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Abstract

We study effects of direct-to-consumer advertising (DTCA) in the prescription drug
market. There are two pharmaceutical firms providing horizontally differentiated (branded)
drugs. Patients differ in their susceptability to the drugs. A fraction of the patients
know their ill and visit a physician. Visits from the residual fraction (‘potential’ pa-
tients) can be induced by DTCA, if allowed. Physicians perfectly observe the patients’
disease type, but rely on information to prescribe the correct drug. Drug information is
conveyed by marketing (detailing), creating a monopolistic (captive) and a competitive
(selective) segment of physicians. First, we show that detailing, DTCA and price (if not
regulated) are complementary strategies for the firms. Thus, allowing DTCA induces
more detailing and higher prices. Second, firms benefit from DTCA if detailing compe-
tition initially is not too fierce, which is true if the advertising technology is sufficiently
costly. Finally, DTCA is likely to be welfare improving only if the copayment rate is
sufficiently high. If insurance is generous, detailing and possibly also DTCA tend to be

excessive.
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1 Introduction

The pharmaceutical industry is one of the most advertising-intensive industries (see e.g.,
Scherer and Ross, 1990). Promotional expenditures often amount to 20-30 percent of sales,
sometimes even exceeding expenditures on R&D.! However, contrary to most other indus-
tries the vast amount of promotional spending are not targeted at the consumers, but rather
at the physicians making the prescriptions. While this can be explained by the important
role of the physician as the patient’s agent, another important reason lies with the regula-
tory restrictions on direct-to-consumer advertising (DTCA) of prescription drugs that are
present in most countries.

Recently, however, there has been a trend towards a more liberal legislation on DTCA.
In the US, the Food and Drug Administration issued new guidelines in 1997 for broadcast
advertising of prescription drugs directly to consumers, facilitating the use of television for
DTCA. A similar liberalisation is carried through in New Zealand. In the European Union
a b-year pilot project of allowing DTCA for three long-term and chronic diseases - diabetes,
AIDS and asthma - has recently been proposed.

The role of DTCA has generated a controversial debate (see e.g., Wilkes et al., 2000).
Opponents claim that DTCA causes physicians to waste valuable time during encounters
with patients and encourages the use of expensive and sometimes unnecessary medications.
Proponents argue that DTCA increases the consumers’ awareness and knowledge about
available medical treatments, and this may enable them to detect a possible disease at an
earlier stage and more actively take part in the decision of which drug to prescribe.

This paper aims at contributing to the debate about DTCA along two different dimen-
sions: First, most opponents and proponents focus on isolated effects of DTCA. They seem
to ignore that pharmaceutical companies already spend tremendous amounts of money on

promotion aimed at influencing the physicians’ prescription choices in ways favourable to

! According to Schweitzer (1997) the marketing expenses for three of the largest US pharmaceutical com-
panies - Merck, Pfizer, and Eli Lilly - ranged from 21 to 40% of annual sales, while the R&D expenses varied
between 11 and 15%. Similar figures are reported from Novartis and Aventis, the largest pharmaceutical
companies in Europe. See also Hurwitz and Caves (1988) for US data or Zweifel and Breyer (1997) for figures

in Germany and Switzerland.



the companies.? In this paper we therefore focus on the interaction between advertising
directed at consumers, on the one hand, and physician-oriented marketing, on the other.

Second, there have recently been quite a number of empirical studies on various aspects of
DTCA (e.g., Berndt et al., 1995, Calfee et al., 2002, Iizuka, 2004, lizuka and Jin, 2005, Ling
et al., 2002, Rosenthal et al., 2002). Theoretical studies of DTCA are virtually non-existing.
Taking into account the specific market conditions and institutional arrangements in the
prescription drug market, general theoretical studies may be insufficient for the purpose
of predicting and interpreting empirical findings. We aim therefore to fill this gap in the
literature by explicitly model physician-oriented and consumer-oriented marketing in the
prescription drug market. We are especially interested in analysing how the availability of
DTCA affects firms’ spending on detailing, the drug prices, and eventually profits. We are
also interested in the effects of DTCA on the physicians’ prescription decisions, the benefit
to the patients’, and eventually social welfare.

In constructing the model we make use of stylised facts and recent empirical evidence
on DTCA and physician-oriented marketing in this industry. We consider a particular
therapeutic market, for instance, high cholesterol. In this market we assume there are two
pharmaceutical firms offering horizontally differentiated (patented/branded) drugs. For the
high cholesterol example, we can think of Pfizer and Merck as the two firms offering their
branded drugs, Lipitor and Zocor, respectively. These drugs are have different chemical
compounds, potentially involving different effectiveness, contradictions and side-effects. The
net treatment effect may also depend on the patients’ personal characteristics and/or the
type of illness they suffer from. To capture these features we make use of the familiar model
of Hotelling (1929), assuming the two drugs to be located at either end of a unit interval.
This means that we focus on branded vs. branded competition in the prescription drug

market, and not on branded vs. generic competition.? There is evidence that most illnesses

?Rosenthal et al. (2002) report that annual spending on DTCA for prescription drugs in the US tripled
between 1996 and 2000, when it reached $2,5 billion. Despite this increase, DTCA accounts for only 15%
of the total drug promotion expenses. Promotion to professionals (e.g., detailing, journal advertising, free

samples) accounts for the residual 85%, with a spending of $13,241 billion in 2000.

3Generic drugs are rarely advertised at any extent. Studies of marketing in this context have mostly been

concerned with the issue of whether advertising act as a barrier for generic entry. See e.g., Scott Morton



can be treated by a variety of medications, and that many drugs meet competition from
chemically differentiated substitutes even under patent protection.*

Patients differ in their susceptibility towards the different drugs with their location on the
Hotelling-line being associated with a particular disease type and/or personal characteristics.
This means that some patients are better off with, say, drug 1, while others are better off
with the alternative drug. Thus, there is no strict hierarchy in which one drug is universally
better than another, implying that optimal treatment depends on the individual case and
is a matter of matching. We also assume demand to be elastic in the sense that some
patients are better off with an outside treatment (e.g., physical exercise). This introduces
the possibility of over- or underutilisation of medication.

The patients cannot observe their disease type nor the treatment effects of the different
drugs.> We assume that only a fraction of the individuals suffering from the disease in ques-
tion actually enter the physician market. The remaining fraction are also ill, but for some
reason do not visit a physician.’ For instance, they may feel unwell, but are not sure they
actually are ill. These individuals are ‘potential’ drug consumers and the fraction measures
the size of the potential market. It is well-known that a lot of diseases are underdiagnosed
and/or undertreated. Iizuka (2004) empirically analyses a set of diseases, and finds that
firms spend more on DTCA when the number of potential patients, rather than currently

treated patients, is large. This is a feature of our model as well.

(2000) for an empirical study, and Cabrales (2003) and Kénigbauer (2004) for theoretical studies.

4Scherer (2000) reports that the number of drugs per symptom group ranged from 1 to 50, with a median
of 5 drugs and mean of 6.04. Lu and Comanor (1998) find that all but 13 of 148 new branded chemical
entities introduced in the US between 1978-87 had at least one fairly close substitute; the average number

of substitutes being 1.86.

SThere are several justifications for this. First, (most) patients have not taken medical training and are
thus not capable of diagnosing. Second, drugs are experience (not search) goods, implying that the treatment

effects cannot be easily observed by reading about the drugs’ chemical compounds, effectiveness, etc.

SThere may be several reasons for why not everybody suffering from a disease seek medical care. First,
some individuals receive weaker symptoms than others. In fact, some persons do not receive any signal
of being ill. Second, individuals may have different skills or experience in interpreting symptoms. Third,
individuals may be heterogenous with respect to their inclination to seek medical care, or more broadly,

individuals may face different opportunity costs.



If allowed by the health authorities, the pharmaceutical firms can advertise directly
to consumers. We assume that DTCA affects the potential patients’ decision of whether
or not to seek medical advice by a physician. An ad from, say, firm 1 (Merck), informs
the patient about the existence of drug 1 (Zocor), possible symptoms (high cholesterol has
no symptoms) and risks (e.g., diabetes) associated with the disease in question. Besides
this the ads provide no valuable information to the patient. Thus, in our model DTCA
merely prompts visits by potential patients, and has thus a market expansion effect. This
modelling approach is in line with existing empirical findings.” For instance, lizuka and Jin
(2005) find that DTCA leads to a large increase in the number of patient visits, a moderate
increase in the time spent with physicians, but no effect on physicians’ specific choice among
prescription drugs within a therapeutic class. This result is consistent with the claim that
DTCA encourage patient visits but do not challenge the physicians’ authority.

Physicians are assumed to be ez ante identical and face the same distribution of patients.
They have the skills to verify whether or not an individual is sick, and to identify his/hers
particular disease type. The physicians are perfect agents for the patients, but assumed to
be a priori uninformed about the two drugs. Thus, to be able to prescribe the correct (or
most suitable) medical treatment to a patient, they need information about the available
drugs. Obviously, physicians may search for drug information, for instance, by reading
medical journals. In this paper, we focus on another, and less costly, source for information
for the physicians, namely drug marketing.

We assume that a physician that has been exposed to marketing by a firm perfectly
obtains information about the effectiveness, contradictions and side-effect of this firm’s drug.
Thus, the physician is capable of calculating each visiting patient’s utility from being treated
by this drug. Obviously, physician-oriented marketing is costly, implying that the firms are
not able to reach every physician in the market. As a consequence, we have (ex post) three
types of physicians, namely fully informed physicians, partially informed physicians, and
physicians that remain uninformed. The first type trade-off the two drugs, the second type
trade-off the known drug against an outside treatment, while the last type recommends

an outside treatment. Thus, firms face two different segments; a monopolistic segment

"We thank an anonymous referee for drawing our attention to the empirical findings on this issue.



associated with the partially informed physicians, and a competitive segment associated
with the fully informed physicians. As a consequence physician-oriented marketing involves
both a market-expanding effect and a business-stealing effect.

This approach follows closely the informative advertising framework as introduced by
Butters (1977), Grossman and Shapiro (1984), among others. The modelling approach
is also consistent with the empirical evidence provided by Berndt et al. (1995) for the
anti-ulcer industry. They suggest an empirical method to distinguish between "industry-
expanding" and "rivalrous" physician-oriented marketing efforts. Their results suggest that
such marketing involves both elements. In our model these two effects are associated with
the monopolistic segment consisting of partially informed (or captive) physicians and the
competitive segment consisting of fully informed (or selective) physicians.

We analyse the following game: First, the regulator decides whether or not to allow
DTCA. Second, the firms set the levels of marketing aimed at physicians and, if allowed, at
consumers. Third, the physicians choose which drug to prescribe, or whether they recom-
mend an outside treatment. Finally, the patients decide whether or not consult a physician.
We analyse both the case of price competition and the case of price regulation. This enables
us to compare the effects of DTCA across health care systems in which firms compete on

price (e.g., in the US) and systems in which prices are regulated (e.g., in Europe).®

Based on this model we derive the following results. First, we find that detailing and
DTCA are complementary strategies for the pharmaceutical firms. The intuition is that a
high level of DTCA implies more physician visits, which makes it profitable for the firms to
spend more on detailing to get the physicians to prescribe their drug. Thus, allowing DTCA
leads to higher levels of detailing. This result is consistent with empirical findings. For in-
stance, Rosenthal et al. (2002) demonstrate that spending on DTCA increased dramatically
after the new FDA guidelines in 1997, and tripled for the whole period of 1996 and 2000,
ending on $2,5 billion. For the same period they also show that promotional spending on

physician increased from $8,3 to $13,2 billion.’

8Most European countries exercise some form of price regulation on prescription drugs. See e.g. Mossialos

(1998) for an overview of the different ways drug prices are regulated in Europe.

9Note that spending on conferences, meetings, events and also gifts are not included, so the figures



Moreover, we find that if firms can set prices, the complementarity between the two
marketing strategies is re-enforced. The main reason for this is that the price is increasing
in the level of physician-oriented marketing. This result is interesting for the following two
reasons: First, it is contrary to Grossman and Shapiro (1984) who find that informative
advertising leads to lower prices. The basic difference between the two models is that we
assume elastic demand in the monopolistic segment, while they assume inelastic demand
in this segment. In our model a firm face two effects of lowering its price; (i) it steals some
consumers from the rival in the competitive segment; and (ii) it increases the demand in
the monopolistic segment. In the Grossman-Shapiro (1984) model only the first effect is
present. Interestingly, it turns out that this assumption qualitatively changes the effect of
marketing upon prices.

Second, the price effect of detailing is consistent with empirical findings. In the context
of branded competition Rizzo (1999) analyse the demand for high cholesterol (antihyper-
tensive) drugs for 1988-1993, and finds that detailing lowers the price elasticity. This effect
is dedicated to detailing being persuasive rather than informative.! We show, however,
that informative advertising might lead to higher prices. Thus, one cannot conclude that
promotion to physicians are persuasive, and not informative, from the empirical observation
of a less price elastic demand.

We also find that firms overinvest in detailing and underinvest in DTCA from an indus-
try perspective. Since DTCA prompts physician visits, but does not affect the prescription
choice, it is purely market-expanding. The public good nature of DTCA induces the firms
to invest less than they would if they could cooperate. Detailing, on the other hand, in-
volves elements of both market-expansion and business-stealing. Business-stealing implies
a negative externality between the firms, inducing them to invest more in detailing than if
they could coordinate.

Turning to profitability, we find that firms benefit from DTCA if detailing competition
is not too fierce initially, which is true if the advertising technology is sufficiently costly.

While this is true under both price competition and price regulation, the restriction is more

underestimate total expenditures on marketing to physicians.

0There has been quite an extensive debate on whether physician-oriented marketing is persuasive or

informative, see e.g., Leffler (1981), Hurwitz and Caves (1988), and others.



severe in the latter case, implying that DTCA is more likely to be profitable under price
competition than price regulation. This type of result is not unfamiliar to the advertising
literature. For instance, Grossman and Shapiro (1984) arrive at a similar result. As in their
model, the intuition is related to the strategic effect of the advertising technology on the
competition. More precisely, if advertising (detailing) is costly, the monopolistic (captive)
segment is relatively large compared with the competitive (selective) segment of the market.
Thus, costly advertising softens competition, which is profitable to the firms.

Finally, we consider welfare effects of DTCA, obtaining the following two results: First,
we show that a regulator in general cannot achieve first-best but needs to trade-off the fol-
lowing three inefficiencies: suboptimal DTCA, excessive detailing, and too few prescriptions
(in the monopolistic segment). DTCA is suboptimal due to its public good nature, while
detailing is excessive due its business-stealing effect. In the price competition case, prices
are too high due to imperfect competition, which in turn results in too few prescriptions
(in the monopolistic segment). In the price regulation case, the regulator can scale up and
down the marketing levels by changing the price. However, first-best detailing results in
suboptimal DTCA, and first-best DTCA results in excessive detailing. In either case, the
(captive) physicians make too few prescriptions for a social perspective.

Second, we show that the welfare effect of DTCA is in general ambiguous, and depends
on the intensity of detailing competition. In particular, if the copayments are small and
detailing technology is efficient (i.e., weakly convex detailing costs), firms compete fiercely
in terms of detailing. A removal of a ban on DTCA triggers detailing competition even
further due to the complementarity between the two marketing strategies, inducing excessive
detailing from a welfare perspective. When firms can set prices, a low copayment facilitates
high prices, which amplifies the incentives to spend money on marketing. When prices are
regulated, a high price has the same effect. Thus, in health care systems with a generous

insurance and/or price regulation regime, it is less likely that DTCA is welfare improving.

There are some other theoretical papers on marketing in the pharmaceutical market.
The closest paper to ours is Rubin and Schrag (1999) who analyse the effect of DTCA
on the provision of drugs by HMOs to their patients. Assuming a more effective drug

being supplied by a monopolist and a less effective drug being supplied by a competitive



market, Rubin and Schrag (1999) show that the monopolist can mitigate the incentive for
the HMO to supply the cheaper but less effective drug by using DTCA to inform patients
about its product. Despite some similarities, they do not consider competition in terms of
advertising and prices, and they are not concerned about the role of detailing on physician’s
prescription choice, which are the main issues of our paper. Another related paper is Konrad
(2002) who is concerned about how detailing may distort physicians’ prescription choices
and potentially impose a utility loss on patients due to mismatching. He models detailing
as purely persuasive and competition as a rent-seeking contest. As DTCA is not a part of
the model, this paper is very different from ours.

The rest of the paper is organised as follows. In section 2 the basic analytical framework
is described. In section 3 and 4, we analyse marketing competition in the case of price
regulation and price competition, respectively. Section 5 is devoted to analyse the welfare

implications of DTCA. Section 6 concludes the paper.

2 Model

Consider a particular therapeutic market, for instance high cholesterol. In this market there
is a continuum of individuals distributed uniformly on the line segment [0, 1] with mass 1.
We assume all individuals are sick and need medical treatment. The location of an arbitrary
patient, x € [0, 1], is associated with his/her disease type and/or personal characteristics.

There are two pharmaceutical firms, indexed by ¢« = 0,1, in this market, where firm 4
sells drug ¢ at a uniform price p;. For the high cholesterol example, the firms could be Pfizer
and Merck offering their drugs Zocor and Lipitor, respectively, in the market. The drugs
are both able to cure the disease. The drugs’ locations on the unit line reflect their chemical
compounds and associated treatment effects. We restrict attention to competition between
branded (or patented) drugs. Obviously, patent protection rules out the existence of identi-
cal, generic drugs (co-locations), and imposes a certain degree of horizontal differentiation
between the branded drugs. We capture this by assuming the drugs to be located at either
end of the unit interval.

The patients are in need of one unit of drug 0 or 1 (unit demand). The surplus (utility)



derived by patient x from getting a unit of drug ¢ is
Ul(z,i,p;)) =v—t|lx—i|l —7p;, (1)

where v > 0, ¢t > 0, and 7 € (0, 1]. The parameter v represents the gross "effectiveness" (or
quality) of drug i. The two drugs have the same gross effectiveness, but patients vary with
respect to their susceptibility to treatment with the two (chemically) differentiated drugs.
The parameter ¢t captures the utility loss (‘mismatch cost’) per unit distance between drug
i and a patient’s most suitable drug. The mismatch cost, represented by the term ¢ |z — i,
can be thought of as reflecting side-effects or other factors that reduces the net effectiveness
of the drug treatment. Finally, the parameter 7 is the copayment rate.'!

We assume that the patients cannot observe their disease type nor the treatment effects
of the different drugs.'? Patients just experience a symptom, and based on this, they decide
whether or not to visit a physicians. We let z € [0, 1] be the fraction of patients that seek
medical care by a physician. The remaining fraction (1 — z) consists of individuals with a
condition who do not visit a physician. For instance, they may feel unwell, but are not sure
they actually are ill. These individuals are ‘potential’ consumers of the two drugs, and the
fraction (1 — 2z) measures the size of this potential market.

If allowed by the health authorities, the pharmaceutical firms can advertise directly to
consumers. We assume that DTCA influences the ‘potential’ patients’ decision of whether or
not to seek medical advice by a physician. Let ®; € [0, 1] denote the fraction of patients who
receive an ad from firm 7. We assume that the ads inform the patient about the existence of
a drug and the possible symptoms that are associated with the disease in question. Besides
this the ads provide no valuable information to the patient. Since all patients are ill and in
need of one of the drugs, we assume that a patient who has seen at least one ad will visit the
physician. Only those potential patients who have not been exposed to an ad do not seek

medical advice. This fraction is given by (1 — ®¢) (1 — ®1). We can now derive the number

' Alternatively, we can think of 7 as a measure of to what extent physicians take prices into account when
making prescription choices. In other words, T can be interpreted as a measure of (ex post) moral hazard.

!2There are several justifications for this. First, (most) patients have not taken medical training and are
thus not capable of diagnosing. Second, drugs are experience (not search) goods, implying that the treatment

effects cannot be easily observed by reading about the drugs chemical compounds, effectiveness, etc.
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(or the fraction) of individuals suffering from a particular disease who attend a physician

for medical advice:
N (®9,P1) =24+ (1 —2)[1 — (1 —Pg) (1 — Py)]. (2)

Considering the physician market, we normalise the number of physicians to 1. The
physicians are ex ante identical and face the same distribution of patients. They have the
skills to verify whether or not an individual is sick, and to identify his particular disease
type, i.e., the location x € [0,1]. The physicians are perfect agents for the patients, but
are assumed to be a priori uninformed about the two drugs. Thus, to be able to prescribe
the most suitable medical treatment to a patient, they need information about the available
drugs. Obviously, physicians may search for drug information, for instance, by reading
medical journals. In this paper, we focus on another, and less costly, source for information
for the physicians, namely drug marketing.

The pharmaceutical firms’ use a wide set of marketing activities to affect the physicians’
prescription choices. It is common to distinguish between medical journal advertising and
”detailing”, where physicians are visited by sales representatives. Since in our model physi-
cians are ex ante identical, targeting of advertising plays no role. As a consequence there
is no real distinction between journal advertising and detailing. For simplicity, though, we
refer to marketing aimed at the physicians as detailing in the following. Let 6; denote the
fraction of physicians who have been exposed to detailing by firm ¢. Unlike DTCA we as-
sume that detailing provides information not only about the existence of a drug, but also
about its effectiveness, v, and characteristics, i.e., location.!® Thus, physicians who have
been exposed to detailing by firm ¢ are perfectly informed about drug ¢’s properties. Detail-
ing then divides physicians into four possible segments: (i) physicians informed about both
drugs, 0001; (ii) physicians informed about drug 0 only; 6y (1 — 01); (iii) physicians informed
about the drug 1 only; 61 (1 — 6p); and (iv) uninformed physicians, (1 — 6p) (1 — 601).

Consider a physician who has only been exposed to detailing by firm i . This physician is

13 Obviously, detailing contains elements of both information and persuasion. Although there are regualtory
restrictions on the content of drug marketing, there are ways to increase the physicians inclination to prescribe
a drug, which may not depend on the drugs’ properties only. Below we will present a way to interprete

detailing as both informative and persuasive.
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partially informed and knows the properties of drug ¢ but not those of the other drug. The
criteria for prescribing drug ¢ to patient x is that the benefit from the medical treatment

net of its monetary costs is non-negative:'4

U(z,i,pi) >0 & ov—tlez—i|l—71p; >0.

IfU (.) < 0, then the physician either prescribes an outside treatment (e.g., physical exercise)
or recommends no treatment at all (e.g., ”just wait until it gets better”). The benefit of an
outside (or no) treatment is normalised to zero. Let Z; denote the patient that is equally well
off (indifferent) between being treated by drug ¢ and an outside treatment. The locations

of the marginal consumers’ of drug 0 and 1, are given by:

~ vV — TPo

To=—F"— and 3 =1- — 2 (3)

PR
respectively. Thus, physicians who have received information from firm 0 alone, prescribe
drug 0 to every visiting patients within the interval [0,Z¢]. Physicians who have been
informed by firm 1 alone, prescribe drug 1 to every visiting patient within the interval
[1 — Z1,1]. Thus, the fraction of partially informed physicians constitutes a monopolistic
(or captive) segment for the respective firm. Note from (3) that if the copayments become
sufficiently small relative to v, then g = 1 and z; = 0, implying that every patient will
be prescribed a drug. In most of the analysis we restrict attention to the case of elastic
demand, which implies that we assume that p; > v —t.

Consider a physician who has been exposed to the detailing of both firms. This physician
is fully informed and knows the properties of both drugs. She is thus capable of deciding
which drug is the more suitable for every visiting patient. A fully informed physician

prescribes drug 0 to patient x if the following is true:

U(z,0,p0) > U (z,1,p1) & wv—tex—1pg>v—1t(l—21x)—"1p].

14 One could question the role of the prices in the physician’s prescription choice. However, there is empirical
evidence that physicians do care about patients’ expenditures when deciding which drug to prescribe (Lundin,
2000). Moreover, Rizzo (1999) estimates that in absence of detailing effort demand responds quite elastically
to changes in prices. In any instance, section 3 will capture the case where prices do not matter for the

prescription choice.

12



Let T denote the patient that is equally well off (indifferent) with either drug. The location
of this patient is given by:

~_ 1 m(po—p1) ()

1

2 2t )

A fully informed physician would thus prescribe drug 0 to every patient in the interval
[0,Z] and drug 1 to every patient in the remaining interval (z,1]. Since the fully informed
physicians trade-off the two drugs, this fraction constitutes the competitive segment for
the two firms. Note that if the copayments are sufficiently high, the two firms become
local monopolists. To restrict attention to the competitive regime, we need to assume that
U(z,0,po) = U(1—12,1,p1) > 0, which is satisfied if 7p;/2 < v —t/2 — 7p;/2, where
7,j=0,1and i # j.

The final group of physicians are the ones that have received information from neither
firm. These, physicians remain uninformed and recommend either an outside treatment
or no treatment, providing the visiting patients with zero utility. From the physicians’
prescription choices described above, we can now derive the shares of patients that end up

with either drug 0 or 1:
Moy = 0o [017 + (1 —01)To] and My =01[00(1—2)+ (1 —00) (1 —1)]. (5)
Firm ¢ faces thus the following demand for its drug;:
Qi (®,0,p) = N (®)-M; (0,p), (6)

where ® = ($g, P1), 8 = (0p,01) and p = (po, p1) -

The pharmaceutical firms face identical and constant marginal production costs, which
we normalise to zero. The R&D costs are considered sunk at the time marketing and price
decisions are taking place and play no role in the analysis. The advertising technology
follows Butters (1977). More precisely, we assume that the cost of reaching a fraction 6; of
physicians and a fraction ®; of patients is given by the following general advertising cost
function, K (6;,®;). We assume that K (.) is increasing and convex in both detailing and
DTCA. The two marketing strategies are distinctly different. We therefore assume that
detailing and DTCA are separable in the cost function, i.e., 92K /06;0®; = 0. We can now

specify firm 4’s profit function:

13



The following sequence of moves is considered:

e Stage 1: The regulator decides on whether or not to allow DTCA.

e Stage 2: The pharmaceutical firms determine spending on detailing, and, if allowed,

they set prices and the level of DTCA.

e Stage 3: The physician prescribes drug 0, drug 1 or the outside treatment to the

patients.

As usual, the game is solved by backward induction.'®

3 Price regulation

Let us first examine the firms’ marketing strategies in the absence of price competition.
This captures the situation in most European countries, where prices of prescription drugs
are subject to governmental regulation.'® Firm 0 maximises (7) with respect to 6 and
®y, anticipating the number of patients attending the physicians, given by (2), and the

physicians’ prescription choices, given by (5). The solution to the problem is given by the

following first-order conditions:!7
omg . ~ 0K
8_90 = poN [91$ + (1 — 91) :1:0] — 8_90 =0, (8)
87‘(‘0 oK
T{)O—pOMO(l_Z)(l_(I)l)_T{)O—O- (9)

Firm 1 faces a symmetric problem and a symmetric set of first-order conditions. We assume

that the regulator imposes the same price on both drugs, i.e., pg = p1 = p. This is a

'5One could argue that marketing is more of a long-term decision than price setting, and should therefore
be determined at a stage previous of the price game. As this only complicates the analysis without providing
any qualitatively different results, we have decided to follow Grossman and Shapiro (1984), and several

others, by assuming marketing and price decisions to take place at the same stage of the game.
16Sce e.g. Mossialos (1998) for an overview of different ways drug prices are regulated in Europe.

1"For the second order conditions to be fulfilled, the following must hold:

(%eK) (aaTK) > (p(1=2) (1= ) [(1 - 01) T+ 622))°

14



trivial assumption since the drugs have the same effectiveness, v, and are symmetrically
differentiated. Moreover, the firms face identical cost conditions and make their choices
simultaneously. Thus, there is no reason for the regulator to set different prices on the two

drugs. With identical prices, the physicians will prescribe the two drugs according to:

1 B B _
’:15:1—5525 and x():l—xlzv tTp. (10)

To simplify exposition let us define # = ==£. Note that if 7p < v — %, then = 1, which
means that the partially informed physicians prescribe to every visiting patient the drug
they know about. As a consequence the monopolistic segment and total demand become
inelastic. Moreover, if 7p > v — ¢, then z =7 < % Thus, if the copayments are sufficiently
high, then the two drugs are not perceived to be substitutes, and the competitive region
disappears. In the following, we restrict attention to the case with a competitive region and
a monopolistic region with elastic demand, i.e., ¥ < T < 1. For this to be true, we need to

assume the following;:

t
v—t<7'p<v—§. (11)
Given this assumption, the symmetric detailing and DTCA equilibrium levels are (implicitly)
defined by the following set of equations:!®
_ o
pN |(1—-0")z + 5|~ Ky (0") =0, (12)
pM(1—2)(1-9") — Kg (2") =0, (13)

where
N=z+(1-2) [1—(1—@)2},
M=20 [(1—6)%4—%] .
The superscript () denotes the equilibrium under price regulation. Note that symmetry
allows us to drop the indexing of the variables. For notational convenience, we will use Ky

and K¢ instead of 0K /96 and 0K /0P, respectively, in the following.

8 Provided that Kee and Kgg are positive and sufficiently large the system (12) and (13) has a unique
and stable equilibrium. Also note that § < 1 implies pN < 2Ky (1).
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Let us explore the interaction between the two marketing variables; detailing and DTCA.
By total differentiation of (12), we obtain the following:

o 2p(1—2)(1-@)[(1-6)F+§]
do pN (T —3) + Koo

> 0. (14)

This expression tells us how equilibrium detailing responds to a change in the level of DTCA.
Noticing that > 1/2, it is easily verified that DTCA has a positive effect on detailing.
The intuition is that a higher level of DTCA induces more patients to visit the physicians.
Facing a larger market, it becomes more profitable for the firms to promote their drugs to
the physicians in order to increase individual demand.

The effect of a change in detailing on the equilibrium level of DTCA is found by differ-

entiating (13):
g (13) dd"  p(l—2z)(1—®)[(1—20)7 + 0]
a0 pM (1 —2) + Koo

Noticing that (1 —20)Z 4+ 6 > 0 for all valid values, it is easily verified that the sign is

>0 (15)

positive. Thus, a higher level of detailing increases the firms’ incentives to spend money on
DTCA. To understand this recall that physicians who have not been exposed to detailing are
not aware of the available drugs and thus recommend an outside treatment. Low levels of
detailing mean low individual demand for the drugs, which in turn provides weak incentives
for the firms to prompt patient visits via DTCA. We may sum up the results in the following

proposition:

Proposition 1 DTCA and detailing are complementary marketing strategies for the firms

in the case of price requlation.

Thus, our model predicts that allowing DTCA would lead to more detailing. Vice
versa, a stricter regulation of detailing would reduce firms’ spending on DTCA. There
are empirical evidence suggesting a positive relationship between DTCA and detailing. In
the US, DTCA was liberalised in 1997. Based on US marketing data, Rosenthal et al.
(2002) find that spending on DTCA for prescription drugs tripled between 1996 and 2000.
For the same period promotional spending to physicians also increased (except for journal
advertising). Our model provides an intuition for a positive correlation between the two

marketing strategies.
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Let us briefly consider the industry-maximising (or cooperative) marketing levels. The

profit function under symmetry is given by:
7w (0,P) =pN (®)M (0) — K (6,9). (16)

Maximising this with respect to 8 and ® give us the optimal levels of marketing at the

industry level, as defined by the following set of first-order conditions:

=N - 0)F+ (1 -7)6] Ky =0, (17)
T apM (1-2) (1 @) ~ Ky =0 (18)

Comparing the industry-maximising marketing levels with the competitive marketing levels,

provides the following result.

Lemma 1 Firms overinvest in detailing and underinvest in DTCA from an industry per-

spective under price requlation.

Proof. The result follows by direct inspection, when comparing (12) with (17), while
observing (1 — Z) < 1, and (13) with (18). m

The Lemma states that if firms could coordinate their marketing investments, they would
choose a lower level of detailing and a higher level of DTCA. Basically, this results from
the fact that DTCA is purely market-expanding, while detailing contains elements of both
market expansion and business-stealing. Since DTCA induces patients to visit a physician,
but does not affect the choice of drug, there is an incentive for the firms to free-ride on each
other. Spending money on DTCA has a positive spillover on the rival. It is thus no surprise
that firms tend to underinvest in DTCA.

Detailing has a very different effect. In contrast to DTCA, detailing tends to shift market
shares between the duopolists and the ’outside treatment’, and amongst the duopolists
themselves. On the one hand, by providing information to some previously uninformed
physicians detailing by, say, firm 0 contributes towards expanding the market share of drug
0 at the expense of the outside treatment. This leaves the rival firm 1 unaffected. On the
other hand, however, by informing physicians who were previously informed about drug 1

only, detailing by firm 0 also shifts demand from firm 1’s monopolistic segment into the

17



competitive segment. This form of business stealing constitutes a negative externality and,

thus, implies over-investment.

Having established that detailing is excessive and DTCA suboptimal from an industry
perspective, let us examine directly the effect on profits of allowing DTCA. The criteria for

DTCA to be profitable to the firms is given by the following condition:

Ar(®) = 7[0(®),d]—7[0(0),0] >0, (19)

= p[N(®)MI[§(®)] - =M [0 (0)] - K[0(P), ]+ K[0(0),0] >0,

where 6 (®) expresses the equilibrium level of detailing as a function of DTCA. Generally,
we see that the value of higher demand due to DTCA, measure by the first term, must be
higher than the net increase in marketing costs, measured by the two last terms. Evaluating

(19) for equilibrium detailing and DTCA, we obtain the following result:

Proposition 2 DTCA unambiguously increase firms’ profits if the detailing costs are suf-

ficiently convex, i.e. if
Ky T—1/2

% 7 oG -1 <OV

A proof is provided in the Appendix.

At first glance it may seem strange that firms should benefit from DTCA only when the
detailing cost function is sufficiently convex, especially since DTCA triggers higher levels of
detailing. The intuition is, however, closely linked to a strategic effect of a costly detailing
technology. When detailing costs are very convex, firms spend little on detailing. At low
levels of detailing the monopolistic segment of the market is relatively large compared with
the competitive segment. Thus, competition is softened by a costly detailing technology. In
this case, the direct market-expanding effect of DTCA dominates the (indirect) stiffening

of detailing competition, and DTCA is beneficial to the firms.

19T examine the condition in the proposition, consider the following class of cost functions: K (8) = 56”,
where 8 > 0, v > 1. Taking the first and the second derivative of this function, we find that

Kog -1 .
Ko 0 >1 iff y>1+46.

Thus, firms benefit from DTCA for a quadratic detailing cost function, or any detailing cost function with

a higher degree of convexity.
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This type of result is not unfamiliar to the advertising literature, and has been identified
by, for instance, Grossman and Shapiro (1984). They show that firms can benefit from
a more costly advertising technology. The argument is that advertising has two effects: a
direct and a strategic effect. The direct effect of a more convex advertising technology is
higher costs and lower profits. The positive, strategic effect is that a costly advertising
technology limits the size of the competitive segment. There are clear parallels between

these results.

Finally, let us take a brief look at the comparative statics. Some effects are more straight-
forward than others. Ignoring for a moment the interaction between detailing and DTCA,
we see from (12) and (13) that both marketing strategies are increasing in v, and decreasing
in t and 7. Taking into account that detailing and DTCA are complementary strategies,
then, obviously, v, t and 7 have the same qualitative effects in equilibrium. Quantitatively
the effects are in fact amplified due to the positive interaction between the two marketing
strategies. For instance, the negative effect of a higher mismatch cost, ¢, on detailing is
reinforced by the availability of DTCA.

The effects of p and z are more complex. Instead of deriving the comparative statics
analytically we rely on numerical illustration, which eases the presentation of the intuition.2’
We will for this part assume that the advertising cost function takes the following form:
K (60,9) = % (02 + ®2). Although we restrict ourselves to a relatively small set of numerical
examples, several regularities can be identified that shed some light on the mechanisms of
the model.

Consider first the effects of an increase in the fraction of regular patients (z). A higher
z increases detailing since the number of patients attending the physicians becomes higher.
However, a higher z also reduces DTCA since the "potential" market becomes smaller. Since
lower DTCA reduces the number of visiting patients, this has a negative indirect effect on
detailing. Thus, the net effect of a change in z is ambiguous in general. Table 1 provides a

numerical illustrations of the effects of z.

Table 1: Comparative statics with respect to z

20Interested readers can contact the authors for the analytical derivation of the comparative statics.
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0.0 | .3133 .2083 .2104 .3732 .0274
0.2 | 4039 .2077 .2621 .4978 .0600
0.4 ] .4735 .1832 .2991 .5997 .0953
0.6 | .5423 .1428 .3332 .7061 .1369
0.8 |.6192 .0844 .3686 .8323 .1882

1.0 .7143 0 4085 1 .2551
Assumptions: v=2,t =1, 7p = 1.25.

From the table we see that detailing is increasing, while DTCA is decreasing, in the level
of z. Thus, the direct effect dominates the indirect complementarity effect for the specific
parameter values chosen.?! Moreover, we see that each firm’s market share, M, increases
in z. Since the demand in the monopolistic segment is fixed (z = 0.75), the increase in the
firms’ market shares follow directly from the increase in detailing due to a change in z. The
number of patients visiting the physicians, IV, is also increasing in z, despite the fact that
DTCA is reduced. Since DTCA attracts ‘potential’ patients only with a probability, this
can never exceed the direct effect of one more ‘regular’ patient with certainty. Finally, we
see that profits are increasing in z. This is the net result of higher individual demand versus
the difference between higher detailing costs and lower DTCA costs.

The effects of an increase in the regulated price (p) are also complicated due to counter-
vailing forces. On the one hand, a higher p increases the revenues from every patient buying
the product, which triggers the incentives for both detailing and DTCA. On the other hand,
a higher p lowers demand in the monopolistic segment, as drug consumption now becomes

more expensive. Table 2 provides a numerical illustration.

Table 2: Comparative statics with respect to p

2Tn fact, it is possible to show that the direct effect dominates the indirect effect for a wide set of parameter

values. The exception is when the copayment rate 7 is very low.
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1.5 .7028 .2548 1.0 4558 .7223 .0151
1.7 .7523 .2770 4507 7386 .0512
1.9 | .8017 .2988 4485 7541 .0925
2.1 | .8555 .3221 4525 7702 1431

2.3 | .9212 .3498 . 4679 7886 2131
Assumptions: v =1.75,t =1, 2 = 0.5, 7 = 0.5.

> N o ©

As expected the demand in the monopolistic segment, x, drops as the price increases.
Despite the "demand-reducing" effect, both detailing and DTCA are increasing in p. This
means that the direct positive effect of a higher price dominates the negative demand effect
for the set of parameter values considered in Table 2.22 Moreover, we see that the number
of patients entering the physician market, IV, increases in p, which follows straightforwardly
from the effect of price on DTCA. The effect on market shares, M, is more complicated,
though. At low price levels M is decreasing in p, while at high price levels M is increasing
in p. Basically, this is the net result of changes in = and 8" due to price increases. Finally,
we see that the firms benefit from price increases, which just reflects that the net revenue

effect of a higher price more than offsets the increase in marketing costs.

4 Price competition

Let us now consider the case where the Health Authority allows the pharmaceutical firms
to set the prices of their products. This situation is relevant for some markets, in particular
the US.2 When prices are not subject to regulation, the nature of the market game changes,
and this makes it interesting to examine the impact of price competition on firms’ marketing
strategies.

At stage two of the game, firm 0 now maximises (7) with respect to 6, @y and pg, antic-

ipating the number of patients attending the physicians, given by (2), and the physicians’

22Tn fact, it is possible to show that the "mark-up" effect dominates the "reduced-demand" effect for

almost every valid set of parameter values. The exception is when the copayment rate is very high.

2 The German market, too, used to exhibit relatively free pricing. However, this has changed after recent

reforms, where reference pricing is now being practiced.
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prescription choices, given by (5). The solution to this problem is defined by the set of
first-order conditions consisting of (8), (9), and

aﬂ'o

9mo —0, 20
0 (20)

0T Opg 0Ty Opoy

= by [91@4—(1 —91)%0—])0% <1 — ?>] =0.

OMy 0z~ OMy 0x
= M(H—Po[ 0L Oﬂ}

Firm 1 faces a symmetric problem and a symmetric set of first-order conditions. We therefore
impose symmetry in order to derive the equilibrium. Under symmetry we know that the
physicians would prescribe according to (10). Inserting this into (20) and solving for p, we
find the equilibrium price to be (implicitly) given by

C

_ 21)T(1<4—_9;;—)t9, (21)
with the superscript (¢) denoting the price competition regime. Thus, the symmetric equi-
librium under price competition is defined by (12), (13) and (21).2¢ Inserting (21) into (10),
we obtain the following market shares for the competitive and the monopolistic segment,

~c

_ 2v—0(v+1)

fd—30) (22)

1
&:\:5 and

respectively. The restriction securing an equilibrium with a competitive region and an
elastic, monopolistic region, i.e., T < T < 1, is now given by

t(4—6)

t(4—0) 3
22=0) <wv <2t, where ——= € [t, it] . (23)

2(2-10)

Thus, the gross effectiveness (or quality) of the drug, v, must neither be too large nor too

small relative to the mismatch cost, t. We assume (23) to hold in the following.
Interestingly, we observe that only detailing has a direct effect on the equilibrium price.

The price depends on DTCA only indirectly via the effect of DTCA on detailing. The same

holds for the demand in the monopolistic segment as defined by z°. The reason is that

DTCA does not affect the physicians’ prescription choices, which in turn determine the

price elasticity of demand. Differentiating (21) and (22) with respect to detailing, we get

Op _ 2(2t—v)2>0 and %:_2(275—1))2
— 0 r(4—30)

(24)

#Provided that Kss and Kogg are positive and sufficiently large the system (12), (13) and (21) has a

unique and stable equilibrium. Here, §° < 1 implies 2Kjp (1) > &£ or, equivalently, T > %

22



Thus, a higher level of detailing increases the equilibrium price and thus decreases the
demand in the monopolistic segment. As a consequence, the effect of more detailing on each
firm’s market share, as given by M, now becomes ambiguous. Inserting (22) into (5), we
find that:

0(2—0) (20 (1—0) +t0)

M= 2t (4 — 30)

(25)

Differentiating this with respect to detailing, and noticing the restriction in (23), we can

show that:

OM  8v+8tf — 24v0 + 21062 — 962 + 3t6° — 6v6° -
90 t(4 — 30)

Thus, the direct positive effect of detailing on market shares more than offsets the indirect

0.

negative price effect. We can summaries this in the following way:

Lemma 2 (i) Detailing increases the equilibrium price. (ii) Detailing lowers demand in

the monopolistic segment, but increases overall demand.

The effect on prices of detailing is interesting for the following two reasons. First, it
is contrary to other theoretical findings using an informative advertising framework. For
instance, Grossman and Shapiro (1984) show that informative advertising leads to lower
prices. The argument is that advertising increases the fraction of fully informed buyers,
i.e., competitive segment, and this triggers price competition. Our model resembles the
Grossman and Shapiro (1984) model. In fact, if we assume no DTCA, the only difference
between the two models is that we assume elastic demand in the monopolistic segment,
while they assume inelastic demand.?® Interestingly, this turns out to have a qualitatively
different effect on the impact of marketing on prices. The intuition is due to the fact that
firms facing an elastic monopolistic segment trade-off higher prices against lower demand,
while firms facing inelastic demand only set the price equal to the consumers’ reservation
price.

Second, the effect of prices is consistent with empirical findings. Considering competi-

tion between branded drugs, Rizzo (1999) finds that advertising, or detailing more precisely,

*Formally, Grossman and Shapiro (1984) assume that the partially informed fractions, i.e., 8o (1 — 61)

and 61 (1 — 6o), purchase the product at any price po and p1, implying that Zo =1 —Z; = 1.
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makes demand less elastic to prices, and thus leads to higher prices. This result is then inter-
preted as drug marketing being persuasive rather than informative. Our model demonstrates
that even informative advertising might lead to higher prices, given that demand in the mo-
nopolistic segment is sufficiently elastic. Thus, the issue of persuasive versus informative

drug marketing is unresolved.

Let us now examine the interaction between the firms’ strategies. We know from (14)
and (15) that detailing and DTCA are complementary strategies. This is true for any
positive price, and thus also true for the equilibrium price under price competition. The
issue now is to analyse the interaction between price and the two marketing strategies.
Previously, we demonstrated that a change in the regulated price involved two opposing
effects on marketing (cf. Table 2): (i) a direct positive effect due to a higher mark-up, and
(ii) an indirect negative effect due to lower demand in the monopolistic segment. Thus, the
net effects on detailing and DTCA are not clear-cut. By differentiating (12) and (13), we

obtain the following:
e N[1-0) (=) + ]

T pNGE- 1)+ Ky (26)
dde (1—2)(1—<I>)9[(1_9) (v—Tm>+%]
dp pM (1 —2)+ Koo : (27)

The countervailing effects are captured by the term (v — 27p) /¢, which may be positive or
negative depending on the price level. Evaluating (26) and (27) for the equilibrium price

level, given by (21), we obtain the following result:

Proposition 3 Detailing, DTCA and price are complementary strategies for the firms in

the case of price competition.

A proof is provided in the Appendix.

Recall from Proposition 2 that detailing and DTCA were complementary strategies in
the case of fixed prices. The basic intuition was that DTCA induced more patients to
visit a physician, which made it more profitable for the firms to use detailing in order to
influence the prescription choices. Vice versa, low levels of detailing, meaning few informed

physicians, made it less profitable to trigger physician visits by DTCA.
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Things change somewhat for price-setting firms. As mentioned above, a higher price has
two opposing effects: First, it increases the revenues per drug sold. Second, it lowers demand
(in the monopolistic segment). The proposition states that the first effect dominates, so that
a higher price actually has a positive impact on both detailing and DTCA. As a consequence,
the availability of price as a strategic variable amplifies the complementarity between the
two marketing strategies. Compared with the price regulation case, a higher level of detailing
not only increases DTCA but also prices. Moreover, higher prices have a positive feedback
on both detailing and DTCA. Thus, there is a complementarity between all the strategy

variables.

Under price regulation we showed that firms tend to overinvest in detailing and under-
invest in DTCA from an industry perspective. Let us now examine this issue for the price

competition case. The symmetric profit function is now given by:

Maximising this with respect to p, # and ® give us the industry maximising levels of mar-
keting and price for each firm. Noting that the detailing and DTCA levels are given by (17)

and (18), respectively, we focus on the optimal price condition, which is given by:

or T
i _ -9 = =0. 2
o M —p0(1—20) " 0 (29)

Comparing the industry maximising levels and the non-cooperative equilibrium, provide the

following result.

Lemma 3 Under price competition, firms overinvest in detailing, underinvest in DTCA,

and set too low prices from an industry perspective.

Proof. The result with respect to detailing and DTCA is given in Lemma 1. The result

with respect to price is derived by imposing symmetry on the first-order condition in (20),

AN

which then becomes

Then comparing this with (29), the result follows straightforwardly. m
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The intuition of the underinvestment in DTCA and overinvestment in detailing was
explained in relation to Lemma 1. Basically, firms underinvest in DTCA due to its public
good nature, and overinvest in detailing due to its business-stealing nature. Turning to
prices, it is not surprising that the industry maximising prices are higher than the duopoly
prices. As in most cases, if firms can coordinate their price setting in a credible way, this

results in higher prices.

Let us now examine whether or not firms benefit from the availability of DTCA under
price competition. As for the price regulation case, the criteria for DTCA to be profitable
for the firms is determined by the difference in profits with and without DTCA, as defined

by (19). Taking into account the equilibrium price, we obtain the following result:

Proposition 4 (i) DTCA unambiguously increases firms’ profits if the detailing costs are

sufficiently convez, i.e. if

. TR
Kop T-3-3%
Ky~ T—0G—1/2)

€ (0,1)26,

(i) Under price competition DTCA is profitable for a wider range of parameters than

in the case of price requlation.

A proof is provided in the Appendix.

Recall from Proposition 2 that firms benefit from DTCA if the detailing cost function
is sufficiently convex. This result was derived for any price, including the equilibrium price
under price competition. The above proposition demonstrates that price competition relaxes
this condition.?” As more detailing tends to allow the firms to charge a higher equilibrium
price, the problem of over-investment into detailing is now less pronounced. The stiffening
of detailing competition when DTCA is allowed is then "less costly" to the firms and DTCA

tends to be more profitable than under price regulation.

The comparative statics are more complicated under price competition than under price

regulation, since now also the price is affected by changes in the parameters. However, the

26 As for the price regulation case, this condition is not very strict. Firms benefit from DTCA for a
quadratic detailing cost function, or any other detailing cost function with a higher degree of convexity. See

footnote X.

2"Note that %%C >0
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effects of v and 7 are still straightforward. From (21), (8) and (9) we see that a higher
v increases the equilibrium price, detailing and DTCA. Conversely, a higher co-payment 7
increases the price elasticity of demand in both the monopolistic and competitive segment
and therefore curbs the equilibrium price, detailing and DTCA.

The complicated effects are thus associated with the parameters ¢ and z. It can easily
be shown that the comparative statics with respect to z are qualitatively the same as for
the price regulation case except for the fact that prices are increasing in z. The reason for
this is the interaction with detailing. A higher z leads to more detailing, which in turn has

a positive effect on prices.

Table 3: Comparative statics with respect to z
z | p° 0° o° z° Mce N¢ e
0.0 | 1.8566 .7483 .4467 .8217 .4348 .6938 .1802
0.2 | 1.8601 .7588 .3946 .8200 .4380 .7068 .2100
0.4 | 1.8672 .7793 .3322 8164 .4441 .7324 .2485
0.6 | 1.8811 .8153 .2547 .8094 .4542 7778 .2999
0.8 | 1.9102 .8771 .1523 .7949 .4703 .8563 .3731

1.0 | 2.0 1.0 .0 .75 5 1.0 )
Assumptions: v =1.75,t =1, 7 =0.5

Turning to the comparative statics with respect to ¢, recall that under price regulation
a higher ¢ implied less detailing and less DTCA. The reason was that a higher ¢ reduced
demand from the monopolistic segment, all else equal. While the demand-reducing effect is
still present under price competition, this effect is now counteracted by a positive impact
on price of t. More differentiated drugs enable the firms to set higher prices. This is a
very standard effect and is readily verified from (21). Thus, it is not clear whether a higher
t leads to more or less marketing and, in turn, to higher or lower profits. Table 4 below

demonstrates the relationship.

Table 4: Comparative statics with respect to ¢
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t p° 6°¢ ®c z° Mc¢ N¢ ¢

0.875 | 1.750 0.7935 0.2952 1.000 0.4787 0.7517 0.2713
0.900 | 1.775 0.7933 0.2951 0.959 0.4719 0.7516 0.2711
0.925 | 1.799 0.7933 0.2951 0.920 0.4654 0.7515 0.2711
0.950 | 1.824 0.7935 0.2952 0.882 0.4594 0.7516 0.2713
0.975 | 1.848 0.7940 0.2954 0.847 0.4538 0.7518 0.2716
1.000 | 1.873 0.7949 0.2958 0.814 0.4486 0.7521 0.2722

1.250 | 2.179 0.8425 0.3165 0.528 0.4250 0.7664 0.3048
Assumptions: v = 1.75, z = 0.5, 7 = 0.5.

As expected, the equilibrium price is unambiguously increasing in t. Moreover, a higher
price and a higher ¢ contribute both to a lower demand in the monopolistic segment, which
is given by 7 in the table. However, the effects of ¢ on the two marketing strategies are
ambiguous. At low levels of ¢, both detailing and DTCA are decreasing due to a marginal
increase in t. Contrary, at high levels, the marginal effect of ¢ is positive. The intuition is
that the demand-reducing effect of ¢ dominates the price-increasing effect for low levels of
t, while the opposite is true for high levels of . This explains also the effect of changes in ¢

on profits.

5 Welfare

In this final section, we address the following two questions: (i) Does the firms provide
excessive or suboptimal levels of the two marketing strategies; detailing and DTCA? (ii) Is
DTCA welfare improving or should it be prohibited? Let us start by characterising first-
best. The total number of patients is normalised to 1, of which a fraction N € [0, 1], as given
by (2), decides to visit a physician for medical advice. The patients that enter the physician
market face three types of physicians: fully informed, partially informed, and uniformed.
Obviously, the benefit of the consultation depends on the degree to which the physician is

informed about the available drugs and their properties. Formally, the consumer surplus
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associated with the fully informed physicians, i.e., the competitive segment, is defined by:

x

C = 6y, [/:(U—Tpo—ty)dy—i—/l(v—Tpl—t(l—y))dy], (30)
— 640, [U—Tpoas—fpl (1-3)— % (32+ (1 —5)2)} .

The consumer surplus associated with partially informed physicians, i.e., the monopolistic
segment, is defined by

To 1
D = 90(1—91)/ (U—Tpo—ty)dy+91(1—90)/ (v—7p1 —t(1—y))dy,(31)
0 1

-

= 00(1=60) (o (o= ) 538 ) + 01 (1= 00) (71 0 = 7) - 537 ).

Note that C' measures the improvements in matching due to detailing, while D measures
social benefits of increased consumption due to detailing. The consumer surplus for the

patients that visit uninformed physicians are zero. Total consumer surplus is thus,
CS=N(C+D) (32)

Total welfare is defined as the consumers’ surplus and firms’ profits (producers’ surplus)

net of the third-party transfers. Formally, welfare is given by:

W=CS+mo+m —(1—7)(poQo+p1Q1)-

Here the last term refers to the third-party payer’s expenditure. Evidently a moral hazard
problem will lead to an expansion of pharmaceutical expenditure whenever patients are,
in the presence of health insurance, only exposed to a share 7 < 1 of the price of drugs.
Generally, pharmaceutical expenditure is not a purely redistributive transfer, as is assumed
here, but carries a social cost, e.g. due to the distorting effect of taxation or social insurance
on labour supply. If this cost was sufficiently high this would imply an a priori case of
excessive advertising and may justify a ban of DTCA. In order to isolate some of the more
intricate effects on social welfare of advertising we assume the absence of any costs of funds
implying that health care expenditure as such is purely redistributive and carries no social
cost. To this end, the social planner is not concerned about moral hazard effects. As we

will see in the following advertising may be socially wasteful nonetheless.
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Collecting terms, social welfare can be written as:
W =N -Q—K (0, ®) — K (0,91), (33)
where
_ bt a2
QO = 66 <v : (x +(1-7) ))
~ t ~ t
+0y (1 — 01) xo <1) — 5:[)0) + 61 (1 - 90) T (’U — 5:[)1) . (34)

Observe that welfare does not directly depend on prices. The social planner’s problem is
to maximise (33) with respect to Z, x;, 6; and ®;. The solution to this problem defines

first-best and is given by the following set of first-order conditions:

%_vg — N [0o01t (1 - 28)] = 0, (35)
g_g = N-[0: (1 - 0;) (v — t3,)] = 0, (36)
ggz g;?_gfzo (37)

S =(-2)(1-,)-9- g% =0, (38)

where

0 (ot (34— i (o=t 07 (v-ts
8—01_9]<U 2(z +(1-72) ))—i—(l 9]).1:1(7) 2x1> 9333]<v 2:1:]).

From (36) we see that the first-best prescription choice in the competitive segment is
1
/o — = 39
P = (39)

Thus, the fully informed physicians should prescribe drug 0 to every individual with a
disease type within the interval [0,1/2] and drug 1 to every individual with a disease type
within (1/2,1]. Clearly, this is the prescription choice that minimises the mismatch costs
under symmetry. It is also clear that there is no divergence between the first-best and the
equilibrium market share in this regard.

From (35) we obtain the first-best prescription choice of the monopolistic segment:

b ~fb 7 ifo<t
1 ifo>t
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Thus, the partially informed physicians should prescribe the known drug to every visiting
patient if the effectiveness of the drug, v, is sufficiently large relative to the mismatch costs, t.
However, if v < ¢, then the first-best implies 35{ b1 Obviously, this implies two candidates
for first-best detailing and DTCA. In the price competition case, we know from (23) that
v > t for the equilibrium to be well-defined. In the following, we therefore assume v > ¢
and thus E{ b = 1. Given this assumption, the (symmetric) first-best detailing and DTCA

levels are defined by the following two equations:

[z+(1—z)<I>(2—<I>)]-[v(l—@)—£(2—39)]—K9:0 (40)
(1—z)(1—<1>)-9[U(z_e)_i(z;_ge)]_Kq):o (41)

Having derived the first-best, we want to analyse whether the equilibrium detailing and
DTCA levels are excessive or suboptimal from a welfare point-of-veiw. Comparing (40) and
(41) with the price regulation outcomes in (12) and (13) we find that equilibrium detailing

is equal to first-best if and only if the following is true:

(10w =t (10 ()

where the superscript denotes whether it is the price regulation or the price competition

; (42)

case, i.e., k = r,c. Moreover, equilibrium DTCA is equal to first-best DTCA if the following

(1-0%) (S72) + &

Define as 75 and 7% the two values of 7 for which (42) and (43) are satisfied as equalities,

is true:

v (2 - efb) - i (4 . 39fb) = pF (43)

i.e., the values of 7 for which 0F = 9% and ®F = @/, Observing that ok < 07 = 7 > ?’g

and ®F < o0 —= 7 > ?’;, we obtain the following proposition.

Proposition 5 Under price regulation the following is true: (ia) For a ’low’ price p €
[U — %,21} — t] DTCA is always suboptimal and detailing is suboptimal if and only if z is
sufficiently low and T > 7. (ib) For a "high’ price p € [2v —t,2v — §| DTCA is excessive if
and only if z is sufficiently low T < Tg, while detailing is always excessive. (i) Under price
competition DTCA and detailing are excessive if T < Tg, DTCA is suboptimal and detailing
is excessive if T < 7 < Tg, and DTCA and detailing are suboptimal if z is sufficiently low

and T > T.
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Whether DTCA and detailing are excessive or suboptimal under price regulation depends
crucially on the price that is implemented and on the copayment rate. Here, a relatively
low level of price leads to suboptimal DTCA for any admissible level of the co-payment.
Nonetheless the incentive of firms to over-invest in detailing leads to a level that is excessive
from a social point of view, too, when insurance is sufficiently generous. Note the additional
dependency on the share of patients z who visit the physician even in the absence of DTCA.
As we have seen, a high z tends to boost the equilibrium level of detailing #” which may turn
out to be socially excessive even in the presence of substantial coinsurance. A relatively high
price level leads to excessive detailing irrespective of the coinsurance rate. The high price
combined with the high levels of detailing also boost the incentive to engage in DTCA and
this is now excessive unless this effect is offset by high coinsurance. Again if the incentives
to engage in detailing are very high for a high z no admissible coinsurance rate can stifle
the tendency towards socially excessive DTCA.

The problem is similar in the case of price competition. Again, a generous insurance
system with a low copayment, provides strong incentives for the firms to invest in market-
ing. The reason is that a low 7 enables the firms to charge higher prices without loosing
demand in the monopolistic segment. This makes it more profitable for the firms to attract
more patients to the market (DTCA), and to inform a larger fraction of physicians about
their drug (detailing). Since the social marginal benefit of the two marketing strategies is
independent of the copayment rate (and the price), we have cases both of excessive and
suboptimal marketing. The proposition also demonstrates that excessive detailing is more
likely to arise than excessive DTCA. The explanation is once more due to the public good
nature of DTCA and the business-stealing effect of detailing that induce the firms to expend
too little on DTCA and too much on detailing.

Optimal price regulation and insurance (copayment rates) are clearly outside the scope of
this paper. Price regulation is mainly concerned with the trade-off between R&D incentives
and cost containment, while insurance is concerned with moral hazard and adverse selection
problems. However, Proposition X contains some policy implications not irrelevant for this

industry taking into account the amount of money pharmaceutical firms spend on marketing.

Corollary 1 First-best detailing and DTCA are in general not achievable via price and/or
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co-payment regqulation. In particular, the regulator needs to trade-off suboptimal DTCA

against excessive detailing.

In the price competition case, the regulator has one instrument, 7, to induce socially
optimal levels of three variables, 8, ® and p. This is clearly a difficult issue. In the price
regulation case, the regulator has in fact two instruments, 7 and p, to induce optimal levels
of two variables, 8 and ®. However, since these instruments cannot be tailored at neither
detailing nor DTCA, and since they has the same effect on both marketing strategies, it
follows that in general first-best cannot be achieved. We show that first-best detailing is
obtained at the expense of suboptimal levels of DTCA, and vice versa, first-best DTCA is

obtained at the expense of excessive levels of detailing.

Although there are obvious social gains of DTCA, we cannot rule out that allowing
DTCA actually lowers welfare. In particular, for low copayment levels, the firms provide
excessive levels of detailing, and possibly also of DTCA. In this case, the marketing costs
may exceed its benefits, leading to lower welfare. Assuming symmetry, and collecting terms,

we can write the social welfare function as
W(@,@):N(@)ﬂ[e@—i)+(1—9)”2+(7p)2 _ 9K (6,9). (44)
The criteria for DTCA to be socially beneficial is the following
AW (@) =W [0 (P),P] — W [6(0),0] >0, (45)

where 0 (®) is the best choice of detailing for a level ® of DTCA. An analytical approach
to this comparison of welfare levels with and without DTCA proves to be intractable. We
therefore resort to numerical analysis. As for the previous numerical analysis, we assume
the advertising cost function takes the following form: K (0, ®) = % (92 + <I>2). Although we
restrict ourselves to a relatively small set of numerical examples, several regularities can be
identified that shed some light on the mechanisms of the model.

Consider first the case of price regulation. Table 4 below provides a numerical illustration
of the welfare effects of allowing DTCA depending on the regulated price (p), the fraction

of regular patients (z), and the copayment rate (7).
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Table 4: AW (®) depending on p, z and 7 - price regulation

p=24 p=1.5
z 7=035|7=050| 7=0.55|7=0.80
0.2 | —.0270 | —.0217 | .1856 .0810
0.4 | —.0070 | —.0014 | .1451 .0862
0.6 | —.0008 | .0039 .0842 .0621
08| — — .0270 .0241

Assumptions: v =1.75,t =1

Interestingly, we see that DTCA improves welfare only if p is sufficently low and 7 is
sufficiently high. The intuition is that for a high price and a low copayment, detailing is very
likely to be excessive from a welfare perspective, as demonstrated above. In this situation,
then an removal of a ban on DTCA, would lead to large investments in DTCA which in
turn triggers even further investments in detailing. We also see that DTCA is more likely
to be welfare improving in cases with a small "potential" market.

Consider now the case of price competition. Evaluating the expression in (45) for differ-

ent levels of z and 7, we can compile the following table.

Table 5: AW (®) depending on z and 7 - price competition

z/T | 0.4 0.41 0.42 0.43 0.44 0.45

0 — —0.0658 —0.0318 —0.0037 0.0202 0.0409
0.2 | —0.0743 —0.0350 —0.0044 0.0209 0.0425 0.0611
04 | - —-0.0334 —0.0079 0.0129 0.0303 0.0454
06 | — —0.0433 —-0.0222 —0.0061 0.0067 0.0174
0.8 | — - - — —0.0111  —0.0043

Assumptions: v = 1.75;t =1

Each cell gives the differential welfare AW (®) for a particular combination of z and

7.28 Note that AW (®) tends to increase in the co-payment 7 for any value of z .29 Indeed, it

2Empty cells corresond to combinations of z and 7 that are non-admissable as they would give rise to a

level of detailing 6 > 1.

29We have omitted z = 1 as this implies the trivial outcome AW (®) = 0. Note, however, that for z — 1

we obtain AW (®) < 0 for all admissible 7 < 0.5. Hence, the argument we present in the following extends
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is true for all z that AW (®) < 0 if and only if the co-payment falls below some threshold.
Low co-payment rates allow the duopolists to charge high prices. More specifically under
substantial co-payments price may exceed the average consumer surplus. This is due to
moral hazard on the part of the physician who only considers the effective price 7p charged
to the patient. While excessive prices do not constitute a welfare loss as such, they provide
strong incentives to engage in advertising. As it turns out advertising may then be excessive
from a welfare point of view, where the improvements in the allocation of drugs to patients
is more than offset by the advertising cost. A ban on DTCA may then be socially desirable
as it curbs the incentive to engage in detailing, leading to a reduction in cost that more
than compensates the loss in consumer surplus due to a lower market coverage.

Somewhat surprisingly, the impact of the share of patients z who are regular visitors
to the physician on AW (®) is not monotonous. Note that for all 7, differential welfare
AW (@) is increasing in z at low levels of z but then decreasing, eventually turning negative

I For high numbers of regular visitors to the doctor, the

as z becomes sufficiently large.?
potential underinvestment in DTCA on the part of firms makes little difference from a social
point of view. However, as a high z tends to boost detailing competition, overinvestment
is likely from a social point of view. As we see, a ban on DTCA is then usually warranted
on welfare grounds. Note that as z approaches 1 the welfare difference AW (®), albeit
negative, becomes arbitrarily small. This is because even in the absence of a ban, firms
will engage in close to none DTCA. But then the additional impact on wasteful detailing
of permitting DTCA is small and so is the associated welfare loss. While banning DTCA
is still advisable under these circumstances, the social stakes are relatively low under these
circumstances. The findings are more mixed for low levels of z. Here, a ban is warranted
only if the co-payment rate is sufficiently small. The case 7 = 0.43 is particularly instructive.

Here, AW (®) < 0 obtains for z = 0 and z = 0.6 but not for the intermediate values z = 0.2

and c0.4. The issue for z = 0 is that while DTCA is a prerequisite to generate any patient

to z € (0.8,1).
30Tt can be shown that AW (®) > 0 is true for all 7 in above this threshold including all the possible

large’ values of 7 that remain unreported here.

SFor AW (®) < 0 at 2z € (0.8,1), we have dAy—;” > 0 again. However, AW (®) < 0 will then pertain for
all z € (0.8,1).
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surplus at all, these gains still tend to be limited to a relatively small share N of visitors.
But then the benefits of detailing competition spread across too small a share of attending
patients as to offset the cost, giving rise to a negative net surplus. As an increase in z allows
a greater share of patients N to benefit from the improved matching under detailing, this

tends to overturn the negative net surplus.

Table 6: AW (®) depending on ¢ and 7 - price competition
t/T 0.4 0.41 0.42 0.43 0.44 0.45

0.875 | 0.0417 0.0505 0.0587 0.0663 0.0733  0.0798
0.9 0.0278 0.038 0.0475 0.0561 0.064 0.0712
0.95 | —0.0072 0.008 0.0212 0.0331 0.0435 0.053

1.0 - —-0.0376 —0.0147 0.0037 0.0188  0.0317
1.05 | — — - —0.0452 —0.016 0.0045
1.1 — — — — — —0.0423

Assumptions: v = 1.75;2 = 0.5

The dependency of AW (®) on the degree of differentiation (transport cost) ¢ is more
straightforward. The poorer is the substitutability between the drugs, i.e. the higher ¢, the
lower is the net welfare gain from allowing DTCA. This is true for any rate of co-payment.
There are two reasons for why greater differentiation erodes the social gains from DTCA.
First, a greater ¢ implies a lower benefit from the drug for those patients who do not receive
their ideal drug. This lowers the direct social return from DTCA (and detailing). Second,
as greater differentiation allows the firms to set higher prices, this provides an additional
incentive to engage in excessive marketing, in particular, in excessive detailing. If the
over-investment in marketing grows in strength for relatively high ¢, this leads to a further

reduction in the social return to DTCA.

We can summarise our findings in the following Proposition.

Proposition 6 (i) The availability of DTCA improves social welfare if and only if the
copayments are sufficiently high. (ii) There ezists a range of co-payments for which DTCA
improves social welfare if and only if the share of reqular patient visits, z, takes on an
intermediate value . (i) Given the rate of coinsurance, DTCA is more prone to improve

social welfare for drugs that are good substitutes.
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Thus, in health systems with generous insurance, it is likely that firms spend excessive
amounts of resources on marketing, not only to physicians, but also to consumers. As a
consequence, the benefits of detailing due to improved matching and DTCA due to less
undertreatment are more than offset by the cost of marketing. Consequently only health

care systems with less generous insurance should expect to benefit from DTCA.

6 Concluding remarks

In this paper we have studied the effects of DTCA in the prescription drug market. Espe-
cially, we have been concerned with the effect of DT'CA on firms’ profits and social welfare.
Building on the informative advertising models developed by Butters (1977), Grossman and
Shapiro (1984), among others, we have focused on the interaction between consumer-oriented
(DTCA) and physician-oriented (detailing) marketing. Due to the variation of health care
systems, we have analysed both the case with and the case without price regulation. We
have also analysed different generousity levels of insurance (copayments).

Considering the profitability of DTCA, the paper reports the following three findings:
First, we show that DTCA and detailing are complementary strategies for the firms. Thus,
allowing DTCA increases spending on detailing. Second, firms tend to overinvest in detail-
ing and underinvest in DTCA from an industry perspective. This is due to the market-
expanding effect of DTCA and the business-stealing effect of detailing. Third, we show that
firms benefit from DTCA if the detailing technology is sufficiently costly. Otherwise, firms
compete intensive in terms of detailing, implying that an allowance of DTCA would induce
even more excessive detailing.

Turning to welfare, we derive the following results: First, we show that both DTCA and
detailing can be excessive or suboptimal depending on the copayment. Generally, first-best
cannot be achieved, and the regulator must trade-off suboptimal levels of DTCA against
excessive levels of detailing. Once more this reflects the public good nature of DTCA and
the business-stealing effect of detailing. Second, we find that the impact of DTCA on welfare
is generally ambiguous, and depends on, especially, the copayment rate and the advertising
technology.

The model is closely linked to empirical findings and stylised facts of marketing in the
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prescription drug market. In this sense it contributes to explaining and interpreting the
empirical findings. It also contributes to the theoretical literature, not only by filling the
gap with respect to DTCA, but also by extending the basic model to involve two marketing
strategies.

We should stress two conceptual aspects of our finding. First, by modelling both DTCA
and detailing as informative, we have depicted, in a way, the most positive case for advertis-
ing. The fact that our findings suggest that - at least DTCA - may not be socially beneficial
for the low levels of coinsurance that are prevalent in most health care systems tends to re-
inforce a potential case against DTCA. Note that this is so despite the unambiguous benefit
on the part of consumers from advertising - at least in the absence of price competition.
Second, the reason for excessive advertising lies in what one may consider an indirect cost
of 'moral hazard’. The presence of moral hazard allows monopolistic firms to shift surplus
from the tax-payer. Although we ignore the direct social costs of excessive pharmaceutical
budgets, the rent-seeking effort on the part of firms, here in the form of excessive marketing
activity, constitutes a social waste in as far as these activities are stretched beyond their
value to patients. The bottom line is that a welfare evaluation of the losses from moral
hazard in health insurance may well underestimate the social cost of moral hazard if the

additional waste from rent-seeking activities such as advertising are ignored.
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A Appendix: Proofs of Lemmas and Propositions

Proof of Lemma 1: First, evaluating (12) and (13) for the corner-solutions, we get

or or

— =pM(1—2)>0, d — =—Ks (1) <0,
55|, —PM-2) and - g5| = —Ka ()

or - or N

— =pN 0 d — =p— —Kp(1 0.

This proofs that the equilibrium is interior.

Uniqueness is checked by calculating the Jacobian, which is given by:
|J] = (pN (x — 1/2) + Kgg) (pM (1 = 2) + Koa)
—p?(1—2)2(1—®)* (T — 0T+ 6/2) (2% — 407 + 26)
From the second-order conditions, see footnote x, the following must be true in equilibrium
KopKag >p° (1 —2)* (1 - ®)*[7 — 0% +0/2)%.
Then it is easily verified that |J| > 0. This completes the proof.l

Proof of Proposition 2: From (19) we see that Am (0) = 0. Write the equilibrium
detailing condition, given by (12), in the following way pN (®) M (") = 6" Ky (0") .Inserting

this into (19), we obtain the following expression:
Am (07 (@), @) = 0" (D) - Ko (6" () — pM (0" (0)) 2 — K (6" (®),®) + K (6" (0),0), (46)

which now is a function of DTCA only. Differentiating this with respect to ®, we get:

dAm drm po do”
@ ap U Regg

~ K. (47)

Then insert (?7) and rearranging the expression, we obtain:

dAT 2p(1—2)1—-P)M
=K, — Ko, 48
@ TN G-+ Ke ¢ (48)

which can be positive and negative depending on the relative size of the two terms. Evalu-
ating (48) for the equilibrium DTCA level, given by (13), and rearranging the expression,

we obtain the following:

dm
dd

[\

(49)

P

Kgg—pN(%—l)] |

d=r Kog +pN (T - 3)
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Obviously, this is positive if and only if Kyg > pN (z — 1/2). Using the detailing condition

in (12) once more, we can rewrite the condition as follows:

Ko 7—1/2

= — , 50
Ky  z-6(x-1/2) (50)
where it is readily verified that3?
T—1/2
z—0(xr—1/2) €(©.1)

Proof of Proposition 3: The sign of (26) and (27) are both determined by the sign of

v—2Tp 62
t

+ 5

9(1-9)(

Evaluating this for the equilibrium price level, given by (21), we obtain:

520 (1 —0) +1t0

o 2t (4—360) 7

which is positive for any valid values of 6, v and ¢. Thus, the following is true:

doc N6*[2v (1 - 6) + t6)] >0
dp — [pN (Z — 1) + Kgg] 2t (4 —30)] ~
de¢  (1—2)(1—®)6%[2v(1—0) + t0] -

dp M (1—2) + Kae] 2 (1 30)]
Finally, the interaction between detailing and DTCA (14) and (15), and the interaction

between detailing and price is given by (24). This completes the proof.l

Proof of Proposition 4: From (19) we see that A (0) = 0. Write the first-order condi-
tion for detailing, as given by (12), in the following way p°N (®) M (0°) = 0°Ky (0°) .Inserting

this into (19), we obtain the following expression:
Am (0°(®), @) = 0°(®)- Ky (6° (P))—6°(0)- Ky (6° (0)) — K (6°(®) , ®)+ K (6°(0),0), (51)

which is now a function of DTCA only. Differentiating this with respect to ®, we obtain:

dAm  dr . o
% -5 0° (@) Koy

~ K. (52)

32The concavity of g—g can be established under some mild conditions.
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Note that the best-response functions 6°(®) and p¢ = p°(®) follow from the system of

first-order-conditions (??7) and (21). Applying Carmer’s rule we can calculate

e 2(1—z)(1— ) (4 —36°) 7p°M

— = 53
dd 0° || ’ (53)
where
_ 1 62t —-v)
J|=7(4-36° {K +CN[x———7}}>O 54
|| ( )3 Koo +p 2 302 (54)
is the Jacobian determinant of the system (??) and (21) and where = = v;gi > 1.3
Inserting into (52) from (53) and rearranging, we obtain:
dA
TJ — 2K (1 — 2) (1 — ®) (4 — 36 rp° M | J'| — K. (55)

Evaluating (48) for the equilibrium DTCA level, given by (13), and rearranging the
expression, we obtain
dr Ko (4 —30° { [~ 1 6°(2t—w) ] }
AP |g_gr |J'| v 2 t(4-30°7 (56)
The RHS is positive if and only if the term in bracelets is positive. Using the first-order

condition in (12), we can rewrite the condition as follows

~ 1 9C(2t7v) " ¢
Koo 72 a—30)” _T— % ~ % (57)
~ ~_ 1 1
Ko = 7-0(7-3) 0 (z —5)
where the equality follows under observation of & aec = 2275—3_92))2 > 0. It is readily verified that
7oL z0°0r° F-1-10°0p £(8-60°436?) .
T2 220 <] forallvand ¢t and 2220200 < () & p < This completes

7—0(7—3) 3-0(z-3) = (3-80°+302) -
the proof of part (i). Part (ii) follows directly from a comparison of the RHS in (50) and

(57).1

Proof of Proposition 5: Consider first the case of price regulation (k =), where
p" = p. Noting that 67° is independent of 7 and p, it is readily verified from (42) and (43)
that

p (10" v+ &0t —t[v(1—07) — L (2-307)]
0" <o =1 > { }(1—9fb)p2 =: Ty, (58)

331t can be verified that |J’| > 0 for any convex function K ().
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p|(1=0") v+ S| — o (2-07) = § (4 - 307)]
(1- Hfb) P2
It is easy to check that Tg < Tj. Given v, t and p, the constraint in (11) and 7 < 1 imply that

<ot =7 >

= Ty. (59)

T € [Tmin, Tmax) ; Where Tpin 1= ”Tjt and Tmax := max {”;#, 1} . We then need to establish

the conditions under which 7y and 7§ fall into the interval [Tmin, Tmax] - In order to contain

the tedium of the analysis, we focus on a limited range of prices p € [v — %, 20 — %], which

v—t/2
T

is sufficient to illustrate the key points.>* Since p > v — %, we have Tiax =

Using the
definitions in (58) and (59), respectively, it can be checked that p € [v — %, 2v — %] implies

75 > Tumin and 7 < Tmax for all /% € [0,1]. Furthermore, we obtain

~ t 3t
Tg<7‘max<:>F<p,9fb>:g—v+§+9fb<v—z><O, (60)
7 fb fo (P 3t
7o > T G (p.07) =p—20+¢—6" (E v+ 2 ) >0, (61)

Consider (60) first, where Fy (p, Gfb) >0, F(p,0)=5—-v+Land F(p,1) =5 -1 >0

since p > v — £. Noting that F (p,0) > 0 < p > 2v —t it follows that 7 < Tmax if and only

_p_t
if p<2v—tand 0 < vvfﬁz —:0,. Now consider (61). Note that p < 2v — % implies that

4

p—2v+t<§—v+%. Thiscanbeusedtoshowthatp<2v—t:G(p,9fb) < 0. Now

suppose p > 2v —t. As this implies 0 < p—2v+t < L —v+ %, it follows that Gy (p, Hfb) < 0.

Furthermore, G (p,0) =p—2v+t¢ >0 and G (p,1) zg—v+£ <Osincep<2v—%. But

p—2v+t —
Bour

then, Tg > Tmin if and only if p > 2v — ¢ and 670 < :5;. Since #%can be shown to
be strictly increasing in z the conditions 6% < 52 and 67 < 5;, respectively, are satisfied if
and only if z is sufficiently low. Using the above findings, we obtain parts (ia) and (ib) of
the Proposition.
. . - e 20(1-07%)40f? .
Now consider the case of price competition (k= r), where p® = ) Using

po := 7p° in (42) and (43) we obtain

0 <o s (2-0") .7 (62
= TNy Lz T
2 — 07)
c < pfb ( = Tg-
= @T>m¢%@@_w%_§@_wm} T

34 A fuller analysis including other levels of p is available from the authors upon request.
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Here, 0 < 75 < 7§ are readily verified. For #/% < 1, no further restrictions on 7 € [0, 1] are

required under price competition.

~ fb p%(Zfob) .
From (62) we have that 7§ < 1 & H (¢/°) = Ao (1=67 )~ (2307")] < 1. It is then
4
po(2-6"") o,

. . by _ g(v—t)
easily verified that H' (9f )= 2t[v(1—6fio)—§(2—36'fb)]2 + To(207") L (4307

thﬂ) < land H (1) = 2. Thus, defining 8 := 67° |H (0) = 0, we have 7§ < 1 & 6/ < §".

)]ﬁ>0,H(O):

Again, this implies z being sufficiently low. This completes the proof of part (ii) of the
Proposition.l
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