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...economists must o�er a rigorous analysis of how markets work,

taking into account both the speci�cities of particular industries

and what regulators do and do not know.

� Jean Tirole, 2015, p. 1666, Bank of Sweden Prize

in Economic Sciences in memory of Alfred Nobel

Using the tools of empirical industrial organization, this thesis analyzes the phar-
maceutical industry. Whether competition and regulation in pharmaceutical mar-
kets lead to e�cient outcomes is a central question for health policy. Particularly, I
focus on welfare e�ects and price changes due to policies concerned with advertis-
ing, parallel trade, and cost-sharing. Various forms of industry regulation trade o�
consumer surplus, for example via lower prices, and pro�ts, for example via returns
to investments (Tirole, 2015). The welfare e�ects of policy interventions calculated
with full models of demand and supply, provide useful guidance for optimal regula-
tion. The �eld of empirical industrial organization studies the structure of industries
in the economy and the behavior of consumers and �rm strategies. Recent advances
in estimation techniques and data availability has motivated more structural empir-
ical approaches, i.e., the combination of theoretical rationales and empirical work
(Einav and Levin, 2010).

I am interested in the question of how patients and �rms interact in the phar-
maceutical market. The size of the pharmaceutical industry that constitutes about
1.7 % of GDP in Germany and about 2.1% in the US (both 2009) is large enough to
warrant extended analysis (OECD, 2011). In recent years, pharmaceutical markets
have increasingly been in the focus of public attention due to demographic changes
and broader health insurance coverage. The market is growing and pharmaceuti-
cal sales in 2013 were more than US $800bn (in ex-factory prices) (Kyle and Scott
Morton, 2012). Studies generally �nd that pharmaceuticals add large bene�ts to
the social welfare of societies. The extreme complexity of pharmaceutical markets
makes it especially di�cult to analyze them with traditional methods. In particular,
this thesis focuses on questions of how demand- and supply-side regulations shape
demand patterns and �rms' strategies. Robust policy evaluations rely on careful
studies of market conduct. Structural econometric models incorporate these market
principles by modeling consumer behavior and �rm strategies.

Pharmaceutical products are experience goods and the matching process to �nd a
suitable (or the best) treatment takes time and e�ort of patients and physicians. Pa-
tients and physicians as their agents are uncertain of the quality and e�cacy of med-
ical treatments or products (Ching, 2010; Crawford and Shum, 2005; Iizuka, 2004).
Consumers are risk-averse to receiving a low-quality product or a non-matching
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drug due to rather severe consequences. Typical risks of patients in pharmaceutical
markets are bad health outcomes, such as no or low e�cacy, or unintended severe
side e�ects. Uncertainty about the characteristics of a product may sustain even
after experiences with the product (Erdem, 1998). For some drugs it takes time
to reveal their curative power, and for some preventive medicines, e.g., for chronic
diseases, the curative power might never be completely revealed. Imperfect infor-
mation about drugs, heterogeneous responses to medical treatments, and risk-averse
consumers result in high switching costs for pharmaceuticals. One consequence is
relatively brand-loyal consumers (Crawford and Shum, 2005). In particular, these
demand-side characteristics have implications for cost-sharing policies and advertis-
ing regulations.

I methodologically apply recent empirical techniques to analyze market interac-
tions in imperfectly competitive pharmaceutical markets. Advances in econometrics
� in combination with structural assumptions from theory � more and better data
have made empirical industrial organization much more useful. For example, new
tools for demand estimations have improved the analysis of market outcomes (Pakes,
2003). I make use of a structural econometric modeling of demand and supply to un-
ravel the impact of regulation in drug markets (Berry, Levinsohn, and Pakes, 1995;
Berry, 1994). Understanding consumer behavior and �rm strategies is of particular
importance in complex and heavily regulated markets like pharmaceuticals (Berndt,
McGuire, and Newhouse, 2011). On the demand side, I consider utility-maximizing
patients who select treatments from a choice set of available drugs. Drugs are ex-
perience goods, the choice process is complex, and patients are heterogeneous, for
example facing di�erent cost-sharing (prices). Widespread (public) insurance cov-
erage, moral hazard, and asymmetric information may not express the marginal
bene�ts in health care demand curves (Berndt, McGuire, and Newhouse, 2011).

On the supply side, patent laws and federal regulation adds to the complexity
of markets (Berndt, McGuire, and Newhouse, 2011). Therefore, I assume Bertrand-
Nash competition with di�erentiated products in therapeutic drug markets (Dubois
and Lasio, 2014; Kaiser, Mendez, Rønde, and Ullrich, 2014). The theoretical struc-
ture seems to be a good �t for o�-patent molecules where originators compete with
generic manufacturers. In Europe, originators also face competition for patented
molecules by parallel imports. Therapeutic markets that are comprised of more
than one molecule, either patented or o�-patent, allow the patients to switch be-
tween molecules. Thus, the range of potential competition is large in many phar-
maceutical markets. The supply side of the drug market is characterized by high
(sunk) �xed costs for research and development and moderate costs of production,
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approval, and advertising (DiMasi and Paquette, 2004). In particular the following
chapters on parallel imports and the decision to advertise focuses on the outcomes
of supply-side regulations.

To empirically study pharmaceutical markets, I collect unique and detailed data.
The backbone of this thesis are the market level data of three therapeutic drug mar-
kets, namely anti-diabetes, anti-epileptics, and Alzheimer's disease drugs. Those are
comprised of products that were reimbursed by German public health insurances be-
tween January 2004 and December 2010. Price and sales data are available at the
package level and at the level of daily doses, which allows to compare products with
di�erent active substances and presentations. Each drug is characterized by name,
active substance, company name, package size, strength, de�ned daily dosages, and
an indication of whether the drug was exempt from co-payments. Data is provided
by IMS Health, a private marketing and consulting �rm, and extracted from their
database Pharmascope National. The richness of information allows demand esti-
mations and simulations, which are the premises for estimating welfare e�ects.

This product level database is merged with monthly �rm-level direct-to-consumer
advertising expenditures from Nielsen Media Research Germany. Advertising expen-
ditures in euros include nationwide advertising in newspapers, journals, TV, radio,
on billboards, and the internet. Advertising provides information on the strategic
marketing behavior of �rms. Furthermore, I collect epidemiological data of patients
with diabetes in Germany from the German Diabetes Association and of patients
with Alzheimer's disease from the German College of General Practitioners and
Family Physicians and from the European Collaboration on Dementia Project. Ad-
ditionally, I merge product level prices from Denmark to instrument for potentially
endogenous prices. This approach assumes that prices in di�erent geographical
markets are driven by common cost drivers that are independent of country-speci�c
demand shocks (Hausman-style instrumental variables). The prices of authorized
pharmaceutical products in Denmark are publicly available.

To study the e�ects of cost-sharing and to evaluate the policy of co-payment
exemptions for comparatively low priced drugs, I collect quarterly product level
data on co-payment exemptions from January 2007 to December 2010 from the
Federal Association of Statutory Health Insurance Funds (FASHI) in Germany. This
information is merged with a quarterly database on reference prices from theGerman
Institute for Medical Documentation and Information (DIMDI). The �nal database
contains prices, reference prices, and information on co-payment exemptions. The
data covers 71.7% of all drug packages and 36.6% of all pharmaceutical expenses in
Germany sold until the end of 2010.
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Pricing in Germany. This study analyzes the pricing strategies of generic, brand-
name, and importing �rms after the introduction of price limits below which drugs
are exempt from co-payments. The new regulation incentivizes patients to buy cost-
e�cient products and �rms strategically decide to adjust prices to the exemption
limit. The policy a�ects drugs regulated by reference prices in Germany. We em-
ploy quarterly data from that market from 2007 to 2010. Identi�cation relies on a
di�erence-in-di�erences approach, instruments that proxy for regulation intensity,
and the fact that the exemption policy was introduced successively in selected ther-
apeutic markets (reference price groups) during this period. Our results show that
the new policy leads to an average price decrease of 4.9% for generics while brand-
name �rms increase prices by 6.4%. We refer to these results as the �co-payment
exemption paradox� and show that �rms di�erentiate their products even in highly
regulated markets.

Chapter 5 summarizes this dissertation and concludes.

The progress in analyzing �rms and consumers in various markets settings re-
sulted in the award of the 2014 Sveriges Riksbank Prize in Economic Sciences in
Memory of Alfred Nobel to Jean Tirole. This dissertation is meant to follow the
two social responsibilities of the economists that Jean Tirole de�ned for the �eld
of industrial organization: the rigorous analysis of how markets work and the par-
ticipation in policy debate (Tirole, 2015). In the future, new market dynamics will
challenge the e�ciency of existing regulation. For example, the arrival of new tech-
nologies in health care provision poses challenges for existing market regulations,
i.e., the imitation of bio-pharmaceutical active ingredients (Danzon, 2011). My dis-
sertation aims at a better understanding of pharmaceutical markets to implement
regulations that lead to e�cient market outcomes and bene�t consumers.
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The venerable admonition not to quarrel over tastes is commonly

interpreted as advice to terminate a dispute when it has been

resolved into a di�erence of tastes, presumably because there is no

further room for rational persuasion. Tastes are the

unchallengeable axioms of a man's behavior: he may properly

(usefully) be criticized for ine�ciency in satisfying his desires,

but the desires themselves are data.
� Geroge J. Stigler and Gary Becker, 1977, p.76,

De Gustibus Non Est Disputandum

2.1 Introduction

Whether competition and regulation in pharmaceutical markets lead to e�cient
outcomes is a central question for health policy. Advertising plays a crucial role
in shaping demand curves and in information di�usion from �rms to consumers.
Analyzing marketing strategies is important in industries where the regulation of
advertising is heavily present, such as pharmaceuticals. When advertising, perceived
product quality and consumers' utility are correlated, the demand e�ects have im-
plications for consumers' choice problems, �rms' marketing strategies, and market
regulation. I investigate how advertising in non-prescription drug markets a�ects
prescription drug demand.

Prescription and non-prescription drugs are marketed in two very distinct regu-
latory settings. Physicians and pharmacists are involved in prescription drug pur-
chases and it is not allowed to advertise prescription drugs to patients in any OECD
country other than the US and New Zealand, e.g., antibiotics. Non-prescription
drugs (over-the-counter or OTC) drugs such as ibuprofen are sold without prescrip-
tions in supermarkets and pharmacies. For OTC drugs, advertising toward patients
(direct-to-consumer-advertising or DTCA) is an important industry feature (OECD,
2010). Spillover e�ects exist if patients use their knowledge of brand names from
the OTC market to purchase prescription drugs from the same brand. The linkage
of demand in prescription drugs and advertising in non-prescription drug markets
allows me to identify the e�ects of umbrella branding across di�erent pharmaceutical
markets.

The prerequisite for spillovers � multi-product �rms marketing prescription and
OTC drugs � are a common phenomenon of pharmaceutical markets. For example,
the �rm Bayer is an innovative drug manufacturer and one of the largest OTC
drug �rms worldwide. Bayer heavily advertises its OTC products, for example,
Aspirin, Aleve, and Cleratine. At the same time, the innovative drug branch of
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Bayer o�ers prescription drugs like oral anti-diabetics, contraceptives, and cancer
medication. Figures 2.1 and 2.2 show OTC and prescription drug packages, each of
which depicts the Bayer brand logo. Umbrella branding is a strategy where �rms
extend their brand name beyond the original category to send signals about quality
(Wernerfelt, 1988) or as a substitute for external certi�cation (Hakenes and Peitz,
2009).

My work follows on from the growing literature of structural empirical market
models where policy evaluations build on a rigorous analysis of consumer product
choices. The complex market structure of the drug industry, which interacts with
advertising regulation and �rms' umbrella branding strategies, shapes prescription
drug demand. Typically, drug consumers are not well-informed about available
products and experts (physicians or pharmacists) suggest treatments. In markets
of experience goods, the information about brand names might provide quality sig-
nals to consumers (Nelson, 1970; Erdem and Keane, 1996), for example, through
umbrella branding (Miklos-Thal, 2012). This research helps to understand the role
of regulation in industries with multiple regulatory constraints, for example, on
advertising. Umbrella branding poses challenges for regulation if advertising is pro-
hibited in one market and allowed in markets with very similar products, like OTC
and prescription drugs in Europe. The problem is also complex for the US where
two distinct institutions oversee pharmaceutical direct-to-consumer advertising: the
Federal Trade Commission (FTC ) is responsible for OTC drugs and the Food and
Drug Administration (FDA) for prescription drugs.

Figure 2.1: Bayer OTC Drugs (Selection)

Advertising spillovers have implications for health policy-makers that are con-
cerned with medical under- or over-treatment of diseases. If advertising spillovers
have positive e�ects on demand and result in market expansion, under-treated pa-
tients would bene�t. Alzheimer's is considered to be an under-treated disease.
On the opposite side, market expansion through advertising is harmful for over-
prescribed medications, such as antibiotics. Recently, several US-based medical
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Figure 2.2: Bayer Prescription Drugs (Selection)

institutions and consumer protection agencies, including the FDA, the Institute of
Medicine (IOM ), and the Institute For Safe Medication Practices (ISMP) have
added the topic of pharmaceutical branding to their agendas, e.g., brand-name ex-
tensions (FDA, 2014; Kohn, Corrigan, and Donaldson, 2000; ISMP, 2007). Umbrella
branding is one way to extend brand-names and might pose a challenge to consumer
protection. For pharmaceuticals, information di�usion and advertising become more
important since more information is freely available for patients, e.g., on the internet.
The European Commission has also launched approaches to provide more informa-
tion to patients due to increasing interest in learning about medicine (Watson, 2011).
My results are interesting for policy-makers and regulators who are concerned with
information di�usion in prescription drug markets and patients' demand patterns.

Drug markets where patient-directed advertising is prohibited provide an ideal
setting to test for spillovers. Therefore, my database focuses on the Alzheimer's
disease (AD) drug market in Germany and includes sales, prices, and product char-
acteristics from 2004 to 2010. Although the aim of this paper is to analyze welfare
and structurally estimate a demand model, I start the empirical analysis with a
reduced-form investigation. An endogeneity problem arises from �rms strategically
choosing advertising expenditures and media channels. To alleviate endogeneity
issues, I implement instrumental variables for advertising, i.e., the seasonality of
common illnesses treated with OTC products and its correlation with OTC adver-
tising expenditures. The instruments rely on the exogeneity of OTC drug demand
and its strong correlation with advertising. I �nd positive and signi�cant spillover
e�ects from OTC drug market advertising on prescription drug demand.

Next, I model individual demand, allow advertising spillovers from OTC mar-
kets, and estimate a discrete-choice demand system with random coe�cients (Berry,
Levinsohn, and Pakes (1995), henceforth BLP). Price and advertising coe�cients
are identi�ed by optimal instruments in the sense of Chamberlain (1987) and Rey-
naert and Verboven (2014), seasonality of OTC drug markets, prices from Denmark
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logit demand model. Other structural product-level discrete choice models, e.g.,
Dutta (2011), largely ignore the e�ect of advertising. Individual-level databases
have triggered more research on advertising and demand (Yin, 2015; Dunn, 2012;
Ackerberg, 2003). However, neither of the previous research streams calculate the
welfare e�ects of umbrella branding nor do they focus on the role of brand-name
spillovers from OTC markets.

Aside from pharmaceutical markets, some research is concerned with modeling
advertising and consumers' utility (Dubois, Gri�th, and O'Connell, 2014). Part of
this literature is interested in the nature of advertising: information provision on
the existence of products, about speci�c product attributes, and signaling product
quality (persuasion). For example, in the context of drug markets, advertising could
provide information on new drug therapies, about curative e�ects of speci�c drugs,
and about brand names. Recent print advertisements for Alzheimer's disease drugs
in the US contain elements of information and persuasion (Gooblar and Carpenter,
2013). However, in nations with restricted advertising the content of advertising
spillovers is limited to brand-names. I model advertising as a product characteristic.

On the supply side, pro�t-maximizing �rms observe demand curves, set prices,
and decide to invest in umbrella branding. However, strategies di�er for originators
and generic manufacturers. As is shown in consequent sections, advertising is not a
relevant strategy for importers.

Originators maintain their brand status by advertising and, thereby, make their
products known to consumers and physicians. Drugs are advertised to di�erentiate
from therapeutic alternatives or from imported versions and for life cycle manage-
ment purposes (Bhattacharya and Vogt, 2003; Caves, Whinston, and Hurwitz, 1991).
The European Commission (EUC, 2009) points out that advertising is a strategy
of incumbents to react to generic entry. Firms tend to advertise more for products
that are less price elastic (Rizzo, 1999). Thus, insurance plan coverage, like in the
context of Medicare Part D, leads to an increase in advertising (and utilization) of
drugs covered by health plans (Lakdawalla, Sood, and Gu, 2013). Indeed, origina-
tors spending the most on advertising (see Table 2.1). My welfare analysis examines
the pro�t increases of originators due to advertising, although the relative increase
seems to be larger for generic �rms.

Advertising allows generic manufacturers to increase awareness of generic sub-
stitutes. Generic �rms inform patients of alternative brands in former monopolistic
therapeutic �elds (Königbauer, 2007; Hurwitz and Caves, 1988), overcome brand
loyalty, and switching costs (Shum, 2004). For example, the German OTC com-
mercials of the generic �rm ratiopharm show twins asking for lower-priced drug
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in physician o�ces.4 This implies that the actual place and procedure to receive
an OTC drug is the same as for prescription drugs. These features particularly
allow to study e�ects at the border of prescription and OTC drugs in the German
drug market. The need for a prescription and health insurance coverage are the
main di�erences between the two drug types. OTC drugs are available without
prescriptions and are chosen by patients from the shelf space or after expert advice
from the pharmacist.

Physicians are free in their drug choices and can either prescribe a speci�c prod-
uct (and package size and strength) or an active ingredient. With an indication on
the prescription they can prohibit substitution in the pharmacy. Physicians face
a non-binding prescription cost benchmark with neighboring colleagues, which was
brought into e�ect in 2001. However, benchmarks are individually re-negotiated,
adjusted to patients' morbidity, and are poorly enforced (Korzilius, 2011). I ar-
gue that the prescription benchmark is a weak incentive for physicians to prescribe
lower-priced pharmaceuticals. Physicians' reimbursement is independent of their
prescription behavior and is uniform across Germany.

Alzheimer's Disease is a form of dementia characterized by memory loss and
cognitive decline. It is the most common form of dementia and the disease typi-
cally follows a progressive course resulting from various central neurodegenerative
and ischemic processes (Qaseem, Snow, Cross Jr, Forciea, and Hopkins Jr, 2008).
Scientists still do not fully understand what causes AD, but most likely factors
include a mix of genetic, environmental, and lifestyle factors. Preventive actions,
for example omega-3 fatty acid supplementation or physical activity, show modest
therapeutic potential, if any (Winslow, Onysko, Stob, and Hazlewood, 2011). There
are several reasons why this paper focuses on the market for Alzheimer's disease
drugs. First, Alzheimer's disease prevalence is strongly driven by age. Research
on age-related diseases, like Alzheimer's disease, are of growing importance due to
the aging Baby Boom generation and medical innovations. Second, the economic
and social burdens of Alzheimer's disease on societies with aging populations are
enormous: Zissimopoulos, Crimmins, and St.Clair (2014) use micro-simulations to
predict 9.1 million patients, each with annual costs of US $71,303 for the year 2050
in the US. Drugs that delay onset could signi�cantly lower the prevalence and asso-
ciated costs of AD.

4All OTC drugs are also behind-the-counter products and are only available in pharmacies.
Dietary supplements and very low-dosage herbal molecules are available in drug drugstores.
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Alzheimer's Disease Drug Market constitutes of six di�erent molecules,
two o�-patent and four patented active ingredients. The drugs comprise patented
originators, imported patented originator drugs,5 and generics. All international
clinical guidelines recommend the �rst-line pharmacological treatment options
cholinesterase inhibitors (donepezil, galantamine and rivastigmine) and memantine
(DGPPN (2009) for Germany; Winslow, Onysko, Stob, and Hazlewood (2011); Ra-
bins, Schneider, Tariot, and Anzia (2007); Qaseem, Snow, Cross Jr, Forciea, and
Hopkins Jr (2008) for the US; NICE (2011) for the UK). Piracetam is frequently
prescribed and reimbursed as a medical therapy for AD patients in Germany, al-
though it is not recommended in every clinical guideline. The drug is associated
with increasing blood �ows in parts of the brain but its therapeutic value for de-
mentia is under discussion (and is not approved by the FDA) (DGPPN, 2009; Flicker
and Evans, 2004). Non-pharmacological treatments, for example, cognitive training
or physical activity, are suggested as additional therapy, some of them with limited
evidence (Ballard, Khan, Clack, and Corbett, 2011).

In addition, some guidelines mention evidence of treatments with selegiline,
testosterone, or ginkgo biloba (Winslow, Onysko, Stob, and Hazlewood, 2011;
DGPPN, 2009). Ginkgo biloba is reimbursed by the public health insurance in
Germany if prescribed for AD patients and is included in the data. The herbal
active ingredient is available as prescription drug and also available without a pre-
scription. This double classi�cation is rooted in the reimbursement system of the
German public health insurance. Few OTC products are eligible for reimbursement
if they are prescribed by a physician. The list of eligible drugs is limited and all
other OTC drugs are not covered by any public plan. Examples of covered OTC
drugs are acetylsalicylic acid to prevent myocardial infarction and ginkgo biloba for
dementia. In order to receive reimbursement for covered OTC drugs from the Ger-
man public health insurance, patients have to follow the procedure as if they had
received a prescription drug: patients hand their prescription to the pharmacist,
co-pay, and receive the OTC drug. Pharmacies are reimbursed as if ginkgo biloba
was a prescription drug. Those hybrid markets allow �rms to advertise reimbursed
OTC drugs directly to consumers. I discuss possible issues in section 2.6. Sometimes
pharmaceuticals switch their status from prescription to non-prescription (so-called
Rx-to-OTC Switch). Prominent examples in the US and Germany are proton pump
inhibitors (PPI) against heartburn and emergency contraceptives. There are no
Rx-to-OTC Switches in the Alzheimer's disease market.

5Imported originator drugs (parallel imports) are the result of free trade and public pharma-
ceutical price regulation in the European Union (Duso, Herr, and Suppliet, 2014).
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Figure 2.3: Prescription Drug Sales and OTC Advertising

Notes: The upper graph shows monthly prescription drug sales in the Alzheimer's

disease market and advertising expenditures in the OTC market from Jan 2004

to Dec 2010. Vertical lines indicate Novembers, the months when spending peaks

each year. The lower graph shows sales of advertising �rms and non-advertising

�rms, and advertising expenditures. Data: IMS Health and Nielsen Media Re-

search.
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Figure 2.4: Sales and Market Shares of Advertising vs Non-
Advertising Firms

Notes: The upper graph shows sales of advertising and non-advertising �rms in

the AD drug market between 2004 and 2010. The bottom picture displays market

shares of advertising and non-advertising �rms in the AD drug market from 2004

to 2010. Data from IMS Health and Nielsen Media Research.
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IV approach where instruments take advantage of seasonal OTC advertising. The
seasonality of common illnesses, like colds, drives demand and advertising in OTC
markets, as described in Figure 2.3. I assume that the main driver of OTC drug
market advertising is OTC drug market seasonality. In the same �gure it is shown
that overall monthly sales of AD drugs do not follow seasonal trends.

Since this study focuses on the e�ect of advertising stocks on drug demand, my
instruments need to account for the long-lasting e�ects of advertising. I approximate
the distance to the last November by constructing a stock of seasons. This variable
is calculated on the �rm-level and captures the number of peak advertising seasons
in which a �rm is in the market. The variable captures the number of times �rm
had the possibility to advertise its brand name in the past. By the same rationale,
as the dummy variable season is correlated with monthly advertising expenditures,
the stock of seasons is correlated with the stock of consumer-directed advertising.
Formally, I de�ne seasonality dummy variables which equal one in November and
zero otherwise. The stock of seasons is created by a sum over the seasonality dummy
variable with a depreciation rate of 10 percent per month. Both measures � season
and stock of season � are independent of the error terms of prescription drug sales in
Equation 2.2. There is no reasonable explanation as to why seasonality or the stock
of seasonality (the depreciated stocks of Novembers) would have any explanatory
power for the stock of detailing, the unobserved variable.

Table 2.4, columns (FE) and (IV) show the e�ects of advertising on sales. Re-
sults of the �rst-stage estimation are provided in the last column. The speci�cation
controls for product �xed-e�ects and instruments for advertising in column IV. Re-
sults indicate a statistical signi�cant positive e�ect of advertising on sales: a 10
percent increase in advertising stocks increase sales by about 1.1 percent.

Moreover, the e�ects of OTC advertising on market shares are very similar: a
10 percent increase in advertising is associated with an 1 percent higher market
share. The coe�cients double when instrumenting for advertising expenditures.
Estimations with a binary advertising variable as an explanatory variable yield very
similar results. The complete list of results are available from the author upon
request. Results are similar for a larger dataset, the positive spillover e�ect is
persistent across di�erent drug markets. I estimate the reduced-form equation (2.2)
with data on oral anti-diabetics, anti-epileptic, and AD drugs. Results are presented
in Appendix 2.8. I �nd in the descriptive analysis and in the reduced-form results
suggestive evidence that umbrella branding has positive e�ects on sales and market
shares. The results do not allow statements about consumer surplus and welfare.
Therefore, I turn to a full structural econometric model in the next section.
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2.4 Economic Model

The structural model analyzes the e�ects of umbrella branding on prescription drug
demand. The demand model allows individual advertising spillovers from OTC
markets on consumers' utility and captures individual price-sensitivity. On the
supply side, I assume oligopolistic competition, calculate elasticities, margins and
marginal costs. In the counter-factual analysis, I calculate equilibrium outcomes
� like price, quantities, and consumer surplus � in a market without advertising
spillovers and make a comparison to the status quo.

2.4.1 Pharmaceutical Demand

This section models demand and allows advertising spillovers from OTC advertising
on patient's utility and prescription drug demand. Drugs are di�erentiated by ob-
servable characteristics like active ingredients or package sizes. The demand model
captures vertical product di�erentiation by product �xed-e�ects. At the same time,
some consumers have a preference for speci�c drugs. Horizontal di�erentiation is
allowed by an idiosyncratic error term. I estimate a random coe�cient logit de-
mand model which accommodates heterogeneous consumers and allows identifying
realistic substitution patterns (Berry, Levinsohn, and Pakes, 1995).

The decision to purchase a drug is not straightforward. Demand structures are
complex and several parties are involved. Aggregate data, like in this study, in-
clude the preferences of all decision makers during the purchasing process. For
example, patients might be covered by insurances and rely on physicians recommen-
dations. Physicians might have their own preferences for particular brands or active
ingredients. And patients might respond di�erently to advice from physicians or
pharmacists. I assume that patients, given individual insurance coverage, maximize
utility jointly with their physician and pharmacist by selecting one product from
the (J + 1) choice set. Reimbursement for physicians does not depend on the num-
ber of prescriptions or on drug prices, they have incentives to prescribe drugs that
are e�ective or which they believe to be e�ective. Regulation weakly incentivizes
doctors to take drug prices into account. Pharmacists hand out the indicated drug
on the prescription or substitute it if the drug is not in stock or not wanted by the
patient. However, their potential to switch drugs without the con�rmation of the
doctor or the patient is limited. Pharmacists incentives depend weakly on prices,
their reimbursement is a �xed fee and is 3 percent of the list price. My model cap-
tures heterogeneous demand parameters in a random coe�cient and is, due to its
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�exibility, a particular good �t to estimate pharmaceutical demand from aggregate
data (Dubois and Lasio, 2014).

The decision of patient i = {1, ..., I} to buy drug j = {1, ..., J} is the result of
utility maximization in time t = {1, ..., T}. In the German pharmaceutical market,
prescription drug advertising is prohibited. Firms cannot provide information on
new treatments or the product characteristics of prescription drugs. However, pa-
tients consume the advertising of OTC drugs, including information on brand names.
Patients have two options to in�uence drug consumption. First, patients may believe
in the superior e�cacy of a particular brand name, maybe due to advertising, and
might ask their doctors to prescribe a product from a speci�c brand. Physicians'
prescription behavior is shaped by patients' requests (Berndt and Donohue, 2004;
Soumerai, McLaughlin, and Avorn, 1989; Kravitz, Epstein, Feldman, Franz, Azari,
Wilkes, Hinton, and Franks, 2005). Reports from the US state that 78 percent of
primary care physicians are asked by their patients for speci�c drugs which they
have seen directly advertised (ISMP, 2007). Most likely, the e�ect is smaller for ad-
vertising spillovers. Second, patients could choose a particular brand (or package)
in the pharmacy if alternatives are available. Both choice options can be driven by
advertising spillovers.

Patients' utility is modeled in the spirit of Lancaster (1971), which means that in-
dividual preferences depend on product characteristics. Consumers maximize utility
over bundles of characteristics. Utility is de�ned as:

uijft = −αpjt + σpjtνijt + γaft + βXj + ξjt + εijt, (2.3)

where the advertising of �rm f in the OTC market is denoted aft, price of
product j is pjt, Xj are drug characteristics, ξjt are unobserved e�ects on utility, and
εijt are a consumer-product-speci�c error terms. Individual (dis-)utility for prices
is captured by the term σpjtνijt. Utility can be decomposed into an individual
speci�c part, σpjtνijt + εijt, and the mean utility which is the same for all patients:
δjft = −αpjt + γaft + βXj + ξjt. Then, utility can be summarized to:

uijft = δjft + σpjtνijt + εijt. (2.4)

The time-invariant drug characteristics, Xj, include observable drug character-
istics, for example, active ingredient or brand name. I control for time-invariant
unobserved drug characteristics by product �xed-e�ects. The unobserved part of
utility, ξjt, is observed by �rms and patients, but not by the econometrician. Since
the model incorporates product and time �xed-e�ects, the unobserved part of utility
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can be re-de�ned as the product-time-speci�c deviation, ∆ξjt. Advertising, aft, en-
ters as a state variable which consists of current and past advertising expenditures.
Patients observe product attributes, including prices and advertising.

Prices, pjt, are manufacturers' prices per de�ned daily dose (DDD).10 They are
the more accurate variable in terms of decision making although consumers bear
only co-payments, at a fraction of the list prices. Co-payments are a kinked func-
tion of manufacturer prices. Also, manufacturer prices are the strategic variable
of �rms. Moreover, all parties involved, such as physicians, health insurances, and
pharmacists, base their decision (partially) on manufacturer prices. The random
coe�cient allows heterogeneous individual speci�c preferences for prices.

In the context of BLP demand estimations, most authors de�ne advertising as
part of consumers' utility, for example, Murry (2015) for automobile demand, Nevo
(2001) for cereals, or Chintagunta (2002) for analgesics. Ignoring advertising as a
product characteristic in discrete-choice demand estimations leads to biased price
coe�cients and wrong predictions if advertising is a strategic variable, e.g., in merger
simulations (Tenn, Froeb, and Tschantz, 2010).

Assuming utility maximization and the error term εijt to be independently and
identically extreme value type I distributed,11 the choice probability of drug j for
consumer i in time t is:

sijft(X, p, a; θ) =
exp(δjft + σpjtνijt)

1 +
∑

J exp(δjft + σpjtνijt)
, (2.5)

where θ = [α, β, γ, σ]. The assumption that ν is distributed with p.d.f. dPν
allows to sum up individual choice probabilities and result in the market share
equations:

sjft(X, p, a; θ) =

∫
νt

exp(δjft + σpjtνijt)

1 +
∑

J exp(δjft + σpjtνijt)
dPν(νt). (2.6)

Section 2.4.2 describes in more detail the numerical solution of the integral 2.6
and the role of unobserved characteristics, ξjt.

10Although the use of manufacturers prices does not allow to calculate traditional consumer
surplus I calculate demand-side surplus as an approximation.

11Logit demand models (or nested logit demand models) are simpli�ed versions of the random
coe�cients models and assume σpjtνijt = 0. Estimates for utility under the assumption of a simple
logit error term are presented as a benchmark case in section 2.5 and depend on the linear mean
utility and on the error term: uijft = δjft + εijt .



2.4. ECONOMIC MODEL 32

This logit model includes an option not to buy Alzheimer's disease drugs which
is a composite outside good. The outside good includes the option to buy other
treatments, such as cognitive training applications or personal memory training,
and it has a normalized indirect utility ui0t = εi0t.

The total market size,M , is calculated by daily doses potentially consumed by all
Alzheimer's disease patients per month. As the main risk factor for Alzheimer's dis-
ease is age, I collected historic age-speci�c prevalence rates from the German College
of General Practitioners and Family Physicians (Degam, 2008) and the European
Collaboration on Dementia Project (Eurocode, 2015) to determine the number of
patients per month. About 5 percent of the population aged over 65 and 20 per-
cent of the population aged over 80 are diagnosed with dementia, whereof about 65
percent are associated with the Alzheimer's disease (Degam, 2008; Eurocode, 2015).
The total market size increased from about 900k to 1.1m patients from 2000 to 2010
and results in about 30m potentially consumed DDD per month. The actual market
size in my data is smaller due to non-diagnosed or non-medically treated patients.
To choose a broader/narrower de�nition of the total market size does not a�ect
the estimated coe�cients from the demand estimation but result in proportionally
lower/higher demand elasticities.

2.4.2 Identi�cation and Estimation

The estimation strategy for the demand model in 2.4.1 follows the algorithm of
Berry, Levinsohn, and Pakes (1995) and extends and modi�es it in several dimensions
(Reynaert and Verboven, 2014; Hess, Train, and Polak, 2006).

I address the endogeneity of the structural model by using instrumental variables
and estimate the model with Generalized Method of Moments (GMM). My moment
condition relates the structural error term, ξjt, and a set of instrumental variables:

E[ξjt|Xjt(θ), Zjt], (2.7)

where Xjt(θ) contains all observable characteristics and Zjt are instrumental
variables which I explain in more detail in the following.

First, I focus on the identi�cation of σ. The random coe�cient re�ects the vari-
ance of the taste distribution across consumers' unobserved taste shocks. Variation
of sales over time and changing choice sets (due to entry and exit) help to identify
the random coe�cient (Sovinsky, 2008). Additionally, I use optimal instruments in
the sense of Chamberlain (1987), namely the expected value of derivatives of the
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product-speci�c unobserved quality with respect to the random coe�cient parameter
σ:

zjt = E[
∂ξjt(α, β, γ, σ)

∂(σ)′
|xjt] (2.8)

I follow the approximation of optimal instruments of Reynaert and Verboven
(2014) to calculate the instruments. I predict prices from a �rst-stage estimation
with instrumental variables, Zjt, and calculate derivatives of the mean utility with
respect to the variance coe�cient σ in the form ∂δjft( ˆsjft,σ)

∂σ
.

A second concern are potentially endogenous advertising expenditures. Advertis-
ing expenditures in the market for OTC drugs are driven by demand patterns that
depend on seasonality, like �u and colds. I instrument for OTC drug advertising
and exploit the seasonality of OTC drug markets, as explained in section 2.3.3.

Third, I use pharmaceutical prices for Alzheimer's disease drugs from an-
other country, Denmark, as instrumental variables for prices. Nevo (2001) applies
Hausman-style IV in the BLP framework, and Berndt, Pindyck, and Azoulay (2003)
in pharmaceutical markets. This approach assumes that prices in di�erent geograph-
ical markets are driven by common costs and are independent of country-speci�c
demand shocks. The prices of all authorized pharmaceutical products marketed in
Denmark are publicly available at http://medicinpriser.dk/. I replace the Dan-
ish drug price with means of therapeutically equivalent products if the same product
is not available in Denmark.

Fourth, in order to utilize instruments that are correlated with prices but not
with unobserved quality, I construct the statistical means of competitors' prod-
ucts characteristics (Berry, Levinsohn, and Pakes, 1995). Product �xed-e�ects fully
account for the time-invariant correlation between prices and unobserved character-
istics (Nevo, 2001). For time-product-speci�c unobservables, ∆ξjt, I use traditional
BLP-style instruments. The main assumption is that competitors' product charac-
teristics � and, in particular, the product's location in the characteristics space �
are exogenous. Endogenous quality choice of �rms, e.g., the choice of product char-
acteristics (Crawford, 2012), is not an issue in the pharmaceutical industry since
products are either an outcome of an uncertain investment in research or due to
regulatory changes, e.g., patent duration. Speci�cally, I include the mean DDD per
package of all competitors in the active ingredient class, the mean product age of all
competitors, the mean package size of all competitors, and quadratic polynomials
of all variables.

Tests of the set of instrumental variables in the �rst stage con�rm their strength,
e.g., F-values of excluded instruments are 33.46 (prices) and 34.89 (advertising).

http://medicinpriser.dk/
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Also, the tests for joint instrument signi�cance are above the critical value of ten
(Stock, Wright, and Yogo, 2002). The demand model is estimated with monthly
product-level data on all AD drug sales in Germany from 2004 to 2010. The sample
includes 106 products marketed by 54 �rms. The market share from Equation 2.6
need to be calculated numerically.12

2.4.3 Supply Model

I model the supply of prescription drugs as an oligopoly game where �rms strategi-
cally choose prices and advertising expenditures. This analysis abstracts from entry
and exit considerations and takes market structure as given.13

The oligopoly models of imperfect competition seem to be a good �t for thera-
peutic drug markets where patented and generic drugs compete for market shares
(Dubois and Lasio, 2014; Kaiser, Mendez, Rønde, and Ullrich, 2014). Also, origi-
nators compete with imported drugs (Duso, Herr, and Suppliet, 2014). The supply
side of drug markets is characterized by high (sunk) �xed costs for research and
development and moderate costs of production, approval, and advertising (DiMasi
and Paquette, 2004).

Firms maximize their pro�ts by setting prices in the prescription drug market
and by de�ning their advertising expenditures. The latter are freely set by �rms
depending on their OTC drug portfolio, and due to strategic considerations. If
�rms internalize the spillover e�ects of OTC advertising into the prescription drug
market, OTC advertising becomes a strategic variable for pro�t maximization in the
prescription drug market. The German pharmaceutical market is characterized by
free price-setting during my data period. However, the reimbursement policies of
the public health insurances, such as reference pricing or co-payments, set incentives
for price competition in o�-patent markets.

I assume advertising to be a �xed cost of production which is sunk after in-
vestment. Firms decide each period to increase their advertising stock. Advertising
stocks are modeled as the geometric sum of current and past advertising expenditures
with a depreciation rate of .1. The decision to invest in advertising expenditures
recurs every period. In the following, supply is modeled as a static game.14

12I use 5,000 pseudo-random draws using Modi�ed Latin Hypercube Sampling (Hess, Train, and
Polak, 2006). Several starting values con�rm the results.

13In this sample only generics and imports enter the market, which indicates regulation to be
the main driver of market structure, e.g., patent duration or reference pricing.

14A static framework is also estimated in Murry (2015) and Sovinsky (2008). Theoretical dy-
namic considerations are presented in Cohen and Rabinowitz (2013); Shapiro (2014); Dubois,
Gri�th, and O'Connell (2014).
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Firms' overall pro�ts depend on revenues from all marketed products, including
OTC drugs and non-medical drugs. In this paper, I model �rms' revenues from the
Alzheimer's disease market. The market consists of F �rms, each of which markets
a subset Ff of the j = {1, ..., J} drugs in market t = {1, ..., T} . The pro�t functions
of multi-product �rm's f over prescription drugs are denoted:

Πft =
∑
j∈Fft

(pjt −mcjt)Mtsjft(pt,at)− expft − Cf , (2.9)

where pjt is the price of product j and mcjt the marginal costs of the same drug.
The vectors of advertising stocks in time t are denoted by at and expft presents the
advertising expenditures of �rm f . The vectors of all prices in time t are denoted pt.
Market shares of products j are given by sjft(pt,at), total market size is denoted
Mt, and Cf are �xed costs of production. Note that market shares are a direct
function of the vectors of all prices, pt, and of all advertising stocks, at, in time t.

After observing demand factors, �rms maximize revenues by setting optimal
prescription drug prices and advertising expenditures. In a pure-strategy Bertrand-
Nash equilibrium, under the assumption of strictly positive support, every price for
product j must satisfy the �rst-order condition:

sjft(pt,at) +
∑
k∈Fft

(pkt −mckt)
∂skft(pt,at)

∂pjt
= 0. (2.10)

By de�nition, products are substitutes, cross-price derivatives are negative, and
(pkt − mckt) are markups on marginal costs. The assumptions about the indus-
try's code of conduct in the pharmaceutical industry allow to derive markups and
marginal costs for every product. I use the �rst-order condition of prices for simu-
lation and marginal costs as starting values for numerical optimization.

2.4.4 Simulation

In this section, I explain how to quantify the welfare e�ects of umbrella branding
and advertising spillovers from OTC drug markets on prescription drug markets
by comparing the equilibrium without advertising spillovers to the status quo. In
the following, I consider a counter-factual scenario where the e�ects of umbrella
branding are zero. This assumption allows to calculate the value of advertising by
comparing two market outcomes. Such a scenario is highly stylized but not unre-
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alistic. In practice, such an approach would imply plain packaging of prescription
drugs without any printed brand names.15

In my model, plain packaging for prescription drugs would still allow brand-
name advertising for OTC drugs. However, decisions on advertising expenditures
would only be relevant for the OTC markets and would not need to be modeled in
the counter-factual market of prescription drugs. Without advertising, the set of
strategic variables in the prescription drug market is limited to prices. In the new
equilibrium without spillovers, advertising a�ects neither patients' utility nor �rms'
set of strategic variables. In line with previous research, other variables are assumed
to be una�ected by the policy, including marginal costs (Nevo, 2001) and physician-
directed advertising like detailing. These assumptions hold in the short run because
�rms cannot immediately adjust product portfolios. However, �rms adjust their
marketing strategies in the longer run. For example, if �rms increase physician-
directed advertising expenditures due to the ban of consumer-directed advertising,
I would overestimate positive e�ects on demand.

Formally, the new price equilibrium, denoted by p0t , must ful�ll for all products
j at time t the �rst-order conditions:

sjft(p
0
t , 0) +

∑
k∈Fft

(pkt −mckt)
∂skft(p

0
t , 0)

∂pjt
= 0, (2.11)

where advertising stocks are zero, at = 0. Market shares for product j at time
t are given by:

sjft(X
0,p0t , 0; θ) =

∫
ν

exp(δ0jft + σp0jtνijt)

1 +
∑

J exp(δ0jft + σp0jtνijt)
dPνt(νt), (2.12)

where at = 0 and prices are optimal prices in the non-advertising state, p0.
The set of product characteristics, X0, does not contain advertising stocks. For the
counter-factual price equilibrium, I solve for equations 2.11 and 2.12 numerically.

In the following, I approximate the demand-side surplus. Since patients are not
fully exposed to the full price and the demand side of pharmaceuticals is also in-
�uenced by physicians, pharmacists, and health insurances, traditional consumer

15Most countries have enacted laws or guidelines for pharmaceutical packaging and labeling.
For example, policy-makers focus on brand-name extensions to avoid confusing information (FDA,
2014). Since plain packaging is mandatory for tobacco products in selected countries, for example
in Australia since 2011, some drug companies are worried about similar regulations for pharma-
ceuticals (WIPR, 2014).
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surplus cannot be calculated. Using the new simulated equilibrium for every pe-
riod (p0t and s0t ) and the estimated demand system, I compute a monetary value
of welfare of the advertising ban, the Hicksian compensation variation. The com-
pensation variation can be measured by solving the integral over the di�erences
in maximum expected utilities using numerical simulation (Small and Rosen, 1981;
Kaiser, Mendez, Rønde, and Ullrich, 2014):

CVt =

∫
1

α + νit

[
ln
∑
j

exp(δprejft + θpprejt νt)− ln
∑
j

exp(δpostjft + θppostjt νt)

]
dPν(νt)

(2.13)
where δpostjft = δ0jft and ppostjft = p0jft are counter-factual equilibrium values for

mean utility and prices, respectively. For a more complete welfare analysis, I report
revenues and public health insurance expenditures for the two scenarios. The welfare
analysis is limited to the AD market. Formally, the change in producer surplus in
the AD market is:

PSt = (pt ∗ qt)− (p0t ∗ q
0
t ) (2.14)

and pt and qt are vectors of all prices and quantities (st ∗Mt).16 Respectively,
vectors from the counter-factual scenario are denoted p0t and q0t .

2.5 Results

In this section, I present and discuss parameter estimates from the demand model,
elasticities, and counter-factual outcomes. Table 2.5 presents results for Logit de-
mand estimates, for Logit demand using instruments for prices and advertising, and
for Logit demand with random coe�cients.

Results of the �rst column in Table 2.5, Logit-OLS, have the underlying assump-
tion of homogeneous patient preferences with respect to prices. The price coe�cient
is negative, indicating a disutility for prices, and the coe�cient for advertising is
positive and signi�cant. The latter indicates a positive valuation of brand names
by consumers. The second column, Logit-IV, presents the results for a model that
uses instruments for prices and advertising. Controlling for changes in unobserved

16Advertising spending, expft, a�ects the demand of all products of �rm f , particularly of
OTC drugs, and are part of the overall pro�t function. Since it is impossible to say what part of
advertising expenditure is accrued by the AD market, by assumption, expft = 0 in the AD market.
Advertising expenditures are �xed costs and assumed to be sunk.
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product characteristics increases the negative price coe�cient and the positive ad-
vertising coe�cient. Both e�ects are statistically signi�cant. The model is still
restrictive and assumes homogeneous patients.

The last column in Table 2.5 show results of the random coe�cient model and
allows individual-speci�c disutility for prices, i.e., price sensitivity. Results indi-
cate a mean price coe�cient of -3.21. The random coe�cient of .6, the standard
deviation from the mean product valuation, indicates substantial variation in the
price sensitivity. The coe�cient for umbrella branding is positive and statistically
di�erent from zero.

Price coe�cients have the expected signs, advertising coe�cients are positive,
and both are statistically signi�cant. All speci�cations are estimated with product
and time �xed-e�ects. To assess the magnitude of the advertising e�ect, I present
elasticities in section 2.5.1.

Table 2.5: Logit and Random Coe�cient Logit Demand Results

Logit Demand Logit with
OLS IV random coe�cients

Price -.53*** -2.12*** -3.21***
(.04) (.16) (.49)

RC Price .60***
(.17)

DTCA .02*** .14*** .14***
(.004) (.03) (.03)

Constant -9.97*** -1.70*** -9.94***
(.17) (.57) (.65)

Product FE yes yes yes
Time FE yes yes yes

N 5,242 5,242 5,242
R2
adj .87 .74

Notes: Logit IV and Logit with random coe�cients use instruments for
prices and advertising, F-values of �rst stage regressions are 33.46 (prices)
and 34.89 (DTCA). The estimation RC Logit uses 5, 000 modi�ed latin
hypercube sampling draws to simulate market shares. Robust standard
errors are presented in parentheses; * p < .1, ** p < .05, *** p < .01.
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2.5.1 Elasticity

Given the number of draws of individual demand shocks, ns, own-price elasticities
of market shares, sjft, with respect to prices, pjt, are calculated by:

εpjkft ≡
∂sjft
∂pkt

pkt
sjft

=

{
pkt
sjft

[ 1
ns

∑ns
i=1(αjt + νijtσ

opt)sijft(1− sijft)] if j= k
pkt
sjft

[− 1
ns

∑ns
i=1(αjt + νijtσ

opt)sijftsikft] otherwise.

(2.15)
The optimal value for σ from the BLP estimation is denoted σopt. Own- and

cross-elasticities of market shares with respect to advertising are calculated by:

εa
ff̃
≡ ∂sft
∂af̃ t

af̃ t
sft

=

{
γaft(1−

∑
k∈f sjt) = γaft(1− sft) if f= f̃

γaf̃ tsf̃ t otherwise.
(2.16)

Advertising elasticities are calculated on the �rm level because I observe adver-
tising expenditures by �rms. Cross-advertising elasticities are calculated between
�rms f and f̃ . Formula 2.16 shows that advertising elasticities are constrained by
variation only across �rms and by elasticities proportional to own-�rm advertising.

Mean and median own- and cross-price elasticities, and mean semi-elasticities
over the three demand speci�cations, are presented in Table 2.6. The mean own-
price elasticity of the random coe�cient logit model is -4.38. The estimation simu-
lates heterogeneous patients and their individual valuation of prices. My results are
close to estimated own-price elasticities from other random coe�cient logit demand
models in pharmaceutical markets. Kaiser, Mendez, Rønde, and Ullrich (2014) re-
port mean own-co-payment elasticities of -1.19, Chintagunta (2002) of -2.5, Duso,
Herr, and Suppliet (2014) of -6.6 and Dubois and Lasio (2014) of -3.49. My results
indicate rather price-sensitive patients. This is not surprising given the fact that
almost 70 percent of all AD drugs are sold on generic markets. In Germany, patent-
free markets might be more competitive due to reference pricing (Kaiser, Mendez,
Rønde, and Ullrich, 2014) and tiered co-payments (Herr and Suppliet, 2012).

Beside patients' price-sensitivity, another driver of price elasticities in logit de-
mand models is the almost linear dependencies of prices and elasticities (Björnerstedt
and Verboven, 2012; Nevo, 2001). The problem is even more prevalent in markets
with large price di�erentials. For example, in my data drug prices of originators
are on average 2.62 and are more than sixfold of generic prices (0.42). The ran-
dom coe�cient, σ, alleviates the problem by allowing price sensitivity to depend
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Table 2.6: Elasticity of Prices and Advertising Spillovers

OLS IV Random Coe�
Own-
Price

Cross-
Price

Own-
Price

Cross-
Price

Own-
Price

Cross-
Price

Mean Price -.78 .004 -3.14 .016 -4.38 .020
Median Price -.32 .001 -1.28 <.001 -1.99 <.001

Median Advertising .060 < -.001 .243 < -.001 .243 < -.001

Notes: This table displays the mean, median, and semi-elasticity of own- and cross-price changes over
all periods and products between Jan 2004 to Dec 2010. It also displays the median elasticity of own-
and cross-advertising changes over all periods. Own calculation with IMS Health and Nielsen Media
Research data.

not only on the mean coe�cient. Given the large price distribution, median price
elasticities might also be an accurate measure � the median own-price elasticity is -
1.99. The median own-advertising elasticity, the percentage change of demand when
advertising increases, is .24 across all advertising �rms.

2.5.2 Welfare E�ects of Umbrella Branding

Welfare e�ects of umbrella branding are calculated by comparing prices, quantities,
revenues, and consumer surplus in two equilibria: markets with and without adver-
tising spillovers. By eliminating advertising stocks as a choice variable of consumers
and as a strategic variable of �rms, I calibrate counter-factual market outcomes
without advertising spillovers. Comparison to the status quo allows the identi�ca-
tion of welfare e�ects due to umbrella branding. Recall that advertising is de�ned
as a product attribute. Welfare e�ects depend on how patients value advertising.
Given the positive advertising coe�cient, one would expect to see positive e�ects for
consumers and �rms after allowing advertising spillovers. Consumers would observe
a new characteristic to maximize utility and �rms would di�erentiate their products
by advertising.

The key welfare e�ects shown in Table 2.7 are the following. First, umbrella
branding has an impact on the number of treated patients. About 1.8m more daily
doses are sold with advertising compared to the same market without advertising.
Sold daily doses of generics increase by about 1m, followed by originators and 769k
daily doses. The change of 22k in sales for imports is of minor importance. From a
health policy perspective, the overall increase in daily doses might have a signi�cant
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If regulatory institutions are interested in e�ectively banning advertising or in
preventing unintended advertising spillovers they might adapt their institutional de-
sign of drug market regulation. Policy-makers could cooperate to adapt guidelines
for drug packaging, like the Federal Trade Commission (FTC ) and the FDA. If pa-
tients are confused by the similarity of product names or by the umbrella branding
of a product portfolio, clear guidelines for product packaging and marketing could
ultimately assist consumers. The existence of spillovers urges the development of
guidelines for drug labeling, for example, the prominent display of active ingredients
on the front package label (ISMP, 2007). Reports state that 67 percent of primary
care physicians sometimes grant patients' requests for medications that are not clin-
ically indicated (ISMP, 2007). If advertising was more informative, more targeted,
and less persuasive it could contribute to a better match between patients and med-
ications. From a theoretical point of view, �rms choose their strategies, including
advertising, to either maximize or minimize the dispersion of consumers (Johnson
and Myatt, 2006). Advertising that persuades consumers and informs them of the
product's existence focuses on unambiguous features of the product, targets the mass
market, and shifts demand outward. If advertising contains product information,
consumers learn about the product and demand rotates. The latter strategy focuses
on niche markets (Johnson and Myatt, 2006). Advertising spillovers from OTC to
prescription drugs shift demand outward and expands market size, as shown in this
study. If umbrella branding allows pharmaceutical �rms to di�erentiate their prod-
ucts at minimal costs an e�ective ban on advertising would reduce overall welfare
(Milgrom and Roberts, 1986).

My �ndings are potentially relevant to patients, regulators, and �rms. The
overall bene�ts of umbrella branding are driven by more consumers buying generic
Alzheimer's disease drugs. Consumer surplus also increases because prices for some
original drugs decrease with the introduction of umbrella branding. If high prices are
a signal of high quality in a world without advertising, �rms might decrease prices
and invest in advertising when umbrella branding is available. I do not control for
the brand-name e�ects of long-term established brands in the drug market. Some
brands, such as P�zer, have been in the market for several decades while others are
newly established brand names, e.g., through mergers. To disentangle the e�ects of
established brand names and of advertising is a promising topic for future research.

European pharmaceutical markets are characterized by three types of drugs,
originators, generics, and parallel imports. Parallel imports are original drugs legally
imported from another European country. This arbitrage trade is facilitated by
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national drug price regulation and free trade in the European Union (Duso, Herr, and
Suppliet, 2014). I observe minor investments in advertising and very limited e�ects
of umbrella branding for parallel imports. Another interesting research question for
future projects would be the impact of the drug advertising of originators on demand
for the imported version of the original brand.
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The industry is also characterized by extensive regulation of

almost every activity, from product development through

manufacturing and marketing. Some of these regulations have

unintended consequences as a result of strategic responses by

�rms.

� Fiona Scott Morton and Margaret Kyle, 2012, p.762,

Markets for Pharmaceutical Products

3.1 Introduction

The controversial welfare e�ects of parallel trade in pharmaceutical markets have
been critically debated in health economics and policy (e.g., Ganslandt and Maskus,
2004; Dutta, 2011). The core of this policy debate is the tension between achieving
price reductions that directly or indirectly bene�t consumers in the short-run and
long-run incentivising innovation into new products as well as securing the safety of
drugs.

Since most drug manufacturers are active in international markets, both produc-
tion and R&D activities are typically carried out at the global level. Yet, intellectual
property rights (IPR) on active substances are generally exhausted at the national
level, which creates entry barriers across geographical (national) markets. These
barriers try to eliminate arbitrage gains, which would be possible in pharmaceu-
ticals since the prices for the same drugs di�er across countries as a response to
heterogeneous national demand and income conditions and as a reaction to di�erent
national regulations (Kyle, 2011).

In this context, parallel imports � i.e., a drug made or sold legally in other coun-
tries, which is imported without the permission of the intellectual property right-
holder (e.g., the patent owner) by licensed trading �rms � are expected to generate
some downward pressure on price levels. In theory, the welfare e�ects of parallel
trade are ambiguous and depend on the di�erences in the national price regulations
(Bennato and Valletti, 2014; Jelovac and Bordoy, 2005), the patients' preferences
(Jelovac and Bordoy, 2005) and the vertical integration of the trade �rms (Gans-
landt and Maskus, 2007) among other reasons. If the cross-country price di�erentials
do not re�ect true discrepancies in the e�ciency of production and they are rather
the outcome of di�erent regulatory policies, parallel imports may lead to a price
convergence that constitutes a mere welfare transfer from consumers in low-price
countries to consumers in high-price countries and most likely bene�ts arbitrageurs
(Danzon, 1998). Furthermore, the loss in pro�ts for patent holders may lead to
decreased R&D investments (Rey, 2003). However, even from a theoretical point
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Figure 3.1: Figure Of The Imported Drug Package Of Stilnox Produced By Sano�-Synthelabo
And Marketed By kohlpharma. Source: Federal High Court Of Justice [Bundesgerichtshof, Decision
I ZR 173/04].

Figure 3.2: Figure Of The Original Drug Package Of Stilnox Produced By Sano�-Synthelabo.
Source: Federal High Court Of Justice [Bundesgerichtshof, Decision I ZR 173/04].
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Our study contributes to the growing empirical literature on the e�ects of parallel
imports on prices and welfare, whose results are still controversial.5 While some of
these studies �nd that parallel trade achieves only limited price reductions (e.g.,
Ganslandt and Maskus, 2004; Granlund and Köksal, 2011; West and Mahon, 2003),
Kanavos and Vandoros (2010) even identify a small tendency of price increases
after the entry of parallel imports in six European countries. Kyle (2011) explains
the relative small price reductions as the outcome of the strategic reaction of the
original producer. Kanavos and Costa-Font (2005) and Enemark, Pedersen, and
Sørensen (2006) conclude that in the early 2000s, parallel imports led to rather
small cost reductions for the German health insurances but to high losses in market
shares and pro�ts for the original producers.6 Yet, all of these studies are mostly
descriptive price or entry regressions and/or based on reduced-form price equations,
which neither allow a careful modelling of the complex market structure nor an
assessment of the e�ect of parallel trade on welfare.

Hence, to make a more precise assessment of the welfare implications of di�erent
policy interventions, our approach builds on recent developments in the empirical
health economic literature that estimates structural models of demand and sup-
ply. The most recent studies in this strand of literature analyse the market entry
of generic and �me-too� drugs in the U.S. (Ching, 2010; Branstetter, Chatterjee,
and Higgins, 2011; Arcidiacono, Ellickson, Landry, and Ridley, 2013; Bokhari and
Fournier, 2013). Almost all these papers show that the entry of generic drugs bene-
�ts consumers more than it harms the producers by decreasing prices of the former
patented drug. Furthermore, there seems to exist substitutability not only across
brand-names and generics or �me-toos� of the same molecule but also among di�erent
molecules (Branstetter, Chatterjee, and Higgins, 2011; Bokhari and Fournier, 2013).
Since parallel imports are not allowed and patented drugs' prices are relatively high
in the U.S., comparisons to Europe are di�cult.

Probably the papers closest to our study are those by Dutta (2011) and Chaud-
huri, Goldberg, and Jia (2006).7 They model the e�ects of stricter intellectual
property rights on welfare in India. Both measure substantial loss in consumer
welfare from patent enforcement and price deregulation but quite limited gains for
foreign patent holders. These results cannot be transferred directly to the European

5For an overview of studies about parallel trade see the EU Report �Competitiveness of the EU
Market and Industry for Pharmaceuticals� (European Commission, 2009).

6In an earlier study, Kyle (2007) found fewer market entries of innovative products in low-
price countries where parallel import is allowed and concluded that parallel trade indeed hinders
innovation activities.

7Our results are in line with the conclusions by Méndez (2013) who uses a framework similar
to ours to analyze the market for Danish statins.



���� �����	�
 ��� 	�� 
����� �����	 ��� ���� ��	�������	�� ���

 ��

���� ����� �� 	
� �� 
�	��	 ����������	 �� �� �	���	 	
�	 �
��
�� ��
��� ���� �	
��

�������� ��� ��	 ��������� �� �����	� ��� 
�	��	�� ������ ���	���� 
������� ��
��	�
�� 	
� �������� ���� ���� ����
���� 	� 
��
�
���� ����	���� ����	� ������ ��� �������

���� 	� 	
�� ������� ��	���	��� � ������� ��� 	
� !��	 	��� �	 	
� ������� �"��	 ��

������� 	���� �� 	
� ������	 ����
��� �����	 ��� ���� ��	�������	���� #��	
������� �	
����	�	�	�� 	
� !��	 �		��
	 	� ��	���	� � �	���	���� ������ ����� ��� 	
� $�����


�������	���� �����	�

%
� 
�
�� �� ��������� �� �������� &��	��� ' ��������� 	
� ���	�	�	����� ��	���� ��
	
� ������	���� �� 	
� $����� ���� �����	� ��� 	
� �
����	����	��� �� 	
� �����	
��� ���� ��	�������	���� &��	��� ( ��	� �
 ��� ��������� �	��	�� � �
��� &��	��� �
��������� ��� ��	�� &��	��� ) 
�����	� 	
� �����	� �� ��� ��	���	��� ��� ������	����
&��	��� � ��������� ��	
 � ���������� �� 	
� �����	� ��� 	
��� 
���� ��
����	�����

��� �����	�
 ��� 	
� ������ �����	 ��� ���� ��	��

�����	�� ����


*����	�� �� � ��	������ �
����� ������� �� �
��
 ��	
�� 	
� ��� ���� ��	 
������
�����
 ������� +	 
� , �����	��- �� �	 ���� ��	 ���
��� 	� 	
� ������� 	
�	 �� 
�������
+	 
� ' �����	��-� ������ � 	
� ������� �����	� �� 
 
���� ������� �� 
��
 �����
������ ��� ����� 	� ������� �� 	
� ��� .� � �	���� ����� ������ ��� ����� �������
+/�0� '1,(-�

%
� ������ �� 	 
� , �����	�� ��� ������� ��� 	
� ������� �� ��
�����	�����
%
� 	���	���	 �������� ������	��� ��	
 �������� /� ����� �� 	 
� ' �����	�� �
��

������	� ��� 213 �� ��� 
�	���	� ��	
 �����	�� +/�0� '1,(-� % 
� ' �����	�� ��"���
����	��	���� ���� 	 
� , �����	�� ��� �	� ������ ������� �����	 � 	������ ���� ���


 ����� ����	���	 � �� $����� � � 	� 4 ������� 
�	���	� ��� ��	���	�� 	� 
��� ��"����
���� 	 
� ' �����	�� �� '1,1 ��� � ����� ������ �� ������� ����� �� ��������
%
��� �����	�� 	 
� ' �� ��	���	�� 	� �"��	 ������ 53 �� 	
� $����� 
�
���	���
+6�	
���� ��� %��� �� '1,'-�

%
� $����� �����	 ��� ���� ��	�������	�� ����� �� ������ �� '1,1� �	 �����	��
	� ����	 e)4' ������� �� 

����� ������� 
����� ��� e'�2 �������� �� ������	�� 

����� +��� �������	����-� %
� 	���	���	 �� 	 
� ' �����	�� ������ ���� ���	�� 
��	��	��� ��� 

 ����� ��	���	 	� ���� ��	�������	�� ����� ���� �� ������ ������ ���
������ &���� �
������ ����
� �� ���� ��	�������	��� ���� ��������� ��	���� '11� ���
'1,1 ���
������ '' ��	��� ����	������ %
� ����� ��	
�� ��

���� ������� 
�����	���
� 	
� ����� +���������-� ���� ������� �����
	��� �� 	
� ����� +�	
����	�
�������
����������-� �	�����	� 	
� 
�����	��� �� ������� +��	����	������ �	������-� ��������



���� �������	
 ���	��
� ��

��� ����	
�
�	
�� ���
�	
� 
� 	����	� �����������	
���	
��� 
� ��
������ ��

� ���

��
������ 	��	��
��� �� 	�
����	�� 	�
���	� ������ ���


����� 


�����
 � ������� �	�
���������� ��������
��� � ����� 
� ����� ���� 

��	�� ��
��� 
� �
�	�� �������
��
��
�
����� 

��	���	
��� ����� �����	��
 ��� ����������	
���	
�� ���� ���
 ���	�����
	� ��� ������� ��
� 
���	
�� ��
�� 

���	��� ������� �
�	�� �������
�� ���� 
��
�� �	�	��� 	��
 �	���� 
 ������� ������� �	�� ���� �

��� �
� �����	
 ��
��
�� 
�
������� �
� �������� ����� �	�� ���	
��� ��������� �

���� !
������ 	������������

� ��� ���
	"
 �������	
� 
� ��	���������� ��� �	��
���� ��� "��� ��� ���� �
 ���
��	
���

���������	
� �
� ��
 �	���	���	�
 �� ������
� 	������

#
�� ���� $�% 
� ��� &����� �
�����	
� ' ��
��� �(�$ �	��	
� ��
��� ' ��� 

�����
�� ��� ������
�� ������ 	������
� ������ �)#&� *+,-�� .� 
��� 

��	��� ��	� ��
��
	� 
�� ������	�� /���� 	������� ��
� � 

�������� 
� ,+% ��� ��
���� ��	�	��� e��
��0	��� e,+� 
� ������
���	
�� ��	
�� �
� ����
�	��	
� ������ ��	
� ��� ��	�
��
�
�
�� ��� &����� ������
	�� �� ��	
�� ���� #
��
���� �
�� 
 ������� �������
��� ��������� �� �������
� ��	
	�� ����� ��� ���	��� ���	�	
����� ���� ��� �
�	�	��
�	 ����
� 
� ��� ����1� ��	
� �
 ��� �������
� ��	
�� 	� ����	
����� /���� 
 �������
������� ��
� "��
� 

����	�	
� �� �����	
 ����� ��� �������
� ��	
	�� ������ !���
��� 2����	��� *+,*�� 3����� 

����
�� �
 �
� ���� � �	� �
�� 	� 
�� ������	� �	�
�
���� 
��� ��
��� ���	����� 	� *++$ ��� �
� �������� �
� �������� ����� 
� ��������
	��
����

4� &������� ��� �	���	���	
� 
� �������� 	��
��� 	� ����
���� �� ��� �������
��
5�����
	��� ���� �
 ���"� � ���
	"
 6�
��7 ��� ����� 
� �
��� ����
��� ��	��� ��
�������� 	��
��� ��� �������� �
�	�� �������
� ��� �
 �0
��� �% �)#&� *+,-�� �

��������
��� ��� �������� 	��
���� ����1� ��	
� ��� �
 �� �� ����� ,�% 
� e,� ���
�
��� 
�	�	��� ��
��
�1� ��
���� ��	
� �
 �� 

��	����� �� � �������� 	��
���� ����
	� ��� �% 6�
��� !
������ 	� 
�� ����� ����� ������
��� ��� 
��� ��� �� � �����
���
�	
� 
� �������� 	��
��� ��� �� 
������ �
�� ��	
�� ���
� ��� ��
�� �����

��� �������	
 ���	�
��

/
 ���	�	
���� ������� ��� �0���� 
� 

����	�	
� 	� ��� &����� ������ �
� 
���
���	��	����	
 ������ �� �
��
� ��� �0	��	�� �	�������� ������ 8����
�� ��� 2���� *++�9
:���� *+,*9 :����� *+,,9 ;�	���� #<���=� 3>���� ��� ?���	
�� *+,-� ��� ���	�� �
������ ���
�	
� ��
� ��� @
	�� ��	�	�� ��0	�	=��	
� 
� ��� ��
 ��	� ������ ' ���

�	������������ ���� ���� ���� ��� ���� ������ ��������� ���  �������



3.3. EMPIRICAL STRATEGY 66

patient and the physician � who participate in the decision process.9 In this sense,
the demand-side of our model is a reduced form of a more complex decision making
structure. We approximate this process by using a two-level nested logit model
described below.

3.3.1 Demand Model

We observe one geographical market (Germany) over t = 1, ..., 84 months from 2004
to 2010. For each month, we calculate the potential market size, Mt, as the number
of de�ned daily doses (DDD) for all diabetes patients in Germany. The potential
market size is about twice as large as the actual market due to patients that either
choose a non-prescription drug or other therapies to treat type 2 diabetes. The
following speci�cation of the demand estimation closely follows previous work from
Berry (1994); Verboven (1996), and Slade (2004).

Joint utility maximization

The I agents, i = 1, ..., I, in each market/month t choose one out of Jt products,
j = 1, ..., Jt.10 In our setting, the agent's choice is represented by the joint decision
of the two stakeholders: the patient and the physician.

The patient �rst provides information on her health status and, after discussing
with the physician the most suitable chemical group and active substance, she �nally
chooses which speci�c product and package to buy at the pharmacy. We expect
patients to show price-sensitive behaviour and have a preference for drugs that are
fully exempt from co-payments. We also assume that patients respond to prices, as
co-payments are a monotonic transformation of them, but to a smaller extent than
doctors given the nature of the regulatory system and the limited amount of the
co-payments.

The doctor is assumed to mostly decide in the patient's interest with respect to
medical needs and other preferences, such as price sensitivity or taste. However,
physicians are also assumed to purse their own utility as they are encouraged to
consider economic aspects in their prescription behaviour even though they are

9Potentially, pharmacists and health insurers also are involved in this decision process, yet their
in�uence in the determination of the demand for speci�c drugs is expected to be limited.

10Discrete choice models such as the nested-logit do not allow modelling of complementary goods.
In our context, this might be problematic since a mix of drugs is sometimes prescribed. However,
we speci�cally consider a chemical group which contains drugs combining di�erent groups of active
substances. We are therefore able to ease the complementarity problems by de�ning bundles of
drugs which can be seen as substitutes to single drugs entailed in other nests.
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not directly punished or compensated based on their decisions. Only if physicians
exceed their individual drug budgets do they have to justify it to their supervising
organization. Still, they should prefer to prescribe less expensive drugs such as
generics (if available) to avoid audits and ease their overall budget constraint.

The model incorporates the option that agents might decide not to buy any drug
or/and another product. This so-called outside good j = 0 extends the choice set
to Jt + 1 products. The agent i's conditional indirect utility function for drug j is
assumed to be:

uijt = −αgpjt + βxjt + ξjt + υijt, (3.1)

where pjt is the price of product j in time/market t, and xjt is the vector of
other observed product characteristics, such as the active substance, the strength,
or the package size. Among these other characteristics, we also consider whether
the drug is exempt from co-payments. This should capture an important aspect
of the patients' decision, i.e. the preference not to pay to get a drug. We use a
more �exible speci�cation compared to the standard nested-logit model and allow
the price coe�cients αg to depend on the characteristics of the product, namely on
the chemical groups g = 1, ..., G (Slade, 2004).11 The �rst reason for this modelling
assumption is that we assume preferences on prices and thus elasticities to di�er by
di�erent patients' medical needs, severity of illness, medical history, age, etc. which
is re�ected by the choice of di�erent chemical groups. Second, this approach helps
to ease the well-known issue in logit models that elasticities �and thus markups and
marginal costs � depend on products' prices in a linear fashion (Berry, Levinsohn,
and Pakes, 1995; Nevo, 2000).12 The vector ξjt contains characteristics that are
observed by the �rms, the patients, and the physicians but are unobserved by the
researcher and might include brand perception, marketing expenditures, or publicly
unknown interactions with other drugs. The random utility terms υijt re�ect the
in�uence of individual-speci�c taste. We assume that each agent maximises utility,

11In a robustness check, we additionally insert the co-payments into this utility function to try
to better disentangle the physician's and the patient's utilities. Yet, this is problematic from a
theoretical viewpoint. Moreover, it would induce multicollinearity problems in almost all ATC4
groups. In the only sensible speci�cation, where we do not estimate group-speci�c price and co-
payment coe�cients and after controlling for full co-payment exemption, the co-payment variable is
not signi�cant while the price is. Therefore, it does seem that the demand side's price sensitivity is
mostly due to the physicians' economic incentives as well as patients' preference for full exemption.
The results are available upon request.

12The linear dependency results in larger elasticities for more expensive products, which is not
consistent with economic intuition.
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uijt, given the characteristics of the product. The mean utility of product j in
time/market t is:

δjt = −αgpjt + βxjt + ξjt (3.2)

and the mean utility of the outside good j = 0 in each time/market is normalised
to zero: δ0t = 0.

Nesting structure

In the market for oral anti-diabetics, there is a natural order of choices, which we
exploit in our nesting structure. First, the physician chooses the chemical group
and second the active substance suitable to the patients' physical condition (e.g.
body weight), individual preferences, medical history, co-morbidities, side-e�ects,
and age. It is well understood that physicians make this choice in a hierarchical
order with respect to both across and within chemical groups and active substances.
For instance, the guidelines of the National Institute for Health Care and Excellence
in the UK clearly advise initiating oral glucose control therapies for type 2 diabetes
with metformin, followed by insulin secretagogues or acarbose, then other oral agents
such as exenatide, and �nally thiazolidinediones. When exactly the physician is
expected to switch across groups depends on the patient's health status.13

Based on the speci�c decision structure described above, we de�ne hierarchical
nests of products by using ATC4 as the upper nest and ATC5 as the lower nest.
We believe that the nesting parameters for the groups and the subgroups cover
some of the most relevant aspects of the physicians' and patients' decisions and
heterogeneity in these markets while the product's continuous characteristics play a
less fundamental role to capture heterogeneity (e.g., Grigolon and Verboven, 2014).
The continuous characteristics are time invariant and are mostly captured by the
product �xed-e�ects in our setting.14

13For the German guidelines see http://www.deutsche-diabetes-gesellschaft.de/

fileadmin/Redakteur/Leitlinien/Evidenzbasierte_Leitlinien/EBL_Dm_Typ2_Update_

2008.pdf p. 51-53 and for UK compare e.g., http://www.nice.org.uk/nicemedia/live/

12165/44320/44320.pdfhttp://www.nice.org.uk/nicemedia/live/12165/44320/44320.pdf

p. 13-18.
14Since diabetes type 2 is a chronic disease, package size does not play an important role. The

active substance's strength may be an important characteristic for the drug's choice, but there is
not much variation within the active substances considered here. Yet, as a robustness check, we
consider the active substance's concentration as an exogenous demand factor in the speci�cation
where we use �rm-level �xed-e�ects (Firm FE.IV).

http://www.deutsche-diabetes-gesellschaft.de/fileadmin/Redakteur/Leitlinien/Evidenzbasierte_Leitlinien/EBL_Dm_Typ2_Update_2008.pdf
http://www.deutsche-diabetes-gesellschaft.de/fileadmin/Redakteur/Leitlinien/Evidenzbasierte_Leitlinien/EBL_Dm_Typ2_Update_2008.pdf
http://www.deutsche-diabetes-gesellschaft.de/fileadmin/Redakteur/Leitlinien/Evidenzbasierte_Leitlinien/EBL_Dm_Typ2_Update_2008.pdf
http://www.deutsche-diabetes-gesellschaft.de/fileadmin/Redakteur/Leitlinien/Evidenzbasierte_Leitlinien/EBL_Dm_Typ2_Update_2008.pdf
http://www.deutsche-diabetes-gesellschaft.de/fileadmin/Redakteur/Leitlinien/Evidenzbasierte_Leitlinien/EBL_Dm_Typ2_Update_2008.pdf
http://www.deutsche-diabetes-gesellschaft.de/fileadmin/Redakteur/Leitlinien/Evidenzbasierte_Leitlinien/EBL_Dm_Typ2_Update_2008.pdf
http://www.nice.org.uk/nicemedia/live/12165/44320/44320.pdf
http://www.nice.org.uk/nicemedia/live/12165/44320/44320.pdf
http://www.nice.org.uk/nicemedia/live/12165/44320/44320.pdf


3.3. EMPIRICAL STRATEGY 69

The �rst level of nests are G di�erent chemical groups, g = 1, ..., G. The second
level of nests consists of Hg, h = 1, ..., Hg, di�erent active substances within the
chemical group g. The speci�c composition of the nests is given in Table 3.1. We
then apply a standard two-level nested logit model and assume a variance component
error structure of the agent-speci�c error term, υijt. Following Verboven (1996), we
derive the estimation equation for each period t:

ln(sjt)− ln(s0t) = −αgpjt + βxjt + ξjt + σ1 ln(sj|hg,t) + σ2 ln(sh|g,t), (3.3)

where sjt = qjt/Mt and s0t = 1−
∑Jt

j=1[qjt/Mt] are the market shares of drug j
and of the outside good, respectively, qjt are sales in de�ned daily doses [DDD] and
pjt is the price per DDD in EUR in month t. Inner-group market shares are de�ned

as sj|hg,t =
qjt∑

j∈Hg qjt
and sh|g,t =

∑
j∈Hg qjt∑G

g=1

∑
j∈Hg qjt

.

3.3.2 Identi�cation

The unobserved characteristics of product j at time t are assumed to be known to
the �rms, the patients, and the physicians but not to the researchers, and they are
captured by ξjt. When �rms set their prices they most likely use this information,
which in turn implies that prices and inner-group market shares are correlated with
this structural error term. Thus, they are endogenous. To partially alleviate this
problem, we assume a two-way error component model by ξjt = ξj+ξt+ωjt. We then
capture part of the unobserved heterogeneity by means of a large set of �xed-e�ects:
the component ξj is captured by 649 product �xed-e�ects and ξt is captured by 84
time dummies similar to Nevo (2001). The remaining error term ωjt is de�ned as a
product-and-time-speci�c error term.15 In our main speci�cation, the identi�cation
condition is therefore E[pjt|ωjt] = 0.

This does not seem to be a particularly restrictive assumption since it is di�cult
to imagine systematic sources of correlation among prices and the changes in unob-
served product characteristics. Yet, in order to assess the robustness of our �ndings,
we adopt a second identi�cation strategy and estimate a speci�cation where we
use �rm-speci�c �xed-e�ects together with product-speci�c, mostly time-invariant,

15For a discussion of the inclusion of product �xed-e�ects see Dube, Chintagunta, Petrin, Bron-
nenberg, Goettler, Seetharaman, Sudhir, Thomadsen, and Zhao (2002); Kaiser, Méndez, and Rønde
(2010).
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characteristics and we instrument the German prices for drug j at time t by means
of the Danish prices for the same drug in the same time period.16

This strategy also has an additional advantage. Since we use ex-factory prices,
one might claim that they are measured with error due to the existence of rebate
contracts among generic producers and health insurance companies. This might
in turn create endogeneity problems if the contracted rebates are systematically
correlated with the temporal change in unobserved characteristics of the products
(our error term). While we do not think that this should be a major problem in our
case, the IV approach would nonetheless allow us to obtain consistent estimate.17

In our setting, inner group market shares are also potentially endogenous. Hence,
we use an instrumental variable approach to obtain unbiased estimates for the pa-
rameters σ1 and σ2. Following Berry (1994) and Dutta (2011) we use nine standard
instruments which account for the crowdedness in the product space.18 The iden-
tifying assumption is therefore that the instruments, which are correlated with the
inner-group market shares and prices through the markups, are uncorrelated with
the product-speci�c error term.

Finally, to account for the potential serial correlation of the error terms due to
the relatively high-frequency time structure of the data, we cluster the standard
errors at the product-level.

3.3.3 Elasticities

We follow Berry (1994) and Verboven (1996) by calculating own-price elasticities
and cross-price elasticities that are di�erent for drugs in the same sub-nest, Hg, of
active substances, for drugs in the same nest, G, of chemical groups, and for drugs

16This approach is similar to Hausman, Leonard, and Zona (1994) and Nevo (2001). It assumes
that prices in di�erent geographical markets are driven by common cost drivers that are inde-
pendent of country-speci�c demand shocks. The prices of all authorised pharmaceutical products
marketed in Denmark are publicly available at http://medicinpriser.dk/.

17Since �rst, rebate contracts in Germany only became used starting in 2008, second, they only
play a major role for generic drugs and, third, among these, only for a small fraction of the largest
companies, we do not think that measurement problems due to rebates are an issue in our sample.
Furthermore in a robustness check, we restrict our sample to the years 2004 to 2007. Coe�cient
estimates are quite similar, but a bit less precise than in our preferred model. Only for two ATC4
groups (1 and 4) the price coe�cients' estimates are smaller and not signi�cantly di�erent from
zero since generic competition started later in these groups (results available upon request).

18Our instruments are: the number of di�erent packages a �rm o�ers per product, the number of
�rms active in the product speci�c ATC5 group and in all other ATC5 as well as ATC4 groups, the
number of products within each chemical group (total and by �rm), and the number of products
without the own �rm's products within the same active substance and the same chemical group.
All variables are inverted and log-linearised (e.g., Björnerstedt and Verboven, 2012).

http://medicinpriser.dk/
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in di�erent groups. W e can compute one matrix of price elasticities for all products
sold in each month. This results in 84 (Jt × Jt) matrices of elasticities. We follow
Berry (1994) and Verboven (1996) and calculate the own-price elasticities as

∂qjt
∂pjt

pjt
qjt

= −αgpjt
(

1

1− σ1
−
(

1

1− σ1
− 1

1− σ2

)
sj|hg ,t−

(
σ2

1− σ2

)
sj|g,t−sjt

)
(3.4)

The cross-price elasticities for drugs in the same sub-nest, hg, of active substances
are de�ned by:

∂qjt
∂pkt

pkt
qjt

= −αgpjt
(
−
(

1

1− σ1
− 1

1− σ2

)
sj|hg ,t −

(
σ2

1− σ2

)
sj|g,t − sjt

)
(3.5)

Similarly, the cross-price elasticities for drugs in the same nest, g, of chemical
groups are given by:

∂qjt
∂pkt

pkt
qjt

= −αgpjt
(
−
(

σ2
1− σ2

)
sj|g,t − sjt

)
(3.6)

Finally, we derive the cross-price elasticities with all drugs outside the own chem-
ical group to be:

∂qjt
∂pkt

pkt
qjt

= αgpjtsjt (3.7)

Even though the nested-logit model is restrictive in the representation of sub-
stitution patterns within or outside groups, it is quite �exible when it comes to
the asymmetry of cross-price elasticities across products or groups as these only de-
pend on the structural parameters and the price and market shares of the substitute
good/group. This is particularly important in our context where the substitution
among di�erent chemical groups is mostly hierarchical and cannot be assumed to
be symmetric.

3.3.4 Supply-side

In our analysis, we assume that �rms in pharmaceutical markets sell a range of
di�erentiated products and compete in prices. Typically, di�erentiation in drug
markets stems from the active substance, strength, package size, and branding. In
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our sample 62 �rms sell 649 products either in the same or in di�erent classes of
active substances. Hence, we assume that all these drugs (patented, imported, or
generic) are, to some extent, substitutes one of the other. Indeed, our demand
estimation approach enables us to recover all possible cross-price elasticities among
them. Further, we use the observed ownership structure to account for the fact
that multi-product �rms internalise the competitive externalities that each of their
products exerted on the demand of their other products.

Finally, we assume that �rms compete in prices. This is the standard assump-
tion made in the relevant literature (e.g., Dunn, 2012; Dutta, 2011) and re�ects the
observation that pharmaceutical �rms do not compete in quantities when produc-
ing chemical drugs.19 In o�-patent markets, such as metformin, market entry is a
common phenomenon and demand-side regulation supports price competition, e.g.,
by reference pricing or co-payments. In markets for patented drugs, like the one
for thiazolidinediones, the patent holder is granted a short run monopoly. However,
since in our model we explicitly allow for parallel imports and model the competition
patented drugs face from similar active substances, we believe that Bertrand-Nash
behaviour with di�erentiated goods is a reasonable approximation to describe the
market for patented oral anti-diabetics.

The pro�t functions of the multi-product �rm f (f = 1, . . . , 62) active in
time/market t that manufacture a subset Fft, of the J products is:

Πft =
∑
j∈Fft

(pjt − cjt)qjt(pt)− Cf , (3.8)

where qjt(pt) is the sold quantity of product j in time/market t as a function of
the vector of all prices, pt, here de�ned as qjt(pt) = sjt×Mt. This de�nition allows
us to include the market share of the outside good as well as to keep the market
size �xed in our simulation while at the same time enabling the total quantity of
products sold to increase (Nevo, 2000). We assume constant marginal costs cjt � yet
we allow them to vary over time � and we denote the �xed costs with Cf .

Furthermore, we also assume that a Bertrand-Nash equilibrium in prices ex-
ists and that the prices that support it are strictly positive (e.g., Nevo, 2000). In
each time/market t, the price vector, pt, has to satisfy the following Jt �rst-order
conditions (in matrix notation):

19Other ways to model conduct in this market would be to assume joint pro�t maximization
due to collusion or a Stackelberg pricing game, where the producers of original drugs are the price
leaders and generics are the followers. However, these would be also very particular assumptions,
which had not been identi�ed to hold in general for this market.
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qt(pt) + (ΩF
t ⊗∆(pt))(pt − ct) = 0, (3.9)

where qt(pt), pt, and ct are Jt × 1 vectors of quantities, price, and marginal
costs, respectively. ΩF

t is the �rms' product ownership matrix (Jt×Jt) with elements
(ΩF

t (j, k)) equal to 1 if product j and k are produced by the same �rm in time/market
t, and 0 otherwise. The (Jt × Jt) matrix of �rst derivatives ∆(pt) = ∂qt(pt)

∂p′t
is

multiplied element-by-element with the ownership matrix. To identify the marginal
cost ct, Equation (3.9) can be rearranged into

ct = pt − (ΩF
t ⊗∆(pt))

−1qt(pt). (3.10)

Clearly, the identi�cation and the estimation of the marginal costs rely on our
demand estimates and on the assumption of Bertrand-Nash competition.

3.3.5 Simulation

To quantify the welfare e�ects of parallel imports in Germany we compare the sta-
tus quo market with parallel imports versus a hypothetical market without parallel
imported drugs. We motivate this hypothetical situation by the fact that �rms con-
stantly try to avoid parallel trade (Kyle, 2007), for instance by not entering low-price
countries or by o�ering slightly di�erent versions (in package size or strength) in dif-
ferent countries. Furthermore, as Desogus (2010) shows discussing the Adalat Case,
quantity restrictions on intra EU trade �limiting the availability of parallel imports�
have been interpreted as a unilateral conduct by the EU. The situation is di�erent
in the U.S., where re-imports are prohibited mostly because of patient's safety issues
but also because they are expected to harm innovative �rms.20 Kanavos and Van-
doros (2010) conclude that "Drawing on the European evidence, [. . . ] opening the
US market to parallel imports will not necessarily lead to competition and enhance
pharmaceutical cost containment." Nevertheless, there is an ongoing debate in the
U.S. about disadvantages and advantages, for example by stopping illegal imports
from Canada or Mexico.

Hence, we assume that the choice set in the counterfactual situation is di�erent
to that in the status quo. Speci�cally, similar to the structural models that estimate
the value of the introduction of new products (e.g., Petrin, 2002), we de�ne the

20Golec and Vernon (2006) show that U.S. �rms are more pro�table, earn higher stock returns,
and spend more on research and development (R&D) than manufacturers in the EU.
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counterfactual choice set where parallel imported drugs are excluded as Jsimt =
Jt − It, where It is the number of parallel imports in time/market t. Accordingly,
we de�ne the Jsimt nested-logit demand functions as:

qjt(p
sim
t , δ̂t) = Mt · sjt(psimt , δ̂t) · sj|hg,t(psimt , δ̂t) · sh|g,t(psimt , δ̂t) (3.11)

Similarly, the Jsim �rst-order conditions are:

qt(p
sim
t , δ̂t) + (ΩF

t ⊗∆t(p
sim
t , δ̂t))(p

sim
t − ĉt) = 0, (3.12)

We then determine the equilibrium simulated prices (psimt ) and simulated quan-
tities (qt(p

sim
t )) by using a Newton algorithm on Equation (3.12). With the new

simulated equilibrium (psimt and qt(p
sim
t )) and the estimated structural parameter

(δ̂t and σ̂) we calculate the demand-side surplus (e.g., Dutta, 2011):21

DSt(p
sim
t ) =

1

α̂g
Mtln(1 +

G∑
g=1

(

Hg∑
h=1

D
(1−σ̂1)
(1−σ̂2)
h|g,t )(1−σ̂2)), (3.13)

where Dh|g,t =
∑
j∈h|g

exp

(
δjt

1− σ1

)
and the �rms' variable pro�ts are:

V Pt(p
sim
t ) =

∑
j∈Fft

(psimjt − ĉjt)qjt(psimt ) (3.14)

We �nally compare them with the status quo welfare measures calculated by
using the observed instead of the simulated prices and quantities.

3.4 Data

Our data set contains monthly sales and prices of all oral anti-diabetic drugs sold
in Germany between January 2004 and December 2010. Price and sales data are
available at the package level and at the level of de�ned daily doses (DDD)22, thus
allowing us to compare products with di�erent active substances and presentations.

21The demand-side surplus corresponds to the typical consumer surplus calculated for a nested
logit model. As we mentioned above, since only a part of this surplus goes directly to the consumers,
we prefer to use the notation demand-side surplus.

22The WHO Collaborating Centre for Drug Statistics Methodology in Oslo provides a list of
DDD for each active substance on a yearly basis.
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Table 3.1: Anatomical Therapeutic Chemical (ATC) Classi�cation System For The
Therapeutic Class Blood Glucosidase Lowering Drugs, Excl. Insulin (A10B) (= Oral
Anti-diabetics) Marketed In Germany 2004-2010

ATC4: chemical (sub-) ATC5: active substance / Total # Total #
group chemical substance of products of �rms
1. Alpha glucosidase
inhibitors

Acarbose 34 12
Miglitol 8 5

2. Biguanides Metformin 173 45

3. Combinations of oral
blood glucosidase
lowering drugs

Metformin & Rosiglitazone 28 11
Glimepiride & Rosiglitazone 19 6
Metformin & Pioglitazone 10 8
Glimepiride & Pioglitazone* 4 1
Metformin & Sitagliptin* 4 1
Metformin & Vildagliptin 15 3

4. Other blood
glucosidase lowering
drugs, excl. insulin
(here: glinides)

Repaglinide 66 19
Nateglinide 4 3
Exenatide* 7 3

5. Sulfonylurea

Glibenclamide 53 28
Glibornuride 3 3
Gliquidone* 2 1
Gliclazide* 4 2
Glimepiride 212 31

6. Thiazolidinediones
Pioglitazone 27 9
Rosiglitazone 6 4

Dipeptidyl peptidase 4
(DPP-4) inhibitors

Sitagliptin* 8 6
Vildagliptin* 4 2
Saxagliptin* 4 3

Oral anti-diabetics (OAD) marketed in Germany between 2004 and 2010. Several OAD are
not available in Germany and hence not reported in the table. The symbol [*] denotes that
the group is excluded from our estimation.
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Table 3.2: Number Of Observations Used In Final Estimation By ATC4 Class And
Firm Type, 2004-2010

ATC4 Orignals Imports Generics Total
1. Alpha glucosidase inhibitors 338 1,434 48 1,820
2. Biguanides (metformin) 275 421 7,211 7,907
3. Combinations 353 988 - 1,341
4. Other (glinides) 322 1,586 312 2,220
5. Sulfonylurea 589 766 9,030 10,385
6. Thiazolidindiones 399 531 - 930
Total 2,276 5,726 16,601 24,603

Oral anti-diabetic drugs in Germany over 84 months (2004-2010). Final sample
with data from IMS Health.

ufacturer) and chemical group. We observe quite heterogeneous competitive con-
ditions across groups as the biguanides and sulfonylurea groups face severe generic
competition while the other groups are much smaller and under patent protection,
so that the competitive constraints are mainly those imposed by parallel imported
drugs or potential market entry by innovations.

Table 3.3 reports the descriptive statistics for the most important variables used
in this study, including the di�erent prices, the overall market shares (sjt), the
market shares of the products within the inner nest (sj|h,t) as well as the market
shares of the inner nests within the outer nest (sh|g,t). The variables are presented
by �rm type. In our preferred speci�cation we control for the patients' preference
not to pay for the chosen drugs. This is captured through the dummy co-payment
exemption that takes on the value of 1 if drugs are fully exempt from co-payments.
This happens when their price undercuts a certain threshold, which is set at 70%
of the reference price. In our sample, it only occurs in one of the ATC4 groups
(sulfonylurea).25 Prices, sales per product, as well as market shares vary considerably
across manufacturer types. In the lowest part of the table, we report the number of
�rms and products within groups and sub-groups, which are used to construct the
instrumental variables for the inner-group market shares.

25Speci�cally, only 3,766 among the 10,504 observations in the ATC4 group sulfonylurea cor-
respond to co-payment exempt drugs. Some drugs change status (from non-exempt to exempt
and vice versa) across the sample periods which allows us to identify the e�ect of the co-payment
exemption in our regressions with product-speci�c �xed-e�ects.
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Table 3.3: Summary Statistics, Oral Anti-diabetic Drugs (2004-2010)

Total Originals Imports Generics
mean s.d. mean s.d. mean s.d. mean s.d.

Market shares
sjt [in %�] 0.03 [0.09] 0.09 [0.20] 0.01 [0.01] 0.04 [0.07]
sj|h,t [in %] 0.03 [0.07] 0.13 [0.17] 0.03 [0.05] 0.01 [0.03]
sh|g,t [in %] 0.78 [0.26] 0.66 [0.31] 0.74 [0.27] 0.82 [0.24]
Price/package [EUR] 21.61 [29.74] 47.48 [47.15] 43.05 [39.25] 10.67 [10.22]
Price/DDD [EUR]
Total 0.33 [0.42] 0.79 [0.60] 0.75 [0.44] 0.12 [0.11]
1. Alpha gluc. inh. 0.88 [0.23] 1.04 [0.26] 0.85 [0.21] 0.75 [0.18]
2. Big. (metformin) 0.12 [0.06] 0.16 [0.04] 0.18 [0.10] 0.12 [0.05]
3. Combinations 0.77 [0.24] 0.79 [0.24] 0.76 [0.24] - -
4. Other (glinides) 0.90 [0.42] 1.31 [0.55] 0.85 [0.35] 0.74 [0.30]
5. Sulfonylurea 0.10 [0.04] 0.18 [0.07] 0.13 [0.05] 0.09 [0.03]
6. Thiazolidinediones 1.50 [0.26] 1.52 [0.30] 1.48 [0.22] - -
Co-pay exemption 0.15 [0.36] 0.00 [0.00] 0.02 [0.13] 0.22 [0.41]
# of �rms in ATC5 23 [10] 13 [11] 12 [9] 27 [6]
# of �rms in ATC4 25 [10] 17 [11] 14 [9] 30 [4]
# of products in ATC5 80 [48] 42 [45] 36 [38] 100 [37]
# of products in ATC4 99 [55] 58 [52] 46 [45] 124 [40]
Danish prices [in EUR] 0.37 [0.48] 0.84 [0.71] 0.87 [0.47] 0.13 [0.14]

We report the descriptive statistics for the 649 oral anti-diabetic drugs in Germany over 84
months (2004-2010). Nest g is de�ned at the chemical group level (ATC4), nest h is de�ned
at the active substance level (ATC5). We use 6 di�erent chemical groups (ATC4): 1. Alpha
glucosidase inhibitors, 2. Biguanides (metformin), 3. Combinations, 4. Other (glinides) 5.
Sulfonylurea, 6. Thiazolidinediones. sjt is the overall market share of product j in month t,
sj|h,t is the market share of the product within the inner nest (ATC 5), sh|g,t is the market
share of the inner nest (ATC5) within the outer nest (ATC4). All prices are ex-factory and
in EUR. All values are based on our own calculations with data from IMS Health. 24,603
observations.
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3.5 Results

3.5.1 Demand-side Estimation

Table 3.4 displays the results of the two-level nested logit demand estimation pre-
sented in Equation (3.3). In the �rst two columns, we present the results for the
speci�cation that only includes product �xed-e�ects [FE], the following two columns
then report the instrumental variables estimation that accounts for the potential
endogeneity of the inner group market shares [FE.IV]. Finally, model [Firm FE.IV]
presents the results obtained including �rm-speci�c �xed-e�ects and product char-
acteristics (rather than product-speci�c �xed-e�ects) and instrumenting the prices
by means of the Danish prices. The coe�cients σ1 and σ2 measure the correlation
of agents' preferences within the nests of active substances and chemical groups,
respectively, and the six price coe�cients [αg] represent the average e�ect of the
price on the market shares for each of the chemical groups. In all speci�cations, all
parameters (except of two) are signi�cant and have the expected signs.

As conjectured, the mean utility positively and signi�cantly depends on the co-
payment exemption which therefore con�rms the importance to control for patients'
preferences. Moreover, both coe�cients measuring the correlation of preferences
within the two nests [σ1 and σ2] are consistent with random utility theory (0 ≤ σ2 ≤
σ1 ≤ 1) across all three models. They are considerably smaller after controlling for
possible endogeneity, as expected. Model Firm FE.IV additionally shows that the
demand signi�cantly increases if the drug stems from the originator manufacturer or
a parallel importer as opposed to the generic manufacturer, capturing the preference
for branded products.

From here on we focus on our preferred speci�cation [FE.IV]. The six price coef-
�cients are negative and statistically signi�cant from zero. The coe�cients cannot
be interpreted as marginal e�ects but they show that substitution indeed di�ers by
chemical group: group 2 represents an o�-patent market with several generic com-
petitors which results in a price coe�cient of −4.2 and group 4 represents a market
with patented active substances and a considerably lower price coe�cient of −0.5.

For a clear interpretation of these estimates in terms of substitution patterns,
we then need to calculate elasticities. The mean value of own- and cross-price
elasticities of all products across all months are presented in Table 3.5. The own
price elasticities vary considerably across groups (-37 to -1, mean: -6.65), while the
average cross-price elasticity within the same nest of active substances (0.45) is larger
than within the upper nest of the respective chemical group (0.26) and indicates a
strong substitution among products in similar nests. The mean cross-price elasticity
for products outside the chemical group is small (0.004 on average) and re�ects
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Table 3.4: Demand Estimation Results

ln sjt − ln s0t FE FE.IV Firm FE.IV
σ1 [active substance] 0.987∗∗∗ (0.005) 0.854∗∗∗ (0.031) 0.991∗∗∗ (0.052)
σ2 [chemical group] 0.609∗∗∗ (0.045) 0.598∗∗∗ (0.055) 0.604∗∗∗ (0.069)
Price, ATC4, group 1 -4.450∗∗∗ (0.492) -4.407∗∗∗ (0.478) -11.586∗∗∗ (2.273)
Price, ATC4, group 2 -4.145∗∗∗ (0.245) -3.992∗∗∗ (0.308) -7.503∗∗∗ (1.002)
Price, ATC4, group 3 -6.636∗∗∗ (1.164) -7.989∗∗∗ (1.322) -7.591∗∗∗ (1.653)
Price, ATC4, group 4 -0.508∗∗∗ (0.134) -0.789∗∗∗ (0.213) -4.805∗∗∗ (0.388)
Price, ATC4, group 5 -1.493∗∗∗ (0.303) -1.421∗∗∗ (0.400) -5.680∗∗∗ (1.138)
Price, ATC4, group 6 -0.523∗∗ (0.177) -0.952∗∗∗ (0.265) -2.938∗∗∗ (0.291)
Co-pay exemption 0.038∗∗∗ (0.005) 0.087∗∗∗ (0.013) 0.017 (0.041)
Original 0.510∗∗∗ (0.114)
Import 0.056 (0.078)
Constant -1.297∗∗∗ (0.065) -1.854∗∗∗ (0.260)
Observations 24,603 24,603 24,603
Product �xed e�ects yes yes no
Time �xed e�ects yes yes yes
Firm �xed e�ects no yes no
Concentration dummies no no yes
IV [σ1,σ2] no yes yes
IV [pjt] no no yes
Adj. R-squared 0.971 0.954 0.950
F -test excl. IV [σ1 / σ2] 18.55 / 120.99 36.72 / 121.96
F -test excl. IV [p1t / p2t] 2.15 / 25.31
F -test excl. IV [p3t / p4t] 2.21 / 82.51
F -test excl. IV [p5t / p6t] 137.00 /0.89

In the �rst two columns, we report the parameter estimates for the OLS (FE) and instru-
mental variable (FE.IV) estimations of equation (3.3). The speci�cation (FE.IV) is used
for the simulation. Column (Firm FE.IV) reports the results from an IV speci�cation
with �rm �xed e�ects (without product �xed e�ects) and where the prices pjt are instru-
mented with the corresponding Danish prices. The dependent variable in all speci�cations is
ln sjt − ln s0t, where sjt = quantity sold of drug j in month t/potential market size in month t and
s0 = market share of the outside option in month t/potential market size in month t. The hetero-
geneous price coe�cients αg are reported separately for the 6 di�erent chemical groups (ATC4)
listed in the Table 3.1: 1. Alpha glucosidase inhibitors, 2. Biguanides (metformin), 3. Combina-
tions, 4. Other (glinides) 5. Sulfonylurea, 6. Thiazolidinediones. The clustered (product level)
standard errors are reported in parentheses. The symbols ∗, ∗∗, ∗∗∗ represent signi�cance at the 1%,
5%, and 10% levels, respectively.
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the low substitutability among drugs from di�erent chemical groups. The high
correlation among preferences for drugs of the same chemical group is reasonable
and re�ects the fact that the grouped active substances di�er only slightly in their
molecule structure, which allows patients to easily substitute among them. The
even larger correlation among drugs containing the same active substance might be
driven by the same reasoning. Here, the drugs di�er only in strength, dosage form,
manufacturer, colour, package size, etc. Furthermore, it is a common �nding in
the literature that patients tend to substitute toward similar drugs, (e.g., Ellison,
Cockburn, Griliches, and Hausman, 1997; Dutta, 2011).

Table 3.5: Product-level Price Elasticities

OPE CPE, ATC5 CPE, ATC4 CPE, all
mean mean mean mean
[std] [std] [std] [std]

Total -6.652 0.452 0.258 0.004
[10.624] [1.399] [0.734] [0.004]

ATC 4
1. Alpha glucosidase inhibitors -24.689 1.837 0.988 0.007

[6.751] [1.198] [0.078] [0.007]
2. Biguanides (metformin) -3.478 0.031 0.031 0.002

[1.049] [0.001] [0.001] [0.000]
3. Combinations -37.349 5.028 4.126 0.009

[16.284] [3.275] [1.584] [0.002]
4. Other (glinides) -4.818 0.300 0.142 0.003

[2.461] [0.603] [0.021] [0.001]
5. Sulfonylurea -0.991 0.023 0.011 0.003

[0.409] [0.030] [0.003] [0.000]
6. Thiazolidinediones -8.685 0.945 0.526 0.004

[2.409] [0.527] [0.115] [0.001]

Original -18.026 2.309 0.957 0.009
[14.226] [3.166] [1.320] [0.007]

Import -15.572 0.968 0.636 0.006
[14.630] [1.280] [0.706] [0.006]

Generic -2.321 0.030 0.025 0.002
[1.895] [0.049] [0.035] [0.001]

We report the mean values and standard deviations over 84 period of the the product-
level's own- (OPE) and cross-price elasticities (CPE) based on the estimated parameters
from speci�cation (FE.IV) of equation (3.3) and the formulas (3.4) to (3.7). 24,603
observations.

We can now use Equation (3.10) to retrieve the marginal costs and the corre-
sponding markups for each of the 84 sample months. Table 3.6 presents marginal
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costs and markups as a mean percentage over all drugs across all time periods. On
average, marginal costs are 33% of prices and tend to be higher for patented drugs
and lower for generic products. This result, which is mostly driven by the chosen
nested logit demand model to estimate elasticities, is a bit surprising as marginal
costs are reported to be low in the pharmaceutical industry. A possible explanation
is that high marginal costs for patented drugs re�ect that innovative �rms utilise
more sophisticated production technology than generic companies. The reported
marginal costs might also partially re�ect investments in research and development
that are not captured by �xed costs.

Table 3.6: Marginal Costs And Markups

Total Original Import Generic
mean mean mean mean
[std] [std] [std] [std]

Marginal cost [EUR/DDD] 0.26 0.87 0.66 0.04
[0.40] [0.39] [0.41] [0.10]

Marginal cost [% of price] 0.33 0.76 0.78 0.14
[0.59] [0.18] [0.25] [0.59]

Markup [EUR/DDD] 0.11 0.28 0.10 0.08
[0.10] [0.20] [0.08] [0.06]

Markup [% of price] 0.67 0.24 0.22 0.86
[0.59] [0.18] [0.25] [0.59]

We report the absolute and and percentage mean values (with st.d.)
over all 84 months of the estimated markups and marginal costs,
which are based on the Jacobians calculated with the estimated pa-
rameters from speci�cation [FE.IV] of equation (3.3). 24,603 obser-
vations.

3.5.2 Simulation

The �nal step of our empirical analysis consists of simulating the new equilibrium
in prices and quantities that one would observe, had parallel imports not been
allowed. By comparing this counterfactual scenario to the status quo prices and
corresponding demand-side surplus and variable pro�ts, we can estimate the value
of parallel imports.

Table 3.7 shows the estimated changes in prices (mean) and quantities (total)
due to the existence of parallel imports over all 84 months in our sample. Prices of
originator drugs decrease on average by ca. 11% and prices of generic drugs increase
on average by only 0.7% due to parallel trade in the German market for oral anti-
diabetics. The overall average price in the market increases by ca. 10% because
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Table 3.7: E�ects Of Parallel Imports On Mean Prices And Total Quantities By
Product Types And Chemical Groups � 2004-2010

Price [EUR/DDD] status quo w/o imports Di�erence
mean mean in %

Total 0.36 0.27 10.0
Total, w/o imports 0.25 0.27 -5.9
Original 1.15 1.29 -11.0
Import 0.76 - -
Generic 0.128 0.127 0.7
ATC 4
1. Alpha glucosidase inh. 0.88 1.09 -19.4
2. Biguanides (metformin) 0.13 0.13 1.7
3. Combinations 0.79 0.82 -3.6
4. Other (glinides) 0.95 1.64 -41.9
5. Sulfonylurea 0.11 0.10 4.8
6. Thiazolidinediones 1.48 1.66 -10.5

Cumulated quantity [DDD] status quo w/o imports Di�erence
in mio in mio in %

Total 7,778.0 7,574.8 2.7
Original 1,369.0 1,376.2 -0.5
Import 428.7 - -
Generic 5,980.3 6,198.5 -3.5
ATC 4
1. Alpha glucosidase inh. 139.9 71.0 97.0
2. Biguanides (metformin) 3,194.0 3,259.0 -2.0
3. Combinations 1,142.9 984.7 16.1
4. Other (glinides) 236.0 159.9 47.6
5. Sulfonylurea 2,813.3 2,897.5 -2.9
6. Thiazolidinediones 252.0 202.5 24.4

We report the mean values and percentage changes over all 84 months of the
observed prices and total sum of quantities vs. their simulated counterparts,
based on the estimated parameters from speci�cation [FE.IV] of equation (3.3).
Column status quo reports the observed values from our data while column w/o
imports displays our simulated results. 24,603 observations.
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Table 3.8: E�ects Of Parallel Imports On Demand-side Surplus And Variable Pro�ts
By Firm Types And Chemical Groups � Sum Over 84 Months (2004-2010)

Demand-side surplus status quo w/o imports Di�erence
in mio EUR in mio EUR in %

Total 3,674.0 3,544.1 3.7
ATC 4
1: Alpha glucosidase inh. 87.5 43.7 100.2
2: Biguanides (meformin) 1,773.5 1,773.7 -0.01
3: Combinations 707.1 601.4 17.6
4: Other (glinides) 148.9 100.4 48.2
5: Sulfonylurea 1,585.8 1,597.6 -0.7
6: Thiazolidinediones 158.8 123.7 28.4

Variable pro�ts status quo w/o imports Di�erence
in mio EUR in mio EUR in %

Total 829.7 931.7 -10.9
Original 208.3 333.5 -37.5
Import 41.5 - -
Generic 579.9 598.3 -3.1
ATC 4
1: Alpha glucosidase inh. 6.1 10.5 -42.2
2: Biguanides (meformin) 127.7 129.9 -1.7
3: Combinations 70.6 83.0 -15.0
4: Other (glinides) 62.6 107.0 -41.5
5: Sulfonylurea 451.7 460.7 -1.9
6: Thiazolidinediones 111.0 140.6 -21.1

We report the aggregated values and percentage changes over all 84 months of
the demand-side surplus and variable pro�ts due to parallel import. All �gures
are calculated based on the estimated parameters from speci�cation [FE.IV]
of equation (3.3). Column status quo reports values based on the observed
data while column w/o imports displays values based on the simulated results.
24,603 observations.
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Figure 3.3: Absolute And Relative Di�erence Between Simulated And Status Quo
Demand-side Surplus Over 28 Quarters. 84 monthly values averaged to 28 quarters.
Left axis in EUR, right axis in %.
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The logic and limitations of ideal competitive behavior under

uncertainty force us to recognize the incomplete description of

reality supplied by the impersonal price system.

� Kenneth J. Arrow, 1963, p.967,

Uncertainty and the Welfare Economics of Medical Care

4.1 Introduction

In markets with insurance coverage, insurees are not exposed to the full price of
their consumption. Cost-sharing regulations of insurances exploit consumers' price
sensitivity to control for ex-post moral hazard and steer consumption to preferred
products or services. Two instruments for health insurances to control health care
expenditures via the demand-side are tiered co-payments and reference pricing, for
example, in the pharmaceutical market (Berndt, McGuire, and Newhouse, 2011).
Tiered co-payments di�erentiate cost-sharing by drug types or by patients. Cost-
sharing takes on various functional forms, e.g., a linear function of prices or �xed
fees. With �xed-fee co-payments, insurees have a very limited incentive to search
for a lower-priced product or service. Reference pricing de�nes the maximum drug
reimbursement of the health insurance using competitors prices. This paper analyzes
the combined e�ects of tiered co-payments and reference pricing and evaluates the
e�ects of co-payment exemptions on pricing strategies.

In Germany, selected drugs are exempt from co-payments if �rms set prices 30%
or more below the reference price. The policy can be interpreted as the introduction
of a more di�erentiated cost-sharing, i.e., tiered co-payments. The incentive for pa-
tients to switch to lower-priced drugs impacts pricing strategies of �rms: they decide
on a lower price for their consumers by decreasing their prices. Our paper exploits
the institutional features of the newly introduced exemption policy, its application
to pharmaceuticals with reference pricing, and its successive implementation in ther-
apeutic markets (reference price clusters).

In the US, tiered co-payments are the favorite approach to steer drug demand
to low-price substitutes. For example, most Medicare Part D Prescription Drug
Plans (PDP) di�erentiate co-payments by drug type: median cost-sharing across
all insureds was $5 for generics, $41 for preferred brands, and $92 for non-preferred
brands in 2012 (Hoadley, Summer, Hargrave, Cubanski, and Neuman, 2012).

Reference pricing de�nes a maximum reimbursement limit for groups of chem-
ical, pharmacological or therapeutically equivalent substitutes. Patients share 100
percent of the costs when a drug price exceeds the maximum reimbursement. This
regulation is a prominent cost-sharing regulation in Europe and seems to be more
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This paper adds to the literature on competition and regulation in pharmaceu-
tical markets. We show that co-payment exemption levels foster competition for
lower-priced drugs. In pharmaceutical markets, the empirical literature identi�es a
negative price e�ect of competition (through generic entry) on generic drug prices
(Rei�en and Ward, 2005; Wiggins and Maness, 2004). For example, the �generic
competition paradox� shows that prices of formerly patented drugs increase when
generics enter the market (Grabowski and Vernon, 1992; Frank and Salkever, 1997;
Regan, 2008). Our set-up allows to analyze the policy e�ects on generics and brand-
name drugs separately. Thereby, we provide independent empirical evidence that
the economics of the �generic competition paradox� (Scherer, 1993) hold even in
generic markets with demand-side regulations. Explanations for the price increase
of brand-name drugs after generic entry include the �rms' strategies to focus on less
price elastic, brand-loyal consumers (Regan, 2008). As Richard and Van Horn (2004)
show, brand characteristics explain a large part of the choices consumers make. If
there are consumer segments with di�erent preferences for (observed) quality, price
discrimination would indeed maximize consumer and overall welfare (Alexandrov
and Deb, 2012).

The remainder of this paper is structured as follows. We brie�y explain the
German market for pharmaceuticals and its regulatory framework in section 4.2.
Section 4.3 condenses the theoretical ideas of the generic and original �rms' price-
setting behavior. In section 4.4 we discuss our data, the estimation strategy, and the
identi�cation of our key parameters. Sections 4.5 presents and discusses our results,
and section 4.6 concludes.

4.2 The German Market for Pharmaceuticals

More than 69.5 million people (or about 85 percent of the population) are covered
by the public health insurance which also reimburses medical expenses. Lifestyle
pharmaceuticals and OTC drugs are not reimbursed. Potential selection problems
due to di�erent types of statutory insurance are not relevant in our sample. In 1989,
Germany was the �rst country to introduce internal reference pricing with the aim
to lower pharmaceutical expenses. Since 2006, co-payment exemption levels (CEL)
have been introduced successively in several therapeutic markets (reference price
clusters).

Drug prices are uniform across all German pharmacies. Incentives to hand out
more expensive drugs are low due to regulated wholesale and pharmacy margins.
For example, pharmacists receive a �xed fee per package and a fraction of the drug
price (3%) directly from the health insurance. The drug choice can be in�uenced
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the average generic price similar to additional generic competitors. To ease the
derivations, we assume that the number of �rms entering is independent of the
availability of a CEL, and vice versa. More speci�cally, and without loss of generality,
the number of generic competitors n is �xed.

The demand side is modeled to consist of loyal consumers who always purchase
the branded drug irrespective of the generic price and the cross-price sensitive seg-
ment whose demand is in�uenced by both prices.6 In the pharmaceutical market,
generics can be viewed as very close substitutes. However, loyal customers may have
high switching costs for several reasons: lack of switching experience, risk aversion,
good experience with branded drugs, preferences for brands, or lack of information.

We now analyze a heterogeneous market with two consumer segments.
The brand-name producer's demand function is Qb = DL(pb) +DS(pB, pG) with

DL the demand of the loyal segment only depending on the brand-name price and
DS the demand of the price-sensitive segment for the brand-name drug depending
on both prices.

Since prices are set sequentially and we apply the Nash equilibrium concept, the
game is solved by backward induction. In the second stage, the market demand
function for n identical �rms is DG(pg, pb, n, cel) and the equilibrium value of pg is
pg(cel, pb, n). We assume that the generic price pg decreases with the availability of
a CEL and the number of generic �rms and increases with the brand-name price.
Furthermore, we assume that ∂DS

∂pb
< 0 and ∂DS

∂pg
> 0. The latter implies that the

demand for the branded drug by price-sensitive consumers increases in the generic
price.

In the �rst stage, substituting pg into Qb and assuming that the brand-name's
producer has zero costs7, we write the brand-name �rm's pro�t function as

π = pb · [DL(pb) +DS(pb, pg(cel, pb, n))] = pb ·Qb(pb, cel, n) (4.1)

where Qb(pb, cel, n) can be viewed as the reduced-form demand curve for the brand-
name drug for given values of cel ∈ [0, 1] and n.

Maximization of (4.1) with respect to pb yields the �rst-order condition

∂π

∂pb
= pb ·

(
∂DL

∂pb
+
∂DS

∂pb
+
∂DS

∂pg
· ∂pg
pb

)
+Qpb = 0 (4.2)

Since demand Qpb is assumed to be non-negative, the �rst part of (4.2) must be
negative for the �rst-order condition to hold.

6This assumption �rst appeared in Varian (1980), who distinguishes between informed and
uninformed consumers in a homogeneous duopoly.

7In contrast, Frank and Salkever (1992) assume costs to depend on the drugs' quantities.
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While we assume that the generic price decreases after the introduction of a CEL
( ∂pg
∂cel

< 0), the e�ect of a CEL on brand-name price, dpb
dcel

, can be assessed by a total
di�erentiation of Equation 4.2.

The implicit function theorem gives us that dpb
dcel

= −[∂
2π
∂p2b

]−1 · ∂2π
∂pb∂cel

. With ∂2π
∂p2b
≤ 0

for the equilibrium to be a maximum (second-order condition), solving the second
multiplier it su�ces to identify the sign of this equation.

∂2π

∂pb∂cel
=
∂DS

∂pg
· ∂pg
∂cel

+ pb ·
(
∂2DS

∂pb∂pg
· ∂pg
∂cel

+
∂2DS

∂p2g
· ∂pg
∂cel

· ∂pg
∂pb

+
∂DS

∂pg
· ∂2pg
∂pb∂cel

)
(4.3)

The sign of this equation is unclear a priori. The �rst term is negative by
assumption. However, the term in brackets may be positive and exceed the size of
the �rst term which would translate into a price increase of brand-name drugs due
to a CEL. We now assume that ∂2pg

∂pb∂cel
< 0, which means that generic prices react

less to changes in brand-name prices if a CEL is in place. We further assume that
∂pg/∂pb > 0, which makes the reduced-form demand curve Qb(pb, cel) less own-price
elastic than the ordinary demand curve for the brand-name drug. We further assume
that ∂2DS

∂p2g
> 0 holds, which means that the price-sensitive demand for the brand-

name drug has a less elastic reaction to generic price increases the lower the generic
price. It then crucially depends on the shape and the extent of the change of the
cross-price sensitive demand curve DS ( ∂

2DS
∂pb∂pg

) whether the branded price increases
or decreases due to the introduction of a CEL. This speci�c term is negative if the
demand for the branded good is more elastic for lower branded prices if pg decreases
than for higher prices. This means, that the demand curve for the brand-name drug
with respect to pb is rotated toward zero if pg decreases.

This is similar to Frank and Salkever (1992) who identify one realistic condition
to explain the observed generic competition paradox. They argue that entry must
make the reduced-form demand curve steeper (less elastic). �If, for example, the
purchasers with the strongest own-price response are more likely to reduce their
purchases [of the branded drug] to zero as pg falls, this will result in a steeper slope
for the reduced-form demand curve [for the branded drug] since the remaining cross-
price sensitive purchasers have (by assumption) weaker price responses.�(Frank and
Salkever, 1992) Under the assumptions above, there may be an equivalent e�ect for
the introduction of a CEL. We thus hypothesize:

The CEL will increase the price gap between drugs from innovators and
generic �rms if the demand curve becomes steeper due to a CEL. While
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generic �rms will compete even more in the low-price segment, innovative
�rms will not decrease prices and may even increase prices.

4.4 Estimation Strategy and Data

Estimation Strategy We investigate the e�ects of the co-payment exemption pol-
icy on �rm's pricing strategies with a reduced-form price regression. We identify the
results by a di�erence-in-di�erence approach and instruments for reference prices.
The price equation for each drug is given by:

ln pit = β0 + β1 ln rpit + β2(geni × CELit)
+β3(brandi × CELit) + β4(impi × CELit) (4.4)

+β5mit +
15∑
t=2

δtτt + αi + εit

where i denotes drugs i = 1, ..., I and t denotes quarters t = 1, ..., T . The price
for each drug, ln p, �rst depends on its reference price, ln rp, and on the co-payment
exemption policy, CEL. The variable cel is one from the quarter in which the co-
payment exemption policy was introduced for the respective reference price cluster,
and zero before. To identify e�ects by �rm-type, the 364 companies are classi�ed
according to their websites into three unique groups: generic �rms, brand-name
originators, and importers.8 To di�erentiate the e�ects by �rm type, the policy
dummy is interacted with �rm-type: gen (generic), brand (brand-name), and imp
(importing). We include the number of �rms within the reference price cluster, m, to
capture market size and proxy for competition. Time dummy variables, τt, control
for quarter-speci�c shocks. Product �xed-e�ects (αi) are constant over time (such
as [observed] quality, package size or side e�ects, e�cacy, the �rm's management
quality or the drug type), and εit are time and product normally distributed error
terms.

Reference prices are an important predictor of prices. Their non-regular adjust-
ments cannot be foreseen and they are published one to three months before the new
reference price is binding to allow for price adjustments. Reference prices are based
on prices that are lagged by 12 months on average. Prices of drugs with a less than
1 percent market share are not considered and at least 20 percent of all products

8A table with the classi�cation is available from the authors upon request.
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must be available at the reference price. The regulation is meant to rule out strate-
gic price setting to in�uence the calculation of the reference price. By de�nition,
reference prices depend on (lagged) prices in the same therapeutic market (reference
price cluster). To control for potential endogeneity issues, we use instruments, i.e.,
a proxy for regulation intensity across di�erent therapeutic markets.

We apply a di�erence-in-di�erences approach to estimate causal e�ects of the
treatment. The treatment group consists of those reference price clusters in which
co-payment exemption thresholds were introduced between Q2 2007 and Q3 2010,
after the �rst period and before the last period of the sample. The control group
consists of drugs that are treated in the last quarter, i.e., are a�ected by the CEL
policy in the last quarter. The rationale for that choice is that both groups become
treated over time and di�er only in the timing of the introduction. Descriptive
statistics and empirical tests con�rm the validity and quality of the control group
and are presented in the paragraph Identi�cation. As robustness checks, we present
also the results for another control group: clusters which had been treated already
before 2007 (CEL before Q2).

Data We collect quarterly prices, reference prices, and characteristics at the
product level of prescription drugs in Germany for the years 2007 to 2010. The
sample includes all drugs for which reimbursement is de�ned by a reference price
and which are potential candidates for a co-payment exemption. By the end of
2010, our data covered 71.7 percent of all drug packages sold and 36.6 percent
of all pharmaceutical expenses in Germany (ProGenerika, 2011). Comparatively
low prices are explained by the high share of generic drugs that fall under the
regulation of reference pricing. Prices (p), reference prices (rp), and exemption levels
CEL are at the level of pharmacy selling prices, including VAT and pharmacists
reimbursements (which both remain unchanged over the study period). Products are
identi�ed with a unique identi�cation number (PZN), by active ingredient, package
size, strength, form of administration, and reference price cluster. The data set on
reference prices is publicly available from the German Drug Regulatory Authorities.9

The data set of prices and reimbursements is merged with information about co-
payments and exemptions thereof. Product-speci�c co-payment exemption levels are
published by the Federal Association of Statutory Health Insurance Funds (FASHI)
in Germany (FASHI, 2011).

The �nal sample comprises 2,105 packages of which there were 1,451 generic
drugs, 362 drugs of brand-name �rms, and 292 imports. Table 4.1 presents the tim-

9In cooperation with the German Drug Regulatory Authorities the German Institute for Medical
Documentation and Information (DIMDI) quarterly updates a central information platform for
pharmaceutical products and reference prices in Germany (DIMDI, 2011).
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ing of the treatment. Co-payment exemption levels are introduced in 284 reference
price clusters between Q2 2007 and Q4 2010. The heterogeneity in cluster size be-
comes clear in quarter 5, where 9 clusters and 260 drugs are treated, versus quarter
14 (242 drugs in 55 clusters).

Table 4.1: Newly Introduced Co-payment Exemption Limits

Quarter Q3 Q5 Q7 Q9 Q14 Q16
# Packages 716 260 135 23 242 698
# clusters 34 9 10 3 55 167

Own calculations with data from the Federal Association
of Statutory Health Insurance Funds, Q1 2007 to Q3
2010. Column Q16 presents the preferred control group
treated in Q4 2010.

Table 4.2 presents descriptive statistics of the treatment group by the three prod-
uct types before and after the treatment. Prices and reference prices are in�ation
adjusted to the base year 2007. On average, drug prices are lower after the reform
on average and o�-patent brand name products always have the highest price. More
than 70 percent of the observations are drugs from generic manufacturers. The
average number of �rms decreases after the policy introduction.

The statistics in Table 4.3 investigate the pricing pattern in more detail. 97
percent of generic �rms set prices below the reference price both before and after
the policy. About 25 percent of the brand-name �rms increase their prices to above
the reference price after the reform. Before the treatment, all �rm types set prices
between 37 percent and 8 percent below the reference price. However, after the
policy implementation, brand-name �rms and importers set prices above the refer-
ence price. The last column of Table 4.3 (P<CEL) shows that a majority of generic
drugs are exempt from co-payments while only a small fraction of brand-name drugs
and imports are exempt. Around 14 percent of the original and imported packages
would have been exempt one quarter before the introduction while only 6 percent
are exempt after the introduction.

Identi�cation The treatment group comprises all therapeutic markets in which
the exemption policy was introduced between Q2 2007 and Q3 2010. The control
group CEL(late) consists of all drugs that are treated in the last quarter, i.e., are
a�ected by the CEL policy in the last quarter. Both groups become treated over
time and di�er only in the timing of the policy introduction. We present also the
results for an alternative control group of therapeutic markets that were treated
before 2007 (CEL early) as a robustness check.
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Table 4.2: Descriptive statistics of the treatment group

N Price Ref. price # �rms
CEL Before After Before After Before After Before After
Generics 3,433 9,033 39.67 22.56 52.78 25.83 7.44 3.56

(57.92) (28.23) (74.74) (31.22) (3.73) (1.68)
Brand 797 2,007 75.21 44.06 79.48 36.28 6.18 4.86

(106.8) (63.08) (117.1) (59.23) (2.35) (1.69)
Importer 774 1,681 39.38 35.32 41.79 31.85 4.18 1.72

(31.13) (28.97) (36.02) (32.22) (2.43) (.90)

Descriptive statistics (means and standard deviations in parentheses) of the treatment
group from Q1 2007 to Q3 2010, by �rm class before/after the introduction of co-
payment exemption thresholds. Average # of �rms per reference price cluster. Data
source: FASHI.

Table 4.3: Co-payment Exemptions and Prices

(p-rp)/p P<RP P<CEL
CEL Before After Before After Before* After
Generics -.37 -.16 .97 .98 .49 .55

(.45) (.15) (.15) (.10) (.50) (.49)
Brand -.09 .11 .91 .69 .14 .06

(.37) (.26) (.28) (.46) (.35) (.24)
Importer -.08 .08 .90 .76 .12 .008

(.19) (.23) (.29) (.42) (.32) (.09)

This table displays means and standard deviations (in parentheses) of pricing
patterns around the policy introduction of the treatment group from Q1
2007 to Q3 2010. * indicates hypothetical exemptions one period before the
introduction of the policy. Data source: FASHI.
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Table 4.4 presents descriptive statistics for the treatment and control group.
Additionally, summary statistics for all drugs in the sample and for the alterna-
tive control group are shown. To investigate how similar therapeutic markets in
the treatment and control groups are, we compare prices, reference prices, and co-
payment exemption levels. The treatment and late control group (CEL late) show
very similar prices and price-to-reference price ratios. Prices of the earlier treated
control group (CEL early) are a bit higher but more drugs are priced below the
reference price.

Table 4.4: Descriptive Statistics of Treatment and Control Groups

Sample Price Price<RP Price<CEL CEL (1=yes) N
mean mean mean mean
(std) (std) (std) (std)

All 45 .94 .51 .76 373,056
(115) (.22) (.49) (.42)

Treatment 32 .92 .41 .71 17,725
(47) (.26) (.49) (.45)

CEL late 34 .92 . . 6,533
(29) (.26)

CEL early 55 .96 .52 1 256,743
(133) (.19) (.49) (0)

Own calculations with data from the Federal Association of Statutory Health In-
surance Funds, Q1 2007 to Q3 2010. All: all drugs in a reference price cluster (with
and without CEL) from Q1 2007 to Q3 2010. Treatment: drugs facing a CEL intro-
duction after Q1 2007 and before Q4 2010, CEL late: the preferred control group
treated in the last quarter. CEL early: the control group treated before 2007.

Figure 4.1 shows mean prices for the treatment and control group and provides
�rst descriptive evidence on the policy's e�ect on prices. The six largest treated
therapeutic markets show decreasing mean prices due to the policy. The graph also
provides evidence on the quality of the control group. The treated clusters show
similar constant pre-policy price-trends as the control group.

The identifying assumption for the di�erence-in-di�erence approach is that the
treatment and the control group do not di�er in unobserved characteristics over
time. For example, the group of drugs would di�er if they show di�erent time
trends. We empirically test for the independent time trends of the treatment and
the control group and regress prices prior to the treatment on time trends and on
the interaction between time trends and treatment (Pavcnik, 2002). The variable
Quarter x Treatment interacts quarter and an indicator for treated drugs. The
results in Table 4.5 indicate a negative price trend over time [Quarter] and no



4.4. ESTIMATION STRATEGY AND DATA 110

Figure 4.1: This graph shows mean prices of the �ve largest groups treated at di�erent points in
time two quarters before and one after the introduction of a CEL. The solid lines are mean prices
over 15 periods of the control group CEL late.
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statistical signi�cant di�erence between the time trend of the treatment group and
of the control group. In addition, CEL are introduced successively at di�erent points
in time. Time and product �xed-e�ects control for time-invariant drug attributes
and time �xed-e�ects.

Table 4.5: Price Trends Prior to Treatments

Price [ln]
Reference Price [ln] .244∗∗∗

(.038)
Quarter -.348∗∗∗

(.056)
Quarter × Treatment .079

(.056)
Constant 27.87∗∗∗

(1.822)
N 12,035
R2

adj .284

Clustered standard errors in parentheses; * p <
.05, ** p < .01, *** p < .001; Sample includes
only observations for pre-CEL periods. Data
source: FASHI.

In Germany, an institution exogenous to the pharmaceutical market decides to
implement CEL based on the legislative goal to generate savings. We could not �nd
any pre-de�ned rules when to introduce CEL to which group, which was con�rmed
by the decision committee and business professionals. The implementation is an ad-
ministrative bargaining result which can be characterized as a black box. The main
identi�cation assumption for Equation 4.4 is the exogeneity of the CEL introduction
and of the reference price [CEL|ε = 0; rp|ε = 0]. We empirically test for drivers of
the decision to introduce the policy. Therefore, we regress the treatment decision
(one from the beginning of the policy, zero otherwise) on potential drivers of the
introduction. Since the political goal of the policy is to generate savings, potential
variables of interest are reference prices, prices, and market size approximated by
the number of �rms. Co-payment exemption levels are introduced at the level of
therapeutic markets. Thus, we collapse our data on the therapeutic market (mean).
Table 4.6 presents results of this estimation for the preferred control group (CEL
late) in column (1) and for the alternative control group (cel early) in column (2).
None of the variables in (1) is statistically di�erent from zero which indicates that
none of the variables has an e�ect on the decision to implement the policy. Results
are similar for the alternative control group of early treated, although the number
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of �rms is statistically signi�cant and positive. The latter results indicate an e�ect
of market size on the decision to implement the policy. To control for the e�ect of
market size, we include the number of �rms in our price regression.

Internal reference prices depend on lagged competitors' prices. We instrument
reference prices with changes in the reference price in all other therapeutic markets.
How often and by how much reference prices change in other therapeutic markets
depends on the focus of the regulator, i.e., the intensity of regulation. Policy makers
might have a focus on particular therapeutic markets or some drug markets might
attract attention due to special circumstances. Taking limited resources of the
regulatory body into account, the regulatory activity in one market can indicate
how much the regulator focuses on all other markets. The more a regulator focuses
on one market, the lower the prices are in this market. Thus, we would expect
a negative correlation of reference prices and reference prices in other therapeutic
markets. F-tests of excluded instruments indicate that the instrument is relevant.

To address concerns about colluding �rms: on average 23 �rms are active in one
therapeutic market (reference price cluster). A stable mechanism to collude in such
an environment seems not very credible.

Table 4.6: Drivers of the Decision to Introduce CEL

Treatment Decision
CEL late CEL early

ReferencePrice(ln) -0.33 -0.49
(2.48) (2.07)

Price[ln] 0.31 0.78
(2.50) (2.09)

#Firms 0.58 0.90∗∗∗

(0.31) (0.24)
Constant -0.95 -3.71∗∗∗

(1.06) (0.94)
N 103 251

Logistic regression; data collapsed on reference price group; panel vari-
ables: reference price group and quarter; 351 groups dropped because
of all positive or all negative outcomes; * p < 0.1, ** p < 0.05, ***
p < 0.01; Data Source: FASHI.

4.5 Results

This section provides empirical results on the e�ects of the co-payment exemp-
tion levels on pricing strategies and it presents robustness checks for our identi�ca-
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tion strategy. Table 4.7 presents OLS and instrumental variable estimation results.
Columns (1) and (2) show the overall e�ects of co-payment exemptions levels and
columns (3) and (4) di�erentiate the e�ects by �rm-type. Table 4.8 provides robust-
ness checks.

4.5.1 E�ects of the Co-payment Exemption Policy

OLS results in Table 4.7, column (1) indicate 2.8 percent lower prices after the
co-payment exemption policy. Prices decrease by 2.1 percent if reference prices
decrease by 10 percent. Once we use instruments for reference prices in column
(2), the e�ect becomes more negative and prices decrease by 2.4 percent after a
10 percent decrease in reference prices. Controlling for unobservables decreases the
e�ect of the exemption policy to 2 percent, as indicated in column (2).

When we di�erentiate the e�ect of co-payment exemptions by �rm-type in
columns (3) and (4). Prices for generics decrease by 4.9 percent and brand-name
�rms increase their prices by 6.4 percent on average. It turns out that generic �rms
respond more to the incentives of lower prices. Brand-name �rms are able to charge
higher prices, controlling for the insurance's reimbursement level. The policy does
not a�ect prices of importing �rms.

Since our results show similar e�ects as the �generic competition paradox,� we
name our �ndings the �co-payment exemption paradox� (Regan, 2008). Both mech-
anisms work in a similar way, i.e., brand-name �rms increase their prices due to
policies introducing more incentives for �rms to compete in prices. The results
above indicate a strong market segmentation which allows branded drugs to main-
tain higher prices, even with additional competition-enhancing instruments. Several
papers have analyzed the paradox. As presented in section 4.3, we follow Frank
and Salkever (1992), Kong and Seldon (2004) and Regan (2008) who explain their
results in a Stackelberg framework. Other studies explain the phenomenon by het-
erogeneous health insurance coverage (Ferrara and Missios, 2012; Ferrara and Kong,
2008) and imperfect substitution between original and generic drugs (Nabin, Mo-
han, Nicholas, and Sgro, 2012) which is both unlikely in the German case. The joint
analysis of reference prices and tiered co-payments through additional co-payment
exemption levels gives insight into the e�ects of combining both policies. Our esti-
mates con�rm earlier �ndings of price decreases due to (changes in) reference prices
(Regan, 2008; Pavcnik, 2002; Augurzky, Göhlmann, Gress, andWasem, 2009).10 The

10Augurzky, Göhlmann, Gress, and Wasem (2009) use similar price data and estimate an (ex-
factory) price increases of 0.29 percent when the reference prices increases by 1 percent. Pavcnik
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Table 4.7: E�ects of the Copayment Exemption Policy

(OLS-1) (IV-2) (OLS-3) (IV-4)
Price [ln] Price [ln] Price [ln] Price [ln]

Reference Price (ln) .211∗∗∗ .244∗∗∗ .199∗∗∗ .254∗∗∗

(.014) (.022) (.014) (.021)
CEL -.028∗∗∗ -.020∗∗∗

(.005) (.006)
# of �rms (ln) -.017∗∗∗ -.018∗∗∗ -.019∗∗∗ -.020∗∗∗

(.006) (.006) (.006) (.006)
CEL × generic -.062∗∗∗ -.049∗∗∗

(.007) (.008)
CEL × innovator .054∗∗∗ .064∗∗∗

(.008) (.010)
CEL × importer .004 .012

(.011) (.011)
Constant 2.51∗∗∗ 2.56∗∗∗

(.049) (.050)
Quarter FE Yes Yes Yes Yes
N 24,258 24,258 24,258 24,258
R2
adj .44 .38 .46 .40

F test excl IV 134 135

The columns IV use the average change in reference prices in other therapeutic mar-
kets as instrument for own reference prices. Standard errors are clustered at the
product level and presented in parentheses; * p < 0.1, ** p < 0.05, *** p < 0.01;
CEL: co-payment exemption level.
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negative price e�ect of the number of �rms is small but signi�cant and underlines
the negative price e�ect of competition and market size.

4.5.2 Robustness Checks

In this section we present and discuss alternative estimation techniques and ap-
proaches. In particular, we present results for an alternative control group and for a
�rst-di�erence estimation. The latter controls for �rst-order serial correlation of the
error terms of the reduced-form price equation. All estimates con�rm our results
from Section 4.5.

Table 4.8: Robustness Checks

CEL early FD
Price [ln] FE IV FE IV
Reference Price [ln] .306∗∗∗ .269∗∗∗ .160∗∗∗ .209∗∗∗

(.005) (.019) (.014) (.021)
CEL × generic -.072∗∗∗ -.080∗∗∗ -.092∗∗∗ -.079∗∗∗

(.006) (.007) (.006) (.007)
CEL × innovator .041∗∗∗ .035∗∗∗ .019∗∗∗ .031∗∗∗

(.009) (.009) (.006) (.008)
CEL × importer -.010 -.015 -.027∗∗ -.016

(.012) (.012) (.011) (.012)
# of �rms -.033∗∗∗ -.034∗∗∗ -.011∗∗∗ -.011∗∗∗

(.003) (.003) (.004) (.004)
Quarter FE Yes Yes Yes Yes
N 274,468 274,468 22,127 22,127
R2
adj .39 .38 .21 .20

F 829.92 827.05 101.23 100.57

The columns IV use the average change in reference prices as instrument for
own reference prices. Standard errors are clustered at the product level and
presented in parentheses; * p < 0.1, ** p < 0.05, *** p < 0.01; CEL: co-
payment exemption level.

Table 4.8, columns (1) and (2), show in our preferred model that the general
results hold for another control group: clusters which had been treated between Q3
2006 and Q1 2007 (CEL early). We observe only slight changes in magnitudes and

(2002) �nds decreases in prices after a potential rise of the patients' out-of-pocket payments due
to newly introduced reference prices.
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standard errors. Prices and reference prices are still positively correlated and the
e�ect of the co-payment exemption policy has a negative e�ect on prices of generic
drugs and a positive e�ect on prices of brand-name drugs. Results of a �rst-di�erence
regression show a more negative e�ect of co-payments as presented in column (3)
and (4) of Table 4.8. The e�ect of the policy is -7.9 percent for generics and +3.1
percent for brand name products in the IV speci�cation.

4.6 Discussion

This study utilizes data of all German drugs regulated by reference pricing between
2007 and 2010 and evaluates the introduction of co-payment exemption levels. We
are the �rst study to analyze the policy and show that the co-payment exemption
policy has a signi�cant negative e�ect of -4.9 percent on generic prices (up to -
7.9 percent, depending on the empirical speci�cation). Brand-name drugs increase
prices by 6.4 percent due to the new regulation. Analogously to the price increases
of brand-name drugs after generic entry (�generic competition paradox�), we call
this phenomenon the �co-payment exemption paradox.� Our results are in line with
previous �ndings in the way that we �nd signs of signi�cant market segmentation
despite multiple demand-side regulations in place (Regan, 2008). Furthermore, the
results of this study do not suggest regulation overload (Danzon and Chao, 2000).
The discussed combination of reference prices with co-payment exemption levels
seems to foster price competition.

It is crucial to understand how demand-side instruments steer drug demand
toward cost-e�cient products. While reference pricing means that consumers of
comparatively more expensive drugs have higher co-pays, the new policy rewards
lower-priced drug users with zero co-pays. The CEL is de�ned as 70 percent of the
reference price and we show that the introduction of another co-payment tier leads
to lower prices on average.

We can distinguish two groups of patients in the market: one group is brand-loyal
and the other is price sensitive and switches to cheaper drugs. The two policies, co-
payment exemptions and reference pricing, seem to have di�erent implications for
both groups. While the reference price scheme leads to lower prices in general, the
co-payment exemption policy allows �rms to separate the two segments with respect
to their price sensitivity. Higher priced drugs meet the demand of the brand-loyal
consumers. Overall, it seems that the reference pricing scheme has a larger e�ect on
prices.

This study does not observe sales or utilization of drugs. The success of the
co-payment exemption policy depends also on the substitution behavior of patients.
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