& frontiers

@ Check for updates

OPEN ACCESS

EDITED BY
Kyriakos Souliotis,
University of Peloponnese, Greece

REVIEWED BY
Chuanxu Wang,

Shanghai Maritime University, China
Simon Grima,

University of Malta, Malta

Mack Shelley,

lowa State University, United States
Guvenc Kockaya,

ECON:IX Research,

Analysis and Consultancy Plc., Turkiye

*CORRESPONDENCE
Shiyang Li
lisy@cqupt.edu.cn

RECEIVED 28 April 2023
ACCEPTED 27 September 2023
PUBLISHED 19 October 2023

CITATION

Zhou N, Li S, Zhao G, Li C and Yu N (2023)
Medical service pricing and pharmaceutical
supply chain coordination contracts under the
zero-markup drug policy.

Front. Public Health 11:1208994.

doi: 10.3389/fpubh.2023.1208994

COPYRIGHT

© 2023 Zhou, Li, Zhao, Liand Yu. This is an
open-access article distributed under the terms
of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted which
does not comply with these terms.

Frontiers in Public Health

Frontiers in Public Health

TYPE Original Research
PUBLISHED 19 October 2023
pol 10.3389/fpubh.2023.1208994

Medical service pricing and
pharmaceutical supply chain
coordination contracts under the
zero-markup drug policy

Nan Zhou?, Shiyang Li?*, Gang Zhao?, Chengjiang Li** and Na Yu?®

!College of Finance and Economics, Yangtze Normal University, Chongqging, China, 2College of Modern
Postal, Chongging University of Posts and Telecommunications, Chongging, China, *School of
Engineering, University of Tasmania, Hobart, TAS, Australia, *School of Management, Guizhou
University, Guiyang, China, *Shandong Provincial Hospital, Jinan, China

To implement state policies of zero-markup drug policy and medical service
fee adjustment for public hospitals, this study constructed game models of the
pharmaceutical supply chain, consisting of a drug supplier and a public hospital.
The study obtained the optimal medical service level and pricing under the new
state drug policies. In addition, it analyzed the impacts of the degree of public
benefit of hospitals on the medical service level, the medical service price, and the
drug price. Finally, from the perspective of cooperation between drug suppliers and
public hospitals, the specialized coordination contract was designed to maximize
overall social welfare. This study found an anomalous but meaningful conclusion:
in the background of the zero-markup drug policy, a higher public benefit of
hospitals could increase the drug prices, but it could reduce the medical service
prices further to cut down on the overall treatment fees for the patients. The novel
coordination contract can optimize the pharmaceutical supply chain and achieve
a win-win situation for the drug suppliers, public hospitals, and patients. When the
public benefit of hospitals is higher, the profit of a decentralized decision-making
supply chain is greater than a centralized one, while the pharmaceutical supply
chain will not coordinate itself.

KEYWORDS

pharmaceutical supply chain, medical service pricing, public benefit of hospital,
coordination contracts, supply chain management

1. Introduction

It is difficult and expensive to receive proper medical treatment in China, which has become
one of the most significant domestic issues (1, 2). Under the policy of compensating medical
service costs from drug sales profits, the drug markup policy is considered the main cause of
expensive medical treatment (2). To break this vicious cycle, the state government working
report declared that the drug markup policy, which compensates medical service costs with drug
sale profits, must be abolished. Public hospitals had executed the policy nationwide by the end
of December 2017. However, the income from drug sales is a major part of the revenues from
public hospitals. It could adversely affect the operation of public hospitals when the government
calls for the abolition of the drug markup policy to implement a drug zero-plus policy (3, 4). To
solve this problem and compensate for the medical service costs provided by the public hospitals,
the government implemented a healthcare system reform to adjust the medical service prices
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after implementing the drug zero-plus policy (5, 6). Since most public
hospitals are state-owned public benefit organizations, it is important
to embody their public benefit character during medical service
pricing. However, there is no salient standard for the charging
methods, charging levels, or medical service costs (7, 8). When
medical services are priced too high, the total treatment cost increases
even higher, and the character of public benefit is compromised. On
the other hand, the basic operation costs cannot be covered if the
services are priced too low when the drug markups are canceled. Some
public hospitals asked the drug suppliers to reprice their products,
disturbing the drug pricing system and intensifying the contradictions
within the pharmaceutical supply chain (9). Therefore, fairly pricing
medical treatment services has become a conundrum faced by public
hospitals after implementing the drug zero-plus policy. Meanwhile,
the drug zero-plus policy reconstructs the new relationship between
the pharmaceutical supply chain members and forms a new profit
distribution net. It has been the key to the success of the new policy to
design a rational contract mechanism to increase pharmaceutical
supply chain efficiency and strengthen its internal coordination.

With the background of China’s zero-markup drug policy and
considering the public benefit characteristics of hospitals, a theoretical
model of the pharmaceutical supply chain is established in this study.
The medical service level and service price as well as drug prices from
suppliers are analyzed under the new policy. Then, from the
perspective of cooperation between the hospital and drug supplier, a
coordination contract is proposed to reach a win-win situation for all
the pharmaceutical supply chain members and for social welfare.
Moreover, the implementation of the coordination contract is
comprehensively discussed in the background of the new policy.

The rest of this study is arranged as follows: Section 2 is the
literature review. Section 3 states the problem definition and
hypothesis. Then, Section 4 compares equilibrium results between
centralized and decentralized scenarios to explore the reason for
supply chain inefficiency under a decentralized scenario. Section 5
proposes coordination contracts to maximize the overall social
welfare. Section 6 gives the conclusion and significance of this study.

2. Literature review

Our study relates to two distinct areas of the existing literature:
medical service pricing and pharmaceutical supply chain

coordination contracts.

2.1. Medical service pricing

Due to the drug markup policy, the price of the medical service is
rigorously controlled by the regulatory authorities, and its value has
been underestimated in the last several decades (10). Wang et al. (11)
analyzed the medical service pricing strategies in 30 provinces and
found some problems in the charging range, standards, and medical
insurance reimbursements. They suggested dynamic pricing and value
correction for the medical service. Wang et al. (12) compared the
pricing system between Shanghai and the international conventional
one and suggested Shanghai use the standard price model to adjust
based on the local price parameters. Many Western countries separate
medical services from drug sales while reasonably pricing medical
services. Some studies focused on pricing methods such as the
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cost-oriented pricing method (13), the cost-oriented pricing method
(14), and the peer pricing-oriented method (15). Some other studies
constructed the game models to explore the pricing strategies and
balance under the competitive environment. Duan et al. (16)
constructed a bargaining game model between service providers,
government, and patients and investigated adverse selection in a
diagnosis-related group system. Allen and Gertler (17) adopted the
game theoretical model to discuss the satisfaction of the patients with
the pricing strategies. Robinson (18) also used the game theoretical
model to find the relationship between cost shift and payment. Some
other researchers focused on the factors that influence medical service
pricing, including government interventions (17, 19), medical
insurance payment and ratio (20, 21), service quality (22, 23), etc. The
differences between this study and the above research are mainly in
two ways. First, there are few studies that consider the impact of the
public benefit of hospitals on the pricing of medical services. Second,
no literature has been found to consider the game relationships
between members of the pharmaceutical supply chain in the pricing
of medical services.

2.2. Pharmaceutical supply chain
coordination contracts

In addition to the pricing of the medical services, the
pharmaceutical supply chain coordination contract is another major
topic in this study. Some previous studies (24-30) explored the
influences of information asymmetry, risk aversion, demand
uncertainty, cap-and-trade regulation, contract sequence, and cutoff
policies to design coordination contract mechanisms to resolve
conflicts within the supply chain. Some other researchers focused on
specific products to design coordination contract mechanisms. For
example, Gao et al. (31) focused on green products, Moon et al. (32)
aimed at agricultural products, and Heydari et al. (33) specifically
focused on remanufacturing products. Although the aforementioned
literature provides numerous coordination contracts to resolve supply
chain conflicts, these contracts are not specific to the pharmaceutical
supply chain. Only a small number of studies have investigated the
pharmaceutical supply chain and its coordination contracts. Weraikat
etal. (34) investigated the reverse recycling of the supply chain, which
consists of manufacturers, logistics companies, and consumers. They
found that suitable coordination mechanisms could ensure the
recycling of the drug products. Nematollahi et al. (35) explored the
two-level pharmaceutical supply chain of suppliers and retailers and
obtained the Pareto optimal solutions using the e-constraint method,
considering the visiting time and safe inventory levels. Tat et al. (36)
researched the supply chain of suppliers and stores, considering
corporate social responsibility and uncertain demands. The revenue
and cost-sharing contract could effectively stimulate social
responsibility and reduce drug loss. Studies (34-36) examined the
coordination strategies of different types of pharmaceutical supply
chains. However, there are some gaps between their supply chains and
the one in this study. On the one hand, the background of the
pharmaceutical supply chain in this study is the zero drug markup,
which is a unique characteristic, especially in the Chinese medical
market. On the other hand, while the above coordination contract is
based on profit maximization, this study takes into account the public-
benefit characteristics of hospitals and designs the contract to
maximize social welfare.
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FIGURE 1
Pharmaceutical supply chain structure.

3. Problem definition and hypothesis

In the model of this study, the pharmaceutical supply chain
consists of a drug supplier (m), a public hospital (h), and a group of
patients. The drug supplier sells drugs to patients through a public
hospital. Under the government’s zero-markup drug policy, the public
hospital sells drugs to patients at the original prices p,, provided by
drug suppliers without adding any profit. The public hospital provides
medical services s to patients. Meanwhile, the public hospital charges
patients for their medical services at the price a;, (Figure 1). It is
generally assumed that some people suffering from a disease require
medical services, and the total market demand is set as 1.

The patients’ individual utility as fully healthy is assumed to be u.
In case of disease, the disease level of the patient is denoted by &. There
is a very wide variation in the level of disease in patients with the same
disease; the disease level could vary significantly within different
patients. For example, patients with the same type of hypertension can
be categorized as low-risk, intermediate-risk, high-risk, or very high-
risk as the value of their blood pressure increases. Without loss of
generality, we assume that § is a random value uniformly distributed
between 0 and 1. Based on the assumptions above, the patient’s mental
or physical damages caused by the disease is uJ, the retained utility of
the patient is referred to asUq = u(1— & ). The public hospital provides
the patient with medical services s and charges their medical services
at the price aj,. It is assumed that all patients who receive medical
services from public hospitals will purchase drugs at a price p,,,. When
patients receive treatment in a public hospital, they could obtain the
utility of ud , which means being recovered by the hospital. As a result,
the patient’s utility in choosing a public hospital for treatment could
be calculated by U, =Ugy +ud — p,, —ap +ns, where n e (0, l)
refers to the coefficient of the patients preference for the
medical services.

As a rational consumer, patients could choose whether or not to
receive treatment from the public hospital according to the principle
of utility maximization, i.e., Upax = (U 0,Up )max. When Uy > Uy, the

(Pm +ap _TIS)
u

patient’s disease level satisfies 0<6< 51, where §) =

, the patient does not receive any medical treatment. When Ug< Uy,
the disease level satisfies 6] <& <1, the patient chooses to receive
medical treatment from a public hospital (Figure 2). Assuming the
utility satisfies # = 1 when the patient is fully healthy, the demand for
treatment is

choosing  to receive

1

o= |

Puta,—ns

expressed  as

1do =1—(pm+ah —175).
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FIGURE 2
Patient treatment options.

Following the literature references (37, 38), the total utility of a
public hospital is calculated by v, =7 + B - CSy, , where #), is the
profit of the public hospital. f denotes the public benefit coefficient of
the hospital, which satisfies p € [0, 1]. The larger the coefficient f is,
the higher the public benefit of the hospital will be. f = 0 indicates that
the public hospital is a completely profit-driven institution. f = 1
indicates that the public hospital is a completely non-profit institution.

1
CSy = J(é — Pm—ap + ns)d5 refers to the total surplus number of
5
the patient group who chooses the public hospital for treatment.
Without loss of generality, the drug supplier’s acquisition cost is set as
¢m» and the fixed unit operation cost of a public hospital is set as ¢,
(Table 1).

4. Modeling and analysis

In this section, the equilibrium solutions of the pharmaceutical
supply chain under decentralized decision-making (indicated by
superscript D) and centralized decision-making (indicated by
superscript C) scenarios are delivered first. An analysis of the decision-
making of public hospitals and drug suppliers is provided. The causes
of pharmaceutical supply chain inefficiency are discussed by
solutions in two decision-

comparing two equilibrium

making scenarios.

4.1. Decentralized decision-making

Public hospitals are usually in a dominant position in the Chinese
domestic pharmaceutical supply chain. The public hospitals usually
define the medical service level s and the service price a;, and then the
drug supplier makes decisions on the sales price of drugs p,,. The
variable cost of the medical services level is assumed to be C (s), where
C(s) satisfies 9C(s)/ds >0 and 82C(s) / 6s* > 0. Without loss of
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TABLE 1 Lists of the notations and symbols.

10.3389/fpubh.2023.1208994

Notation = Description Notation  Description
m ! mh The profit of the drug supplier/the public hospital B The public benefit coefficient of the hospital
i The total utility of public hospital sy, The total surplus number of the patient group
u The patients’ individual utility in fully healthy S The disease level is denoted
an The price of medical services s The medical service level of public hospital
Pm The price of the drugs n The coeflicient of the patient’s preference for medical services
em The cost of drug supplier h The cost of public hospital

generality, }he variable cost of the medical services is assumed to
be C(s)= —s2, and the decision strategies of public hospitals and
drug suppliérs can be expressed as the following equations:

1
1
maxth =(ap—cn)qn+ [3~I(6 — pm—ap+ns)ds —Esz 1)

a, §
h 51

max sy = (Pm —Cm ) h ©)
Pn

Several theorems and propositions could be obtained by solving
these equations via the backward induction method.

Theorem 1:

The equilibrium solutions of the pharmaceutical supply chain
defined by the public hospital are:

D= l_nzcm_ﬁcm_ch +3cm
Pm = >
4-n"-p

. ch(z—n2)+(1—cm)(z—ﬁ)
a) = 5
4-n"-p

D _T](I—Ch _Cm)
G I\ " Ch™Cm)
4-n*-p

The equilibrium profit and utility of the public hospital are:

. (l—ch—cm)2(4—n2—2ﬁ)

Tp = 2(4—n2—ﬂ)2

pr_(1=cn=cn)®
h

_2(4—172—/3)

v

The equilibrium profit and patient surplus number of the drug
supplier are:
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D* _ (l—ch—c,,,)2

g,

csP* =—nl*

1
2

The profit and social welfare of the pharmaceutical supply
chain are:

(1—ch—c,,,)2(6—n2—2ﬁ)

D _
Tsc 2(4—[3—172)2
swD* — (1-en _Cm)2(7_’72 _2ﬁ)

2(4-n? —ﬂ)2

where 7gc = 7,, + 7w, refers to the supply chain profit, CS is the

surplus number of patients treatment, and

SW = m,, + mp, + CS refers to the overall social welfare.

receiving

Proposition 1:

D= D= D= D=
) 0B B |

B ap | ap

|ap2”|
| 05 |

|>

0 D* P D* D= D
()i P 0 05
op oB oB op
P Dx* Dx
(3)E>0,6SL>0
op op

Proposition 1 shows that the public benefit of hospitals is the main
factor affecting the level and price of medical services. At a higher
value of public benefit, the price of medical services is low while the
price of drugs is high. Further study indicates that for each unit of
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public benefit from hospital improvement, the price of medical
services decreases faster than the increase in drug prices. It means that
the overall fee (a,? * 4 p* for patients to receive treatment at a public
hospital decreases when the public benefit of the hospital increases.
This suggests that only increasing the public welfare of hospitals can
reduce overall treatment expenditures for patients, but this will
excessively reduce the charges for medical services while the price of
drugs will increase instead. Under the zero-markup drug policy,
controlling the price of medical services by improving public welfare
for medicines is effective, but curbing the price of medicines is
not desirable.

A more interesting conclusion is that the profit of the public
hospital (n'hD ™) become less profitable but its total utility (th *)increase
with the increase of the public benefit. The main reason is that when
the public benefit increases, the profit of the public hospital decreases,
but the patient surplus increases. The increase in patient surplus
number is greater than the profit loss of the public hospital, so the total
utility of the public hospital increases.

From the supply chain perspective, the drug supplier’s profit
increases, which is faster than the decrease in profit the public hospital
suffers. Thus, the profits of the pharmaceutical supply chain increase
as the public benefit of hospitals increases. At the same time, the
patient surplus number increases as the public benefit of the hospital
increases, which leads to an increase in social welfare. It shows that
increasing the public benefit of hospitals will reduce hospital profits
but benefit drug supplier profits, supply chain profits, and overall
social welfare under the zero-markup drug policy. It is also a reminder
that although improving the public welfare of hospitals benefits
patients and society, it may be resisted by hospitals.

4.2. Centralized decision-making

Under centralized decision-making, the drug supplier’s drug sales
are integrated with the medical services of the public hospitals. The
pharmaceutical supply chain makes decisions to optimize system-
wide profit. Under centralized decision-making, it is assumed that the
overall fee provided to the patient is pC and the service provided is s€.
According to the principle of utility maximization, when the patient’s
disease level satisfies 0 < & < 5C, where 8¢ = pC —nsc, the patient
does not receive any treatment; when the patient’s disease level satisfies
5€<5<1, the patient receives treatment from the public hospital.
Based on these principles, the patients demand is calculated

1
by gn = J 1dé =1—<pc —nsc),
pens’
In this case, the pharmaceutical supply chain decision problem
can be expressed as:

R
+,B'j.(5—PC+TISC)d5—l(sC)2 (3)
S,

Theorem 2:
The optimal solution of the system under the centralized
strategy is:
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s (l—nz)(ch+cm)—[3+l
P = 2
2-n"-p

o _n(l=ch=cn)
2-n*-B

The profit, patient surplus number, and social welfare of the
pharmaceutical supply chain are:

(l—ch—cm)z(Z—UZ—Zﬁ)

Cx _
Tsc 2(2—n2—ﬁ)2
CsC* — (l—ch —cm)2
22-n2-p)

swer =
2(2-n*-p)
Proposition 2:
C* C*
1) ap—<0,as > 0.
B op

onss o 008 asw<

(2) ,
oB oB oB

>0

Proposition 2 shows that under a centralized decision-making
scenario, with the increased public benefit of the pharmaceutical
supply chain, patients pay less for disease treatment but receive a
higher level of medical services instead. When the public benefit is
high, the profit of the pharmaceutical supply chain is low, while the
patient surplus number is high. The increase in the patient surplus
number is greater than the decrease in supply chain profit, so the
overall welfare of the pharmaceutical supply chain increases. It
suggests that with the increase in public benefit, the pharmaceutical
supply chain becomes less profitable, but patient surplus and overall
welfare improve under a centralized decision-making scenario.

4.3. Comparison and analysis of two
decision-making scenarios

After the study of the optimal pricing and performance of the
pharmaceutical supply chain under decentralized and centralized
decision-making scenarios, the specific characteristics of these two
strategies will be compared and analyzed to support the contract
coordination in this section.
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Proposition 3:

(1) sP* <5, pb* +a,11)* > p&*

(2) when 0 < 8 < B, there exists ”?C* < ﬂgg; when 1 < B <1,

there exists n?c* > n'SCC* Of which, ; =2 —%nz —%\/nA' - 4172 +38.

(3) SWP* <sW¢*.

This proposition implies that the level of medical services under
decentralized decision-making is smaller than that under centralized
decision-making, while the fee paid by the patient under decentralized
decision-making is larger than the fee under centralized decision-
making. As a result, social welfare is lower under decentralized
decision-making than that under centralized decision-making.

Under decentralized decision-making, the drug supplier and the
public hospital make decisions based on their priorities, i.e., the drug
supplier pursues maximum profit, and the public hospital pursues
maximum total utility. Due to the inconsistency of decision objectives
and the double marginalization caused by the two decisions, the
pharmaceutical supply chain deviates from the overall optimization.
As aresult, the quality of medical service patients receive reduces, and
the overall fee of medical treatment increases, leading to a reduction
in the overall welfare level.

From the perspective of the pharmaceutical supply chain, when
the public benefit coeflicient satisfies 0 < f < By, the pharmaceutical
supply chain profit under decentralized decision-making is smaller
than the centralized one. When the public benefit coefficient satisfies
Bi1 £ B <1, the pharmaceutical supply chain profit under decentralized
decision-making is larger than the centralized one. With the increase
in the public benefit of hospitals, the supply chain profit increases
under the decentralized decision and decreases under the
centralized one.

From the perspective of social welfare, the overall social welfare
under decentralized decision-making is always lower than the
centralized one, regardless of the change in the public benefit of
hospitals. To explain the impacts of the public benefit of hospitals on
supply chain profit and social welfare under both decision-making
scenarios, Figures 3, 4are made based oncy, = 0.10,¢,,, = 0.30,n = 0.05.

From the figures, the individual rationality level of pharmaceutical
supply chain members could affect the overall performance and social
welfare under the decentralized decision-making scenario. To gain
more benefits (profit or total utility), both drug suppliers and the
public hospital have incentives to design a rational contract to achieve
higher profits and social welfare, which the centralized decision-
making scenario can obtain. In this case, designing an effective
contract could be the solution.

5. Pharmaceutical supply chain
coordination contract

When 0< <, the profit and social welfare of the

pharmaceutical supply chain under centralized decision-making
are greater than those under the decentralized one. An effective
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Overall social welfare under two decision-making scenarios.

coordination contract could facilitate profit transfer within the
pharmaceutical supply chain members to achieve more overall
social welfare. When f; < 8 <1, the profit of the pharmaceutical
supply chain under centralized decision is smaller than the
decentralized one, while the overall social welfare is larger than
the decentralized one. It indicates that when the public benefit of
hospitals is low, a proper coordination contract will not only
result in higher profits for members of the pharmaceutical supply
chain but will also generate greater social welfare. When the
public benefit of hospitals is sufficiently high, none of the
coordination contracts can make the pharmaceutical supply
chain more profitable. In reality, when hospitals are expected to
perform at a higher level of public benefit, they are often
subsidized by the Government in China, for example, infectious
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disease hospitals, psychiatric hospitals, etc. These hospitals are
fully funded by the government. This study focuses on how to
design contracts to solve the issues in the pharmaceutical supply
chain under the background of the zero-markup drug policy. The
state-funded public hospitals are not the objectives of this study.
Therefore, the new contract form in this study is only designed
for the specific scenario of 0< 8 < f3.

When 0 < 8 < B, a “cost-sharing + fixed medical service fee +
transfer payment” contract |0, af, S| is designed for the cooperation
between drug suppliers and public hospitals. 8 refers to the proportion
of the variable cost afforded by the drug suppliers to the overall cost
afforded by the public hospitals. af refers to the public hospital’s
medical service fee for appointments made before the start of the sales
season. f refers to the compensation to the public hospitals from the
drug suppliers’ revenue according to the contracts after the end of the
sales season. According to the coordination contract, the drug supplier
shows their willingness to bear the variable cost of the medical service
at the rate of 6 €[0, 1] . Meanwhile, public hospitals must charge af
for the medical services. At the end of the selling period, the supplier
promises to compensate the public hospital with a certain amount of
revenue. In practice, drug suppliers often provide hospitals with
diagnostic equipment to help with diagnosis and reduce medical
treatment costs. Under this contract, the decision problem for the
public hospital and the drug supplier can be expressed in the
following equations:

1
1
msax V}I,L[ :(a;:[ *Ch)‘(Ih +ﬂg (5 - Pm 7a£[ +r]s)d5 75(1 70)5'2 +/(4)

|

1
maxn,l,f = (pm —cm)'qh —Eesz -f (5)
D

Theorem 3:

Under the contract of “cost sharing + fixed medical service fees +
transfer payments,” the equilibrium solution of the pharmaceutical
supply chain is:

0=1

i 2=’ + Pew =P
i
2-n*-p

H* _ 1—lecm —Bem —chtom
Pm = 5
2-n"-pB

Hx* H Cx
Pm ta =p

The profits of public hospitals and drug suppliers are:
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ﬂ_z—[*:_ﬁ(l_ch_cm)z +f

o]

e _ (l—ch —cm)z(Z—nz)_f

22-n2-p)

Theorem 3 shows that when the “cost-sharing + fixed medical
service fee + transfer payment” contract between drug suppliers
and public hospitals is enforced, the contract can trigger internal
coordination within the pharmaceutical supply chain. The level
of medical service that the patients received and the overall
medical treatment fees (the sum of medical treatments and
drugs) are the same as in the centralized decision-making
scenarios. It means that patients get better service at lower prices,
and the pharmaceutical supply chain gains greater profits under
the “cost-sharing + fixed fee for medical services + transfer
payments” contract. Due to 6 =1, the variable costs of medical
services will be fully covered by the drug suppliers.

The pharmaceutical supply chain gains greater profit under the
coordination contract mechanism, but this profit needs to be rationally
distributed among the supply chain members to meet their respective
participation constraints. To implement the contract more effectively,
the participant constraints of the supply chain members are suggested
to be vﬁl* Zv}?*, 77.';;[* > 77:}1?*, and 71',,111* 2715*. Based on this
constraint, Proposition 4 is obtained as follows:

Proposition 4:

When0< < BiandF> " f" F,both the drug suppliers and the
public hospitals are willing to accept contract G,af Jf |- Frand F, can
be calculated by the following equations:

(cn+em—1) (24—;76 20t = 22 et 82 n? 242 —Sﬁ)

H= (6)
on2+p-2) (12 paf
(cn e _1)2 16-n° —2pn* - p2n*
he +8nt +4pn? —4p2 —20n% +8p
P = 7)

2(n2+ﬂ—2)2 (n2+ﬂ—4)2

When the public benefit is lower and the transfer payment
satisfies / € [F3,F ], the cooperation between the drug suppliers
and the public hospitals could lead to a win-win profitable
situation and achieve maximum overall social welfare. Moreover,
a flexible profit distribution between the drug suppliers and
public hospitals can be achieved by adjusting the transfer
payment f.

To prove the validity of the coordination parameter f, Figure 5 is
drawn to show the relationship between the relative profits difference
Am (Av) and fatcy =0.1,¢, =0.3,8=0.2,n =0.05.

Before the coordination of the pharmaceutical supply chain,
the relative profit (total utility) difference of public hospitals was
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Relative profits difference and transfer payment f.

a monotonically increasing function of a fixed payment f’, while
the relative profit of drug suppliers was a monotonically
decreasing function of a fixed payment f. When the transfer
payment satisfies / €[F>,F], a win-win situation for all supply
chain members can be obtained. Figure 5 also shows a certain
flexibility of the fixed payment to induce a favorable distribution
of the total profits among all the pharmaceutical supply chain
members. In reality, f depends largely on the strength of the
negotiating power between drug suppliers and hospitals. In
China, public hospitals tend to have a greater negotiating
advantage.

6. Conclusion

In the background of the drug zero-markups policy, this
study innovatively builds a game theoretical model between drug
suppliers and public hospitals. The influences of public benefit
character on the medical service level, medical service fee, and
drug prices are comprehensively analyzed. By comparing the
profits and overall social welfare under decentralized decision-
making and centralized decision-making in the pharmaceutical
supply chain, the reasons for the lower performance of the
pharmaceutical supply chain system under decentralized
decision-making scenario are revealed. A coordination contract
is designed to boost cooperation and facilitate the transfer of
profits between different members of the pharmaceutical supply
chain. Some conclusions are drawn as follows:

(1) In the background of the zero-markup drug policy,
increasing the public benefit of hospitals can only reduce the
price of medical services but not the price of drugs. The higher
the public benefit of the hospital, the higher the level of medical
services and the lower the overall fee for patients. Moreover, the
increase in the public benefit of hospitals could improve both
profits in the pharmaceutical supply chain and overall social
welfare. From the perspective of profits, it is worth noting that
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simply increasing the public benefit of hospitals is advantageous
to drug suppliers but will be resisted by hospitals.

(2) When the public benefit of a hospital is high, the profits of
the pharmaceutical supply chain under the decentralized decision-
making scenario are lower than those of the centralized one. When
the public benefit of hospitals is low, the profits of the
pharmaceutical supply chain under decentralized decision-making
are higher than those of the centralized one. However, the social
welfare of the pharmaceutical supply chain under the decentralized
decision-making scenario is always lower than that of the
centralized one, regardless of the public benefit of the hospital. It
means that when the public benefit of the hospital is low, both drug
suppliers and the public hospital have incentives to design a
rational contract to achieve higher profits and social welfare. When
the public benefit of the public hospital is high, the pharmaceutical
supply chain cannot achieve a favorable state of internal profit
distribution and coordination.

(3) When the public benefit of a hospital is low, the novel
coordination contract of “cost sharing + fixed medical service fee +
transfer payment” can coordinate the pharmaceutical supply chain to
achieve a win-win profitable situation for all supply chain members
and increase the patient surplus number. When the public benefit of
hospitals is high, the pharmaceutical supply chain needs to receive
external subsidies to achieve higher social welfare, such as government
subsidies and donations from charitable organizations.
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