreign producer prices that determine the pro�tability of parallel trade to Norway,

and therefore generate biased estimates. There are potentially two di¤erent sources of

29



such a correlation.

One possibility is that changes in foreign producer prices might in a¤ect the price cap

in Norway. The foreign prices that directly a¤ect the Norwegian price cap are the prices

in nine reference countries listed in Section 3. A change in one of the three lowest prices

for a particular drug in these countries will automatically lead to an adjustment of the

Norwegian price cap for this drug. However, there is little or no parallel import to Norway

from these countries, for two reasons. First, since the price cap is set as the average of

the three lowest prices in the reference countries, the scope for parallel export from these

countries to Norway is by de�nition almost non-existing. In addition, these countries are

typically high-price countries.28 Thus, we believe that any potential e¤ect of changes in

the parallel-importers�purchasing prices on the Norwegian price cap is, at most, indirect

and weak.

Another possibility is that changes in the Norwegian price cap give the original pro-

ducer an incentive to set di¤erent prices in other countries, in order to a¤ect parallel trade

�ows. This is a key mechanism in the theoretical model by Grossman and Lai (2008).

While such an e¤ect is certainly theoretically plausible, we believe that in practice it will

be close to negligible in our study. Since Norway is a small country and only constitutes

a small share of the total parallel-trade market in Europe, we �nd it quite unlikely that

price cap adjustments in Norway will have a signi�cant impact on price setting in typical

parallel-exporting countries like Spain or Italy.

Finally, it should also be mentioned that the presence (or not) of parallel imports

for a particular substance is clearly endogenous. However, since we are not interested in

estimating the e¤ect of parallel imports per se, but rather the e¤ect of price cap regulation

in markets with and without parallel imports, this endogeneity is to some extent irrelevant

for our analysis. The only potential worry is that there might be two di¤erent reasons for

an absence of parallel import: (i) entry of parallel importers might be blockaded, because

the producer price di¤erence between the countries for a particular substance is too small,

or (ii) entry might be strategically deterred by the original brand-name producer. In

28Kanavos and Costa-Font (2005) report that Greece, Spain, Italy, Portugal, and France are the main
parallel-exporting countries within the EU, and report �ndings that parallel export accounted for about
20% of the Greek pharmaceutical market.
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the latter case, the original producer accepts a domestic producer price that is just low

enough to make parallel trade unpro�table. The predictions from our theoretical model

are based on a comparison of an interior-solution equilibrium with parallel imports and an

equilibrium where the possibility of parallel imports does not exist. Thus, in our empirical

strategy to test the predictions derived from our theoretical model, we implicitly assume

that the absence of parallel trade is explained by blockaded entry. This is also consistent

with our theoretical model, where it is fairly straightforward to show that strategic entry

deterrence is never an equilibrium outcome.29 Based on this model, one way to interpret

the two samples (with and without parallel imports) is that the relative bargaining power

of original producers vary across di¤erent substances: for some substances, the relative

bargaining power (1 � �) is su¢ ciently high to make parallel imports pro�table (where

w > v

 ) while for other substances � is so high that entry is blockaded (implying w <

v

 ).

8 Concluding remarks

In this paper we have shown that the e¤ect of price regulation on market outcomes and

e¢ ciency crucially depends on the presence of parallel imports. Assuming Nash-bargaining

between an original brand-name producer and a monopoly distributor, we derive the

following empirical predictions: (i) in markets with parallel imports, a reduction in the

price cap leads to an increase in both sales and market share of the original drug; (ii)

in markets without parallel imports, a lower price cap reduces both the producer price

and the pro�ts of the brand-name producer, whereas in markets with parallel imports

both these e¤ects are smaller and might even be positive. We also show that the e¤ect of

stricter price cap regulation on total drug expenditures is theoretically ambiguous.

The predictions are tested econometrically using data from Norway on monthly sales

and prices for 165 substances in the period 2004-7. Consistent with our �rst prediction,

we �nd that stricter price cap regulation drives out parallel imports resulting in higher

29Strategic entry deterrence implies that the original producer accepts a producer price w = v


, which

makes it (just) unpro�table for the distributor to sell both drug versions. However, it is easily shown that
the original producer�s pro�ts are monotonically increasing in w around w = v



. Thus, if the producer has

su¢ cient bargaining power to enforce a producer price that makes parallel trade pro�table (i.e., w > v


),

voluntarily accepting a price which deters entry of parallel traders is never a pro�table strategy.
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market shares and sales of the original brand-name product. Consistent with our second

prediction, we �nd that stricter price cap regulation reduces producer prices and pro�ts

to the brand-name producer, but the e¤ect is weaker for substances with parallel imports.

In fact, a lower price cap has no signi�cant e¤ect on the original producers�pro�ts for

substances with parallel imports. Finally, we �nd that stricter price cap regulation reduces

total expenditures, and that the e¤ect is stronger for substances with parallel imports.

Price cap regulation is a policy instrument to promote static e¢ ciency in pharmaceu-

tical markets by forcing prices closer to marginal production costs and reducing pharma-

ceutical expenditures. Our study shows that the existence of parallel imports makes price

cap regulation more e¤ective in promoting static e¢ ciency. Thus, parallel imports and

price regulation are policy complements, though stricter price cap regulation reduces the

scope for parallel imports. More surprisingly, our results show that price cap regulation

is less harmful to (and might even promote) dynamic e¢ ciency in markets with parallel

imports, as the e¤ect on the original producers�pro�ts of a lower price cap is less negative

and might even be positive when there is competition from parallel import. However,

this result needs to be interpreted with caution, since we do not explicitly model the

R&D process or empirically test the impact of price regulation on measures of innovation.

Clearly, a full welfare analysis of price cap regulation and parallel import is beyond the

scope of our study and therefore left to future research.

Appendix

Proof of Proposition 1

Assuming an interior solution of (22), and applying the implicit function theorem, we have

sign

�
@w�

@p0

�
= sign

�
@2


@p0@w

�
; (A1)

where

@2


@p0@w
= �

0@ @2�D
@w@p0

(�D � �D)� @�D
@w

@(�D��D)
@p0

(�D � �D)2

1A+ (1� �) @2�0
@w@p0

�0 � @�0
@w

@�0
@p0

�20

!
: (A2)
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Substituting the equilibrium value of p1 from (19), and the demand functions, (20)-(21),

into the pro�t functions of the distributor and the original producer, yields

�D (p0; w) =
4
 (1� 
) (p0 � w) (1� �p0) + � (
w � v)2

4
 (1� 
) (A3)

and

�0 (p0; w) = (w � c) (1� �p0)�
� (
w � v) (
w � v + (1� 
) c)

2
 (1� 
) : (A4)

Recall that the disagreement payo¤ of the distributor is given by

�D (p0) = (p0 � v)
�
1� �p0




�
: (A5)

From (A3) we derive
@2�D
@w@p0

= � > 0 (A6)

and
@�D
@w

= �y0 < 0; (A7)

and from (A3) and (A5) we derive

@ (�D � �D)
@p0

= �
(w
 � v) + 2p0 (1� 
)



> 0: (A8)

Thus, the �rst term in (A2) is unambiguously positive. Using (A4) we derive

@2�0
@w@p0

�0 �
@�0
@w

@�0
@p0

= �
�2
�

2 (w � c)2 � (v � c) (v � 
c)

�
2
 (1� 
) < 0: (A9)

The negative sign of (A9) is established by noticing that the numerator is monotoni-

cally increasing in w. Inserting the lowest value of w that is compatible with an equilib-

rium where both product types have positive sales, w = v=
, the numerator reduces to

�2c (1� 
) (v � c
) > 0. Thus, the expression in (A9), and therefore the second term in

(A2), is unambiguously negative for any w 2
�
v

 ; p0

�
. Since (A2) consists of the sum of a

positive and a negative term, it follows, by continuity, that @2

@p0@w

> (<) 0 if � is su¢ ciently

small (large). Consequently, @w
�

@p0
> (<) 0 if � is su¢ ciently small (large). Q.E.D.
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Proof of Proposition 2

From (20)-(21), the e¤ects of the price cap on sales are given by

@y0
@p0

= ��
�
1 +




2 (1� 
)
@w�

@p0

�
(A10)

and
@y1
@p0

=
�

2 (1� 
)
@w�

@p0
: (A11)

The sign of (A11) is unambiguously positive (negative) if @w�=@p0 > (<) 0. The sign

of (A10) is unambiguously negative if @w�=@p0 > 0, whereas it is a priori ambiguous if

@w�=@p0 < 0. From the proof of Proposition 1 we know that @w�=@p0 is "more negative"

the lower is �. For the limit case of � ! 0 we can solve explicitly for w� and �nd an

explicit expression for @y0=@p0, given by

@y0
@p0

����
�=0

= ��
2
< 0. (A12)

Thus, the direct e¤ect of a price cap reduction on the sales of the original drug always

dominates the indirect e¤ect via the bargained producer price, establishing a negative

relationship between y0 and p0 regardless of the sign of @w�=@p0.

The e¤ect of the price cap on the pro�t of the original brand-name producer is

@�0
@p0

=
@w�

@p0
y0 + (w

� � c) @y0
@p0

+ (v � c) @y1
@p0

: (A13)

If @w�=@p0 > 0, the �rst and last terms in (A13) are both positive, whereas the second

term is negative, implying that the sign of the total e¤ect is ambiguous. However, if

@w�=@p0 < 0, all three terms are negative, giving an unambiguously negative total e¤ect.

Q.E.D.
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Descriptive statistics: Substances with parallel imports

[ Table A1 here ]

Alternative estimation strategy

[ Table A2 here ]
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Figures and tables 

 

Figure 1. Variation in the price caps for the six largest (in sales value) substances without parallel 

imports. 

 

 
 

Figure 2. Variation in the price caps for the six largest (in sales value) substances with parallel 

imports. 
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Table 1. Distribution of pharmacies according to ownership and chain, 2007 

Pharmacy chain Wholesaler Vertical 
relation 

Number of 
pharmacies 

Market share (no. 
of pharmacies) 

Boots/Alliance apotek Alliance Healthcare Integrated 137 22.3 
Apotek 1 Apokjeden  Integrated 229 37.4 
Vitusapotek NMD Integrated 152 24.8 
Sykehusapotek NMD Contract 33 5.4 
Ditt apotek NMD Franchise 44 7.2 
Independent Alliance Healthcare Contract 18 2.9 

Total   613 100.0 

 

 

Table 2. Average prices, sales and market shares (standard deviations) 

 Brand Name 
without parallel 
import 

Brand Name with 
parallel import 

Parallel import 

Price Cap 71.78 (210.68) 53.43 (69.28) 42.14 (45.75) 
Retail Price 71.62 (210.39) 53.34 (69.24) 41.61 (45.18) 
Producer Price 49.84 (153.40) 36.45 (49.12) 26.36 (29.13) 
Sales (in 1000 ddd) 108.90 (630.67) 116.32 (897.31) 56.66 (143.56) 

Number observations 20 197 11 345 3610 
Number Packages 548 313 186 
Number ATC-groups 110 55 55 

 

 

Table 3. Comparing overall and within variation in the Price Cap Variable 

 The total sample Six largest substances 
without parallel import 

Six largest substances with 
parallel import 

 Mean Standard 
deviation 

Mean Standard 
deviation 

Mean Standard 
deviation 

Overall 62.81 165.48 115.39 117.45 69.41 41.51 
Between  162.79  124.05  43.50 
Within  14.11  6.02  3.33 

 

 

Table 4. Effect of Price Cap Regulation on Market Shares of Brand-Name drugs, fixed effect models 

(robust standard errors) 

Dependent variable: Brand-name market share All products Products with parallel 
import  

Log Pit -0.178***  
(0.012) 

-0.491***  
(0.034) 

Constant term 1.473***  
(0.037) 

2.354***  
(0.107) 

Period fixed effect Yes Yes 
ATC fixed effect Yes Yes 
R-squared 0.032 0.088 
Number ATC 165 55 
Number observations 7038 2372 

 



Table 5. Effect of Price Cap on Sales (DDD), fixed effect models (robust standard errors) 

 Brand-name Parallel Import 

Dependent variable: Log 
Sales (DDD) 

All products Products 
without parallel 
import 

Products with 
parallel import 

All PI products 

Log Pit  -0.483*** 
(0.066) 

-0.349*** 

 (0.078) 
-0.860***  
(0.131) 

2.178***  
(0.0.402) 

Constant term 10.832*** 
(0.204) 

10.251*** 
(0.228) 

12.420*** 
(0.432) 

2.829**  
(1.258) 

Period fixed effect Yes Yes Yes Yes 
Pack fixed effect Yes Yes Yes Yes 
R-squared 0.044 0.037 0.061 0.103 
Number ATC 165 110 55 55 
Number packs 861 548 313 186 
Number observations 31542 20197 11345 3610 

 

 

Table 6. Effect of Price Cap on Producer Prices, fixed effect models (robust standard errors) 

 Brand-name Parallel Import 

Dependent variable: 
Log Producer Price 

All products Products 
without parallel 
import 

Products with 
parallel import 

All products 

Log Pit  1.265*** 
(0.005) 

1.338*** 
(0.007) 

1.078*** 
(0.009) 

0.622*** 
(0.018) 

Constant term -1.286*** 
(0.017) 

-1.496*** 

(0.021) 
-0.738*** 
(0.030) 

0.711*** 
(0.055) 

Period fixed effect Yes Yes Yes Yes 
Pack fixed effect Yes Yes Yes Yes 
R-squared 0.665 0.667 0.679 0.048 
Number ATC 165 110 55 55 
Number packs 861 548 313 186 
Number observations 31542 20197 11345 3610 

 

 

Table 7. Effect of Price Cap on Profit, fixed effect models (robust standard errors) 

 Brand-name Parallel Import 

Dependent variable: Log 
Profit 

All products Products 
without parallel 
import 

Products with 
parallel import 

 

Log Pit  0.782*** 
(0.067) 

0.989*** 
(0.078) 

0.218 
(0.132) 

2.800*** 
(0.398) 

Constant term -1.966*** 
(0.205) 

-2.758*** 
(0.230) 

1.570*** 
(0.507) 

-7.974*** 

(1.248) 

Period fixed effect Yes Yes Yes Yes 
Pack fixed effect Yes Yes Yes Yes 
R-squared 0.040 0.038 0.049 0.119 
Number ATC 165 110 55 55 
Number packs 861 548 313 186 
Number observations 31542 20197 11345 3610 

 



Table 8. Effect of Price Cap Regulation on Total Expenditures, fixed effect models (robust standard 

errors) 

Dependent variable: Log total 
expenditures 

All products Products without 
parallel import 

Products with 
parallel import 

Log Pit  0.596*** 

(0.057) 
0.527*** 

(0.077) 
0.697*** 
(0.080) 

Constant term 1.497*** 
(0.171) 

1.523*** 

(0.227) 
1.524 

(0.251) 

Period fixed effect Yes Yes Yes 
ATC fixed effect Yes Yes Yes 
R-squared 0.140 0.124 0.199 
Number ATC 165 110 55 
Number observations 7038 4666 2372 

 

 

Table A1. Descriptive statistics, substances with parallel import 

Substance Retail 

Price 

Brand-

Name 

Producer 

Price 

Brand-

Name 

Price Cap 

Brand-

Name 

Retail 

Price 

Parallel-

Import 

Producer 

Price 

Parallel-

Import 

Price Cap 

Parallel-

Import 

Periods 

with 

Parallel-

Import 
A02BC05 19.06 

(16.17) 

12.54 

(11.62) 

19.12 

(16.37) 

13.87 

(3.15) 

9.23  

(2.10) 

13.98 

(3.19) 

44 

A07AA02 34.80 

(0.11) 

21.76 

(0.01) 

34.80 

(0.11) 

33.53 

(1.52) 

13.43 

(2.75) 

34.73 

(0.25) 

44 

A07EA06 56.40 

(15.27) 

39.09 

(10.41) 

56.42 

(15.28) 

45.32 

(9.03) 

29.46 

(5.32) 

45.56 

(9.05) 

21 

A08AA10 18.06 

(3.67) 

12.11 

(3.01) 

18.07 

(3.65) 

16.68 

(3.62) 

10.14 

(2.29) 

16.92 

(3.56) 

10 

A08AB01 23.08 

(0.58) 

15.78 

(0.41) 

23.08 

(0.58) 

23.08 

(0.05) 

14.91 

(0.01) 

23.23 

(0.00) 

5 

A08AX01 30.64 

(0.45) 

21.51 

(0.23) 

30.64 

(0.45) 

30.80 

(0.02) 

20.79 

(0.01) 

31.08 

(0.00) 

6 

B01AC07 5.15 

(0.38) 

2.62 

(0.31) 

5.18  

(0.42) 

5.25  

(0.41) 

2.38  

(0.24) 

5.36  

(0.45) 

44 

C09CA04 6.86  

(1.51) 

4.47  

(0.91) 

6.86  

(1.51) 

5.86  

(1.21) 

3.92  

(0.70) 

5.86  

(1.21) 

29 

C09CA06 6.35  

(3.05) 

4.03  

(1.79) 

6.35  

(3.05) 

4.83 

(1.20) 

3.16  

(0.74) 

4.85  

(1.20) 

17 

C09CA07 6.93  

(2.55) 

4.25  

(1.33) 

6.93 

(2.55) 

5.20  

(1.32) 

2.50  

(0.83) 

5.26  

(1.32) 

25 

C09DA01 9.04  

(1.62) 

6.09  

(1.12) 

9.04  

(1.62) 

9.87  

(0.18) 

5.87  

(0.01) 

9.89  

(0.16) 

21 

C09DA03 8.85  

(1.06) 

5.92  

(0.69) 

8.86  

(1.06) 

9.06  

(0.23) 

5.54  

(0.07) 

9.17  

(0.20) 

8 

C09DA04 10.06 

(1.58) 

6.60  

(1.12) 

10.07 

(1.57) 

8.98  

(1.18) 

5.79  

(0.84) 

8.99  

(1.19) 

44 

C10AA04 6.27  

(2.21) 

4.23  

(1.52) 

6.27  

(2.21) 

4.79  

(1.20) 

2.59  

(0.34) 

4.81  

(1.21) 

19 

C10AX06 34.53 

(1.18) 

21.33 

(2.14) 

34.55 

(1.19) 

33.39 

(0.58) 

22.22 

(0.00) 

33.57 

(0.10) 

15 

G03DA04 41.49 

(5.23) 

28.74 

(3.91) 

41.49 

(5.23) 

36.52 

(0.18) 

23.67 

(0.00) 

37.58 

(0.10) 

15 
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Producer 
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Brand-
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Price Cap 
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Parallel-
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Parallel-

Import 
G04CB01 9.91  

(2.24) 

6.07  

(2.54) 

10.27 

(1.84) 

10.80 

(1.58) 

6.92  

(1.01) 

10.88 

(1.52) 

44 

G04CB02 11.01 

(1.09) 

6.98  

(0.69) 

11.01 

(1.08) 

11.01 

(0.53) 

6.53  

(0.03) 

11.04 

(0.48) 

23 

H01AC01 233.50 

(16.03) 

168.10 

(11.19) 

233.57 

(16.04) 

225.04 

(6.44) 

148.25 

(3.52) 

228.83 

(6.44) 

18 

H01CA02 37.55 

(0.12) 

25.85 

(0.07) 

37.55 

(0.12) 

37.37 

(0.13) 

26.32 

(0.24) 

37.37 

(0.13) 

9 

J05AB11 168.41 

(9.61) 

108.20 

(8.29) 

169.38 

(9.62) 

170.82 

(6.93) 

111.11 

(4.88) 

171.35 

(6.82) 

31 

L02AE03 51.25 

(3.62) 

36.62 

(2.57) 

51.28 

(3.63) 

51.67 

(3.49) 

35.56 

(2.09) 

52.12 

(3.43) 

44 

L02BG03 39.33 

(2.13) 

27.92 

(1.34) 

39.36 

(2.12) 

38.48 

(1.96) 

27.45 

(1.67) 

38.92 

(2.02) 

34 

L04AD01 104.68 

(14.98) 

68.27 

(13.75) 

104.76 

(14.97) 

107.66 

(8.38) 

64.29 

(10.00) 

109.95 

(8.46) 

44 

L04AD02 145.76 

(32.47) 

102.79 

(21.82) 

145.78 

(32.46) 

124.28 

(10.52) 

84.53 

(8.21) 

125.42 

(10.48) 

44 

N02CC03 49.57 

(9.66) 

31.89 

(4.70) 

49.62 

(9.69) 

44.45 

(13.24) 

28.12 

(7.73) 

44.72 

(13.13) 

 

44 

N02CC05 56.74 

(3.42) 

34.26 

(2.38) 

56.75 

(3.40) 

52.16 

(0.80) 

30.69 

(0.14) 

53.25 

(0.96) 

19 

N02CC06 65.79 

(22.92) 

42.67 

(14.76) 

65.84 

(22.95) 

46.75 

(1.28) 

31.36 

(0.90) 

47.38 

(1.29) 

44 

N03AE01 8.23  

(3.14) 

3.63  

(1.23) 

8.23  

(3.14) 

7.76  

(3.13) 

3.26  

(0.14) 

7.86  

(3.12) 

44 

N03AX14 39.45 

(3.65) 

27.40 

(1.87) 

39.46 

(3.65) 

37.52 

(0.74) 

26.46 

(0.14) 

37.79 

(0.85) 

4 

N03AX16 33.76 

(10.41) 

21.85 

(5.85) 

33.76 

(10.40) 

18.67 

(0.91) 

12.76 

(0.46) 

18.73 

(0.92) 

21 

N04BA02 31.19 

(76.90) 

20.79 

(56.42) 

31.21 

(76.92) 

8.28  

(1.87) 

4.74  

(1.09) 

8.38  

(1.89) 

44 

N04BA03 68.09 

(31.25) 

44.06 

(20.52) 

68.12 

(31.26) 

66.19 

(30.21) 

40.36 

(16.53) 

66.36 

(30.12) 

21 

N04BC05 67.89 

(11.51) 

41.47 

(3.85) 

67.89 

(11.52) 

58.91 

(0.26) 

35.00 

(0.00) 

58.91 

(0.26) 

7 

N05AE04 62.54 

(73.21) 

43.13 

(46.11) 

62.54 

(73.21) 

49.00 

(12.40) 

31.57 

(8.80) 

49.43 

(13.00) 

28 

N05AH03 48.25 

(9.90) 

33.46 

(5.25) 

48.25 

(9.90) 

41.67 

(1.16) 

27.85 

(3.74) 

42.62 

(0.67) 

44 

N05AH04 56.92 

(21.90) 

36.71 

(14.51) 

58.73 

(21.50) 

39.18 

(1.08) 

26.69 

(0.33) 

39.28 

(0.95) 

16 

N05AX12 72.59 

(36.24) 

51.04 

(25.18) 

72.59 

(36.24) 

50.86 

(11.72) 

34.89 

(8.06) 

51.42 

(11.88) 

2 

N06AA06 12.78 

(6.28) 

6.06  

(3.53) 

13.06 

(6.06) 

7.33  

(0.80) 

3.31  

(0.79) 

7.91  

(0.75) 

44 

N06AB10 7.77  

(1.31) 

4.94  

(0.61) 

7.79  

(1.31) 

6.27  

(0.07) 

3.89  

(0.15) 

6.37  

(0.02) 

18 

N06AX16 13.90 

(3.43) 

8.63  

(1.47) 

14.30 

(3.04) 

12.59 

(0.24) 

8.35  

(0.01) 

12.76 

(0.01) 

13 

N06BA09 138.16 

(80.35) 

92.37 

(53.15) 

138.38 

(80.48) 

124.84 

(75.88) 

85.19 

(51.60) 

126.20 

(76.54) 

10 

N06DA02 35.38 

(10.27) 

25.02 

(7.41) 

35.42 

(10.27) 

33.96 

(9.99) 

22.08 

(6.90) 

34.13 

(10.02) 

40 
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N06DA03 48.83 

(24.45) 

33.68 

(16.66) 

48.88 

(24.50) 

85.41 

(0.22) 

52.50 

(0.00) 

85.98 

(0.07) 

23 

N07BC01 50.91 

(12.24) 

25.20 

(3.27) 

51.01 

(12.19) 

39.50 

(0.89) 

23.57 

(0.38) 

40.05 

(1.24) 

5 

R01AC02 8.53  

(0.45) 

5.16  

(0.32) 

8.53  

(0.45) 

8.96  

(0.45) 

5.04  

(0.38) 

9.14  

(0.51) 

37 

R01AD05 3.11  

(0.95) 

1.80  

(0.37) 

3.11  

(0.95) 

2.35  

(0.19) 

1.33  

(0.12) 

2.39  

(0.19) 

44 

R01AD09 4.12  

(0.29) 

2.45  

(0.09) 

4.13  

(0.29) 

4.36  

(0.07) 

1.30  

(0.00) 

4.36  

(0.07) 

7 

R03AC03 7.53  

(5.50) 

4.57  

(3.47) 

7.53  

(5.50) 

2.84  

(0.06) 

1.24  

(0.09) 

2.88  

(0.06) 

36 

R03AK06 16.07 

(3.67) 

10.91 

(2.62) 

16.09 

(3.67) 

15.31 

(0.39) 

10.17 

(0.41) 

15.78 

(0.00) 

4 

R03AK07 17.45 

(0.73) 

12.07 

(0.50) 

17.45 

(0.73) 

18.07 

(0.51) 

12.47 

(0.39) 

18.11 

(0.51) 

27 

R03BB01 5.01  

(1.55) 

2.88  

(1.13) 

5.01  

(1.55) 

3.11  

(0.47) 

1.79  

(0.46) 

3.41  

(0.46) 

19 

R06AX27 5.49  

(1.43) 

2.76  

(0.49) 

5.49  

(1.43) 

4.02  

(0.33) 

2.44  

(0.06) 

4.03  

(0.33) 

21 

S01EE01 7.75  

(0.48) 

4.97  

(0.17) 

7.75  

(0.48) 

7.49  

(0.03) 

4.87  

(0.02) 

7.63  

(0.03) 

9 

V03AE02 91.86 

(4.51) 

65.25 

(2.46) 

91.87 

(4.52) 

91.64 

(4.66) 

62.23 

(1.49) 

92.07 

(4.60) 

34 

 

 

Table A2. Effects of Price Cap Regulation; fixed effects models with interaction term 

Dependent variable Brand-name 
sales (DDD) 

Producer 
prices 

Profits Total expenditures 

Log Pit  -0.316*** 
(0.078) 

1.334*** 

(0.006) 
1.018***  
(0.078) 

0.575***  
(0.057) 

Log Pit* Di -0.563*** 

(0.138) 
-0.235*** 
(0.011) 

-0.798*** 
(0.139) 

0.106*** 
(0.031) 

Constant term 10.990*** 
(0.207) 

-1.220*** 
(0.017) 

-1.743*** 
(0.208) 

1.447***  
(0.171) 

Period fixed effect Yes Yes Yes Yes 
Pack fixed effect Yes Yes Yes No 
ATC fixed effect No No No Yes 
R-squared 0.044 0.669 0.041 0.141 
Number ATC 165 165 165 165 
Number packs 861 861 861 - 
Number observations 31542 31542 31542 7038 

 


