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,e quality of pharmaceuticals has always been a hot issue in the world, and it involves public health, economic development of
countries, social stability, and national security. Cleaner production is a prerequisite for ensuring the quality of medicines.
However, the various types of counterfeit pharmaceuticals and fake vaccines exposed in the recent years have revealed many
problems, such as lacking government regulation, loose quality management of companies, illegal profit of medical service
agencies, and failure of patient complaints. ,is paper’s two innovations are as follows: first, it not only considers the collusion
between pharmaceutical companies and medical service agencies, but also introduces patient feedback to study drug quality
regulation strategies from a microperspective; second, this paper constructs a tripartite evolutionary game model involving
cleaner production pharmaceutical companies, medical service agencies, and the governments to analyze the evolutionary stability
using the Lyapunov first rule. ,e results of the research show that, first, improvement of patient complaint rates can effectively
curb collusive behavior and promote the stable improvement of cleaner production drug quality; second, the governments must
impose sufficient fines on pharmaceutical companies to avoid a stable strategic combination of collusion; third, enhancing patient
feedback can speed up the evolution of the stable choice of legitimate strategies by pharmaceutical companies and the medical
service agencies; finally, the government reducing the strict regulation costs can increase the strict regulation rate employed in the
evolution process and slow down the pace of evolution to loose regulation. In addition, the simulation analysis was carried out
using Matlab 2017b, which verified the validity of the model and proved the practical meaning of countermeasures and sug-
gestions for improving government quality regulation.

1. Introduction

,e quality of pharmaceuticals has always been a hot issue in
the world, and it involves public health, economic devel-
opment of countries, social stability, and national security.
,e implementation of cleaner production of pharmaceu-
ticals not only ensures the quality and safety of pharma-
ceuticals, but also promotes the sustainable development of
the environment [1]. However, according to data reported
by the World Health Organization (WHO), the proportion
of counterfeit drugs worldwide is approximately 5% to 10%.
In recent years, various types of drug safety and quality
incidents have occurred frequently. In 2010, the US Food
and Drug Administration issued safety warnings for two

drugs produced by GlaxoSmithKline (GSK) more than once;
one of these drugs caused an increased risk of worsening
asthma, leading to an increased probability of hospitaliza-
tion and even death of the patients. In 2017, the US phar-
maceutical giant Johnson & Johnson issued a statement
saying that more than 40 batches of unqualified drugs
produced by the subsidiary McNeil were recalled from 12
countries and regions such as the United States and Canada.
On July 20, 2018, the “fake vaccine” incident was exposed in
China, in which the Changchun Changsheng Company had
illegally produced fake vaccines for four years. In 2019, many
Japanese eye drops sold worldwide were ordered off the
shelves by the Canadian Health Department due to safety
suspicions. ,ese incidents have fully exposed many

Hindawi
Complexity
Volume 2020, Article ID 1920523, 15 pages
https://doi.org/10.1155/2020/1920523

mailto:zhulilong2008@126.com
https://orcid.org/0000-0002-9697-3012
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2020/1920523


problems such as inadequate drug quality regulation in
many countries, lack of cleaner production quality man-
agement in pharmaceutical companies, and illegal profits of
medical service agencies. In 2017, the statistical annual re-
port of the China National Medical Product Administration
showed that a total of 112,000 cases of counterfeit drugs were
investigated, with a year-over-year growth rate of 15.7%.,e
inferior and low-quality drugs continue to threaten public
and health.

On the one hand, pharmaceutical companies face huge
challenges, especially small- and medium-sized enterprises.
Drugs have the characteristics of high research and devel-
opment costs, strictly sterile production environment, long
clinical trial periods, strict production process standards,
and limited prices. ,ese have brought huge challenges to
operation of small- and medium-sized pharmaceutical
companies. To reduce costs and shorten the test period,
companies may use low-quality raw materials, change the
inspection records, or even lower the cleaner production
standards. ,ese violations not only damage the quality of
drugs, but also expand carbon emissions [2]. According to
Chan andDaim [3], China’s pharmaceutical companies have
been facing problems related to staffing shortages and
quality management. As drugs account for approximately
half of the total health spending in China [4], it was un-
deniable that drugs are an important part of health care.

On the other hand, medical service agencies and
pharmaceutical companies have a motivated interest in
collusion. Different from general commodities, drugs have
the property of trusted goods, and patients who do not have
medical expertise need to rely on medical service agencies to
select drugs. ,erefore, there is a health information
asymmetry between doctors and patients [5]. In the stages of
new drug research and development, clinical trials, and
adverse reaction reports, pharmaceutical companies need
accurate data support from medical service agencies and
recommendations from medical experts. In the 2013 GSK
bribery case, bribes were paid by GSK to Chinese phar-
maceutical associations, hospitals, and doctors to open up
sales channels in the Chinese market. Driven by interests,
pharmaceutical companies have the incentive to collude
with medical service agencies, thereby reducing capital in-
vestment and still gaining more market share. Medical
service agencies are also motivated to collaborate with
pharmaceutical companies, tampering with clinical data and
concealing adverse pharmaceutical reactions for the benefit
of collusion. In addition, it is particularly noteworthy that
the level of medical knowledge of patients is constantly
improving and information barrier of medical service
agencies is gradually broken, with the improvement of
education and medical experience [6, 7].

,erefore, there are two innovations: first, this paper not
only considers the collusion between pharmaceutical
companies and medical service agencies, but also introduces
patient feedback to study drug quality regulation strategies
from a microperspective; second, this paper constructs a
tripartite evolutionary game model involving cleaner pro-
duction pharmaceutical companies, medical service
agencies, and the governments to analyze the evolutionary

stability using the Lyapunov first rule. ,e three issues
discussed in this paper are as follows: How to establish a
tripartite evolutionary game model for cleaner production
quality regulation considering collusive behavior between
medical service agencies and pharmaceutical companies?
How do patient feedback and other factors affect the stra-
tegic choices of each gamer? How can effective counter-
measures be adopted to avoid conspiracies to ensure the high
quality of pharmaceuticals?

,e rest of the paper is organized as follows. Section 2 is
the related literatures. ,e model hypothesis and con-
struction are given in Section 3. ,en, Section 4 contains the
evolutionary stability analysis of each player’s strategy and
the stability analysis of the equilibrium points for the whole
replicator dynamic system. Section 5 presents the numeri-
cal simulation analysis in a three-dimensional space using
the software Matlab 2017b. ,e conclusions are given in
Section 6.

2. Related Literatures

,is section reviews the literature from three directions: the
factors affecting the cleaner production quality of phar-
maceuticals, countermeasure to improve pharmaceutical
quality regulation, and applicability of a tripartite evolu-
tionary game method.

First, there are many factors affecting the quality of
pharmaceuticals. Industrial responsibility plays an impor-
tant role in drug safety [8]. Cleaner production quality is the
core of drug safety. But, factors like the lower production
management level [9], poor anticounterfeiting technology
[10], parasitic behavior [11], and complexity of the phar-
maceutical supply chain all aggravate the urgency of solving
drug safety issues. ,e influence of medical service agencies
and the medical knowledge levels of patients has attracted
the attention of scholars. Bardwell et al. [12] suggested that
pharmaceutical checking programming should be used by
drug retailers. ,e medical service agencies’ checking has a
significant impact on quality results [13]. Doctors and
pharmaceutical-related industries have close relationships
[14]. And, pharmaceutical companies always tailor their
message content to a doctor, in order to enter the hospital
market [15]. In fact, doctors are responsible for the health of
patients while also playing the role of drug brokers or re-
tailers. Considering the impact of patient feedback, de-
creasing the information disadvantage of patients is the key
to preventing deception by experts [16]. ,erefore, the re-
search on the impact of collusive behavior between phar-
maceutical companies and medical service agencies on drug
quality is lacking, and the research on the role of patient
feedback is not sufficient.

Second, constructing an effective regulation system to
eliminate counterfeit and inferior drugs has become a re-
search highlight for scholars. In recent years, China’s adverse
drug reaction (ADR) monitoring system has functioned
well, but it also needs to enhance risk control actions to
improve drug safety [17]. Donelan et al. [18] analyzed the
main factors of drug quality from the perspective of regu-
latory and cleaner production. ,e more severe penalties
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from the Food and Drug Administration (FDA) have a
unique positive effect on quality importance [19]. According
to Yi et al. [20], China’s health care providers have grown
heavily reliant on revenue from drugs; this reliance is not
conducive to drug safety. In addition, relying solely on
government regulatory strategies such as permits, inspec-
tions, and penalties is no longer appropriate. ,e sustainable
pharmaceutical recycling network is constantly being built
and improved [21]. Developing dynamic monitoring system
has become a trend [22]. ,e government regulatory au-
thority should pay attention to the establishment of a safety
evaluation system and a compensation system for adverse
drug reactions and focus on the monitoring of adverse drug
reaction data [23]. ,erefore, most of the current research
on drug quality regulation is carried out from the macro-
level, and there is a lack of consideration of the impact of
various stakeholder behaviors from the microlevel.

,ird, it is reasonable to use evolutionary game theory to
analyze the quality regulation strategy of pharmaceuticals.
Evolutionary game theory is an effective method to study the
dynamic changes in the strategies of bounded rational
subjects in a long-term repeated game under asymmetric
information [24]. Abram and Noray [25] constructed a two-
population evolutionary game model to research the rate of
detection of corrupt politicians. Of course, the tripartite
evolutionary game theory also has a wide range of appli-
cations. For example, Jiang et al. [26] constructed a three-
party game model that was analyzed and simulated by
adopting dynamics to obtain the regulation strategies for an
online shopping problem; Luo et al. [27] constructed and
researched a tripartite game model of health food safety risk
evolution to provide a theoretical basis for effective market
governance; Long et al. [28] constructed a tripartite game
model involving the government, consumers, and compa-
nies to explore the evolutionary equilibrium and the main
driving factors for environmental problems; Liu et al. [29]
analyzed the stability of a coal mine safety monitoring
system based on tripartite evolutionary game theory and
proposed forward control schemes such as dynamic fines.
,erefore, it is reasonable and innovative to use the three-
party evolutionary game theory to study the cleaner pro-
duction quality regulation strategy of the pharmaceutical.

In summary, the existing literature is extremely lacking
tripartite game analysis among the governments, cleaner
production pharmaceutical companies, and medical service
agencies, as well as the consideration of collusive behavior
and patient feedback. Using Lyapunov’s first rule can enrich
the stability research of the three-party evolutionary game
model.

3. Model Hypothesis and Construction

3.1. Model Hypothesis. In addition to cleaner producing
high-quality drugs, pharmaceutical companies may supply
low-quality drugs for medical service agencies. Low-quality
drugs refer to inaccurate clinical data, inconsistent indica-
tions, poor efficacy, unqualified quality, and other situations.
If a medical service agency adopts a collusive strategy, it will
receive low-quality drugs for diagnosis. Collusion includes

illegal and profit-seeking behaviors, such as accepting bribes
from pharmaceutical companies, tampering with clinical
data, concealing adverse reactions, and illegally expanding
doses and indications. When the medical service agency
adopts a noncollusive strategy, it will reject low-quality
drugs and guarantee the quality of the drugs as well as the
effect of treatment. At this time, patients will provide
positive feedback (giving a banner and positive publicity).
However, if collusion occurs, patients who are treated under
collusive behavior will provide negative feedback (distrib-
uting negative speech or even medical disputes) due to poor
efficacy or adverse reactions, and they will decide whether to
complain to the government. ,e government regulatory
authority performs the supervisory duties. In daily man-
agement systems, cleaner production pharmaceutical
companies are clearly required to provide pharmaceutical
information, such as production inspections and clinical
data; medical service agencies are required to collect medical
information, such as medical records. In addition, the
government will choose to adopt strict or loose regulatory
strategies to prevent the occurrence of drug quality prob-
lems.,erefore, the logical relationship of the gamemodel is
shown in Figure 1.

Because patients do not have professional medical
knowledge, they are at a disadvantage in information, and
their purchase decision greatly depends on the medical
service agencies. ,erefore, this paper selects the govern-
ment regulatory authority, pharmaceutical companies, and
medical service agencies as the main players. ,e game
model not only considers the collusive behavior of phar-
maceutical companies and medical service agencies, but also
considers the impact of the patient feedback mechanism.
Assume the following:

Hypothesis 1. ,e pharmaceutical companies are par-
ticipant 1, and their strategic space is
α � (α1, α2) � (cleaner producing high-quality drugs
with a probability of x, cleaner producing low-quality
drugs with a probability of 1 − x ). ,e medical service
agencies are participant 2, and their strategic space is
β � (β1, β2) � (collusion with a probability of y, non-
collusion with a probability of 1 − y ). ,e government
regulatory authorities are participant 3, and their
strategic space is c � (c1, c2) � (strict regulation with a
probability of z, loose regulation with a probability of
1 − z). ,ese three players represent three bounded
rational groups.

Hypothesis 2. Pharmaceutical companies generate
revenue Rp by cleaner producing and selling drugs. ,e
cost of cleaner producing high-quality drugs is Cph; the
cost of cleaner producing low-quality drugs is Cpl,
Cph >Cpl. When cleaner production pharmaceutical
companies choose to supply low-quality drugs, they
need to collude with medical services, i.e., choose a
collusive strategy. In this situation, pharmaceutical
companies will pay conspiracy costs to medical ser-
vices, and collusion will provide additional benefits to
pharmaceutical companies; we set the conspiracy cost
to be Cpb and the additional benefits to be Wp.
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Hypothesis 3. ,e medical service agencies provide
patients with medical treatment and drugs that gen-
erate income Rs. If the medical service agency colludes
with the pharmaceutical company, low-quality drugs
will be provided, and the additional benefit that the
collusion brings to medical service agencies is Wsb. If
the medical service chooses a noncollusive strategy, it
will not purchase low-quality drugs.
Hypothesis 4. If the patients are treated under a col-
lusion, the patients’ recovery is slow, the medical cost
increases, and even an adverse reaction occurs. In this
situation, the patients will provide negative feedback to
the medical service agencies (distributing negative
speech and medical trouble), which is not conducive to
social stability and economic development. ,us, the
reputation loss suffered by the medical service agencies
is Ψs. In addition, the collusive strategy increases the
operational cost of the medical service agencies, and the
operating cost is Cs. ,e social cost of the governments
to rectify medical development and maintain social
stability is Ψg. If the patients are treated with high-
quality drugs in a noncollusion situation, then the
patients recover quickly and will provide positive
feedback to the medical service agencies (giving a
commendation and positive publicity), which is con-
ducive to the development of medical care. In this
situation, the medical service agencies obtain the
reputation value Υs, and the governments receive the
social benefits Υg.
Hypothesis 5. When collusion occurs and the govern-
ments’ regulation is loose, the patients have a likelihood

of ξ(0< ξ < 1) to identify collusive behavior or drug
quality problems and complain to the governments
(i.e., ξ is the complaint rate of patients). At this time, the
government regulatory authorities are subject to ad-
ministrative penalties Tg (dismissal, responsibility, and
transfer to prosecution) by superiors due to lack of
regulation. ,e government regulatory authorities
adopt strict regulation after receiving complaints from
patients, and the cost of strict regulation is Cg. If
pharmaceutical companies provide low-quality drugs
that are strictly regulated, they will be fined Fp. If
medical service agencies are found involved in the
collusion, they will be fined Fs.

3.2. Model Construction. Based on the above assumptions,
the hybrid strategy game matrix among the government
regulatory authorities, the cleaner production pharmaceu-
tical companies, and the medical service agencies is shown in
Table 1 that considers collusive behavior and patient
feedback.

4. Model Analysis

4.1. Evolutionary Stability Analysis of Pharmaceutical Com-
panies’ Strategies. According to the mixed strategy game
matrix, cleaner production pharmaceutical companies’ ex-
pected return of producing high-quality drugs is E11, the
expected return of producing low-quality drugs is E12, and
E1 is the average expected return. ,ese expectation func-
tions are shown in the following equation group:

E11 � z Rp − Cph  +(1 − z) Rp − Cph ,

E12 � z y Rp − Cpl − Cpb + Wp − Fp  +(1 − y) − Cpl − Fp   +(1 − z) y Rp − Cpl − Cpb + Wp − ξFp  +(1 − y) − Cpl  ,

E1 � xE11 +(1 − x)E12.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(1)

Pharmaceutical
company

Medical service
agency

Government
regulatory authority

Cleaner producing
high- or low-quality drugs

Collusion or
noncollusion

Strict or loose
regulatory

Strict or loose
regulatory

Patients

Provide treatment
and drugs

Positive or
negative feedback

Complaint or
no complaintProtection

Medical
information

Drug
information

Figure 1: ,e logical relationship of the game model.
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,e replicator dynamic equation and its first derivative
are

F(x) �
dx

dt
� x E11 − E1( 

� x(x − 1) Cph − Cpl − Rp + y Rp − Cpb + Wp

− ξFp − zFp + yzξFp,

d(F(x))

dx
� (2x − 1) Cph − Cpl − Rp + y Rp − Cpb + Wp

− ξFp − zFp + yzξFp.

(2)

Set

G(z) � Cph − Cpl − Rp + y Rp − Cpb + Wp − ξFp  − zFp + yzξFp.

(3)

If Cph − Cpl − Cpb + Wp − ξFp < 0, then G(z)< 0; the
solutions for F(x) � 0 are x � 0 and x � 1. According to the
fundamental theorem of stability of differential equations,

d(F(x))/dx|x�1 < 0 and d(F(x))/dx|x�0 > 0, so x � 1 is the
ESS (evolutionary stable strategy).

If Cph − Cpl − Cpb + Wp − ξFp ≥ 0, then the solutions for
F(x) � 0 are x � 0, x � 1, and G(z) � 0 (the solution is z �

[Cph − Cpl − Rp + y(Rp − Cpb + Wp − ξFp)]/[(1 − yξ)Fp] �

z∗). According to the stability theorem of differential
equations, we can obtain the following:

① When z � z∗, G(z) � 0 and F(x) ≡ 0; thus, there is
no ESS

② When z< z∗, G(z)> 0 and d(F(x))/dx|x�0 < 0; thus,
x � 0 is the ESS

③ When z> z∗, G(z)< 0 and d(F(x))/dx|x�1 < 0; thus,
x � 1 is the ESS

,e evolutionary trend of their strategy is shown in
Figure 2.

From Figure 2, the probability that pharmaceutical
companies choose to cleaner produce low-quality drugs
equals the volume ofA1, recorded as VA1

, and the probability
of producing high-quality drugs equals the volume of A2,
recorded as VA2

. Assuming a � Rp − Cph + Cpl and
b � Rp − Cpb + Wp − ξFp, the following is calculated:

VA1
� 

1

0

1

a/b

− a + yb

Fp − yξFp

dydx �
[b − ξ(b − a) +(b − ξa)ln(b − aξ)/(b − bξ))]

ξ2Fp

;

VA2
� 1 − 

1

0

1

a/b

a + yb

Fp − yξFp

dydx �
ξ2Fp − b + ξ(b − a) − (b − ξa)ln(b − aξ)/(b − bξ)) 

ξ2Fp

.

(4)

Proposition 1. With the increase in patient complaint
rates, cleaner production pharmaceutical companies
will reduce the availability of low-quality drugs, and

pharmaceutical companies will provide high-quality
drugs steadily until the complaint rate increases to
ξ > (Cph − Cpl − Cpb + Wp)/Fp.

Table 1: ,e hybrid strategy game matrix for the tripartite evolution game model.

Medical service
agencies

Government regulatory authorities
Strict regulation z Loose regulation 1 − z

Pharmaceutical
companies

Cleaner
producing high-
quality drugs x

Collusion y Rp − Cph, Rs − Cs + Υs, Υg − Cg Rp − Cph, Rs − Cs + Υs, Υg

Noncollusion
1 − y

Rp − Cph, Rs + Υs, Υg − Cg Rp − Cph, Rs + Υs, Υg

Cleaner
producing

low-quality drugs
1 − x

Collusion y

Rp − Cpl − Cpb + Wp − Fp,
Rs + Wsb − Cs − Ψs − Fs,

Fp + Fs − Cg − Ψg

Rp − Cpl − Cpb + Wp − ξFp,
Rs + Wsb − Cs − Ψs − ξFs,
ξ(Fp + Fs − Cg − Tg) − Ψg

Noncollusion
1 − y

− Cpl − Fp, Rs + Υs, Υg + Fp − Cg − Cpl, Rs + Υs, Υg
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Proof.

zVA1

zξ
�

− Fpξ + 2b − aξ ln((b − aξ)/(b − bξ)) − Fpξ(1 − ξ +(aξ/b)) − (b/(1 − ξ)) 2 − 4ξ + ξ2  − aξ2/(1 − ξ)  − 2ξa 

ξ3Fp

, ξ ∈ [0, 1];

when ξ <
Cph − Cpl − Cpb + Wp 

Fp

,

Cph − Cpl − Cpb + Wp − ξFp < 0,

zVA1

zξ
< 0,

(5)

which means that increasing the patient complaint rate will
cause pharmaceutical companies to reduce the cleaner
production of low-quality drugs. When the complaint rate
rises to ξ > (Cph − Cpl − Cpb + Wp)/Fp, i.e., Cph − Cpl− Cpb +

Wp − ξFp < 0, x � 1 will be the ESS.
Proposition 1 indicates that while paying attention to

green ecological protection, the governments should widely
provide public education on medical knowledge. Many
behaviors of patients can effectively reduce the incidence of
pharmaceutical companies providing low-quality drugs,
such as their ability to determine the quality of drugs and
their strong sense of rights. And, governments should ensure
that patients have a way to complain, so that patients can
actively participate in the drug quality supervision, to jointly
create a high-quality drug market.

Proposition 2. Increasing the amount of strict regulation by
the governments will help ensure pharmaceutical companies
to cleaner produce high-quality drugs, and the fine imposed
by the government on pharmaceutical companies must be
no less than (Wp − Cpb + Cph − Cpl)/(z + ξ − zξ); other-
wise, a large number of low-quality drugs will be added to
the drug market.

Proof. Because zG(z)/zz< 0, G(z< z∗)> 0, G(z � z∗) � 0,
and G(z> z∗)< 0 and according to the evolutionary
stability analysis of pharmaceutical companies’ strategies,
as z increases from z< z∗ to z> z∗, the evolutionary

stable strategy evolves from x � 0 to x � 1. In addition, let
y∗ � [Rp − Cph + Cpl + zFp]/[Rp − Cpb + Wp − ξFp + zξFp]

and G(y � y∗) � 0. When Fp > (Rp − Cpb + Wp)/ξ(1 − z),
zG(y)/zy < 0, and y>y∗, G(y)< 0, so x � 1 is the ESS.
When (Wp − Cpb + Cph − Cpl)/ (z + ξ − zξ)<Fp < (Rp −

Cpb + Wp)/ξ(1 − z), zG(y)/zy > 0, and y<y∗, G(y)< 0,
so x � 1 is the ESS. When Fp < (Wp − Cpb + Cph − Cpl)/
(z + ξ − zξ), as y increases from y<y∗ to y>y∗, the ESS
will change from x � 1 to x � 0.

Proposition 2 indicates that the government regu-
latory authorities should set a reasonable fine, greater
than a specific threshold. And, the information con-
struction of the pharmaceutical industry is indispens-
able. ,e more the information on cleaner production
of drugs collected by the government regulatory au-
thorities, the more the effective punishment mechanisms
can be designed through reasonable analysis to create a
high-quality drug market and fully ensure the safety of
the drug. In other words, avoiding excessive punish-
ment can help the development of cleaner production of
drugs, avoiding drug shortage, and curbing the rise of its
prices.

Corollary 1. Increasing the percentage of the collusive
cost by 1% or decreasing the percentage of the additional
benefit of collusion by 1% will cause providing high-quality
drugs to increase by k% (k � [ln((b − aξ)/(b − bξ)) + (aξ/b)+

(1 − ξ)]/ξ2Fp). In addition, increasing the amount of fines

y

x

z

A1

A2

(a)

y

x

z

A1

(b)

y

x

z

A2

(c)

Figure 2: ,e evolutionary trend of pharmaceutical companies’ strategy. (a) z � z∗. (b) z< z∗. (c) z> z∗.
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imposed by the governments will increase the probability of
pharmaceutical companies producing high-quality drugs, and
the growth rate is more than k%.

Proof. Find the first-order partial derivative of each element
for VA2

:

zVA2

zCpb
�

zVA1

zb
�

[ln((b − aξ)/(b − bξ)) +(aξ/b) +(1 − ξ)]

ξ2Fp

;

zVA2

zWp

� −
zVA2

zb
� −

[ln((b − aξ)/(b − bξ)) +(aξ/b) +(1 − ξ)]

ξ2Fp

;

zVA2

zFp

�
[ln((b − aξ)/(b − bξ)) +(1 − ξ) +(aξ/b)]

ξ2Fp

+
[(b − aξ)ln((b − aξ)/(b − bξ)) + b(1 − ξ) + a]

ξ2F2
p

.

(6)

Obviously, zVA2
/zCpb > 0, zVA2

/zWp < 0,
zVA2

/zCpb � − zVA2
/zWp, and zVA2

/zFp > zVA2
/zCpb > 0.

,erefore,VA2
is an increasing function for Fp andCpb and it

is a decreasing function for Wp. ,eir first-order partial
derivatives are exactly their proportion of mutual influence.

Corollary 1 indicates that raising the costs of collusion to
the pharmaceutical companies can promote cleaner pro-
duction of high-quality medicines; reducing their additional
benefit of collusion can also promote high-quality drugs.,e
governments can focus on cracking down on the distribu-
tion of inferior drugs through the introduction of relevant
laws and regulations and strengthen public opinion pressure

on pharmaceutical companies and medical service agencies.
In addition, severe penalties and high fines imposed by the
governments are effective measures to improve the quality of
medicines.

4.2. Evolutionary Stability Analysis of Medical Service
Agencies’ Strategies. ,e expected return of the collusion
strategy adopted by medical service agencies is E21, the
expected return of the noncollusion strategy is E22, and E2 is
the average expected return:

E21 � x Rs − Cs + Υs  +(1 − x) Rs + Wsb − Cs − Ψs − zFs − (1 − z)ξFs ,

E22 � x Rs + Υs  +(1 − x) Rs + Υs ,

E2 � yE21 +(1 − y)E22.

⎧⎪⎪⎨

⎪⎪⎩
(7)

From the equation group (7), the replicator dynamic
equation and its first derivative are

F(y) �
dy

dt
� y E21 − E2( 

� y(y − 1) Cs +(1 − x) Υs − Wsb(

+ Ψs + zFs +(1 − z)ξFs,

d(F(y))

dy
� (2y − 1) Cs +(1 − x) Υs − Wsb(

+ Ψs + zFs +(1 − z)ξFs.

(8)

Set

J(z) � Cs +(1 − x) Υs − Wsb + Ψs + zFs +(1 − z)ξFs( .

(9)

,e solutions of F(y) � 0 are y � 0, y � 1, and J(z) � 0.
And, the solution of J(z) � 0 is
z � z∗∗ � [Wsb − Υs − Ψs − ξFs − Cs/(1 − x)]/[(1 − ξ)Fs],
z∗∗ ∈ (0, 1). According to the stability theorem of differ-
ential equations, we can obtain the following:

① When z � z∗∗, F(y) ≡ 0; thus, there is no ESS for
medical service agencies

② When z> z∗∗, d(F(y))/dy|y�0 < 0; thus, y � 0 is the
ESS

③ When z< z∗∗, d(F(y))/dy|y�1 < 0; thus, y � 1 is the
ESS

,e evolutionary trend of medical service agencies’
strategy is shown in Figure 3.

According to Figure 3, the probability of noncollusion
chosen by the medical service agencies is equal to the volume
VB1

of B1; the probability of choosing collusion is equal to
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the volume VB2
of B2. Let n � Wsb − Υs − Ψs − ξFs, and the

calculation results are

VB1
� 1 − 

1

0


Cs/ns

0

n − Cs( /(1 − x)

(1 − ξ)Fs

dx dy

� 1 −
Cs

Fs(1 − ξ)
1 + ln 1 −

Cs

n
  ,

VB2
�

Cs

Fs(1 − ξ)
1 + ln 1 −

Cs

n
  .

(10)

Proposition 3. If the benefits of the collusion of the medical
service agencies are greater than Υ s + Ψs + ξFs + z(1 − ξ)Fs,
the reduced probability of cleaner producing high-quality
drugs by the pharmaceutical companies will increase the
probability of the medical service agencies adopting a collu-
sion strategy.

Proof. If Wsb <Υs + Ψs + ξFs + z(1 − ξ)Fs, then
zJ(z)/zx< 0, J(z)> 0, and d(F(y))/dy|y�0 < 0; therefore,
noncollusion (i.e., y � 0) is the evolutionary stable strategy.
If Wsb >Υs + Ψs + ξFs + z(1 − ξ)Fs, then zJ(z)/zx> 0.
Obviously, with x decreasing from x>x∗∗ to x<x∗∗, the
ESS will change from y � 0 to y � 1.

Proposition 3 indicates that if the benefits of the col-
lusion given by the pharmaceutical companies to themedical
service agencies are lower than the opportunity losses of the
medical service agencies, the medical service agencies will
adopt a noncollusion strategy. Otherwise, if it is not possible
to ensure that cleaner production pharmaceutical com-
panies provide high-quality drugs, the government should
be cautious in reducing the amount of strict regulation
and should strengthen the regulation of pharmaceuticals
whose benefits may be too high in collusion to prevent
collusion between medical agencies and pharmaceutical
companies.

Corollary 2. Positive and negative patient feedback and
patient complaints are all conducive to standardizing the
behavior of medical service agencies, and the rate of patient
complaint has a greater impact. Increasing the rate of patient
complaint is more helpful for medical service agencies to refuse
collusion.

Proof. Based on VB1
, an increase in Υs or Ψs or ξ will all

cause VB1
to increase:

zVB1

zΥs

�
zVB1

zΨs

�
C2

s

(1 − ξ)Fs n2 − Csn( 
> 0,

zVB1

zξ
�

C2
s

(1 − ξ) n2 − Csn( 

−
Cs

(1 − ξ)2Fs

1 + ln 1 −
Cs

n
  > 0,

(11)

and zVB1
/zξ − zVB1

/zΥs > 0.
Corollary 2 indicates that patients actively learn basic

medical knowledge and effectively defend their rights
through complaints, which can improve the behavioral
norms of medical service agencies and keep low-quality
drugs off the market. In addition, the influence of patient
feedback has an important impact on medical service
agencies. In the electronic information age, patients should
take the initiative to use the convenience and influence
of the media to enhance their feedback, in order to elimi-
nate the medical service agencies that adopt conspiracy
behaviors.

Corollary 3. >e decrease in the additional income and the
increase in the reputation loss have the same effect on the
collusive behavior of medical service agencies, but their effect
is less than that of the government increasing the fine.

Proof.
zVB1

zFs

�
1 + ln 1 − Cs( /n( 

(1 − ξ)F2
s

+
C2

s ξ
(1 − ξ)Fs n2 − Csn( 

> 0,

zVB1

zWsb

� −
C2

s

(1 − ξ)Fs n2 − Csn( 
< 0,

so,
zVB1

zΨs

� −
zVB1

zWsb
,

zVB1

zWsb
< −

zVB1

zFs

.

(12)
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Figure 3: ,e evolutionary trend of medical service agencies’ strategy. (a) z � z∗. (b) z> z∗. (c) z< z∗.
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,erefore, VB1
is an increasing function for Fs and a

decreasing function for Wsb, the decrease in Wsb and the
increase in Ψs have the same effect on VB1

, and the increase
in Fs has a more significant effect.

Corollary 3 indicates that the governments can effec-
tively increase the noncollusion tendency of medical service
agencies by increasing the fines imposed on medical service
agencies. In addition, the governments should pay close
attention to high-profit medicines because the higher the

conspiracy income of medical service agencies, the greater
the tendency of collusion.

4.3. Evolutionary Stability Analysis of Governments’
Strategies. ,e expected return E31 of the government
regulatory authorities choosing strict regulation, the ex-
pected return E32 of loose regulation, and the average ex-
pected return E3 are as follows:

E31 � x Υg − Cg  +(1 − x) y Fp + Fs − Cg − Ψg  +(1 − y) Υg + Fp − Cg  ,

E32 � xΥg +(1 − x) yξ Fp + Fs − Cg − Tg  − yΨg +(1 − y)Υg ,

E3 � zE31 +(1 − z)E32.

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(13)

From equation (13), the replicator dynamic equation of
the government regulatory authorities’ strategy selection and
its first derivative are

F(z) �
dz

dt
� z E31 − E3( 

� z(z − 1) Cg − (1 − x)yFs +(1 − x)

yξ Fp + Fs − Cg − Tg  − (1 − x)Fp,

d(F(z))

dz
� (2z − 1) Cg − (1 − x)yFs +(1 − x)

yξ Fp + Fs − Cg − Tg  − (1 − x)Fp.

(14)

Assume

H(x) � Cg − (1 − x)yFs +(1 − x)

yξ Fp + Fs − Cg − Tg  − (1 − x)Fp.
(15)

Solutions with F(z) � 0 include z � 0, z � 1, and
H(x) � 0 (calculated x � x∗ � 1 − Cg/yFs + Fp + yξ(Tg +

Cg − Fp − Fs)). According to the stability theorem of dif-
ferential equations, the results are as the following:

① When x � x∗, there is no ESS for the government
regulatory authority

② When x<x∗, z � 1 is the ESS
③ When x>x∗, z � 0 is the ESS

,e evolutionary trend of government regulatory au-
thorities’ strategy is shown in Figure 4.

According to Figure 4, the probability of the government
regulatory authorities choosing the strict regulation strategy
is equal to the volume VC2

of C2; the probability of choosing
the loose regulation strategy is equal to the volume VC1

of
C1. Let m � Fs + ξ(Tg + Cg − Fs − Fp), and the calculation
results are

VC2
� 

1

0

1

0
1 −

Cg

yFs + Fp + yξ Tg + Cg − Fp − Fs 
dy dz

� 1 −
Cg ln (1 + m)/Fp 

m
;

VC1
� 1 − 

1

0

1

0
1 −

Cg

yFs + Fp + yξ Tg + Cg − Fp − Fs 
dy dz

�
Cg ln (1 + m)/Fp 

m
.

(16)

Proposition 4. Strengthening the quality of cleaner pro-
duction by pharmaceutical companies will reduce the strict
regulatory rate of government regulatory authorities, and the
increased probability of medical service agencies choosing
collusion will increase the rate of strict government regulatory.

Proof. Because zH(x)/zx > 0, so H(x< x∗)< 0,
H(x � x∗) � 0, and H(x>x∗)> 0. According to the evo-
lutionary stability analysis of the strategic choice of the
government regulatory authorities, as x increases from
x<x∗ to x>x∗, the evolutionary stable strategy evolves
from z � 1 to z � 0. In addition, when 1 − Cg/Fp < x< 1, as
y increases from y<y∗∗ to y>y∗∗, the evolutionary stable
strategy of the government authorities evolves from z � 0
to z � 1.

Proposition 4 indicates that the governments have to use
data analysis to clarify the probability of strategic choices
for pharmaceutical companies and medical service agencies
and then to develop reasonable regulatory strategies. ,e
governments should not only increase the rate of strict
regulation when the probability of cleaner producing high-
quality drugs is low, but also establish a reasonable strict
regulation rate when the probability of cleaner producing
high-quality drugs is high. High-frequency regulatory dis-
turbances can maintain a stable strategy of providing high-
quality drugs. In addition, to address the collusive behavior,
it is recommended to strengthen the evaluation of medical
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service agencies in the society and improve their moral
standards.

Corollary 4. >e increase in the rate of patient complaints
will force government regulators to increase strict regulatory
rates; the increase in administrative penalties by higher-level
governments will also promote strict regulatory of drug
quality.

Proof. zVC2
/zTg � − Cgξ[[1 − Fp/(Fp +m)+ lnFp/(Fp +m)]/

m2 and zVC2
/zξ � − Cg(Tg +Cg − Fp − Fs)[1 − Fp/(Fp +m)+

lnFp/(Fp +m)]/m2. Obviously, 1 − Fp /(Fp +m)+ lnFp/
(Fp +m)<0, zVC2

/zTg>0, and zVC2
/zξ>0; therefore, in-

creasing Tg and ξ can increase the rate of strict regulatory
VC2

.
Corollary 4 indicates that both the patient complaints

and the penalties from higher-level governments could help
the governments to strengthen the responsibility for drug
safety and strict quality regulation to prevent the lack of
regulation.

Corollary 5. With the reduction in strict regulation costs and
the increase in the fines imposed on pharmaceutical com-
panies and medical service agencies, the government regu-
latory authorities will increase the rate of strict regulation.

Proof. VC2
is a decreasing function for Cg and an increasing

function for Fp and Fs because

zVC2

zCg

� −
m − ξCg ln Fp + m /Fp 

m2 < 0;

zVC2

zFp

�
Cg ξ + m/Fp 

Fp + m 
−

ξCg ln Fp + m /Fp 

m2 > 0;

zVC2

zFs

� −
Cg(1 − ξ) 1 − Fp/ Fp + m  + lnFp/ Fp + m  

m2 > 0.

(17)

Corollary 5 indicates that government regulators can
improve the rate of strict regulation employed by adopting
low-cost new technologies or innovative regulatory means.
In addition, fines not only have a binding effect on phar-
maceutical companies and the government regulatory

authorities but also promote the use of the strict regu-
lation strategy. ,e governments should increase fines
imposed on illegal pharmaceutical companies and medical
service agencies, which can effectively enhance strict reg-
ulation to ensure the cleaner production of high-quality
medicines.

4.4. Analysis of Stability Equilibrium Points of Replicator
Dynamic System. In the replicator dynamic system of the
three-party game, the strategy selection of the participants
starts from an initial point in any small field and evolves with
stability to a certain equilibrium point and is robust to small
disturbances; according to the stability concept of Lyapunov,
this equilibrium point is a progressive ESS. According to the
replicator dynamic equations, the Jacobian matrix of the
dynamic system is

J �

a11 a12 a13

a21 a22 a23

a31 a32 a33

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
�

zF(x)

zx

zF(x)

zy

zF(x)

zz

zF(y)

zx

zF(y)

zy

zF(y)

zz

zF(z)

zx

zF(z)

zy

zF(z)

zz

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (18)

According to the Lyapunov first rule, if all the eigen-
values of the Jacobian matrix are negative, the equilibrium
point is asymptotically stable; if the eigenvalues of the Ja-
cobian matrix have at least one positive number, the
equilibrium point is an unstable point; if the Jacobian matrix
is divided by zero eigenvalues and the other negative ei-
genvalues, the equilibrium point is in a critical state, and the
stability cannot be determined by the eigenvalue symbol.
,is method is also used to describe the stability of other
systems [30, 31].

Solving the replicator dynamic equations F(x) � 0,
F(y) � 0, and F(z) � 0, the pure strategic equilibrium
points of the system are as follows: (0, 0, 0), (1, 0, 0), (0, 1, 0),
(0, 0, 1), (1, 1, 0), (1, 0, 1), (0, 1, 1), and (1, 1, 1). ,e Jaco-
bian matrix of the equilibrium point (0, 0, 0) is

J �

Rp − Cph + Cpl
Wsb − Cs − Υs − Ψs − ξFs

Fp − Cg

⎡⎢⎢⎢⎢⎢⎢⎣
⎤⎥⎥⎥⎥⎥⎥⎦,
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Figure 4: ,e evolutionary trend of government regulatory authorities’ strategy. (a) x � x∗. (b) x>x∗. (c) x<x∗.
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and its eigenvalues are λ1 � Rp − Cph + Cpl, λ2 � Wsb − Cs−

Υs − Ψs − ξFs, and λ3 � Fp − Cg. Because λ1 > 0, its eigen-
values have at least one positive number, and (0, 0, 0) is
unstable. Similarly, the asymptotic stability analysis of the
replicator dynamic system’s pure dynamic equilibrium
points is shown in Table 2.

From Table 2, there is at least one stable strategy
combination in the pure dynamic equilibrium points (i.e.,
pharmaceutical companies cleaner producing high-quality
drugs, medical service agencies’ noncollusion, and the
governments choosing loose regulation). In addition, if the
government’s fines for pharmaceutical companies are not

Table 2: ,e asymptotic stability analysis of the pure strategy equilibrium points of the replicator dynamic system.

Equilibrium point Eigenvalues λ1, λ2, λ3 Sign or condition Stability

(0, 0, 0) Rp − Cph + Cpl, Wsb − Cs − Υs − Ψs − ξFs, Fp − Cg (+, ×, ×) Unstable
(1, 0, 0) Cph − Cpl − Rp, − Cs, − Cg (− , − , − ) ESS

(0, 1, 0)
Cpl − Cph + Cpb − Wp + ξFp, Cs + Υs − Wsb + Ψs + ξFs,

(Fs + Fp)(1 − ξ) + ξ(Cg + Tg) − Cg

(×, ×, +) Unstable

(0, 0, 1) Rp − Cph + Cpl + Fp, Wsb − Cs − Υs − Ψs − Fs, Cg − Fp (+, ×, ×) Unstable
(1, 1, 0) Cph − Cpl − Cpb + Wp − ξFp, Cs, − Cg (×, +, − ) Unstable
(1, 0, 1) Cph − Cpl − Rp − Fp, − Cs, Cg (− , − , +) Unstable

(0, 1, 1)
Cpl − Cph + Cpb − Wp + Fp, Cs + Υs − Wsb + Ψs + Fs,

Cg − (Fs + Fp)(1 − ξ) − ξ(Cg + Tg)
Condition ① ESS

(1, 1, 1) Cph − Cpl − Cpb + Wp − Fp, Cs, Cg (×, +, +) Unstable
Note. × indicates that the symbol is undefined; if condition ① is not satisfied, it is unstable; Condition ①：Fp <Cph − Cpl − Cpb + Wp and
Cs + Υs + Ψs + Fs <Wsb.

Table 3: ,e asymptotic stability analysis of the hybrid strategy equilibrium points of the replicator dynamic system.

Equilibrium point Eigenvalues Stability
(1, y∗∗ | x�1, z∗∗ | x�1) Equilibrium point does not exist —
(0, y∗∗ | x�0, z∗∗ | x�0) Condition ③ Uncertain
(x∗ | y�1, 1, z∗ | y�1) Condition ④ Uncertain
(x∗ | y�0, 0, z∗ | y�0) Equilibrium point does not exist —
(x∗∗ | z�1, y∗ | z�1, 1) ∃λi > 0 Unstable
(x∗∗ | z�0, y∗ | z�0, 0) ∃λi > 0 Unstable
(x∗∗ | z�z∗ , y∗∗ | x�x∗∗ , z∗ | y�y∗∗ ) ∃λi > 0 Unstable
(x∗ | y�y∗ , y∗ | z�z∗∗ , z∗∗ | x�x∗ ) ∃λi > 0 Unstable
Note. Condition③: if Fp <Cg or ξFs <Wsb − Υs − Ψs − Cs, this point exists and in a critical state. Condition④: if ξFp <Cph − Cpl − Cpb + Wp, this point
exists and in a critical state.
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Figure 5: ,e evolution result of the replicator dynamic system.
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large enough (less than a certain threshold) and the con-
spiracy benefits of medical service agencies are high, the
replicator dynamic system will have another combination of
stability strategies (i.e., drug companies providing low-
quality drugs, medical service agencies choosing collusion,
and the government choosing strict regulation). To avoid
collusion, the governments have to investigate drug com-
panies’ speculative income comprehensively, strengthen
penalties, and create a zero-tolerance regulatory mechanism
for drug quality issues.

From the equations F(x) � 0, F(y) � 0, and F(z) � 0,
there are at most eight hybrid strategic equilibrium points
for the replicator dynamic system. In addition, every strategy
has a value range of [0, 1]; otherwise, the point does not
exist. Similarly, the asymptotic stability analysis of the hybrid
strategy equilibrium points is shown in Table 3. ,ere are
two possible hybrid strategic equilibrium points, and the
stability of these two points cannot be determined by the
eigenvalues; we judged the stability point by numerical
simulation in Section 5.
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Figure 6: ,e impact of patient complaint rates.
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As can be seen in Table 3, according to the conditions
under which the two points with uncertain stability exist, if
the government regulation authorities reduced the cost of
strict regulation and increased the fines for illegal drug
companies and illegal medical service agencies, the two
equilibrium points with uncertain stability will be nonex-
istent. ,is is a way to completely eliminate the possibility of
low-quality drugs flowing to patients. In addition, improving
the patients’ medical knowledge and awareness of their
rights by extensive public education is also an effective
measure to ensure the healthy development of high-quality
cleaner production in the pharmaceutical industry.

5. Simulation Analysis

To further verify the stability of the evolutionary game
equilibrium points in the game system and the relationship
of each element, we used the Matlab 2017b software to
perform simulation analysis by assigning values to related
elements under different conditions.

When the fine for the pharmaceutical companies is
greater than the companies’ speculative income but is less
than their speculative gains in the case of loose regulation,
assuming the probability of a patient complaint is ξ � 0.6,
then the values of the other elements are as follows: Rp � 30,
Cph − Cpl � 10, Cpb � 7, Wp � 8, Fp � 12, Wsb � 11, Ψs � 2,
Υs � 1, Cs � 1, Fs � 4.5, Cg � 15, and Tg � 20.,e results of
the dynamic evolution starting from the initial point
(0.4, 0.5, 0.6) and from different initial points are shown in
Figure 5.,ere is only one asymptotic stability point (1, 0, 0)

for the replicator dynamic systems.
As can be seen in Figure 5, pharmaceutical companies

steadily cleaner produce high-quality drugs, medical service
agencies choose noncollusion, and the drug market can self-
regulate and maintain healthy development. At this time, the
pressure of government regulation has been reduced, so that

loose regulation can be adopted. It can be seen that two
equilibrium points with unstable stability are unstable.
Moreover, the evolution of pharmaceutical companies to
cleaner produce high-quality drugs is faster than the evo-
lution of medical service agencies to choose noncollusion.

With the patients’ complaint rate increases from 0 to 0.6
and then increases to 1, the results of the dynamic evolution
starting from the initial point (0.4, 0.5, 0.6) and from dif-
ferent initial points are shown in Figure 6.

Obviously, with the increasing complaint rate of pa-
tients, both cleaner production pharmaceutical companies
and medical service agencies will evolve to provide high-
quality drugs and adopt noncollusion at a faster rate. When
patients’ complaint rate is 0, the final game system will
evolve to a stable strategy combination point in which the
pharmaceutical companies cleaner produce high-quality
drugs, the medical service agencies choose noncollusion, and
the governments choose loose regulation. But, the speed of
evolution to the stable point is slowed, when the probability
of collusion by medical service agencies as an initial strategy
is high. And, there are cases in the process of evolution in
which pharmaceutical companies provide low-quality drugs
and medical service agencies choose collusion. With the
government regulatory authorities implementing stricter
regulation, low-quality drugs will gradually be expelled from
the market, which will make the drug market adjust to a
healthy and stable development model after a long period of
time.

Under a condition in which other numerical conditions
are unchanged, the change in income of the medical service
agencies gained from conspiracy from 11 to 7 and the change
in reputation loss from 2 to 4 were analyzed, and the process
and results of the dynamic evolution from the initial strategy
combination (0.2, 0.5, 0.8) are shown in Figure 7.

From the evolution process, when the conspiracy ben-
efits of the medical service agencies reduced and the
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Figure 9: ,e impact of reducing fines for pharmaceutical companies.
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reputation loss of medical service agencies increased, the
medical service agencies can evolve to noncollusion faster.

As the costs of governments’ strict regulatory are re-
duced from 15 to 9 and continue to decrease to 3, the results
of the dynamic evolution from the initial strategy portfolio
(0.4, 0.6, 0.5) are shown in Figure 8.

From the evolutionary process, it can be seen that re-
ducing the cost of strict regulation by the governments can
improve the rate of strict regulation in the evolutionary
process; in this situation, the speed of evolution from strict
regulation to loose regulation slows down, after the phar-
maceutical companies steadily cleaner produce high-quality
drugs.,erefore, the governments canmore effectively resist
the fluctuation of the drug market and stabilize the high-
quality development of cleaner production in the pharma-
ceutical industry by innovating low-cost regulation.

Finally, on the basis of the original value, reducing the
fines of the pharmaceutical companies to 8 will not effec-
tively curb the speculative behavior of pharmaceutical
companies and medical service agencies. ,e evolution
results are shown in Figure 9.

,ere are two gradual stabilization points (1, 0, 0) and
(0, 1, 1). In this situation, there are some low-quality drugs
in the market that endanger the lives and health of patients.
,erefore, it is important for the government to increase
fines for such drugs. If the fines are too weak, the govern-
ments cannot effectively restrict collusion between phar-
maceutical companies and medical service agencies, which
will certainly bring harm to public health; if the fines are
strong, the government can eliminate the speculative phe-
nomenon and create a good atmosphere for the cleaner
production of high-quality medicines.

6. Conclusions

Improving the regulation of cleaner production quality and
ensuring the safety of drug use by the public are urgent tasks
for all countries in the world. To avoid the conspiracy be-
tween medical service agencies and pharmaceutical com-
panies to produce low-quality drugs, we constructed a
tripartite evolution game model and analyzed the conditions
needed for cleaner production pharmaceutical companies to
stably provide high-quality drugs. We obtained a variety of
measures to promote the quality of drugs, including the
impact of patient feedback and other factors. ,e main
conclusions are as follows.

Firstly, the improvement of patient complaint rates can
effectively curb collusive behavior and strengthen the sta-
bility of cleaner production of high-quality medicines;
therefore, the governments should attach importance to
public education and improve the public’s medical knowl-
edge and awareness of safeguarding their rights by pub-
lishing brochures and recording promotional films.
Secondly, the fines for pharmaceutical companies must be
larger than a certain threshold to avoid a gradual stabili-
zation point under collusive behavior; therefore, the gov-
ernment must punish the violation of laws and regulations
with the severest penalties and set a zero-tolerance regula-
tory policy for inferior pharmaceuticals. ,irdly, enhancing

the patient feedback mechanism is conducive to accelerating
the evolution of pharmaceutical companies and medical
service agencies to choose legitimate strategies. ,us, the
necessity of a web-based evaluation system and regular drug
quality-based activities should not be neglected. Finally, it is
important for the governments to reduce the cost of strict
regulation using innovative methods; with lower regulatory
costs, the government can evolve to loose regulation at a
slower pace and the stability of pharmaceutical companies
cleaner producing high-quality drugs can be improved.

Pharmaceutical quality regulation is a complex problem
affected by multiple parties. ,is paper only considers the
stage in which cleaner production pharmaceutical compa-
nies are providing drugs to patients through medical service
agencies, ignoring the impact of other companies at all levels
and ignoring the impact of the game sequence.,erefore, we
will further study the cooperation and constraint relation-
ships among distributors, retailers, and the government
under incomplete information and the dynamic gamemodel
and further research pharmaceutical regulation strategies for
the multichannel drug supply chain in an Internet-based
environment.
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