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1  |  INTRODUCTION

I study the effect of a change in the mandatory manufacturer rebate on competition by parallel imports in the German phar-
maceutical market. First, I analyze the effect of a mandatory manufacturer rebate and a price freeze on competition by parallel 
imports in a two-country model with a vertical control structure following Ganslandt and Maskus (2007) and Birg (2017). A 
pharmaceutical manufacturer sells a drug in two countries through independent intermediaries. Parallel trade occurs as the 
intermediary in the foreign country may resell the drug in the manufacturer's home country. The government in the home 
country requires the pharmaceutical manufacturers and wholesalers to provide a mandatory rebate for prescription drugs to the 
third party-payer, the statutory health insurance. I find that an increase in the manufacturer rebate increases the market share  of 
parallel imports. Second, I exploit a policy reform in Germany in 2010 that increased the mandatory manufacturer rebate by 
10 percentage points, complemented by a price freeze. Using a data set with prescription drugs with competition from parallel 
imports (INSIGHT HEALTH GmbH, 2016), I estimate the effect of the change in the manufacturer rebate on competition by 
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Abstract
I study the effect of a change in the mandatory manufacturer rebate and a price 
freeze on wholesale prices for pharmaceuticals on competition by parallel imports. 
First, I analyze the effect of a manufacturer rebate on competition by parallel imports 
in a two-country model. Second, I exploit a policy reform in Germany in 2010 that 
increased the manufacturer rebate by 10 percentage points. Using a data set with 
prescription drugs with competition from parallel imports, I estimate the effect of 
the change in the manufacturer rebate on competition by parallel imports. The model 
predicts that an increase in the manufacturer rebate increases the market share of 
parallel imports. The rebate decreases the manufacturer's revenues from domestic 
distribution. In response, the manufacturer lowers the wholesale price for a foreign 
distributor, resulting in a competitive advantage for and an increase in the market 
share of parallel imports. The estimation shows that the increase in the manufacturer 
rebate by 10 percentage points has increased the market share of parallel imports by 
approximately 18%–35% and has increased the number of importers by up to 17%.
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parallel imports. Estimation results suggest that an increase in the manufacturer rebate by 10 percentage points has increased 
the market share of parallel imports by approximately 18%–35% and has increased the number of importers by up to 17%.

In many states, governments try to curb the high level of expenditure for pharmaceuticals. In principle, there are two strate-
gies available to governments to reduce third party-payer expenditure: Stronger competition or stricter regulation.

After patent expiration, brand-name drugs compete with generics, but even before, on-patent drugs may be exposed to 
competition from parallel imports. Parallel imports are drugs that are imported from another country without the authorization 
of the manufacturer (Maskus, 2000). Wholesalers or parallel traders may resell goods that were placed on the market in one 
country in another country (Maskus, 2000). Pharmaceutical regulation may either target monopolistic pricing behavior on the 
supply side through price caps or aim at increasing price sensitivity on the demand side through reimbursement limits. There 
may be a conflict between the two strategies, when stricter regulation, for example, reduces profits and thus limits the incentives 
for market entry.

I analyze this potential conflict by studying the effect of a mandatory manufacturer rebate on competition from parallel 
imports in Germany. Germany applies a mandatory manufacturer rebate on wholesale prices for pharmaceuticals. This is, 
pharmaceutical manufacturers and wholesalers must provide a mandatory rebate for prescription drugs to the third party-payer, 
the statutory health insurance. In 2010, a policy reform increased the mandatory manufacturer rebate by 10 percentage points 
from 6% to 16%. This change in the manufacturer rebate was expected to affect the retail-wholesale margin and thus affect 
competition between locally sourced drugs and parallel imports. In the European Economic Area, parallel trade is legal and 
a common phenomenon. The volume of pharmaceutical parallel trade in the EU was 5.2 bn. Euro in 2018 (EFPIA, 2020). 
Parallel trade is profitable if price differences between countries are sufficiently high to cover the cost of parallel trading, for 
example, distribution cost, license cost, repacking cost, etc. For pharmaceuticals, price differences in the European Union may 
reach up to 100%–300% (Kanavos & Costa-Font, 2005). Main reasons for price differences are manufacturers' price discrim-
ination, vertical control structures and/or differences in pharmaceutical regulation. Pharmaceutical manufacturers regularly 
price discriminate between countries based on differences in income, insurance coverage, etc (Danzon & Chao, 2000; Danzon 
& Furukawa, 2003).

Pharmaceutical markets are characterized by numerous government interventions. In the European Union, health policy, 
including pharmaceutical regulation, is within the national competence of EU member states (Art. 168 TFEU) and accord-
ingly, regulatory instruments and the strictness of regulation differ across countries (see e.g., Espin & Rovira, 2007 or Carone 
et al., 2012 for an overview). Typically, pharmaceutical manufacturers do not sell directly but through independent wholesalers 
(Taylor et al., 2004). Consequently, parallel trade in pharmaceuticals is a common phenomenon in the European Union. 1

Competition by parallel imports in destination countries is affected by pharmaceutical regulation through three channels. 
First, regulatory differences between countries drive drug price differences. This is, regulatory differences determine the 
volume and direction of parallel imports. Second, pharmaceutical regulation in destination countries may change copayments 
and accordingly the choice between locally sourced versions and parallel imports. Higher copayments may make patients more 
sensitive to prices and price differences and therefore more likely to choose (less expensive) parallel imports. The design of the 
cost-sharing system, rules of copayment and reimbursement, seems to be an important factor in determining the competition by 
parallel imports (Birg, 2018; Enemark et al., 2006, Kanavos et al., 2004). Third, regulatory instruments in destination countries 
may also affect competition between locally sourced version and parallel imports. For instance, Brekke et al. (2015) show that 
stricter price caps may reduce competition from parallel imports. Also regulation in pharmaceutical supply chains or the regu-
lation of wholesale prices may drive competition, as it affects the difference between retail and wholesale prices and thus the 
profitability of parallel trade. Compared to direct regulation of retail prices, regulation at the wholesale level in the context of 
parallel imports is different: First, the agents directly affected by regulation at the retail level, and regulation at the wholesale 
level are different and also their options to adapt their behavior might be different. Second, under regulation at  the  wholesale 
level, not all parts of the distribution chain are subject to the regulatory instrument. While regulation at the retail level applies 
to all domestic sales, wholesale regulation only affects domestic wholesale sales. Sales to foreign wholesalers (and their reim-
ports) may not be subject to wholesale regulation. Almost all European countries regulate wholesale margins or pharmacy 
margins (Carone et al., 2012).

The literature on pharmaceutical regulation and parallel trade has mainly focused on the effect of parallel trade on regula-
tory choices at the retail level, suggesting that parallel trade may distort regulatory decisions (e.g., Bennato & Valletti, 2014; 
Grossman & Lai, 2008; Pecorino, 2002). Brekke et al. (2015) study the effect of pharmaceutical regulation on competition 
by parallel imports, showing that stricter regulation (lower price caps) reduces competition from parallel imports. Similarly, 
Birg (2019) suggests that lower reimbursement for drugs (lower reference prices) may reduce competition from parallel imports. 
The effect of wholesale level regulation, however, has received rather little attention in the literature. Costa-Font (2016) shows 
that parallel imports are not only driven by price differences but also by cross-country differences in distribution margins. He 
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concludes that parallel trade can be regarded as “regulatory arbitrage”. Birg (2017) studies externalities of different wholesale 
level regulation instruments which also affect the manufacturer's possibilities to limit competition from parallel trade. Brekke 
et  al.  (2013) show how product margins determine pharmacies' incentives to promote generic substitution, suggesting that 
generic and brand-name margins determine competition between brand-names and generics.

My estimation results suggest that, in Germany an increase in the manufacturer rebate by 10 percentage points has increased 
the market share of parallel imports by approximately 18%–35% and has increased the number of importers by up to 17%. As 
in many countries, wholesale prices and/or pharmacy margins are regulated, my results point beyond the case in Germany: 
Stricter wholesale price regulation may enhance competition from parallel imports. This implies that there is not necessarily a 
conflict between the two approaches to curbing third party-payer expenditure to pharmaceuticals, at least for regulation at the 
wholesale level.

The rest of the paper is organized as follows. In the next section, a model is presented that outlines the underlying incen-
tive structure of manufacturer rebates for manufacturers and wholesalers. Section 3 describes the institutional background. 
Section 4 presents the data set and Section 5 studies the effect of a change in manufacturer rebates on competition by parallel 
imports. Section 6 concludes.

2  |  MODEL

Consider the pharmaceutical market for an on-patent drug b. A pharmaceutical manufacturer M sells the drug in two countries 
j, j = D, S , with D for destination, S for source country. In both countries, the manufacturer does not sell directly but through 
independent intermediaries Ij. 2 The manufacturer charges each intermediary a wholesale price wj per unit and a fixed fee ϕj. 
Two-part tariffs between pharmaceutical manufacturers and wholesalers are well established in the literature (see, e.g., Chen 
& Maskus, 2005; Maskus & Chen, 2004). In addition, they may play an important role in the contract negotiations between 
pharmaceutical manufacturers and wholesalers (e.g., in the form of volume discounts) (Vogler & Martikainen, 2015).

The intermediary ID sells the authorized version b in country D; the intermediary IS sells the authorized version b in country 
S and, in addition, may resell the drug b in D as a parallel import (hereafter denoted by β). This implies that S is the source 
country and D is the destination country of the parallel import.

The locally sourced version of the drug b and the parallel import β are de facto identical but differ in sourcing. Differences in 
appearance and packaging between the locally sourced version of the drug and the parallel import (Maskus, 2000) may induce 
consumers to associate a lower quality with the parallel import. This perception is captured by a discount factor τ in consumer 
valuation. 3

Consumers in both countries are heterogeneous with respect to the gross valuation of the drug θ which is uniformly distrib-
uted on the interval [0,1]. Consumer heterogeneity can be interpreted as differences in income, the severity of the condition or 
prescription practices (see e.g., Brekke et al., 2011). The total mass of consumers is given by one in both countries.

In both countries, consumers pay a fraction γj, with 𝐴𝐴 𝐴𝐴𝑗𝑗 ∈ (0, 1) , of the drug price (coinsurance). This is, the drug copayment 
is cij = γjpi,j and third-party payer reimbursement is 𝐴𝐴 𝐴𝐴𝑖𝑖𝑖𝑖 =

(

1 − 𝛾𝛾𝑗𝑗
)

𝑝𝑝𝑖𝑖𝑖𝑖𝑖 .
Each consumer demands either one or zero units of the most preferred drug. The utility derived from no drug consumption 

is zero, while consumer k with valuation θk who buys one unit of drug i obtains a net utility of

�
(

��,� , �, ��,�
)

=

{

�� − ����,� if � = �
�� (1 − �) − ����,� if � = �.

� (1)

In country D, the marginal consumer indifferent between buying the locally sourced version b and the parallel import β has 

a gross valuation 𝐴𝐴 𝐴𝐴
𝑏𝑏𝑏𝑏𝑏

𝐷𝐷
=

𝛾𝛾𝐷𝐷
(

𝑝𝑝𝑏𝑏𝑏𝑏𝑏 − 𝑝𝑝𝛽𝛽𝛽𝛽𝛽
)

𝜏𝜏
 ; the marginal consumer indifferent between the parallel import β and not buying (0) has a 

gross valuation 𝐴𝐴 𝐴𝐴
𝛽𝛽𝛽0

𝐷𝐷
=

𝛾𝛾𝐷𝐷𝑝𝑝𝛽𝛽𝛽𝛽𝛽

1− 𝜏𝜏
 . Demand for the locally sourced version b and for the parallel import β is given by 𝐴𝐴 𝐴𝐴𝑏𝑏𝑏𝑏𝑏 = 1 − 𝜃𝜃

𝑏𝑏𝑏𝑏𝑏

𝐷𝐷
 

and 𝐴𝐴 𝐴𝐴𝛽𝛽𝛽𝛽𝛽 = 𝜃𝜃
𝑏𝑏𝑏𝑏𝑏

𝐷𝐷
− 𝜃𝜃

𝛽𝛽𝛽0

𝐷𝐷
 . In country S, the marginal consumer indifferent between buying the locally sourced version b and not 

buying (0) has a gross valuation 𝐴𝐴 𝐴𝐴
𝑏𝑏𝑏0

𝑆𝑆
= 𝛾𝛾𝑆𝑆𝑝𝑝𝑏𝑏𝑏𝑏𝑏 . Demand for the drug b is given by 𝐴𝐴 𝐴𝐴𝑏𝑏𝑏𝑏𝑏 = 1 − 𝜃𝜃

𝑏𝑏𝑏0

𝑆𝑆
 .

Assume that the coinsurance rate in the source country is sufficiently low to guarantee non-negative quantities:

𝛾𝛾𝑆𝑆 <
4𝛾𝛾𝐷𝐷

(1 − 3𝜏𝜏) (1 − 𝜏𝜏)
.� (2)
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The firm produces at constant marginal cost, which is normalized to zero. Profits are

𝜋𝜋𝑀𝑀 = 𝑤𝑤𝐷𝐷𝑞𝑞𝑏𝑏𝑏𝑏𝑏 +𝑤𝑤𝑆𝑆𝑞𝑞𝛽𝛽𝛽𝛽𝛽 +𝑤𝑤𝑆𝑆𝑞𝑞𝑏𝑏𝑏𝑏𝑏 + 𝜙𝜙𝐷𝐷 + 𝜙𝜙𝑆𝑆,� (3)

𝜋𝜋𝐼𝐼𝐷𝐷 =

(

𝑝𝑝𝑏𝑏𝑏𝑏𝑏 −𝑤𝑤𝐷𝐷

)

𝑞𝑞𝑏𝑏𝑏𝑏𝑏 − 𝜙𝜙𝐷𝐷,� (4)

𝜋𝜋𝐼𝐼𝑆𝑆 =

(

𝑝𝑝𝛽𝛽𝛽𝛽𝛽 −𝑤𝑤𝑆𝑆

)

𝑞𝑞𝛽𝛽𝛽𝛽𝛽 +

(

𝑝𝑝𝑏𝑏𝑏𝑏𝑏 −𝑤𝑤𝑆𝑆

)

𝑞𝑞𝑏𝑏𝑏𝑏𝑏 − 𝜙𝜙𝑆𝑆.� (5)

Consider a two-stage game after the potential introduction of a manufacturer rebate by the regulator in D: In the first stage, 
the manufacturer M charges each intermediary a wholesale price wj per unit and a fixed fee ϕj. In the second stage, intermedi-
aries ID and IS set prices. The game is solved by backward induction.

2.1  |  Benchmark case

Consider a system with coinsurance as a benchmark.
In the second stage, intermediaries compete in prices. In country D, intermediaries ID and IS maximize (4) and (5) with 

respect to pb,D and pβ,D. The profit-maximizing prices are

��,� =
2� + �� (�� + 2��)

�� (3 + �)
,

��,� =
� (1 − �) + �� (2�� +�� (1 − �))

�� (3 + �)
.

� (6)

In country S, the intermediary IS maximizes (5) with respect to pb,S. The profit-maximizing price is

𝑝𝑝𝑏𝑏𝑏𝑏𝑏 =
1 + 𝛾𝛾𝑆𝑆𝑤𝑤𝑆𝑆

2𝛾𝛾𝑆𝑆
.� (7)

In the first stage, the manufacturer sets ϕD and ϕS (see Appendix A.1).
He maximizes (3) with respect to wD and wS. Equilibrium wholesale prices are

𝑤𝑤𝐷𝐷 =

2 (1 − 𝜏𝜏) (𝛾𝛾𝐷𝐷 + 𝜏𝜏𝜏𝜏𝑆𝑆 (1 − 𝜏𝜏))

𝛾𝛾𝐷𝐷Ω
� (8)

𝑤𝑤𝑆𝑆 =

2 (1 − 𝜏𝜏)

Ω

,� (9)

with 𝐴𝐴 Ω = 4𝛾𝛾𝐷𝐷 + 𝛾𝛾𝑆𝑆 (3𝜏𝜏 + 1) (1 − 𝜏𝜏) .
Equilibrium prices and quantities are

��,� =
2 (�� + ��� (1 − �))

��Ω
,

��,� =
(1 − �) (2�� + ��� (1 − �))

��Ω

��,� =
4�� + 3��

(

1 − �2
)

2��Ω

,� (10)

and

��,� =
2 (�� + ��� (1 − �))

Ω
,

��,� =
�� (1 − �)

Ω
,

��,� =
4�� − �� (1 − 3�) (1 − �)

2Ω
.

� (11)
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The market share of the parallel import is

𝜒𝜒 =

𝑞𝑞𝐷𝐷𝐷𝐷𝐷

𝑞𝑞𝐷𝐷𝐷𝐷𝐷 + 𝑞𝑞𝐷𝐷𝐷𝐷𝐷

=

(1 − 𝜏𝜏) 𝛾𝛾𝑆𝑆

2𝛾𝛾𝐷𝐷 + 𝛾𝛾𝑆𝑆 (2𝜏𝜏 + 1) (1 − 𝜏𝜏)
.� (12)

2.2  |  Manufacturer rebate and price freeze

Consider now that the government in country D applies a manufacturer rebate ξ, with ξ ∈ (0, 1). Both intermediaries are subject 
to the rebate with their sales in country D.

Assume that the rebate is sufficiently low to guarantee non-negative quantities and prices:

� ≤ 1
Ω��

(

√

(�� + ��� (1 − �))
(

�2� (1 − �)2 (�� + ��� (1 − �)) + Ω��
(

3��
(

1 − �2
)

+ 4��
))

−��
(

�� (1 − �) − 2�2��
)

− ��2�
(

�2 + 1
)

)

.
� (13)

To prevent strategic price increases, the manufacturer rebate is combined with a price freeze in country D: 𝐴𝐴 𝐴𝐴
𝜉𝜉

𝐷𝐷
= 𝑝𝑝𝐷𝐷 . The 

price for the parallel import is not regulated.
From the perspective of the intermediaries, the rebate is similar to a tax; it increases the wholesale price to be paid. Due to 

the price freeze, the domestic intermediary cannot increase the retail price accordingly.
Profits are

𝜋𝜋
𝜉𝜉

𝑀𝑀
= 𝑤𝑤

𝜉𝜉

𝐷𝐷
𝑞𝑞
𝜉𝜉

𝑏𝑏𝑏𝑏𝑏
+𝑤𝑤

𝜉𝜉

𝑆𝑆
𝑞𝑞
𝜉𝜉

𝛽𝛽𝛽𝛽𝛽
+𝑤𝑤

𝜉𝜉

𝑆𝑆
𝑞𝑞
𝜉𝜉

𝑏𝑏𝑏𝑏𝑏
+ 𝜙𝜙

𝜉𝜉

𝐷𝐷
+ 𝜙𝜙

𝜉𝜉

𝑆𝑆
,� (14)

𝜋𝜋
𝜉𝜉

𝐼𝐼𝐷𝐷
=

(

𝑝𝑝
𝜉𝜉

𝑏𝑏𝑏𝑏𝑏
−𝑤𝑤

𝜉𝜉

𝐷𝐷
(1 + 𝜉𝜉)

)

𝑞𝑞
𝜉𝜉

𝑏𝑏𝑏𝑏𝑏
− 𝜙𝜙

𝜉𝜉

𝐷𝐷
,� (15)

𝜋𝜋
𝜉𝜉

𝐼𝐼𝑆𝑆𝑆𝑆𝑆
=

(

𝑝𝑝
𝜉𝜉

𝛽𝛽𝛽𝛽𝛽
−𝑤𝑤

𝜉𝜉

𝑆𝑆
(1 + 𝜉𝜉)

)

𝑞𝑞
𝜉𝜉

𝛽𝛽𝛽𝛽𝛽
+

(

𝑝𝑝
𝜉𝜉

𝑏𝑏𝑏𝑏𝑏
−𝑤𝑤

𝜉𝜉

𝑆𝑆

)

𝑞𝑞
𝜉𝜉

𝑏𝑏𝑏𝑏𝑏
− 𝜙𝜙

𝜉𝜉

𝑆𝑆
.� (16)

In the second stage, intermediaries set prices. In country D, the price for the locally sourced version is subject to the price 

freeze and set to 𝐴𝐴 𝐴𝐴
𝜉𝜉

𝐷𝐷
= 𝑝𝑝𝐷𝐷 =

2(𝛾𝛾𝐷𝐷 + 𝜏𝜏𝜏𝜏𝑆𝑆 (1 − 𝜏𝜏))

𝛾𝛾𝐷𝐷Ω
 . Intermediary IS maximizes (16) with respect to 𝐴𝐴 𝐴𝐴

𝜉𝜉

𝛽𝛽𝛽𝛽𝛽
 . The profit-maximizing price 

is 𝐴𝐴 𝐴𝐴
𝜉𝜉

𝛽𝛽𝛽𝛽𝛽
=

𝑝𝑝
𝜉𝜉

𝐷𝐷
(1 − 𝜏𝜏)+𝑤𝑤

𝜉𝜉

𝑆𝑆
(1 + 𝜉𝜉)

2

=

2(1− 𝜏𝜏)(𝛾𝛾𝐷𝐷 + 𝜏𝜏𝜏𝜏𝑆𝑆 (1 − 𝜏𝜏))

2𝛾𝛾𝐷𝐷Ω
+

1

2

𝑤𝑤
𝜉𝜉

𝑆𝑆
(1 + 𝜉𝜉) .

In country S, the intermediary IS maximizes (16) with respect to pb,S. The profit-maximizing price is 𝐴𝐴 𝐴𝐴
𝜉𝜉

𝑏𝑏𝑏𝑏𝑏
=

1+ 𝛾𝛾𝑆𝑆𝑤𝑤𝑆𝑆

2𝛾𝛾𝑆𝑆
 .

In the first stage, the manufacturer sets the wholesale prices and the fixed fee, with which he extracts the wholesalers' profit. 
He sets the fixed fees 𝐴𝐴 𝐴𝐴

𝜉𝜉

𝐷𝐷
 and 𝐴𝐴 𝐴𝐴

𝜉𝜉

𝑆𝑆
 (see Appendix A1).

When setting wholesale prices, the manufacturer balances three effects: First, an increase in the wholesale price increases 
the revenue per unit sold to the intermediary. Second, the resulting higher retail price reduces the quantity. Third, the interme-
diary's margin and thus his extractable profit is reduced.

Under the manufacturer rebate and the price freeze, the manufacturer sets the wholesale price 𝐴𝐴 𝐴𝐴
𝜉𝜉

𝐷𝐷
 to maximize (14):

𝜕𝜕𝜕𝜕
𝜉𝜉

𝑀𝑀

𝜕𝜕𝜕𝜕
𝜉𝜉

𝐷𝐷

= 𝑞𝑞
𝜉𝜉

𝑏𝑏𝑏𝑏𝑏
⏟⏟⏟

𝐴𝐴

+𝑤𝑤
𝜉𝜉

𝐷𝐷

𝜕𝜕𝜕𝜕
𝜉𝜉

𝑏𝑏𝑏𝑏𝑏

𝜕𝜕𝜕𝜕
𝜉𝜉

𝑏𝑏𝑏𝑏𝑏

𝜕𝜕𝜕𝜕
𝜉𝜉

𝑏𝑏𝑏𝑏𝑏

𝜕𝜕𝜕𝜕
𝜉𝜉

𝐷𝐷
⏟⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏟

𝐵𝐵

+

⎛

⎜

⎜

⎝

𝜕𝜕𝜕𝜕
𝜉𝜉

𝑏𝑏𝑏𝑏𝑏

𝜕𝜕𝜕𝜕
𝜉𝜉

𝐷𝐷

− (1 + 𝜉𝜉)

⎞

⎟

⎟

⎠

𝑞𝑞
𝜉𝜉

𝑏𝑏𝑏𝑏𝑏
+

(

𝑝𝑝
𝜉𝜉

𝑏𝑏𝑏𝑏𝑏
−𝑤𝑤

𝜉𝜉

𝐷𝐷
(1 + 𝜉𝜉)

) 𝜕𝜕𝜕𝜕
𝜉𝜉

𝑏𝑏𝑏𝑏𝑏

𝜕𝜕𝜕𝜕
𝜉𝜉

𝑏𝑏𝑏𝑏𝑏

𝜕𝜕𝜕𝜕
𝜉𝜉

𝑏𝑏𝑏𝑏𝑏

𝜕𝜕𝜕𝜕
𝜉𝜉

𝐷𝐷

.

⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟
𝐶𝐶

� (17)

A reflects the effect of a wholesale price increase for a given quantity. B and C include the effect of quantity changes. C 
captures the effect on the extractable profit. A is positive. B is zero. Due to the price freeze, quantities do not respond to whole-
sale prices. The first part of C is negative because of the price freeze. The second part of C is zero. The quantity depends on 
the retail price which remains unchanged due to the price freeze. This leaves two opposing effects on the producer's profit. 

The first effect is larger than the latter if the wholesale price 𝐴𝐴 𝐴𝐴
𝜉𝜉

𝑆𝑆
 is sufficiently small (𝐴𝐴 𝐴𝐴

𝜉𝜉

𝑆𝑆
<

̂
𝑤𝑤

𝜉𝜉

𝑆𝑆
 , see Appendix A.1). Thus, the 
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manufacturer maximizes his profit by setting the wholesale price 𝐴𝐴 𝐴𝐴
𝜉𝜉

𝐷𝐷
 to extract the intermediary's profit, that is, 𝐴𝐴 𝐴𝐴

𝜉𝜉

𝐷𝐷
=

𝑝𝑝𝑏𝑏𝑏𝑏𝑏

(1 + 𝜉𝜉)
 . 

The absence of quantity effects leads to a corner solution.
The manufacturer maximizes (14) with respect to 𝐴𝐴 𝐴𝐴

𝜉𝜉

𝑆𝑆
 . Equilibrium wholesale prices are

𝑤𝑤
𝜉𝜉

𝐷𝐷
=

𝑝𝑝𝑏𝑏𝑏𝑏𝑏

(1 + 𝜉𝜉)
=

2 (𝛾𝛾𝐷𝐷 + 𝜏𝜏𝜏𝜏𝑆𝑆 (1 − 𝜏𝜏))

(1 + 𝜉𝜉) 𝛾𝛾𝐷𝐷Ω
,� (18)

𝑤𝑤
𝜉𝜉

𝑆𝑆
=

2 (1 − 𝜉𝜉) (1 − 𝜏𝜏) (𝛾𝛾𝐷𝐷 + 𝜏𝜏𝜏𝜏𝑆𝑆 (1 − 𝜏𝜏))
(

𝛾𝛾𝐷𝐷
(

1 − 𝜉𝜉2
)

+ 𝜏𝜏𝜏𝜏𝑆𝑆 (1 − 𝜏𝜏)
)

Ω

.� (19)

Compared to the benchmark case, the wholesale price for domestic distribution 𝐴𝐴 𝐴𝐴
𝜉𝜉

𝐷𝐷
 is higher if the manufacturer rebate is 

sufficiently small and the wholesale price for foreign distribution 𝐴𝐴 𝐴𝐴
𝜉𝜉

𝑆𝑆
 is lower (see Appendix A.1). The regulated price 𝐴𝐴 𝐴𝐴

𝜉𝜉

𝑏𝑏𝑏𝑏𝑏
 and 

the higher marginal cost 𝐴𝐴 𝐴𝐴
𝜉𝜉

𝐷𝐷
 give intermediary ID a competitive disadvantage.

Equilibrium prices and quantities are

���,� =
2 (�� + ��� (1 − �))

��Ω
= ��,�,

���,� =
(1 − �) (�� + ��� (1 − �))

(

2��
(

1 − �2
)

+ ��� (1 − �)
)

��
(

��
(

1 − �2
)

+ ��� (1 − �)
)

Ω
< ��,�,

���,� =
4�2� + 3��2� (1 + �) (1 − �)2 + ���� (7� + 3) (1 − �) − 2��� (1 − �) (�� + ��� (1 − �)) − �2��Ω

2��
(

��
(

1 − �2
)

+ ��� (1 − �)
)

Ω
< ��,�

� (20)

and

���,� =
2�2� + 2�2�2� (1 − �)2 + 4����� (1 − �) − �2��

(

2�� + ��
(

1 − �2
))

(

��
(

1 − �2
)

+ ��� (1 − �)
)

Ω
< ��,�,

���,� =
�� (1 − �) (�� + ��� (1 − �))
(

��
(

1 − �2
)

+ ��� (1 − �)
)

Ω
> ��,�,

���,� =
4�2� − ��2� (1 − 3�) (1 − �)2 − ���� (1 − 7�) (1 − �) + 2��� (1 − �) (�� + ��� (1 − �)) − �2��Ω

2
(

��
(

1 − �2
)

+ ��� (1 − �)
)

Ω
> ��,� .

� (21)

The price of the locally sourced version, 𝐴𝐴 𝐴𝐴
𝜉𝜉

𝑏𝑏𝑏𝑏𝑏
 , is fixed due to the price freeze. Both the price of the parallel import 𝐴𝐴 𝐴𝐴

𝜉𝜉

𝛽𝛽𝛽𝛽𝛽
 and 

the price of the drug in country S, 𝐴𝐴 𝐴𝐴
𝜉𝜉

𝑏𝑏𝑏𝑏𝑏
 , are lower due to the lower wholesale price 𝐴𝐴 𝐴𝐴

𝜉𝜉

𝑆𝑆
 (see Appendix A.1).

The quantity of the originally sourced drug, 𝐴𝐴 𝐴𝐴
𝜉𝜉

𝑏𝑏𝑏𝑏𝑏
 , is lower, the quantity of the parallel import, 𝐴𝐴 𝐴𝐴

𝜉𝜉

𝛽𝛽𝛽𝛽𝛽
 , is higher (see Appen-

dix A.1). The total quantity in the destination country is higher. The quantity of drug in country S, 𝐴𝐴 𝐴𝐴
𝜉𝜉

𝑏𝑏𝑏𝑏𝑏
 , is higher.

The market share of the parallel import is

�� =
���,�

���,� + ���,�
=

�� (1 − �) (�� + ��� (1 − �))
2�2� + ��2� (2� + 1) (1 − �)2 + ���� (4� + 1) (1 − �) − �2��

(

2�� + ��
(

1 − �2
))

> �.

� (22)

For the manufacturer, the rebate in combination with the price freeze in D results in a rebalancing of distribution channels. 
Revenues from the domestic distribution channel decline due to the rebate and the price freeze and the manufacturer has an 
incentive to shift a part of his economic activity to S. Thus, he decreases the wholesale price wS. This provides intermediary IS 
with a competitive advantage compared to ID. As a result, the market share of parallel imports increases.
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Proposition 1 summarizes the effect of a change in the manufacturer rebate ξ on competition by parallel trade:

Proposition 1  An increase in the manufacturer rebate ξ increases the market share of the parallel import:𝐴𝐴
𝜕𝜕𝜕𝜕𝜉𝜉

𝜕𝜕𝜕𝜕
> 0 .

2.3  |  Welfare

In country D, consumer surplus increases with the rebate. The total quantity is higher, the average price is lower (the price 
of the locally sourced version is unchanged, the price of the parallel import is lower). As the quantity of the original product 
decreases, some consumers switch from the locally sourced version b to the parallel import β. While these consumers benefit 
from the price reduction, they receive a product with (subjectively) lower quality. But also for them, consumer surplus increases 
by a revealed preferences argument.

Third party-payer reimbursement is lower under the rebate. Although total quantity is higher, the lower average price domi-
nates the effect.

Profits of the intermediaries are extracted by the manufacturer. Therefore, profits (after extraction) are not affected by the 
rebate. The profit of the manufacturer 𝐴𝐴 𝐴𝐴

𝜉𝜉

𝑀𝑀
 decreases compared to the benchmark case. The wholesale price in the destination 

country increases, but also the extractable profit of the intermediary decreases due to the rebate. The wholesale price in the 
source country decreases and the quantity increases.

Welfare in the destination country is given by consumer surplus (CSD) plus the manufacturer's profit (πM) less third 
party-payer expenditure (ED): WD = CSD + πM − ED. The specific welfare consequences of the rebate depend on the copayment 
rates γD and γS, the discount factor for parallel imports τ, and the size of the rebate ξ. Table 1 shows a numerical example to illus-
trate the welfare consequences of introducing a rebate and increasing it. Assume the following parameters: γD = 0.1, γS = 0.05, 
τ = 0.2. Compared to the benchmark case (first row), welfare decreases both by introducing the rebate (second row, left) and 
by increasing it (second row, right).

Therefore, the introduction of the rebate and its increase cannot easily be justified by welfare maximization. The rebate 
seems to have the essential function of limiting third-party expenditure.

3  |  INSTITUTIONAL BACKGROUND

The German pharmaceutical market had a volume of € 31 bn. in 2019 (German Pharmaceutical Industry Association, 2020). 
Third party-payer expenditure (borne by the Statutory Health Insurance) for pharmaceuticals had a volume of € 41 bn (German 
Pharmaceutical Industry Association,  2020). The share of parallel imports in pharmacy market sales was 8.5% in 2018 
(EFPIA, 2020).

In order to reduce expenditure borne by the statutory health insurance, pharmaceutical manufacturers, wholesalers, and 
pharmacists must provide a mandatory rebates for prescription drugs to the statutory health insurance.

In 2010, the Statutory Health Insurance Amendment Act (GKV-ÄndG) increased the mandatory manufacturer rebate from 
6% to 16% (§ 130a (1) SGB (Sozialgesetzbuch, Social Insurance Code) V). At the same time, a price moratorium (price freeze) 
came into force. Specifically, pharmacies must provide a discount to health insurers. Pharmaceutical firms, in turn, must reim-
burse pharmacies for this discount (§ 130a, para. 1 SGB V). The price freeze was designed so that a manufacturer price increase 
after a cut-off date resulted in a corresponding increase in the discount to be granted (and refunded) (§ 130a, para. 3a SGB V).

The price freeze at the manufacturer level in combination with regulated wholesale margins (§ 2 drug price regulation 
(Arzneimittelpreisverordnung)) (and pharmacy margins, § 3) had de facto the effect of a price freeze at the (pharmacy) retail 
level for domestically sourced drugs.

The reform was in force for 3 years from August 2010 onwards. The German Parliament passed the law in June 2010. The 
legislative draft of the Federal Government is from March 2010. In the run-up, there were press reports about the plans of the 
federal government in early March 2010.
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The reform only affected pharmaceuticals that were not subject to reference pricing. For all other pharmaceuticals, the 
mandatory rebate of 6%, which was already in force before the reform, was retained.

Reference prices constitute maximum reimbursement limits for pharmaceuticals by the statutory health insurance funds. 
In Germany, reference prices are formed in a two-step process (§ 35 SGB V). In the first step, the Federal Joint Committee 
(Gemeinsamer Bundesausschuss) decides on the definition of reference price groups. Groups can be defined for drugs with 
the same active substance, drugs with pharmacologically and therapeutically comparable active substances, and drugs with 
therapeutically comparable effects (§ 35 para 1, SGB V). In the second step, the National Association of Statutory Health Insur-
ance Funds (GKV-Spitzenverband) sets the reference prices. In the context of the analysis in this paper, it appears important 
that the formation of reference price groups and the exemption from reference prices is independent of distribution channels 
(domestic or foreign) and prices. New patent-protected drugs with measurably improved efficacy are exempted from reference 
prices. Generally, a drug is subject to reference pricing when alternatives (with same or pharmacologically and therapeutically 
comparable active substances or with therapeutically comparable effects) exist. In the other case, it is not. Therefore, even 
on-patent drugs can be subject to reference prices if alternatives—in the sense described above—exist. An on-patent drug that 
is exempted from reference pricing may be subject to reference pricing after patent expiry or when alternatives become apparent 
(Giulini-Limbach et al., 2021).

4  |  DATA AND DESCRIPTIVE STATISTICS

In this paper, I use a panel data set from Insight Health that covers all prescription drugs with competition from parallel imports 
sold in Germany for the period from January 2008 to December 2011 (INSIGHT HEALTH GmbH, 2016). For each drug, the 
data set contains information on the central pharmaceutical number, 3-digit Anatomical Therapeutic Chemical Classification 
System code (ATC code), trade name, active ingredient, administration form, package size, defined daily dose, strength, manu-
facturer, launch date, dispensing requirements, and the status as import or locally sourced version.

The data set comprises monthly data on sales by pharmacies to consumers (in units and in Euro, at the pharmaceutical 
manufacturer price), sales by wholesalers to pharmacies (in units), returns from pharmacies to wholesalers (in units), pharma-
ceutical manufacturer price, pharmacy retail price, and reference price.

An observation is identified by the central pharmaceutical number, representing a product with a particular active ingredi-
ent, administration, form, strength, and package size sold by a particular firm in a particular month.

The data set contains no information on source countries of parallel imports or purchase prices of wholesalers.
The analysis is based on a market definition where a market is defined by the active ingredient, package size, and dose 

strength. This maps substitution patterns at pharmacies, where locally sourced drugs may be substituted by parallel imports 
of the same active substance, package size, and dose strength. These markets are more narrowly defined than reference price 
groups, which could also be defined by pharmacologically-therapeutically comparable active ingredients or drugs with thera-
peutically comparable effects.

I restrict my data set to markets that face competition from parallel imports before the reform was announced. Thereby I 
exclude markets that exhibit peculiar barriers to parallel imports or where those barriers have changed after the introduction of 
the reform.

For some markets in my data set, reference prices apply. No market switches back from having a reference price to not 
having one. I exclude markets for which a reference price is introduced after the reform. For the empirical identification of the 
reform effect on parallel imports, I only consider markets belonging to the treatment group that are never subject to reference 
pricing in all observed periods. All other markets are in the comparison group.

Before the reform came into effect, markets with and without a reference price to not exhibit a different trend (see Figures 1 
and 2).

Table 2 shows the summary statistics for all products.
Table 3 shows summary statistics for treated and not treated markets.
I use observations of all months between January 2008 and December 2011 in 811 markets, of which 643 are affected by 

the reform.
The summary statistics show that the average market share of parallel imports is higher in the treatment group than in the 

control group when market shares are measured by units sold. If market shares are weighted by prices, however, the average 
market share of imports is lower in the treatment group than in the control group. The number of importers is lower in the 
treatment group than in the control group. The competitive situation, as measured by the average Herfindahl-Hirschman index 
(HHI) 12 months before the reform announcement, is similar in treatment and control groups.
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5  |  EMPIRICAL ANALYSIS

5.1  |  Empirical strategy

The aim is to identify the effect of the reform described above on competition by parallel imports. Therefore, I estimate the 
effect of the reform on the market share of parallel imports and the number of importers. Since the reform only affects products 
that are not subject to a reference price (are not part of a reference price group), the empirical strategy is to identify the differ-
ence in market dynamics for products that are subject to the reform and those that are not by using a difference-in-differences 
approach.

I estimate the following random effects model

𝑦𝑦𝑖𝑖𝑖𝑖 = 𝛼𝛼 + 𝛽𝛽1𝑇𝑇𝑖𝑖 + 𝛽𝛽2𝑅𝑅𝑡𝑡 + 𝛽𝛽3𝐷𝐷𝑖𝑖𝑖𝑖 + 𝜌𝜌𝐗𝐗𝑖𝑖𝑖𝑖 + 𝛿𝛿𝑡𝑡 + 𝜀𝜀𝑖𝑖𝑖𝑖,� (23)

where yit is the (log) market share of imported products (in packages or turnover) or the number of importers in a market i in 
month t. T is a dummy indicating treated markets, R is a dummy indicating post-reform periods, D is a dummy indicating the 
reform effect (T × R), Xit contains a set of characteristics that vary over time (market size measured in number of packages of the 
same active ingredient sold, the number of products in the same ATC3 group, and the average HHI-Index for the last 12 months 
before announcement of the reform), δt is a month fixed effect, and ɛit is a robust error term.

All markets in the estimation have faced competition by imports prior to the reform. Only tablets are included for the esti-
mation. Thereby I avoid difficulties arising from potentially limited substitutability between tablet and non-tablet products. The 
estimation is restricted to prescription drugs because only these drugs are possibly subject to reference prices.

The empirical strategy relies on the assumption that the evolution of treated and untreated markets does not differ system-
atically before the reform. To test this assumption, a pre-reform test similar to Brekke et al. (2015) is used (see Table A1 in the 
Appendix A.2.1). The fixed effects regression contains only pre-reform observations. Interaction effects of monthly dummies 
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F I G U R E  2   Average number of 
importers in treatment and comparison 
group [Colour figure can be viewed at 
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with a dummy for markets affected by the reform are included. If these interactions are not statistically significant at usual 
levels, a similar trend of treated and untreated markets prior to the reform may be assumed. If a dummy indicating affected 
markets after the reform has a significant effect, this effect may be interpreted as the effect of the reform of treated markets 
compared to untreated markets.

It turns out that the interaction term is statistically insignificant in nearly all months (see Appendix A.2.1). Six months 
prior to the reform, the interaction term starts to be significant at least at the five percent level. The legislative proposal of the 
German Federal Parliament dates to 4 months before the reform. Press coverage begins about 1 month earlier. It is not unlikely 
that hints about reform details were disclosed shortly before the legislative proposal and that this may have affected treated 
markets prior to the reform.

The development of average market shares of imported drugs for treated markets and untreated markets is shown in Figure 1. 
The red vertical line indicates the month where the reform came into effect. The green dashed line marks 6 months before the 
reform came into effect. This is the month with a significant interaction effect in the pre-reform test 1 month before press 
coverage. I cannot rule out the possibility that details of the reform plan have been disclosed to market participants before the 
general public was informed.

Figure 2 shows the development of the average number of importers for treated and untreated markets.
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Variable Mean Std. Dev. Min. Max. N

Reference price 56.138 30.307 10.79 148.48 6903

Sales originals 4024.752 8364.669 1 241,989 26,877

Sales imports 512.612 955.835 0 13,286 18,241

Market share imports 0.202 0.275 0 1 28,307

Market share imports weighted by prices 0.198 0.225 0 1 26,877

Number of importers 2.356 3.785 0 30 38,564

Number of products in ATC3 group 289.551 237.634 2 663 38,564

Avr. HHI before reform 0.533 0.377 0 1 38,564

Abbreviation: HHI, Herfindahl-Hirschman index.

T A B L E  2   Summary statistics all markets

Variable Mean Std. Dev. Min. Max. N

Markets in treamtent group

  Sales originals 3734.46 8107.425 1 241,989 19,880

  Sales imports 513.599 988.375 0 13,286 13,145

  Market share imports 0.215 0.293 0 1 21,214

  Market share imports weighted by prices 0.163 0.214 0 1 19,880

  Number of importers 2.054 3.533 0 30 30,809

  Number of products in ATC3 group 265.918 224.678 2 663 30,809

  Avr. HHI before reform 0.525 0.395 0 1 30,809

Markets in control group

  Reference price 56.138 30.307 10.79 148.48 6903

  Sales originals 4849.536 9005.451 1 73,045 6997

  Sales imports 510.066 866.362 0 8000 5096

  Market share imports 0.161 0.207 0 1 7093

  Market share imports weighted by prices 0.3 0.223 0 0.999 6997

  Number of importers 3.556 4.456 0 28 7755

  Number of products in ATC3 group 383.439 263.135 24 663 7755

  Avr. HHI before reform 0.563 0.294 0 1 7755

Abbreviation: HHI, Herfindahl-Hirschman index.

T A B L E  3   Summary statistics markets in treatment and control group
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In both figures, the trend of treated and untreated markets is not different prior to the reform.

5.2  |  Empirical results

5.2.1  |  Market share of imports

The main empirical results for the market share of imports are shown in Table 4. In this specification, the market share is calcu-
lated by referring to units.

Since log values for market shares are used, the coefficients measure (semi) elasticities. The estimations suggest that the 
reform has increased the market share of imported products by approximately 18%–35%. Compared to the products not affected 
by the reform, the market share of imports in affected markets is considerably higher.

Four different sets of controls are applied. Market size is measured by the (log of the) number of packages of the same active 
ingredient sold per market in each month. The effect of the market size on the market share of imports is negative with an elas-
ticity of about −0.31 to −0.32. The number of products within the same ATC3 group, which may be considered as therapeutic 
alternatives, has a positive effect on the market share of imported products with an elasticity of about 0.325–0.36. As described 
in Section 4, the average HHI before the reform is similar in treatment and control group. In the fourth column, the average HHI 
for the period 12 months before the reform announcement is included for each market as a control variable for the post-reform 
period. The coefficient is positive, that is, the higher the market concentration (the larger the HHI) before the reform is, the 
larger is the market share of parallel imports after the reform.

However, this control variable should be interpreted with caution. A high market concentration is typically present in the 
data set when the market share of the locally sourced product is large. If the HHI is large (and the market share of imports 
small), then the same absolute increase in imports will result in a larger growth rate of import market shares (note that this 
estimation uses the log of market shares) than if the HHI was small (and the market share of imports large). The coefficient 
could thus indicate that new imports emerge in markets (in treatment and control group) with high market concentration before 
the reform.

BIRG

(1) (2) (3) (4)

M.S. Imports M.S. Imports M.S. Imports M.S. Imports

Treatment group 0.0725 −0.339 −0.162 −0.0974

(0.649) (0.053) (0.343) (0.573)

Post reform −0.240* −0.243* −0.245* −0.855***

(0.022) (0.018) (0.017) (0.000)

Reform effect 0.267** 0.347*** 0.351*** 0.181*

(0.007) (0.000) (0.000) (0.048)

Market size −0.306*** −0.319*** −0.318***

(0.000) (0.000) (0.000)

Number of products in 
ATC3 group

0.325*** 0.359***

(0.000) (0.000)

Avr. HHI before reform 1.227***

(0.000)

Constant −2.148*** 1.064 −0.652 −0.855

(0.000) (0.101) (0.315) (0.184)

N 18,217 18,217 18,217 18,217

𝐴𝐴 𝐴𝐴2

overall
  0.00284 0.0231 0.0319 0.00191

𝐴𝐴 𝐴𝐴2

within
  0.0446 0.0639 0.0641 0.0955

𝐴𝐴 𝐴𝐴2

between
  0.0198 0.00812 0.0294 0.000552

Note: p-values in parentheses.
Abbreviation: HHI, Herfindahl-Hirschman index.
*p < 0.05, **p < 0.01, ***p < 0.001.

T A B L E  4   Market shares
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The interaction dummy capturing the reform effect is statistically significant at least at the five percent level in all 
specifications.

5.2.2  |  Number of importers

The main empirical results for the number of importers in each market are shown in Table 5.
The log of the number of importers in each market is the dependent variable, so that the coefficients can be interpreted 

as (semi) elasticities. The regression indicates that the reform had a positive impact on the number of importers in affected 
markets. The reform coefficient indicates that reform has increased the number of importers by about 14%–17% compared to 
non-affected markets in regression specifications 1–3. In these specifications, the reform coefficient is statistically significant 
at least at the five percent level. The market size (measured by the log of packages with the same active ingredient sold) has 
a positive effect on the number of importers with an elasticity of about 0.10–0.11. The number of products in the same ATC3 
group has a positive effect on the number of importers with an elasticity of 0.15–0.17.

For consistency with estimating the effect of the reform on market share, the result of the effect of the average HHI before 
the reform is also reported here. The effect of the average pre-reform HHI on the number of importers is positive, that is, the 
higher the pre-reform market concentration, the higher the post-reform importer growth rate of the number of importers in all 
markets.

If the HHI is large (and the number of importers small) then the addition of one more importer will result in a larger growth 
rate than if the HHI is small (and the number of importers already large). The coefficient could thus indicate that additional 
importers have entered markets with a high degree of market concentration. This specification should therefore be interpreted 
with particular caution. The inclusion of this control variable results in the coefficient for the reform effect no longer being 
statistically significant. The positive sign is retained though.
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(1) (2) (3) (4)

N Importers (log) N Importers (log) N Importers (log) N Importers (log)

Treatment group −0.413*** −0.257** −0.170* −0.153

(0.000) (0.003) (0.045) (0.072)

Post reform 0.156* 0.157* 0.156* −0.0225

(0.014) (0.012) (0.012) (0.765)

Reform effect 0.176** 0.146* 0.148* 0.0988

(0.006) (0.019) (0.018) (0.115)

Market size 0.115*** 0.108*** 0.107***

(0.000) (0.000) (0.000)

Number of products in ATC3 group 0.158*** 0.168***

(0.000) (0.000)

Avr. HHI before reform 0.359***

(0.000)

Constant 1.292*** 0.0911 −0.738** −0.785**

(0.000) (0.736) (0.006) (0.004)

N 18,241 18,236 18,236 18,236

𝐴𝐴 𝐴𝐴2

overall
  0.0166 0.0501 0.0788 0.0504

𝐴𝐴 𝐴𝐴2

within
  0.286 0.294 0.295 0.304

𝐴𝐴 𝐴𝐴2

between
  0.0812 0.000196 0.0172 0.00901

Note: p-values in parentheses.
Abbreviation: HHI, Herfindahl-Hirschman index.
*p < 0.05, **p < 0.01, ***p < 0.001.

T A B L E  5   Number of importers
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6  |  ROBUSTNESS

6.1  |  Alternative definition of market share

In my main regression, market shares refer to units sold. If market shares are measured by units weighted by prices, the results 
do not change considerably. The magnitude of coefficients is very similar with a semi-elasticity of 27%–36%, and coefficients 
remain statistically significant. Taking into account the average HHI before the reform also has an effect similar to the estimate 
in the main part. Table A2 shows regression results (see Appendix A.2.2).

6.2  |  Matching strategy

In addition to the difference-in-differences model in the main part, I also examine the effect of the reform using a matching 
approach. The effect of the reform is identified by comparing similar markets before the reform. The matching strategy follows 
Imai et al. (2022) (see Appendix A.2.3 for more details on the matching strategy employed and the effectiveness of matching).

The estimated coefficient for the effect of the reform on the (log) market share of imports is 0.05. The coefficient is positive 
but close to zero. In addition, with a standard error of 0.038 it is not statistically significant at usual levels.

The same matching procedure was followed to identify the effect of the reform on the number of importers. The estimated 
coefficient for the effect of the reform on the (log) number of importers is 0.09. The coefficient is positive. With a standard error 
of 0.021 it is statistically significant at the 0.001 level.

7  |  CONCLUSION

In this paper, I study the effect of a change in the manufacturer rebate and a price freeze on competition by parallel imports. 
First, I analyze the effect of a manufacturer rebate on competition by parallel imports in a two-country model. Second, the paper 
exploits a policy reform in Germany in 2010, which increased the manufacturer rebate by 10 percentage points. Using a data set 
with prescription drugs with competition from parallel imports, I estimate the effect of the change in the manufacturer rebate 
on competition by parallel imports.

The model predicts that an increase in the manufacturer rebate increases the market share of parallel imports. The estima-
tion shows that the increase in the manufacturer rebate has increased the market share of parallel imports by approximately 
18%–35% and has increased the number of importers by up to 17%.

My results concerning the market share of parallel imports suggests that stricter wholesale regulation, unlike stricter retail 
regulation (Birg, 2019; Brekke et al., 2015), could enhance competition by parallel imports.
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ENDNOTES
	 1	 Source countries of parallel imports are countries with rather low drug prices, such as Greece, Italy, Portugal, and Spain, destination countries are 

characterized by rather high drug prices, for example, Denmark, Germany, the Netherlands, and Sweden (Kanavos & Costa-Font, 2005). In the 
destination countries of parallel trade, the share of parallel imports in pharmacy market sales ranged between 8.2% in the Netherlands, 8.5% in 
Germany, 12.9% in Sweden, and 25.5% in Denmark in 2018 (EFPIA, 2020).

	 2	 The model set-up follows Ganslandt and Maskus (2007) and Birg (2017).
	 3	 The interpretation of the drug price as a quality indicator (Waber et al., 2008) may result in consumers perceiving the parallel import to be of lower 

quality.
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APPENDIX

A.1  |  Model
Benchmark case:

In the first stage, the manufacturer sets
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Manufacturer rebate and price freeze:
In the first stage, the manufacturer sets the wholesale prices and the fixed fee, with which he extracts the wholesalers' profit. 

He sets the fixed fee according to
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Manufacturer's profit from country D under manufacturer rebate:
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Manufacturer's profit from country D increases in wD for 𝐴𝐴 𝐴𝐴
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Comparison of wholesale prices under manufacturer rebate and in the benchmark case:
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Comparison of the market share of the locally sourced drug under manufacturer rebate and in the benchmark case:

�� − � =
�2���� (1 − �)

(

2�� + ��
(

1 − �2
))

(2�� + �� (2� + 1) (1 − �))
(

2�2� + ��2� (2� + 1) (1 − �)2 + ���� (4� + 1) (1 − �) − �2��
(

2�� + ��
(

1 − �2
)))

> 0

���

��
=

2����� (1 − �)
(

2�� + ��
(

1 − �2
))

(�� + ��� (1 − �))
(

2�2� + ��2� (2� + 1) (1 − �)2 + ���� (4� + 1) (1 − �) − �2��
(

2�� + ��
(

1 − �2
)))2

> 0
 

Comparison of quantities under manufacturer rebate and in the benchmark case:
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A.2  |  Empirical analysis

A.2.1  |  Pre-reform test

BIRG

Market shares imports

Interaction 1 −0.136

(0.436)

Interaction 2 0.0851

(0.593)

Interaction 3 0.0844

(0.573)

T A B L E  A 1   Pre-reform test

(Continues)
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T A B L E  A 1   (Continued)

Market shares imports

Interaction 4 0.0266

(0.838)

Interaction 5 0.157

(0.261)

Interaction 6 0.0383

(0.788)

Interaction 7 0.0201

(0.878)

Interaction 8 0.0141

(0.910)

Interaction 9 0.0879

(0.460)

Interaction 10 0.103

(0.426)

Interaction 11 0.129

(0.367)

Interaction 12 0.0235

(0.864)

Interaction 13 −0.0615

(0.634)

Interaction 14 0.0844

(0.525)

Interaction 15 −0.105

(0.393)

Interaction 16 −0.0877

(0.491)

Interaction 17 −0.167

(0.146)

Interaction 18 −0.144

(0.186)

Interaction 19 −0.201

(0.065)

Interaction 20 −0.116

(0.317)

Interaction 21 −0.123

(0.227)

Interaction 22 −0.00952

(0.934)

Interaction 23 −0.0857

(0.395)

Interaction 24 −0.0235

(0.797)

Interaction 25 0.0301

(0.748)
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A.2.2  |  Definition of market shares

(1) (2) (3) (4)

M.S. Imports M.S. Imports M.S. Imports M.S. Imports

Treatment group 0.0771 −0.326 −0.152 −0.0878

(0.626) (0.063) (0.374) (0.612)

Post reform −0.246* −0.249* −0.250* −0.857***

(0.021) (0.017) (0.016) (0.000)

Reform effect 0.278** 0.356*** 0.360*** 0.192*

(0.005) (0.000) (0.000) (0.037)

Market size −0.301*** −0.313*** −0.312***

(0.000) (0.000) (0.000)

Number of products in ATC3 group 0.320*** 0.355***

(0.000) (0.000)

Avr. HHI before reform 1.220***

(0.000)

Constant −2.195*** 0.957 −0.737 −0.937

(0.000) (0.147) (0.261) (0.150)

N 18,217 18,217 18,217 18,217

𝐴𝐴 𝐴𝐴2

overall
  0.00334 0.0250 0.0343 0.00228

𝐴𝐴 𝐴𝐴2

within
  0.0448 0.0631 0.0633 0.0946

𝐴𝐴 𝐴𝐴2

between
  0.0182 0.00910 0.0307 0.000586

Note: p-values in parentheses.
Abbreviation: HHI, Herfindahl-Hirschman index.
*p < 0.05, **p < 0.01, ***p < 0.001.

T A B L E  A 2   Market shares weighted by prices

BIRG

T A B L E  A 1   (Continued)

Market shares imports

Interaction 26 0.177*

(0.041)

Interaction 27 0.176*

(0.029)

Interaction 28 0.141

(0.090)

Interaction 29 0.177*

(0.022)

Interaction 30 0.154*

(0.035)

Interaction 31 0.0940

(0.100)

Constant −2.361

(0.578)

N 10,156

R 2 0.204

Note: p-values in parentheses.
*p < 0.05, **p < 0.01, ***p < 0.001.
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A.2.3  |  Matching
In addition to the difference-in-differences model in the main part, I also examine the effect of the reform using a matching 
approach. The effect of the reform is identified by comparing similar markets before the reform. The matching strategy follows 
Imai et al. (2022).

The treatment starts for all markets in the same period. Similar markets are identified by using a time span of 6 month before 
the reform is announced. Similar to the regression in the main part of the paper, market size, the number of products in the same 
ATC3 group and HHI are considered as covariates. 250 markets from the treatment group are used for matching. Each of these 
markets is assigned 112 markets from the control group. Taking into account King and Nielsen's (2019) criticism of propensity 
score matching, Mahalanobi's distance matching was chosen as the refinement method. The covariate balance as used by King 
and Nielsen (2019) is close to zero (see Table A3).

Figures A1 and A2 show the covariate balance before and after refinement, respectively, indicating that the refinement 
method was effective in bringing the covariate balance closer to zero.

Figure A5 also shows the effectiveness of the chosen refinement method. It compares the absolute value of the standardized 
mean difference for each covariate before and after the refinement. Most of the observations are below the diagonal line, again 
indicating the effectiveness of the refinement.

Based on the matched sets, the effect of the reform on the market share of imports is estimated by using the 
difference-in-differences approach as in Imai et  al.  (2019). Standard errors are computed with 1000 weighted bootstrap 
samples. The estimated coefficient for the effect of the reform on the (log) market share of imports is 0.05. The coefficient 
is positive but close to zero. In addition, with a standard error of 0.038 it is not statistically significant different from zero at 
usual levels.

Decreasing the time span for the identification of similar markets increases the number of matched markets in the treatment 
group to 311. But this does not alter the regression outcome considerably.

Therefore, using a matching approach does not allow to identify a significant effect of the reform on the market share of 
parallel imports.

The same matching procedure was followed to identify the effect of the reform on the number of importers. 312 
markets from the treatment group are used for the matching. Each of these markets is assigned 112 markets from the 
control group.  Again, Mahalanobi's distance matching was chosen as the refinement method. Compared to examining 
market shares, the covariate balance is larger, even after refinement, indicating less effective matching (see Table A4 and 
Figures A4–A6).

Based on this matched sets, the effect of the reform on the number of importers is estimated in the same way as for market 
shares. The estimated coefficient for the effect of the reform on the (log) number of importers is 0.09. The coefficient is posi-
tive. With a standard error of 0.021 it is statistically significant different from zero at the 0.001 level.

BIRG

M.S. Imports Market size N Prod in ATC3 group HHI

t_6 −0.244 −0.246 −0.029 0.141

t_5 0.000 −0.230 −0.025 0.167

t_4 −0.041 −0.191 −0.028 0.172

t_3 0.091 −0.177 −0.027 0.119

t_2 0.058 −0.129 −0.029 0.110

t_1 0.159 −0.076 −0.031 0.058

t_0 0.205 −0.069 −0.033 0.032

Abbreviation: HHI, Herfindahl-Hirschman index.

T A B L E  A 3   Covariate balance
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F I G U R E  A 1   Covariate balance before 
refinement [Colour figure can be viewed at 
wileyonlinelibrary.com]

F I G U R E  A 2   Covariate balance after 
refinement [Colour figure can be viewed at 
wileyonlinelibrary.com]

N of importers (log) Market size N Prod in ATC3 group HHI

t_6 0.138 −0.246 −0.029 0.141

t_5 0.170 −0.230 −0.026 0.167

t_4 0.191 −0.191 −0.028 0.172

t_3 0.241 −0.176 −0.028 0.119

t_2 0.265 −0.129 −0.030 0.111

t_1 0.301 −0.076 −0.032 0.059

t_0 0.409 −0.068 −0.033 0.033

Abbreviation: HHI, Herfindahl-Hirschman index.

T A B L E  A 4   Covariate balance

https://wileyonlinelibrary.com
https://wileyonlinelibrary.com
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F I G U R E  A 3   Scatter plot refinement 
effectiveness [Colour figure can be viewed at 
wileyonlinelibrary.com]

F I G U R E  A 5   Covariate balance after 
refinement [Colour figure can be viewed at 
wileyonlinelibrary.com]

F I G U R E  A 4   Covariate balance before 
refinement [Colour figure can be viewed at 
wileyonlinelibrary.com]

https://wileyonlinelibrary.com
https://wileyonlinelibrary.com
https://wileyonlinelibrary.com
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F I G U R E  A 6   Scater plot refinement 
effectiveness [Colour figure can be viewed at 
wileyonlinelibrary.com]

https://wileyonlinelibrary.com
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