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Abstract

This paper estimates a structural model of China’s prescription drug market and
quantifies the impact of the “Zero-Markup Drug Policy” on the profitability of
hospital drugs and patient welfare. Results suggest that: physicians’ prescription
choices are sensitive to both patients’ out-of-pocket costs and hospitals’ drug
markups; drug pricing is largely dominated by provincial governments; branded
drugs are more preferable and less price elastic than generic ones; the policy
accounts for more than half of the decrease in average wholesale price; overall
the policy improves patient welfare, and decreases the sales and profits of hospital

drugs.
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1 Introduction

Policymakers around the world have been regulating their pharmaceutical industries
for decades to keep drugs and health care affordable, and China is not an excep-
tion. In the past decade, there have been a series of important regulatory changes in
China’s pharmaceutical industry, affecting pricing decisions of firms and drug choices
of hospitals, physicians, and patients. One influential reform is the “Zero-Markup
Drug Policy” (ZMDP), which requires that hospitals (and therefore physicians) can-
not profit from dispensing drugs. Physician prescribing and dispensing is common
in Asia and is a standard practice in the United States for infused drugs, including
cancer and dialysis drugs. For example, Medicare pays physicians a markup of 6
percent for infused drugs. Also, according to IQVIA’s report, China is the second
largest in sales across the globe, making it an important market for drugs.? Thus,
investigating the impact of ZMDP has important implications for policy discussions

both in China and other countries.

Previous work has documented some aggregate effects of the policy on equilibrium
outcomes such as drug prices and quantities (see the literature review at the end of
this section), but little is known about its underlying mechanisms and distributional
effects, e.g., how it changes physician choices, firm profitability, and consumer welfare.
This paper tries to fill the void by estimating a structural model of China’s pharma-
ceutical industry and quantifying the impacts on different parties in the market using

counterfactual simulations.

One important feature of the demand for drugs is that there is an “expert-client”
relationship such that a physician acts as a patient’s agent. This naturally generates
agency problems as physicians concern both hospitals’ profit from selling drugs and

patients’ welfare.? Since the 1950s, due to the lack of funding, the Chinese govern-

'For more details, visit https://www.igvia.com/insights/the-iqvia-institute/reports/

the-global-use-of-medicines-2023.
2The integration between drug prescription and dispensation has a long history in China, dating

back to the Eastern Han Dynasty. Inspired by Zhang Zhongjing (A.D. 150-219), Chinese physi-
cians started to “sit” in the pharmacies to provide services as zuotangyi (on-site physicians). It
cultivated the partnership of physicians and drug sellers. Sometimes, physicians may even open

pharmacies themselves, known as langzhong. With the rapid transformation of the pharmaceutical
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ment explicitly allowed public hospitals to add a 15 percent markup to the wholesale
prices of drugs when selling them to patients. Part of hospitals’ profit became physi-
cians’ income. Consequently, physicians had been taking drug markups into account
when making drug choices for or with patients by deliberately prescribing more and
expensive drugs. Although agency problems were somewhat restricted by the 15 per-
cent markup itself and a price upper limit regulation, these pricing constraints are
not stringent enough to eliminate “distortions” in physicians’ prescription decisions.
To mitigate this incentive problem, in July 2012, China started the ZMDP in urban
(prefecture-level) public hospitals. This policy was then implemented nationwide in
2017.3

Eliminating hospitals’ drug markups may affect drug retail prices either positively
or negatively. If wholesale prices are fixed, it would directly lower retail prices. But
it also alters relative prices and physicians’ incentives. On the one hand, it makes
the relatively less expensive (e.g., generic drugs) more attractive than before, which
might increase the market power of generic drugs relative to branded ones and boost
their prices. On the other hand, removing markups also makes physicians less likely
to prescribe in general (such as encouraging patients to go on a healthy diet instead),
so the overall market power of prescription drugs decreases, which might lead to lower
prices. Through these mechanisms, the ZMDP is likely to affect branded and generic
drugs differently, which leads to an ambiguous total effect. The policy effects on
prices translate into those on manufactures’ profitability, patient welfare, etc., and

quantifying these different aspects is the main goal of this paper.

To single out the effect of ZMDP from those of other policy changes that happen
around the same time, we develop a structural model of demand and supply of China’s
pharmaceutical market and use it to quantify the impact of ZMDP. We estimate the
model using nationwide data on drug sales and observed binding constraints on the
prices of lipid-lowering drugs, an important market that can potentially affect every
household in China. Lipid-lowering drugs has a huge market not only in China

but also in the world. According to WHO, the global prevalence of raised total

and healthcare systems in Mao Era, on-site physicians flooded in public hospitals as employees.
3The pilot reform was launched earlier for county-level or township hospitals. But due to the lack
of detailed nationwide data, in this research, we focus on urban (prefecture-level) public hospitals.

For the effects of pilot reform within a sample county, see Fang et al. (2021).



cholesterol among adults was 39 percent.* IQVIA suggests that the global revenue
of lipid regulators can reach 23 billion US dollars by 2026, which is one of the top 20
therapy areas in 2026 in terms of global spending.® After estimating the structural
parameters in the model, we simulate the counterfactual equilibrium outcome in the
absence of ZMDP. The comparison between the actual and counterfactual market

outcomes gives us a quantitative account of the impact of ZMDP.

Our first step is to estimate the demand system for differentiated lipid-lowering drugs.
Following the standard approach in empirical 10 (Berry, 1994; Berry et al., 1995;
lizuka, 2007; Berry and Jia, 2010), we set up a two-type mixed nested logit model of
the joint preference of a physician-patient pair, where the mixture captures the unob-
served heterogeneity due to our partial observation on whether a hospital is subject
to the ZMDP. We find that physicians care about both patient welfare and hospitals’
profits from drugs, and put more weight on the former for commonly implemented

coinsurance rates for drugs.

Once we have obtained demand estimates and the substitution patterns among drugs,
we estimate a supply side model in which competing drug manufacturers simultane-
ously negotiate with the provincial government about wholesale prices in a Nash
bargaining game (Horn and Wolinsky, 1988; Crawford and Yurukoglu, 2012; Gren-
nan, 2013; Gowrisankaran et al., 2015; Ho and Lee, 2017; Dubois et al., 2022) given
the observed price constraints imposed by regulation. The model allows us to sepa-
rately identify costs and bargaining parameters, the latter of which captures how the
provincial policymakers in China trade off between firm profits and patients’ welfare

at province level.

Finally, given the estimated parameters of preference, production cost, and bargaining
power, we can quantify how much the observed decline in China’s prescription drug
prices can be explained by ZMDP using counterfactual simulations. In particular,
we calculate the new equilibrium prices in a hypothetical scenario in which ZMDP
was not implemented. Then the market shares, revenues, profits and social welfare

under our counterfactual scenario are compared to those under the actual situation.

4See https://www.who. int/data/gho/indicator-metadata-registry/imr-details/3236.
5For more details, visit https://www.iqvia.com/insights/the-iqvia-institute/reports/

the-global-use-of-medicines-2022.
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We nd that, 54 percent of the price drop from 2012 to 2018 can be attributed to the
ZMDP.

Our results have a few implications. First, given that physicians' prescription choices
might be in uenced by drug markups, medical burden of patients might be lowered if
policymakers reduce either coinsurance rate or drug markup or both. Second, pricing
is mostly dominated by provincial governments based on our estimated bargaining
power, and thus pro tability of rms could be impacted greatly when the main policy
goal is reducing drug prices. Third, branded drugs are more preferred than generic
drugs in China, and the demand elasticity for generic drugs is about 23 percent
more elastic than branded drugs on average, suggesting a higher market power of the
latter. Fourth, the ZMDP makes popular generic drugs relatively more favorable, and
increases their market concentration. Last, overall drug demand are weakened by the
ZMDP (mainly due to the reduction of physician-induced demand), but due to the
reduced prices, overall patient welfare is improved by a sizable amount.

1.1 Related Literature

Our work is related to several strands of literature. First, it builds upon the broad
research agenda on estimating demand for pharmaceuticals using various methods
to estimate preferences for drugs and substitution patterns, from the log-log models
(Berndt et al., 1995) to the discrete choice models such as logit (Berndt et al., 2003),
nested logit (lizuka, 2007; Donohue and Berndt, 2013; Song et al., 2017), and random
coe cient logit (Bjornerstedt and Verboven, 2016; Dubois and Lasio, 2018; Dubois
et al., 2022).

Second, it relates to the research on physicians' nancial incentives and physician-
induced demand (Dranove, 1988; Gruber et al., 1999; Dafny, 2005; Clemens and
Gottlieb, 2014, Dickstein, 2017; Fang et al., 2021). It is shown that physicians play

an important role in prescription (Hellerstein, 1998). Agency problems arise such as
over-prescription behaviors (Lu, 2014). The demand model in our paper is similar

to that of lizuka (2007), who models the role of physician in a reduced-form way
and shows that Japanese physicians' prescription decisions respond to drug markups
when diagnoses and drug sales are integrated. Besides these papers, there are several
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studies on physicians' behavior beyond prescription, such as referral decisions (Ho
and Pakes, 2014), and the substitution between drugs and other types of medical
care, e.g., inpatient care (Yi et al., 2015) and tests and examinations (Fang et al.,
2021). We shall discuss how our results connect to these studies in the conclusion.

Third, our paper belongs to the literature on the program evaluation of China's
healthcare reforms such as the ZMDP (Zhou et al., 2015; Yi et al., 2015; Fu et al.,
2018; Fang et al., 2021), Sanming model and two invoices system (Meng et al., 2019),
and Shenzhen's experiment with group purchasing organizations (Yang et al., 2020).
These existing studies are either case studies using data from only a sample city or
are based on county-level hospitals. Case studies may fail to distinguish the e ects
of di erent components of a systemic reform, while studies that focus on county-level
hospitals leave the e ects in the cities unanswered. Our work evaluates the broader
impact of ZMDP on urban public hospitals in China using a nationally representative
sample.

The remainder of the paper is organized as follows. Section 2 describes the empirical
setting, including the prescription drug market in China, the incentive problem, the
regulatory e orts to solve the problem, the recent policy changes, the data used, and
a reduced-form evidence of price drop. In Section 3, we present the structural model
of the demand and supply for each market, as well as the identi cation and estimation
strategy. Section 4 presents the estimation results of the structural model. In Section
5, we then provide the counterfactual price equilibrium and pro tability calculations

in the absence ZMDP in 2018, and then calculate the welfare change for patients.
Finally, we conclude in Section 6.

2 Background and Data

2.1 Drug procurement reform in China

In 2009, the Chinese government formally initiated a nationwide centralized drug
procurement (henceforth CDP) scheme after 9 years of development and experiment
in four provinces since 2000. The scheme is outlined in two documents released in



2010, namelyNotice on the Issuance of the Centralized Drug Procurement in Health
Facilities (Ministry of Health, 2010) and State Council O ce's Notice on Establishing
and Standardizing Essential Drug Procurement in Government-sponsored Primary
Health Facilities (State Council's General O ce, 2010). The new policy required
that all public healthcare institutions could procure drugs only via their provincial
governments' CDP platforms.

The procurement procedure can be described as follows. First, each hospital takes
physicians' advice into account and submits a proposal of drug demand. Then, the
provincial government evaluates the proposal and approves a list of drugs to enter the
next step in the procurement process. Finally, drug suppliers (e.g., manufacturers,
domestic agencies of foreign pharmaceutical companies) compete on the drugs they
would like to provide via a rather complicated bidding proces%.The bidding process

is not a standard scoring auction and the speci c rules are di erent across provinces.
Without detailed information, it's hard to exactly model this process. So in our
empirical analysis, we proceed with a parsimonious model of bargaining between the
governments and drug suppliers on drug prices a la Dubois et al. (2022, 2019). After
December 2018, the procurement process is changed/enhantead so the data in
2019 are only used to generate summary statistics but not for estimating the structural
model.

The major players in the CDP scheme, i.e., the main subjects of our research, are
included in Figure 1. Note that we do not explicitly incorporate strategic advertising
(e.g., via sales representatives) in our model, but advertisement costs are implicitly
incorporated in a reduced-form way, and we shall discuss potential consequences and
limitations at the end of the paper. As mentioned in Ministry of Health (2010), the

SFor example, one popular bidding framework is the so-called two envelope bidding, in which
drug suppliers are required to submit prices in one envelope (termed a price envelope) and the
information of their drugs (such as indications) and suppliers (such as reputation) in another envelope
(termed a quality envelope). The government then groups suppliers according to their proposals.
Next, for each group, the government does a quality screening and chooses quali ed candidates
based on the quality envelope. Within each group, if there are only a few candidates (e.g., two),
the government would directly negotiate with them, otherwise the government may simply choose

several low bids (not necessarily the lowest one) as the winning suppliers.
"Joint procurement was carried out by 4+7 large cities in December 2018 and then by 27

provinces in September 2019.



bargaining should be between pharmaceutical companies and provincial governments;
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Figure 1: Basic structure of China's drug market (at provincial level)
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2.2 The ZMDP and price regulations

We brie y summarize the major regulatory policy changes that may a ect drug prices
during 2012 2018 in Table 1. The key policy change during this period is the ZMDP,
which was rst implemented among urban (prefecture-level) public hospitals in July
2012 and later extended to all public hospitals nationwide in September 2017.

To understand the implications of the price regulations on the retail price of a drug,
let us denotep”’ as a wholesale price, which is the same for all hospitals in the
same province and is decided by the bargain between the rm and the provincial
government. LetpR denote the retail price of the drug at the hospital. Before July
2012, the regulations require that:
Pt p”

5 15%and p?  pighest (1)



Table 1: Major policy changes between 2012 and 2018

Time Description

Jul 2012* Shenzhen became the rst city to initiate the ZMDP among urban
prefecture-level public hospitals (start of the trial period).

Apr 2014 Retail price caps for Lovastatin, Feno brate, Gem brozil, Xuezhiang,
and Zhibituo were removed.

May 2015* The ZMDP was encouraged among all urban (prefecture-level) public
hospitals (start of the expansion period).

Jun 2015 Retail price caps for all other lipid-lowering drugs were removed.

2015 2017 Based on State Council's General O ce (2015), the revenue from drugs

should be no more than 30% of the total medical revenues in the urban
public hospitals by 2017.

2016 2018 Local governments were encouraged to experiment with joint procure-
ment . For example, Shanghai and Shenzhen experimented with some
Group Purchasing Organizations (GPOs) in 2016; Beijing, Tianjin, and
Hebei united in the procurement of medical supplies in 2017.

Mar 2016 The Generic Consistency Evaluation (GCE) program was launched to
test the quality and e cacy of generic drugs. The deadline for chemical
drugs that entered before October 2007 was set to December 2018 but
then it was canceled/extended.

2017 2018 Based on State Council's Healthcare Reform Committee (2016), a two
invoices system should be phased in among publicly owned medical
institutions and implemented nationwide by 2018.

Sep 2017* The ZMDP was implemented in all public hospitals.

Dec 2018 4+7 large cities joint procurement of Atorvastatin and Rosuvastatin.
Winners take 60% 70% public hospital market shares in those cities.

Notes: denotes shocks from the removal of retail price caps; * denotes shocks from the ZMDP. ZMDP
= Zero-Markup Drug Policy.

wherepHiahest js the price cap imposed by the provincial government (may be di erent
across provinces). We can rewrite (1) as

pR  minfpHighest - 1:150% g (2)

After June 2015, the price cap is removed, so we simply hag®  1:150". Finally,
it is replaced byp? = p" since 2017Q4.
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