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China has implemented the “Triple-Medical” reform, aiming to enhance the

overall e�cacy of the public healthcare system through deep integration

and coordination among healthcare, pharmaceuticals, and health insurance

regulator. This study utilizes game theory to analyze the strategic interplay

and conflicts of interest among these three sectors within China’s reform

context, exploring the strategic choices and interactions that occur during

the reform process. This study utilizes game theory to analyze the strategic

interplay among pharmaceutical companies, healthcare institutions, and the

health insurance regulator in China’s healthcare reform. The model examines

key variables and behaviors of each stakeholder, with MATLAB simulations

analyzing evolutionarily stable strategies and parameter sensitivity. The findings

reveal complex dynamic interactions among the strategies adopted by the

various stakeholders within the healthcare reform, with the optimal strategies

converging at the equilibrium point. Specifically, pharmaceutical companies

seek maximum economic gains through drug pricing and quality control;

healthcare institutions strive to enhance service e�ciency and quality to meet

patient needs; and medical insurance regulatory bodies play a crucial role in

ensuring the e�ciency and fairness of fund utilization. Such strategic alignments

contribute to the stable operation of the healthcare system and maximize

the interests of all parties involved. The study concludes that coordinated

strategies among pharmaceutical companies, healthcare institutions, and health

insurance regulator can achieve equilibrium and enhance the e�ciency and

equity of China’s healthcare system. Changes in penalties for pharmaceutical

companies, costs of medical service quality, and medical insurance regulatory

costs critically influence healthcare reform, providing empirical support and a

theoretical basis for e�ective policy-making. Refining policy adjustments and

strategic optimizations can e�ectively coordinate the interests of all parties,

propelling China’s healthcare system toward greater e�ciency and fairness.
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1 Introduction

Globally, healthcare reform remains a central issue

for policymakers and the public alike. With technological

advancements and the progression of population aging, the

healthcare sector faces challenges such as improving the quality

of medical services, ensuring equitable distribution of healthcare

resources, and addressing rising healthcare costs (1, 2). Healthcare

reform is a common dilemma worldwide, with its complexity

stemming from the need to balance enhancing service quality,

ensuring accessibility, and reducing costs. Due to cultural, political,

and economic differences, countries adopt varied strategies

and measures in their healthcare reforms. Both developing and

developed nations strive to use various means and policies to

optimize the quality, accessibility, and efficiency of medical

services. The challenge of healthcare reform lies in finding a

precise balance between maintaining service quality, curbing the

growth of medical expenditures, and fairly distributing healthcare

resources. Although specific socio-economic conditions and

reform challenges differ from country to country, healthcare

reform undoubtedly represents a significant issue involving public

health policy, social equity, and economic efficiency.

In recent years, China has actively implemented the “Triple-

Medical Linkage” reform strategy, aimed at comprehensively

advancing the reform of the healthcare system through

deep integration and coordination among the healthcare,

pharmaceutical, and health insurance regulator (3–7). This strategy

focuses on optimizing policies and mechanisms to enhance

the efficiency of medical services, reduce healthcare costs, and

strengthen the overall efficacy of the public healthcare system

(8–11). This reform is guided by several key policy documents,

including the National Pilot Plan for Drug Centralized Procurement

and Use (State Council General Office, Document No. [2019] 2),

which launched volume-based procurement as a tool to regulate

drug pricing, and the Guiding Opinions on Further Deepening the

Reform of Basic Medical Insurance Payment Methods (National

Healthcare Security Administration, Document No. [2021] 37),

which promotes payment methods such as DRGs and per capita

payment. Measures within the “Triple-Medical Linkage” include

optimizing the distribution of medical resources, enhancing

the capabilities of primary healthcare institutions, promoting

contracted family doctor services, and achieving continuous and

coordinated medical services through informatization. The reform

also addresses the drug supply chain and pricing mechanisms

by implementing centralized drug procurement, enforcing zero-

markup policies for hospital drug sales, and strengthening the

regulation of the pharmaceutical market to ensure drug quality

and supply safety. Additionally, reforms in the medical insurance

system aim to refine payment methods, promote disease-based

and per capita payment models, and strengthen the supervision

of medical insurance funds to expand coverage and increase

reimbursement rates. Through these comprehensive reform

measures, the “Triple-Medical Linkage” strives to build an efficient

and equitable healthcare service system.

However, the implementation of the “Triple-Medical Linkage”

faces numerous challenges: Primary healthcare institutions are

hampered by uneven resource distribution and shortages of

equipment and personnel, which limit the enhancement of service

capabilities. The pharmaceutical industry resists drug price controls

and supply chain reforms, impacting the implementation of

policies. In medical insurance reform, the introduction of new

payment methods, such as disease-based payments, is difficult

to apply universally, potentially leading to mismanagement and

wastage of funds. An incomplete regulatory mechanism increases

the risks of resource waste and fluctuations in medical quality.

Therefore, to ensure the successful implementation of the “Triple-

Medical Linkage” policy, it is imperative to address the uneven

distribution of resources, resistance from the pharmaceutical

industry, challenges in implementing new medical insurance

payment methods, and the strengthening of policy regulatory

mechanisms, thereby safeguarding the quality and efficiency of

medical services and achieving long-term sustainable healthcare

system reform.

This study establishes a game theory model to simulate the

strategic interactions among pharmaceutical companies, healthcare

institutions, and medical insurance regulatory bodies in China’s

healthcare reform. Through parameter analysis and sensitivity

testing, it reveals how different strategic choices can achieve

equilibrium in strategic adjustments and synergistic effects, and

how these choices impact the effectiveness of healthcare reform.

The significance of this research lies in dissecting the interactions

and influences among the three parties, which helps identify

key factors in the reform and provides viable recommendations

for future policy-making. The novelty of this paper is in

utilizing evolutionary game theory to comprehensively analyze

the mutual impacts among reform stakeholders, offering a new

method of understanding the complexity and dynamics of China’s

healthcare reform.

Specifically, the core objectives of this study are to: (1)

develop a comprehensive game-theoretical model that captures the

strategic interactions among pharmaceutical companies, healthcare

institutions, and health insurance regulatory agencies in the context

of China’s healthcare reform; (2) identify and analyze the key

variables and critical factors that drive these interactions; (3)

determine the conditions under which equilibrium strategies can

be achieved to maximize the interests of all stakeholders; and (4)

conduct extensive sensitivity analysis using MATLAB simulations

to evaluate the impact of parameter variations on system stability,

thereby providing empirical support and theoretical guidance for

effective policy-making in healthcare reform. This study advances

the existing literature in three key ways. First, unlike prior

studies that typically examine dyadic interactions (e.g., insurer–

provider or hospital–pharma), this paper introduces a tripartite

evolutionary game model that reflects the real-world complexity

of China’s reform landscape. Second, the integration of replicator

dynamics and parameter sensitivity analysis enables a dynamic,

non-linear exploration of strategic adaptation, going beyond static

or descriptive models. Third, the model incorporates specific

institutional features of China’s “Triple-Medical Linkage” reform,

making it one of the few studies to provide both theoretical rigor

and strong policy relevance tailored to the Chinese context.

Compared with classical game theory, evolutionary game

theory offers a more realistic and flexible framework for analyzing

stakeholder behavior in healthcare reform. Traditional game theory
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typically assumes complete rationality and static or repeated

interactions under full information, which limits its explanatory

power in complex, regulated environments such as healthcare

systems. In contrast, evolutionary game theory is based on the

assumption of bounded rationality, reflecting how healthcare

providers, pharmaceutical firms, and insurance regulators adapt

strategies gradually over time under incomplete information and

policy constraints. This aligns well with the institutional realities

in China, where decisions are often shaped by regulatory cycles,

performance indicators, and asymmetric access to data. Recent

studies have further validated the applicability of evolutionary game

models in healthcare policy design. For instance, Wang et al. (12)

applied evolutionary dynamics to explore strategy diffusion in

face-swiping medical services under rationality limits of providers

and users. Yue et al. (13) developed a public-private partnership

model for elderly healthcare using evolutionary game theory,

demonstrating its robustness under information asymmetry. These

findings support the theoretical and practical relevance of our

chosen framework in capturing dynamic strategic adjustments

under policy-driven constraints.

2 Literature review

In response to the growing demand for healthcare services,

governments worldwide have conducted extensive and deep

reforms of their healthcare systems (14–18). Globally, healthcare

reforms largely aim to control healthcare costs to maintain their

sustainability within public budgets (19, 20). Simultaneously,

enhancing the quality of medical services, reducing medical

errors, and increasing patient satisfaction are also primary

objectives of healthcare reforms in various countries (21–23). Some

developed countries, such as the United States, have attempted to

reform healthcare through measures such as increasing insurance

coverage, modifying payment systems, and advancing medical

technology innovations (24–26). In developing countries, due to

limited resources, reforms often focus on optimizing resource

allocation, strengthening public health services, and improving

basic medical facilities (27–32). Although each country’s healthcare

system and path of reform differ, they all share a common goal:

to find an ideal balance between healthcare quality, accessibility,

and affordability.

China’s healthcare reform dates back to the 1980s. Initially,

the government promoted market-oriented reforms, encouraging

healthcare institutions to be financially self-sufficient, which led to

a sharp increase in medical service costs (33–35). In recent years,

healthcare reform has unfolded among pharmaceutical companies,

healthcare institutions, and medical insurance regulatory bodies.

The government is committed to addressing medical issues arising

from supply-demand imbalances and regional and economic

disparities, such as attempting to lower the cost of healthcare

services, improve medical insurance payment methods, and

reform healthcare service provision (36–38). However, the

process of healthcare reform has not been smooth. Due to

the problem of interest distribution, the interactions among

pharmaceutical companies, healthcare institutions, and medical

insurance regulatory bodies are highly complex. Reformers face

significant challenges in balancing cost reduction and quality

enhancement, and in reforming the allocation of medical resources

and the medical insurance system tomake healthcare services more

equitable. Key healthcare reform policies in China are shown in

Table 1.

In the process of healthcare reform in China, the strategic

interactions among pharmaceutical companies, healthcare

institutions, and medical insurance regulatory bodies play a critical

role. The dynamics of these interactions often determine the

effectiveness of healthcare policy implementation and influence

the progress and direction of healthcare reforms. For instance,

pharmaceutical companies negotiate with government insurance

departments over drug pricing and supply, while healthcare

institutions engage in negotiations regarding the provision and

quality of healthcare services. However, healthcare reform is

not merely a game among these three parties; it also requires

their cooperation. During the formulation and implementation

of healthcare policies, pharmaceutical companies, healthcare

institutions, and medical insurance regulatory bodies need to

collaborate and coordinate to develop joint strategies. They must

find common ground while engaging in strategic negotiations to

ensure the smooth progress of healthcare reform.

Although global research has provided profound insights

into healthcare reform strategies, including cost control, quality

improvement, and the expansion of medical coverage, current

literature still lacks a systematic analysis of the dynamics of

interactions among medical, pharmaceutical, and insurance sectors

and their impact on policy-making. Particularly, although the

Chinese government has implemented a series of reforms to

optimize interactions among these three sectors, there is a paucity

of research on finding sustainable and effective mechanisms for

collaboration among different stakeholders. Therefore, this study

constructs a game theory model to explore the strategic choices

and interactive effects among the participants in the tripartite

healthcare reform process (39–41), thereby proposingmore specific

and operational policy recommendations to advance healthcare

reforms toward a deeper and more detailed direction.

Compared with global reforms, recent China-specific studies—

such as those on volume-based procurement and DRG payment

pilots—highlight the systemic impact of integrated policies. These

reforms have reduced drug prices, improved cost-efficiency, and

strengthened cross-sector collaboration. This study builds on

such localized frameworks by embedding these dynamics into

an evolutionary game model, offering a unified perspective on

tripartite strategic coordination.

3 Model description and basic
assumptions

3.1 Model description

This paper delves into the healthcare reform in China from

the perspective of the evolutionary game among pharmaceutical

companies, healthcare institutions, and medical insurance

regulatory bodies. In this study, these three stakeholders are

considered key players in the game, and a series of variables are

designed to characterize their behavior and decision-making.

Below are all the variables used in the model and their meanings
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TABLE 1 Key healthcare reform policies in China.

Reform phase Timeframe Key policy and relevant document Policy significance

Phase 1—Introduction of

“Pharmaceutical-Led Healthcare”

Model

1980–1989 Introduction of the “PharmaceuticalLed Healthcare”

Model.

Introduction of the pharmaceutical sales as the

primary source of revenue for healthcare

institutions, encouraging pharmaceutical companies

to produce and sell drugs.

Establishment of rural cooperative medical care. Provision of basic medical insurance for rural

residents, promoting the development of rural

healthcare.

Phase 2—Advancement of Urban

and Rural Healthcare Insurance

Systems

1990–1999 Pharmaceutical price reforms and the “Southern

Medicine Price Storm”.

Controlling drug price increases and enhancing

drug price transparency through pharmaceutical

price reforms.

Launch of the Urban Residents Basic Medical

Insurance (URBMI) pilot program.

Expansion of healthcare coverage and improvement

in the healthcare security for urban residents.

Establishment of the New Rural Cooperative Medical

Care System (NRCMCS).

Strengthening the NRCMCS to improve healthcare

coverage for rural residents.

Phase 3—Strengthening Public

Health and Basic Medicines

2000–2009 Outbreak of SARS epidemic raises public health

concerns.

Enhancement of the public health system and

improvement of the capacity to respond to public

health emergencies.

Introduction of the Basic Medicine System. Ensuring the supply and reasonable pricing of

essential medicines to meet public demand.

Phase 4—Comprehensive Reform

of the Medical and Healthcare

System

2010–2018 Comprehensive reform of the medical and healthcare

system.

Promotion of comprehensive reform of the medical

and healthcare system to improve healthcare service

quality and efficiency.

Integration of urban and rural resident health insurance

schemes and expansion of insurance coverage.

Integration of urban and rural health insurance

systems, expanding coverage, and reducing the

financial burden of medical expenses.

Release of the “Healthy China 2030” plan. Establishment of the Healthy China 2030 goals,

aiming for the wellbeing and comprehensive

development of the population.

Phase 5—New Healthcare Reform

and Adjustment of Healthcare

Insurance Policies

2019 Focus on addressing unequal access to healthcare

services and high drug prices in the new healthcare

reform.

Optimization of healthcare resource allocation,

enhancing equity and accessibility of healthcare

services.

Adjustment of urban and rural resident healthcare

insurance policies.

Policy adjustments to reduce the financial burden of

healthcare expenses for residents.

Expansion of the National Essential Medicines List. Expansion of the range of essential medicines,

ensuring their supply.

Phase 6—Coping with the

COVID-19 Pandemic and

Strengthening the Healthcare

System

2020–2022 Impact of the COVID-19 pandemic on the healthcare

system.

Enhancement of the capacity to respond to public

health emergencies, ensuring public health safety.

Strengthening the construction of the public health

system.

Improvement of basic public health services,

strengthening epidemic monitoring, and prevention.

Expansion of healthcare insurance coverage. Expansion of healthcare expense reimbursement

coverage, reducing the economic burden on patients.

Promotion of the Global Health 2030 Initiative. Participation in global health initiatives, promoting

sustainable global health development.

Phase 7—Post-Pandemic Era 2023 to Present Strengthening disaster response capabilities of the

healthcare system.

Enhancement of the healthcare system’s disaster

response capabilities to address future public health

emergencies.

Promotion of digital healthcare services development. Advancement of digital healthcare services to

improve healthcare efficiency and convenience.

Reinforcement of healthcare insurance sustainability. Ensuring the sustainability of the healthcare

insurance system, maintaining healthcare security

stability.

Firstly, from the perspective of pharmaceutical companies,

the following key variables are considered. M1 represents the

reasonable sales revenue of drugs, which reveals the economic

returns a company can obtain from regulated and legal drug

sales. M2 denotes the unreasonable sales revenue of drugs,

reflecting the higher profits that might be achieved through
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non-standard practices. Cd and Cs represent the costs of research

and development and drug quality and safety, respectively,

illustrating the company’s investment in developing new drugs and

ensuring drug safety. Finally, Fm refers to the fines imposed by the

government on pharmaceutical companies, reflecting the punitive

measures that might be taken when companies violate regulations.

Secondly, from the perspective of healthcare institutions,

the following key variables are considered. W1 represents the

revenue obtained from providing high-quality medical services,

while W2 represents the revenue from low-quality services. These

variables reflect the disparity in earnings that healthcare institutions

experience under different levels of service quality. Cq denotes

the cost of service quality, indicating the resources that healthcare

institutions need to invest to provide high-quality services. S points

to additional government subsidies, revealing how the government

motivates healthcare institutions to improve their services through

financial support. Fh is the fine imposed by the health insurance

regulator on healthcare institutions, reflecting the constraints and

control exerted by the health insurance sector.

Lastly, from the perspective of the health insurance regulatory

department, the following key variables are set. P represents

the prepayment from the health insurance fund, reflecting the

funds advanced by the health insurance department to ensure

the provision of medical services. I denotes the income of the

health insurance fund, expressing the total funds acquired by

the health insurance department through various means. Yb and

Fb, respectively, represent the reward and penalty mechanisms,

showcasing how the health insurance department influences the

behavior of healthcare institutions and pharmaceutical companies

through incentives and penalties. Lastly, Cr and Cg are the costs

of rectification and regulation, respectively; these variables reveal

the resources required by the health insurance department in the

execution of its duties.

Amid the advancement of healthcare reform in China, a

complex interplay unfolds among pharmaceutical companies,

healthcare institutions, and health insurance regulator. Throughout

this interaction, each party pursues its interests and objectives, yet is

influenced by the actions of the others, necessitating a balancing of

various decisions. Firstly, pharmaceutical companies, as producers

and sellers of medications, must consider health insurance policies

and the demands of healthcare institutions when setting drug

pricing strategies. Healthcare institutions face the decision to

become designated hospitals under health insurance schemes.

Being designated provides additional financial support from the

health insurance sector but also requires adherence to specific

regulations and policies. Finally, the health insurance regulator

act as regulators, responsible for formulating health insurance

policies and overseeing their implementation. They can choose

to provide financial subsidies to encourage healthcare institutions

to offer high-quality services or to impose penalties for non-

compliance to maintain the stability of the health insurance system.

In China’s institutional context, the behavior of both healthcare

institutions and pharmaceutical companies is shaped not only

by market incentives but also by policy instruments, such as

fiscal subsidies for public hospitals and volume-based procurement

for pharmaceuticals.

For simulation purposes, the quantitative settings of these

variables were informed by relevant policy documents, empirical

references, and parameterized assumptions that reflect the reform

context in China. A summary of their structural roles and

sources has been considered to ensure internal consistency and

conceptual transparency.

3.2 Model assumptions

To construct the game-theoretical model and analyze the

stability of equilibrium points and the interrelationships among

variables, the following assumptions are made:

Assumption 1: Decision-making behaviors of pharmaceutical

companies, healthcare institutions, and health insurance

regulator are all based on rational choices, aimed at optimizing

their own interests.

Assumption 2: The decisions of pharmaceutical companies,

healthcare institutions, and health insurance regulator

influence each other. For instance, the revenue decisions from

pharmaceutical sales will affect the quality of services offered

by healthcare institutions, which in turn influences the reward

and penalty decisions of the health insurance department.

Assumption 3: Pharmaceutical companies aim to maximize

their revenue, which includes profits from drug sales (both

legitimate and illegitimate) while striving tominimize research

and development costs and costs related to drug quality and

safety. Penalties imposed by the government are costs that

these companies seek to avoid. However, under policies such

as Volume-based Procurement, the room for excessive pricing

and abnormal profit margins (M2) is strictly constrained, thus

reshaping their strategic space.

Assumption 4: The primary goal of healthcare institutions

is to optimize the ratio of their revenues to costs, including

maximizing revenues from high-quality medical services and

subsidies from the government, while minimizing the costs

associated with service quality. Penalties imposed by the

health insurance department are costs that these institutions

seek to avoid. Considering the public welfare nature of

public hospitals in China, the strategic choices of healthcare

institutions are not solely driven by profit maximization but

must also balance the synergistic relationship between high-

quality service revenue (W1) and government fiscal subsidies

(S), which jointly affect their incentive structures.

Assumption 5: The main task of the health insurance

department is to maintain the balance of the health insurance

fund by effectively managing prepayments and income,

implementing effective reward and penalty mechanisms, and

minimizing rectification and regulatory costs.

Assumption 6: The reward and penalty mechanisms imposed

by the government on pharmaceutical companies and

healthcare institutions effectively regulate their behavior.

Fines effectively prevent unreasonable actions, while subsidies

and rewards incentivize compliant behavior. Pharmaceutical

companies, healthcare institutions, and health insurance

regulator will gradually adjust their strategies based on the

actions of others and their own experiences, thus evolving the

dynamics of the game.

Frontiers in PublicHealth 05 frontiersin.org

https://doi.org/10.3389/fpubh.2025.1591358
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Gong et al. 10.3389/fpubh.2025.1591358

3.3 Model construction

In the game-theoretic model, let x represent the proportion

of pharmaceutical companies producing and selling drugs at

reasonable prices, while 1 − x represents the proportion of those

selling at unreasonable prices. Let y denote the proportion of

patients accepting medical treatment, and 1 − y he proportion

of patients refusing treatment. Let z denote the willingness of

health insurance regulator to enforce strict regulations, while

1 − z represents their inclination toward lenient regulation. It is

assumed that x, y, z ∈ (0, 1).Based on these assumptions and

variable definitions, a mixed-strategy game payoff matrix involving

healthcare institutions, patients, and health insurance regulator is

constructed as shown in Table 2.

3.4 Replicator dynamics equations

3.4.1 Pharmaceutical companies
Profit from producing and selling drugs at reasonable prices:

Ex = (M1 − Cd − Cs)∗y∗z + (M1 − Cd − Cs)∗y∗(1− z)

+(M1 − Cd − Cs)∗(1− y)∗z + (M1 − Cd − Cs)∗(1− y)∗(1− z)

Profit from producing and selling drugs at unreasonable prices:

E1−x = (M2 − Cd − Cs − Fm)∗y∗z + (M2 − Cd − Cs)∗

y∗(1− z)+ (M2 − Cd − Cs − Fm)∗(1− y)∗z

+(M2 − Cd − Cs)∗(1− y)∗(1− z)

Average profit for pharmaceutical companies:

E = xEx + (1− x)E1−x

Replicator dynamics equation for pharmaceutical companies:

F(x) = −x∗(x − 1)∗(M1 − M2 + Fm∗z)

3.4.2 Healthcare institutions
Profit from providing high-quality services:

Ey = (W1 − Cq + S+ P)∗x∗z + (W1 − Cq + S+ P)∗

x∗(1− z)+ (1− x)∗z∗(W1 − Cq + S+ P)

+(W1 − Cq + S+ P)∗(1− x)∗(1− z)

Profit from providing low-quality services:

E1−y = (M2 + P − Cq − Fh)∗x∗z + (M2 + P − Cq)∗

x∗(1− z)+ (1− x)∗z∗(M2 + P − Cq − Fh)

+(M2 + P − Cq)∗(1− x)∗(1− z)

Average profit for healthcare institutions:

E = yEy + (1− y)E1−y

Replicator dynamics equation for healthcare institutions:

F(y) = −y∗(y − 1)∗(S − M2 +W1 + Fh∗z)

3.4.3 Health insurance regulator
Profit from strict regulation:

Ez = (I − P + Yb − Cr − Cg − S)∗x∗y

+(I − P + Yb − Cr − Cg + Fh)∗x∗(1− y)

+(I − P + Yb − Cr − Cg + Fm)∗(1− x)∗y

+(I − P + Yb − Cr − Cg + Fm + Fh)∗(1− x)∗(1− y)

Profit from lenient regulation:

E1−z = (I − P − Cr − Cg − S)∗x∗y+ (I − P)∗x∗(1− y)

+(I − P)∗(1− x)∗y+ (I − P)∗(1− x)∗(1− y)

Average profit for health insurance regulator:

E = zEz + (1− z)E1−z

Replicator dynamics equation for health insurance regulator:

F(z) = −z∗(z − 1)∗(Fh − Cr − Cg + Fm + Yb

− Fm∗x − Fh ∗y + Cg∗x∗y + Cr∗x∗y)

3.5 Stability analysis and equilibrium points

The interactions among pharmaceutical companies, healthcare

institutions, and health insurance regulator are constantly evolving,

meaning that the probability of any strategy selected by the parties

is time-dependent. According to the principles of differential

equation stability, when all the dynamic equations equate to zero, it

indicates that the entire dynamic system will tend toward stability.

The equilibrium points of the tripartite evolutionary game can be

determined by setting F (x) = 0, F
(

y
)

= 0, F (z) = 0. It

follows that:

F (x) = −x∗(x − 1)∗(M1 − M2 + Fm∗z) = 0

F
(

y
)

= −y∗(y − 1)∗(S − M2 +W1 + Fh∗z) = 0

F (z) = −z∗(z − 1)∗(Fh − Cr − Cg + Fm + Yb

− Fm∗x − Fh ∗y + Cg∗x∗y + Cr∗x∗y) = 0

There are evidently eight distinct equilibrium points

E1 (0, 0, 0) , E2 (1, 0, 0) , E3 (0, 1, 0) , E4 (0, 0, 1) , E5 (1, 1, 0) ,

E6 (1, 0, 1) , E7 (0, 1, 1) , E8 (1, 1, 1), where all stakeholders adopt

pure strategies at each equilibrium point.

Based on the replicator dynamics equations of the three parties,

the Jacobian matrix of the evolutionary game system can be derived

as follows:

J =









∂F(x)
∂x

∂F(x)
∂y

∂F(x)
∂z

∂F(y)
∂x

∂F(y)
∂y

∂F(y)
∂z

∂F(z)
∂x

∂F(z)
∂y

∂F(z)
∂z









=







J11 J12 J13
J21 J22 J23
J31 J32 J33







J11 = − x∗(M1 − M2 + Fm∗z) − (x − 1)∗

(M1 − M2 + Fm∗z)

J12 = 0
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TABLE 2 Mixed-strategy game matrix of pharmaceutical companies, healthcare institutions and health insurance regulator.

Stakeholders/Actions Healthcare institutions Health insurance regulator

Strict regulation (z) Lax regulation (1 – z)

Pharmaceutical manufacturing

and distribution companies

Production and distribution of

reasonably priced medicines (x)

High-quality services (y) M1 − Cd − Cs

W1 − Cq + S+ P

I – P + Yb − Cr − Cg − S

M1 − Cd − Cs

W1 − Cq + S+ P

I − P − Cr − Cg − S

Low-quality services

(1 – y)

M1 − Cd − Cs

M2 + P − Cq − Fh
I − P + Yb − Cr − Cg + Fh

M1 − Cd − Cs

M2 + P − Cq

I − P

Production and distribution of

unreasonably priced medicines

(1 – x)

High-quality services (y) M2 − Cd − Cs − Fm
W1 − Cq + S+ P

I − P + Yb − Cr − Cg + Fm

M2 − Cd − Cs

W1 − Cq + S+ P

I − P

Low-quality services

(1 – y)

M2 − Cd − Cs − Fm
M2 + P − Cq − Fh
I−P+Yb−Cr−Cg+Fm+ Fh

M2 − Cd − Cs

M2 + P − Cq

I − P

J13 = −Fm∗x∗(x − 1)

J21 = 0

J22 = − (y − 1)∗(S − M2 +W1 + Fh∗z)

− y∗(S − M2 +W1 + Fh∗z)

J23 = −Fh∗y∗(y − 1)

J31 = −z∗(z − 1)∗(Cg∗y − Fm + Cr∗y)

J32 = −z∗(z − 1)∗(Cg∗x − Fh + Cr∗x)

J33 = −z∗(Fh − Cr − Cg + Fm + Yb − Fm∗x − Fh ∗y +

Cg∗x∗y + Cr∗x∗y)− (z − 1)∗(Fh − Cr

− Cg + Fm + Yb − Fm∗x − Fh ∗y + Cg∗x∗y + Cr∗x∗y)

While this study primarily analyzes pure strategy equilibrium

points for simplicity and interpretability, it is worth noting

that in real-world healthcare systems, stakeholders often

adopt mixed strategies—especially under uncertain regulatory

environments or fluctuating market conditions. For instance,

pharmaceutical companies may probabilistically adjust their

pricing schemes depending on regulatory signals, and healthcare

institutions may vary service quality depending on patient

demographics or resource constraints. Therefore, the model

could be further extended in future studies to examine the

existence and stability of mixed-strategy equilibria, offering

a more nuanced understanding of strategic behaviors in

healthcare reform.

3.6 Equilibrium solutions and evolutionarily
stable strategies

The interactions among pharmaceutical companies, healthcare

institutions, and health insurance regulator are constantly evolving,

meaning that the probability of any strategy selected by the parties

is time-dependent. According to the principles of differential

equation stability, when all the dynamic equations equate to zero,

it indicates that the entire dynamic system will tend toward

stability. The equilibrium points of the tripartite evolutionary

game can be determined by setting F (x) = 0, F
(

y
)

=

0, F (z) = 0.

There are evidently eight distinct equilibrium points

E1 (0, 0, 0) , E2 (1, 0, 0) , E3 (0, 1, 0) , E4 (0, 0, 1) , E5 (1, 1, 0) ,

E6 (1, 0, 1) , E7 (0, 1, 1) , E8 (1, 1, 1), where all stakeholders adopt

pure strategies at each equilibrium point.

Based on the replicator dynamics equations of the three parties,

the Jacobian matrix of the evolutionary game system can be derived

to assess the stability of these equilibrium points. There may exist

two evolutionarily stable equilibrium points in the evolutionary

game system: For E8(1, 1, 1) to be an equilibrium point, the stability

conditionsM2 − M1 − Fm <0 andM2− Fh − S − W1 <0 must

be satisfied.

Using the Lyapunov method, it is known that in the stability

analysis of differential systems, stability can be assessed based

on the sign of the characteristic roots at equilibrium points.

If all characteristic values (roots) at an equilibrium point are

negative, the point is considered an evolutionarily stable strategy

(asymptotically stable point). The characteristic values for each of

the eight pure strategy points are obtained by substituting these

points sequentially into the Jacobian matrix.

As shown in Table A, there may exist two evolutionarily stable

equilibrium points in the evolutionary game system: For E8(1, 1, 1)

to be an equilibrium point, the stability conditions M2-M1-Fm <0

andM2-Fh-S-W1 <0 must be satisfied.

4 Numerical simulation analysis

Using the MATLAB software, this paper conducts simulation

analyses of evolutionarily stable strategies and their sensitivity to

parameters, based on the results from the game-theoretical model

described in Section 4.

4.1 Evolutionarily stable strategies

To make the simulation process more understandable for

readers who may not have a technical background in game

theory, we briefly outline the simulation logic used in MATLAB.

First, initial strategy proportions for the three stakeholder

groups—pharmaceutical companies, healthcare institutions, and

health insurance regulators—are defined based on realistic
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FIGURE 1

Simulation of parameter sensitivity at equilibrium point E8(1,1,1) (50

iterative simulations).

assumptions. Then, we apply replicator dynamics equations

to simulate how these strategies evolve over time through

iterative updates. The simulation tracks the probabilities of

each group adopting specific strategies (e.g., reasonable pricing,

high-quality services, strict regulation) across 50 iterations.

The goal is to observe whether the system converges to a

stable equilibrium, and under what parameter conditions this

convergence occurs.

In the game model of this study, the system’s stable equilibrium

point, E8(1, 1, 1), represents an ideal state where pharmaceutical

companies choose to produce and sell drugs at reasonable prices,

healthcare institutions provide high-quality services, and the health

insurance regulator enforces strict oversight. This equilibrium

point is currently the optimal strategic choice and plays a crucial

role in enhancing societal welfare (Figure 1). Initial strategy

proportions were set as follows: x= 0.3, y= 0.4, z = 0.5, indicating

that initially 30% of pharmaceutical companies adopt reasonable

pricing strategies, 40% of healthcare institutions choose to provide

high-quality services, and 50% of the health insurance regulators

adopt strict oversight. These proportions reflect the transitional and

mixed nature of current behavior observed during China’s ongoing

healthcare reform.

Firstly, the rational pricing strategy of pharmaceutical

companies maintains a fair market competition environment

and ensures the quality and safety of drugs, which positively

impacts public health and the long-term development of the

companies. Secondly, the high-quality services offered by

healthcare institutions improve patient treatment outcomes and

satisfaction, enhance their social influence and competitive market

position, and provide a strong guarantee for public health. Lastly,

the stringent regulation by the health insurance body effectively

prevents irregular medical and pharmaceutical sales practices,

driving continual improvements in the quality of services and

products provided by healthcare institutions and pharmaceutical

companies, ensuring that the public has access to fairly priced

drugs and high-quality medical services.

Therefore, the equilibrium point E8(1, 1, 1) maximizes the

interests of pharmaceutical companies, healthcare institutions,

and the health insurance regulator, while also safeguarding

public interests and societal welfare to the greatest extent. It

reflects the balanced relationship among the three parties in

medical reform and points toward the ideal goals of China’s

healthcare reform.

In the simulation process, the government fine for

pharmaceutical companies Fm is set in the range of 500,000–

3,000,000 RMB, aligning with the “Regulations on the

Implementation of the Drug Administration Law of the

People’s Republic of China (amended in December 2024)”

which stipulates a penalty of 2–5 times the illegal income for

price violations. The initial value of Fm is set at the median of

1,500,000 RMB to reflect a typical enforcement level observed

in practice.

4.2 Parameter analysis

The parameter sensitivity analysis aims to explore how changes

in key variables affect the strategic choices and stability of the

system. In MATLAB, we modify one parameter at a time—

such as penalties, costs, or revenue—to observe how the strategic

behavior of the three players responds. This one-variable-at-a-time

technique helps isolate the influence of each factor while holding

others constant. The results are visualized through line charts,

allowing readers to intuitively grasp how system equilibrium shifts

under different policy or economic scenarios.

4.2.1 Sensitivity analysis of variables related to
pharmaceutical companies

Sensitivity Analysis of Rational Drug Sales Revenue (M1):

The graphical results from the sensitivity analysis [Figure 2(1)]

indicate that as M1 increases, pharmaceutical companies are

more inclined to produce and sell drugs at reasonable prices.

Additionally, as the rational sales revenue increases, healthcare

institutions perceive an increase in the supply of reasonably priced

drugs, thereby facilitating the provision of high-quality medical

services. Concurrently, the health insurance regulator perceives the

reasonableness of drug costs, bolstering its confidence in drug price

regulation, thus making the enforcement of stringent regulatory

strategies more feasible. In China’s current healthcare system,

drug pricing remains a core concern for both the public and

government. High drug prices often lead to increased economic

burdens for patients. Therefore, increasing M1 holds significant

strategic importance for enhancing fairness and efficiency within

the healthcare system.

Sensitivity Analysis of Unreasonable Drug Sales Revenue (M2):

Numerical simulations [Figure 2(2)] show that an initial increase

in M2 may encourage pharmaceutical companies to engage in

unreasonable drug sales. However, as M2 continues to increase,

this tendency gradually diminishes. Under these circumstances,

healthcare institutions may face higher drug procurement costs,

which could impact the quality of their services. The health

insurance regulator might feel the pressure of increased payments,
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FIGURE 2

Comprehensive sensitivity analysis of key variables for pharmaceutical companies. (1) Sensitivity analysis of legitimate drug sales revenue (M1); (2)

Sensitivity analysis of illegitimate drug sales revenue (M2); (3) Sensitivity analysis of research and development costs for pharmaceutical companies

(Cd); (4) Sensitivity analysis of government fines on pharmaceutical companies (Fm).

leading to stricter regulation of drug prices. In China’s healthcare

system, the phenomenon of exorbitant drug prices not only affects

public access to healthcare but also leads to significant financial

pressures on the health insurance fund. Thus, regulating M2 can

help reduce such unreasonable sales practices and promote the

healthy operation of the overall healthcare system.

Sensitivity Analysis of Research and Development Costs

for Pharmaceutical Companies (Cd): The simulation results

[Figure 2(3)] illustrate that an increase in Cdsignificantly impacts

the production and sales strategies of pharmaceutical companies.

Higher R&D costs may lead pharmaceutical companies to opt

for less rational sales strategies in the short term. healthcare

institutions might face drug supply shortages under these

conditions, which could affect the quality of their services. Health

insurance departments may also face increased pressures on drug

payments. However, within the context of China’s healthcare

reforms, sustained investment in R&D is crucial for ensuring drug

innovation, which is fundamental to enhancing the quality of

healthcare services. Therefore, maintaining a reasonable level of Cd

is vital for balancing short-term and long-term interests.
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FIGURE 3

Comprehensive sensitivity analysis of key variables for Healthcare Institutions. (1) Sensitivity analysis of high-quality medical service revenue (W1); (2)

Sensitivity analysis of service quality costs (Cq); (3) Sensitivity analysis of fines imposed by health insurance departments on Healthcare Institutions

(Fh).

Sensitivity Analysis of Government Fines on Pharmaceutical

Companies (Fm): The analysis clearly shows [Figure 2(4)] that

as Fm increases, pharmaceutical companies significantly reduce

their engagement in irrational drug sales practices. Consequently,

healthcare institutions benefit from more reasonable drug prices,

which in turn allows them to offer higher quality services. The

payment pressure on health insurance departments is accordingly

reduced, enhancing their regulatory capabilities. In the current

Chinese healthcare context, an effective fine mechanism is key to

ensuring that pharmaceutical companies comply with regulations,

and strict enforcement is a crucial component of ensuring

fairness and sustainability in the healthcare system. Therefore,

appropriately set Fm provides a robust guarantee for the stability

of the healthcare system.

4.2.2 Sensitivity analysis of variables related to
healthcare institutions

Sensitivity Analysis of High-Quality Medical Service Revenue

(W1): The sensitivity analysis depicted in Figure 3(1), shows that

as W1 increases, healthcare institutions are more inclined to

provide high-quality medical services. Under this dynamic,

pharmaceutical companies adapt to market changes by

tending toward the production and sale of reasonably priced

drugs. Health insurance departments, benefiting from an

increase in high-quality medical services, reduce unnecessary

expenditures, thereby strengthening the regulation of both

drug and service quality. All parties are thus nudged closer

to the optimal strategy choice at equilibrium point E8(1, 1, 1).

Given the current state of China’s healthcare system and the

public’s growing expectations for medical quality, enhancing

W1 can stimulate healthcare institutions to improve service

quality, thereby advancing the overall healthcare industry

toward betterment.

Sensitivity Analysis of Service Quality Costs (Cq): As shown

in Figure 3(2), when Cq increases, healthcare institutions face

heightened cost pressures, which may hinder their willingness

to provide high-quality services. However, in the strategic game,

once a certain threshold is exceeded, healthcare institutions might

shift back toward offering high-quality services to mitigate risks,
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FIGURE 4

Comprehensive sensitivity analysis of key variables for health insurance regulator. (1) Sensitivity analysis of health insurance department’s rectification

costs (Cr); (2) Sensitivity analysis of health insurance department’s regulatory costs (Cg); (3) Sensitivity analysis of health insurance fund revenue (I).

prompting pharmaceutical companies to adjust their strategies.

Health insurance departments might intensify quality oversight

to alleviate payment pressures, moving the tripartite game closer

to equilibrium E8(1, 1, 1). Considering the backdrop of healthcare

reform in China, controlling the cost of service quality is crucial

as it impacts the operational efficiency and service level of

healthcare institutions.

Sensitivity Analysis of Fines Imposed by Health Insurance

Departments on healthcare institutions (Fh): Simulation results

[Figure 3(3)] indicate that with an increase in Fh, healthcare

institutions increasingly avoid non-compliance, returning to high-

quality service provision. This shift influences pharmaceutical

companies to more frequently opt for reasonably priced drugs,

aligning with the changing demands of healthcare institutions.

Health insurance departments may shift toward reward strategies,

reducing penalties, and fostering a virtuous cycle. Under these

conditions, the tripartite game gravitates more toward the choice of

E8(1, 1, 1). In China’s healthcare sector, a strict penalty mechanism

can ensure compliance by healthcare institutions, but care

must be taken not to overly suppress them to prevent other

negative effects.

4.2.3 Sensitivity analysis of variables related to
health insurance regulator

Sensitivity Analysis of Health Insurance Department’s

Rectification Costs (Cr): The sensitivity analysis, as shown in

Figure 4(1), indicates that with an incremental increase in Cr ,

the health insurance department faces greater pressure during

medical non-compliance rectification efforts. Elevated rectification

costs may initially make the department more cautious, but once

these costs exceed a certain threshold, the drive to rectify may

be compromised. In this dynamic, pharmaceutical companies

and healthcare institutions might anticipate a reduction in

regulatory intensity, thereby seeking ways to circumvent oversight.

However, if all parties can effectively cooperate and communicate

to reduce rectification costs, achieving the equilibrium state

E8(1, 1, 1) becomes more feasible. Considering the current state of
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healthcare in China, the rise in rectification costs could threaten

the deepening of healthcare reform, making it urgent to find ways

to reduce these costs.

Sensitivity Analysis of Health Insurance Department’s

Regulatory Costs (Cg): As depicted in Figure 4(2), an increase in

Cg necessitates more resources for health insurance regulation,

which may impact the efficiency of oversight. During the evolution

of the game, healthcare institutions and pharmaceutical companies

might perceive a weakening in regulatory intensity and adjust their

strategies to pursue higher profits. However, once all stakeholders

recognize that excessive regulatory costs can deteriorate the

medical environment, efforts to find a balance that leads to game

outcomes approaching E8(1, 1, 1) will intensify. In the context of

China’s healthcare reforms, effectively controlling regulatory costs

while ensuring effective oversight remains a critical challenge.

Sensitivity Analysis of Health Insurance Fund Revenue (I):

Simulation results illustrated in Figure 4(3), show that as the

health insurance fund revenue I increases, the health insurance

department gains greater leeway in fund operations and protection.

This growth strengthens its position in the game,making healthcare

institutions and pharmaceutical companies more reliant on the

support of the health insurance department. Consequently, both

are more likely to collaborate with the department to facilitate the

realization of E8(1, 1, 1). Given the realities of healthcare in China,

including societal development and an aging population, the robust

management of the health insurance fund is crucial, impacting not

only individual health but also national stability.

4.3 Reflection on agent heterogeneity

While this study adopts a tripartite evolutionary game

model assuming homogeneous behavior among pharmaceutical

companies, healthcare institutions, and health insurance regulators,

we recognize that real-world healthcare systems—especially in

China—are far more heterogeneous. Institutions vary widely not

only by geographic region but also by administrative tier. For

example, a well-resourced tertiary hospital in a metropolitan area

may respond quite differently to policy incentives or penalties

compared to a rural township clinic with limited capacity. Similarly,

pharmaceutical companies differ in compliance capabilities and

strategic flexibility, while local health insurance regulators face

varying fiscal and regulatory pressures. These disparities inevitably

influence how stakeholders respond to policy reforms such as

volume-based procurement or DRG-based payments. Although the

current model abstracts these differences for analytical tractability,

future extensions could reflect such heterogeneity by tuning key

parameters—for instance, differentiating cost structures, penalty

intensities, or subsidy levels across agent types. This would allow for

a more nuanced understanding of reform outcomes under diverse

institutional contexts and strengthen the model’s applicability for

region-specific policy design.

5 Results

Since the initiation of the “Triple Medical Reform” in China,

the strategic interactions among health insurance departments,

healthcare institutions, and pharmaceutical companies have

increasingly become central to driving the efficiency of the

healthcare system. The study results reveal complex dynamic

interactions among the strategies of stakeholders in China’s

healthcare reform, with optimal strategies converging at

equilibrium points. Specifically, pharmaceutical companies

aim to maximize economic gains through drug pricing and

quality control. Simulations show that high penalties (Fm) for

non-compliance significantly reduce unreasonable drug sales, and

as reasonable drug sales revenue (M1) increases, companies are

more inclined to adopt compliant strategies, thereby enhancing

the overall stability of the healthcare system. Simultaneously,

healthcare institutions strive to improve service efficiency and

quality to meet patient needs. The study finds that increased

subsidies (S) and high-quality service revenue (W1) significantly

motivate institutions to improve service quality, while the costs

of maintaining high-quality services (Cq) and penalties from

health insurance regulator (Fh) influence the institutions’ strategic

decisions. Numerical simulations demonstrate that the system’s

sensitivity to various parameters, such as increasing reasonable

drug sales revenue (M1) and high-quality service revenue (W1),

contributes to system stability and compliance.

In the context of healthcare reform, health insurance regulatory

agencies play a crucial role in ensuring the efficiency and fairness

of fund utilization. The results indicate that higher income (I)

and increased regulatory costs (Cg) necessitate stricter oversight

and management. Effective reward (Yb) and penalty mechanisms

(Fh) are vital for maintaining compliance among healthcare

institutions and pharmaceutical companies. The system’s stable

equilibrium point (E8(1, 1, 1) represents an ideal state where

pharmaceutical companies choose reasonable pricing, healthcare

institutions provide high-quality services, and health insurance

regulatory agencies enforce strict oversight. This equilibrium point

maximizes the interests of all stakeholders and promotes social

welfare. Initially, higher regulatory costs (Cg) reduce oversight

efficiency but eventually encourage stakeholders to cooperate more

effectively, achieving the desired balance.

Additionally, the study incorporates real-world cases and

data, such as the impact of centralized drug procurement

and zero-markup policies, to validate the model’s predictions.

The results show significant improvements in drug affordability

and service quality post-reform. Specifically, pharmaceutical

companies should adopt reasonable pricing and quality control

strategies to ensure long-term industry stability and societal

trust while pursuing economic benefits. Healthcare institutions

should enhance service efficiency and quality through efficient

operational management to meet patient demands and increase

competitiveness and market share. Health insurance regulatory

agencies should maintain fund utilization efficiency and fairness

through meticulous policy formulation and implementation,

ensuring the sustainability of the health insurance system. These

coordinated strategies are critical for driving China’s healthcare

system toward greater efficiency and equity. Based on the current

research findings, pharmaceutical companies should continually

optimize drug research and development and market strategies.

healthcare institutions need to further enhance service efficiency

and quality, while health insurance regulatory agencies should

intensify regulatory efforts, promote policy transparency and
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fairness, and collectively build a more stable and efficient

healthcare environment.

6 Discussion

The strategic interplay among pharmaceutical companies,

healthcare institutions, and health insurance regulator is crucial for

the success of healthcare reform. Only through mutual strategic

collaboration and joint efforts can these stakeholders drive the

Chinese healthcare system toward more efficient and equitable

medical services.

6.1 Strategic interplay among stakeholders

Pharmaceutical companies need to strengthen their

collaboration with healthcare institutions and health insurance

departments to ensure drug quality and stable supply. They

must engage in effective negotiations to maintain and enhance

their position in healthcare reform. As the primary providers of

pharmaceuticals, their strategic choices significantly impact the

stability and efficiency of the entire healthcare system. Continuous

investment in research and development, enhancement of drug

innovation, and exploration of reasonable pricing mechanisms are

essential for ensuring drug quality and market competitiveness.

6.2 Policy implications and enhanced
collaboration

Healthcare institutions play a pivotal role as frontline

service providers. They must actively participate in negotiations

with health insurance departments and form collaborations

with pharmaceutical companies to jointly advance healthcare

reform. Enhancing service levels is crucial for improving

patient experience and treatment outcomes. Establishing stable

collaborations with pharmaceutical companies and engaging

in in-depth negotiations with health insurance departments

promote the integration of drugs and medical services. Policy-

makers should actively encourage enhanced collaboration among

pharmaceutical companies, healthcare institutions, and health

insurance regulatory agencies by promoting joint initiatives such

as research collaborations and quality improvement projects.

6.3 Transparency, information sharing, and
capacity building

Transparency and information sharing among stakeholders are

essential for aligning strategies and improving overall efficiency.

Policy-makers should ensure that all stakeholders have access to

relevant information, leading to more informed decision-making

and improved coordination. Investing in capacity building for

all stakeholders involved in the healthcare system is crucial.

This includes providing training and resources to pharmaceutical

companies, healthcare institutions, and health insurance regulatory

agencies to improve their capabilities in adapting to and

implementing reforms. Enhanced transparency and capacity

building are vital for driving the Chinese healthcare system toward

greater efficiency and equity.

6.4 Real-world implications and future
research directions

Our study suggests that coordinated efforts among

pharmaceutical companies, healthcare institutions, and health

insurance regulator can lead to more affordable and accessible

healthcare services. Reasonable drug pricing and quality control

can make medications more affordable, and improved service

quality can enhance patient outcomes. Strict oversight can

ensure efficient health insurance fund utilization, improving

coverage and reimbursement rates. However, this study has certain

limitations, including potential oversimplification of the complex

dynamics among stakeholders and the exclusion of other potential

stakeholders such as patients and medical staff. Future research

should aim to refine the model to capture these complexities

more comprehensively and consider the perspectives of a broader

range of stakeholders. This will provide a more robust theoretical

and practical foundation for advancing healthcare reform and

enhancing public health welfare.

Compared to existing studies that focus on single-sector or

bilateral regulatory models, such as insurer–hospital or pharma–

provider relationships, our findings demonstrate that a tripartite

coordination mechanism significantly reduces systemic instability

and enhances the alignment of stakeholder incentives. For instance,

while bilateral models often face coordination failures due to

asymmetric information or conflicting objectives, the inclusion

of a third-party regulator in our model introduces dynamic

checks and balances, enabling more stable evolutionary paths

and convergence to socially optimal strategies. This highlights

the comparative advantage of multi-agent strategic coordination

in complex healthcare systems, particularly in the context of

China’s comprehensive reforms. Recent regional reforms in China

demonstrate that a coordinated tripartite approach can significantly

reduce system instability and improve healthcare efficiency. The

centralized drug procurement policy in Shanghai has led to

substantial reductions in drug prices and enhanced medication

accessibility, while DRG payment pilots in Beijing have improved

cost control and streamlined service delivery. These outcomes

provide concrete evidence that the multi-agent coordination model

developed in this study can effectively inform policy decisions and

enhance public health outcomes.

7 Conclusion

In this study, the strategic interactions among pharmaceutical

companies, healthcare institutions, and health insurance regulator

under the context of healthcare reform in China were extensively

explored using a game theory model. This revealed their pivotal

roles and strategic choices in promoting the efficiency and

equity of the healthcare system. The research indicates that

when these three key stakeholders adopt coordinated strategies—

pharmaceutical companies committing to reasonable pricing and
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quality control, healthcare institutions striving to improve service

quality and efficiency, and health insurance regulator enforcing

strict oversight—an equilibrium at point E8(1, 1, 1) can be achieved.

At this state, not only are the interests of all parties maximally

protected, but the entire healthcare system also becomes more

equitable and efficient. Therefore, based on the actual needs of

healthcare reform and its future direction, it is recommended to

enhance communication and cooperation among these parties and

optimize the formulation and implementation of related policies,

thus effectively deepening healthcare reform and enhancing public

health welfare.

However, this study also has the following limitations:

Firstly, although the game theory model used can reflect the

basic strategic interactions among the three parties, it may not

capture the full complexity and nuances of actual operations.

Secondly, given the limitations of research resources and data,

other potential stakeholders affecting healthcare reform, such

as patients and medical staff, have not yet been included. The

current model still needs further refinement and enhancement to

more comprehensively capture the complex dynamics and diverse

interests in healthcare reform, providing a more robust theoretical

and practical foundation for future research.

Data availability statement

The original contributions presented in the study are included

in the article/supplementary material, further inquiries can be

directed to the corresponding author.

Author contributions

HG: Conceptualization, Data curation, Formal analysis,

Methodology, Project administration, Writing – original draft,

Writing – review & editing. WW: Data curation, Methodology,

Resources, Visualization, Writing – original draft, Writing –

review & editing. JL: Data curation, Methodology, Formal analysis,

Project administration, Writing – original draft, Writing – review

& editing. BW: Data curation, Formal analysis, Methodology,

Project administration, Writing – original draft, Writing – review

& editing. MG: Supervision, Conceptualization, Formal analysis,

Writing – review & editing. YY: Conceptualization, Data curation,

Investigation, Methodology, Software, Visualization, Writing –

original draft, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the

research and/or publication of this article. This work was supported

by the 2024 Plan on enhancing scientific research in GMU (Grant

No. 2024SRP246).

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Gen AI was used in the creation

of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

References

1. Kruk ME, Gage AD, Arsenault C, Jordan K, Leslie HH, Roder-DeWan
S, et al. High-quality health systems in the Sustainable Development
Goals era: time for a revolution. Lancet Global Health. (2018) 6:e1196–
252. doi: 10.1016/S2214-109X(18)30386-3

2. Stenberg K, Hanssen O, Edejer TT, Bertram M, Brindley C, Meshreky A,
et al. Financing transformative health systems towards achievement of the health
Sustainable Development Goals: a model for projected resource needs in 67
low-income and middle-income countries. Lancet Global Health. (2017) 5:e875–
87. doi: 10.1016/S2214-109X(17)30263-2

3. Li L, Fu H. China’s health care system reform: Progress and prospects. Int J Health
Plann Manage. (2017) 32:240–53. doi: 10.1002/hpm.2424

4. Xing Q, Tang W, Li M, Li S. Has the volume-based drug purchasing approach
achieved equilibrium among various stakeholders? Evidence from China. Int J Environ
Res Public Health. (2022) 19:4285. doi: 10.3390/ijerph19074285

5. Yip W, Fu H, Chen AT, Zhai T, Jian W, Xu R, et al. 10 years of health-care
reform in China: progress and gaps in universal health coverage. Lancet. (2019)
394:1192–204. doi: 10.1016/S0140-6736(19)32136-1

6. He AJ, Bali AS, RameshM. Active stewardship in healthcare: Lessons from China’s
health policy reforms. Soc Policy Administr. (2022) 56:925–40. doi: 10.1111/spol.12832

7. He AJ, Fan Y, Su R. Seeking policy solutions in a complex system:
experimentalist governance in China’s healthcare reform. Policy Sci. (2022) 55:755–
76. doi: 10.1007/s11077-022-09482-2

8. Meng Q, Mills A, Wang L, Han Q. What can we learn from China’s health system
reform? BMJ. (2019) 365:l2349. doi: 10.1136/bmj.l2349

9. Wang L, Wang Z, Ma Q, Fang G, Yang J. The development and reform
of public health in China from 1949 to 2019. Global Health. (2019) 15:1–
21. doi: 10.1186/s12992-019-0486-6

10. Yu H, Yu S, He D, Lu Y. Equity analysis of Chinese physician allocation
based on Gini coefficient and Theil index. BMC Health Serv Res. (2021) 21:1–
8. doi: 10.1186/s12913-021-06348-w

11. Zhang Y, Wang Q, Jiang T, Wang J. Equity and efficiency of primary health
care resource allocation in mainland China. Int J Equity Health. (2018) 17:1–
12. doi: 10.1186/s12939-018-0851-8

12. Wang X, Cheng P, Zhu K, Xu S, Zhang S, Xu W, et al. Diffusion strategies
for face swiping medical service using evolutionary game theory. Expert Syst. (2021)
38:e12790. doi: 10.1111/exsy.12790

13. Yue X, Durrani SK, Li R, Liu W, Manzoor S. (2025). Evolutionary game
model for the behavior of private sectors in elderly healthcare public–private

Frontiers in PublicHealth 14 frontiersin.org

https://doi.org/10.3389/fpubh.2025.1591358
https://doi.org/10.1016/S2214-109X(18)30386-3
https://doi.org/10.1016/S2214-109X(17)30263-2
https://doi.org/10.1002/hpm.2424
https://doi.org/10.3390/ijerph19074285
https://doi.org/10.1016/S0140-6736(19)32136-1
https://doi.org/10.1111/spol.12832
https://doi.org/10.1007/s11077-022-09482-2
https://doi.org/10.1136/bmj.l2349
https://doi.org/10.1186/s12992-019-0486-6
https://doi.org/10.1186/s12913-021-06348-w
https://doi.org/10.1186/s12939-018-0851-8
https://doi.org/10.1111/exsy.12790
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Gong et al. 10.3389/fpubh.2025.1591358

partnership under the condition of information asymmetry. BMC Health Serv Res.
25:181. doi: 10.1186/s12913-025-12321-8

14. Al Khashan H, Abogazalah F, Alomary S, Nahhas M, Alwadey A, Al-Khudhair B,
et al. Primary health care reform in Saudi Arabia: progress, challenges and prospects.
East Med Health J. (2021) 27:1016–26. doi: 10.26719/emhj.21.042

15. Green-Pedersen C, Wilkerson J. How agenda-setting attributes shape politics:
basic dilemmas, problem attention and health politics developments in Denmark and
the US. J Eur Public Policy. (2006) 13:1039–52. doi: 10.1080/13501760600924092

16. Martens M, Danhieux K, Van Belle S, Wouters E, Van Damme W,
Remmen R, et al. Integration or fragmentation of health care? Examining
policies and politics in a Belgian case study. Int J Health Policy Manage. (2022)
11:1668. doi: 10.34172/ijhpm.2021.58

17. Rahman R. The privatization of health care system in Saudi Arabia. Health Serv
Insights. (2020) 13. doi: 10.1177/1178632920934497

18. Schneider H, Schaay N, Dudley L, Goliath C, Qukula T. The challenges of
reshaping disease specific and care oriented community based services towards
comprehensive goals: a situation appraisal in theWestern Cape Province, South Africa.
BMC Health Serv Res. (2015) 15:1–11. doi: 10.1186/s12913-015-1109-4

19. Liaropoulos L, Goranitis I. Health care financing and the sustainability of health
systems. Int J Equity Health. (2015) 14:1–4. doi: 10.1186/s12939-015-0208-5

20. Liu Y, Lee JM, Lee C. The challenges and opportunities of a global health crisis:
the management and business implications of COVID-19 from an Asian perspective.
Asian Bus Manage. (2020) 19:277–97. doi: 10.1057/s41291-020-00119-x

21. Fatima T, Malik SA, Shabbir A. Hospital healthcare service quality, patient
satisfaction and loyalty: An investigation in context of private healthcare systems. Int J
Qual Reliab Manage. (2018) 35:1195–214. doi: 10.1108/IJQRM-02-2017-0031

22. Panagioti M, Geraghty K, Johnson J, Zhou A, Panagopoulou E, Chew-GrahamC,
et al. Association between physician burnout and patient safety, professionalism, and
patient satisfaction: a systematic review and meta-analysis. JAMA Intern Med. (2018)
178:1317–31. doi: 10.1001/jamainternmed.2018.3713

23. Xesfingi S, Vozikis A. Patient satisfaction with the healthcare system: assessing
the impact of socio-economic and healthcare provision factors. BMC Health Serv Res.
(2016) 16:1–7. doi: 10.1186/s12913-016-1327-4

24. Dzau VJ, McClellan MB, McGinnis JM, Burke SP, Coye MJ, Diaz A, et al. Vital
directions for health and health care: priorities from a National Academy of Medicine
initiative. JAMA. (2017) 317:1461–70. doi: 10.1001/jama.2017.1964

25. Elshaug AG, Rosenthal MB, Lavis JN, Brownlee S, Schmidt H, Nagpal S, et al.
Levers for addressing medical underuse and overuse: achieving high-value health care.
Lancet. (2017) 390:191–202. doi: 10.1016/S0140-6736(16)32586-7

26. Landers S, Madigan E, Leff B, Rosati RJ, McCann BA, Hornbake R, et al. The
future of home health care: a strategic framework for optimizing value. Home Health
Care Manage Pract. (2016) 28:262–78. doi: 10.1177/1084822316666368

27. Dong E, Xu J, Sun X, Xu T, Zhang L, Wang T, et al. Differences in
regional distribution and inequality in health-resource allocation on institutions, beds,
and workforce: a longitudinal study in China. Arch Public Health. (2021) 79:1–
11. doi: 10.1186/s13690-021-00597-1

28. Guo A, Bowling JM, Bartram J, Kayser G. Water, sanitation, and hygiene in rural
health-care facilities: a cross-sectional study in Ethiopia, Kenya, Mozambique, Rwanda,
Uganda, and Zambia. Am J Trop Med Hyg. (2017) 97:1033. doi: 10.4269/ajtmh.17-
0208

29. Kok MC, Kea AZ, Datiko DG, Broerse JE, Dieleman M, Taegtmeyer M,
et al. A qualitative assessment of health extension workers’ relationships with the
community and health sector in Ethiopia: opportunities for enhancing maternal
health performance. Hum Resour Health. (2015) 13:1–12. doi: 10.1186/s12960-015-
0077-4

30. Oliwa JN, Mazhar RJ, Serem G, Khalid K, Amoth P, Kiarie H, et al. Policies
and resources for strengthening of emergency and critical care services in the context
of the global COVID-19 pandemic in Kenya. PLoS Global Public Health. (2023)
3:e483. doi: 10.1371/journal.pgph.0000483

31. Prats EV.WHO Guidance for Climate-Resilient and Environmentally Sustainable
Health Care Facilities. Geneva: World Health Organization (2020).

32. Uzochukwu BS, Ughasoro MD, Etiaba E, Okwuosa C, Envuladu E, Onwujekwe
OE, et al. Health care financing in Nigeria: Implications for achieving universal health
coverage. Niger J Clin Pract. (2015) 18:437–44. doi: 10.4103/1119-3077.154196

33. She X. Limits of fragmented universalism: local agency in healthcare.Understand
Local Agency China’s Policy Reform. (2021) 121–54. doi: 10.1007/978-3-030-76212-4_5

34. Yang X. Path Selection of China’s medical reform based on
empirical measurement of asymmetric information. Health. (2018)
10:1406–30. doi: 10.4236/health.2018.1010109

35. Zhou L, Nunes MB. Barriers to knowledge sharing in Chinese healthcare
referral services: an emergent theoretical model. Glob Health Action. (2016)
9:29964. doi: 10.3402/gha.v9.29964

36. Li L, Yu Q. Does the separating of hospital revenue from drug sales reduce
the burden on patients? Evidence from China. Int J Equity Health. (2021) 20:1–
14. doi: 10.1186/s12939-020-01363-5

37. Zhang X, Wang Y. Research on intelligent medical big data system based
on Hadoop and blockchain. EURASIP J Wireless Commun Network. (2021) 2021:1–
21. doi: 10.1186/s13638-020-01858-3

38. Zhou Z, Zhao Y, Shen C, Lai S, Nawaz R, Gao J, et al. Evaluating
the effect of hierarchical medical system on health seeking behavior:
a difference-in-differences analysis in China. Soc Sci Med. (2021)
268:113372. doi: 10.1016/j.socscimed.2020.113372

39. Latimer S, Hewitt J, Stanbrough R, McAndrew R. Reducing medication errors:
Teaching strategies that increase nursing students’ awareness of medication errors and
their prevention. Nurse Educ Today. (2017) 52:7–9. doi: 10.1016/j.nedt.2017.02.004

40. Hassmiller SB, Wakefield MK. The Future of Nursing 2020–
2030: Charting a path to achieve health equity. Nurs Outlook. (2022)
70:S1–9. doi: 10.1016/j.outlook.2022.05.013

41. Antwi HA, Paixao TLA, Antwi MO. Digitisation of healthcare products
and the democratization continuum of the healthcare system in China : a
systematic review. Int J Sci Res Sci Eng Technol. (2021) 8:266–83. Internet
Archive. doi: 10.32628/IJSRSET218446

Frontiers in PublicHealth 15 frontiersin.org

https://doi.org/10.3389/fpubh.2025.1591358
https://doi.org/10.1186/s12913-025-12321-8
https://doi.org/10.26719/emhj.21.042
https://doi.org/10.1080/13501760600924092
https://doi.org/10.34172/ijhpm.2021.58
https://doi.org/10.1177/1178632920934497
https://doi.org/10.1186/s12913-015-1109-4
https://doi.org/10.1186/s12939-015-0208-5
https://doi.org/10.1057/s41291-020-00119-x
https://doi.org/10.1108/IJQRM-02-2017-0031
https://doi.org/10.1001/jamainternmed.2018.3713
https://doi.org/10.1186/s12913-016-1327-4
https://doi.org/10.1001/jama.2017.1964
https://doi.org/10.1016/S0140-6736(16)32586-7
https://doi.org/10.1177/1084822316666368
https://doi.org/10.1186/s13690-021-00597-1
https://doi.org/10.4269/ajtmh.17-0208
https://doi.org/10.1186/s12960-015-0077-4
https://doi.org/10.1371/journal.pgph.0000483
https://doi.org/10.4103/1119-3077.154196
https://doi.org/10.1007/978-3-030-76212-4_5
https://doi.org/10.4236/health.2018.1010109
https://doi.org/10.3402/gha.v9.29964
https://doi.org/10.1186/s12939-020-01363-5
https://doi.org/10.1186/s13638-020-01858-3
https://doi.org/10.1016/j.socscimed.2020.113372
https://doi.org/10.1016/j.nedt.2017.02.004
https://doi.org/10.1016/j.outlook.2022.05.013
https://doi.org/10.32628/IJSRSET218446
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	China's coordinated tripartite medical reform: strategic balancing of interests among pharmaceuticals, healthcare, and health insurance
	1 Introduction
	2 Literature review
	3 Model description and basic assumptions
	3.1 Model description
	3.2 Model assumptions
	3.3 Model construction
	3.4 Replicator dynamics equations
	3.4.1 Pharmaceutical companies
	3.4.2 Healthcare institutions
	3.4.3 Health insurance regulator

	3.5 Stability analysis and equilibrium points
	3.6 Equilibrium solutions and evolutionarily stable strategies

	4 Numerical simulation analysis
	4.1 Evolutionarily stable strategies
	4.2 Parameter analysis
	4.2.1 Sensitivity analysis of variables related to pharmaceutical companies
	4.2.2 Sensitivity analysis of variables related to healthcare institutions
	4.2.3 Sensitivity analysis of variables related to health insurance regulator

	4.3 Reflection on agent heterogeneity

	5 Results
	6 Discussion
	6.1 Strategic interplay among stakeholders
	6.2 Policy implications and enhanced collaboration
	6.3 Transparency, information sharing, and capacity building
	6.4 Real-world implications and future research directions

	7 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


