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Introduction: Although China has made some progress in regulating and

governing overtreatment behaviors in healthcare institutions, excessive medical

care remains a persistent challenge in the Chinese healthcare sector.

Methods: This study adopts a perspective of bounded rationality and employs

evolutionary game theory to construct a collaborative governance model

involving government regulatory departments, healthcare institutions, and

patients. The model analyzes the strategic stability of each participant and

examines the impact of various factors, such as fiscal subsidies, government

fines, rectification costs, regulatory costs, reasonable treatment income, and

overtreatment income, on the strategic choices of the game participants.

Parameter sensitivity within the three-party gaming system is also investigated

through simulation analysis.

Results: The findings indicate that when patients trust treatment outcomes

and healthcare institutions are more inclined to provide appropriate care,

government regulatory departments tend to adopt a more relaxed regulatory

strategy. Simulation results show that increasing government fiscal subsidies,

raising reasonable treatment income, and strengthening supervision and

rectification e�orts are e�ective in reducing overtreatment behaviors.

Discussion: The decision-making of government regulatory departments is

influenced by the degree of patient trust. Improving collaborative governance

for overtreatment requires establishing comprehensive laws and regulations,

leveraging government regulatory functions, strengthening internal constraint

mechanisms in healthcare institutions, and raising patients’ awareness of their

rights and supervisory responsibilities.

KEYWORDS

excessive medical care, collaborative governance, evolutionary game, simulation

analysis, healthcare regulation

1 Introduction

Despite these insights, there are notable research gaps. First, most studies focus on

the governance of overtreatment behaviors by either government regulatory departments

or individual medical institutions, without considering the interactive dynamics among

these stakeholders. Second, the current research methods primarily utilize static case
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analyses, neglecting the dynamic evolution of repeated interactions

among multiple agents. This limitation hinders the development of

comprehensive and sustainable governance strategies. Addressing

these gaps, our study employs evolutionary game theory to explore

the collaborative governance of overtreatment, considering the

dynamic interplay among government regulatory departments,

medical institutions, and patients. This approach provides a novel

perspective and practical guidance for formulating long-term

solutions to overtreatment issues in the healthcare sector.

This article adopts an evolutionary game theory perspective

to construct a tripartite evolutionary game model involving

government regulatory agencies, medical institutions, and patients.

The model analyzes the strategic stability of each game participant

and explores the impact of various factors, such as fiscal subsidies,

government fines, and medical institution income, on their

strategic choices. We also use simulation analysis to test the model

under different initial conditions, providing valuable insights for

policy formulation to reduce overtreatment.

Internationally, the issue of overtreatment has been widely

studied across various healthcare systems. For example, in the

United States, research has highlighted the financial incentives

driving unnecessary medical services, leading to increased

healthcare costs and patient harm. Studies in Europe have

focused on the role of defensive medicine, where doctors order

excessive tests and procedures to avoid litigation. In Australia,

overdiagnosis in cancer screenings has been identified as a

significant problem, leading to unnecessary treatments and patient

anxiety. Furthermore, global initiatives such as the Choosing Wisely

campaign, launched by the American Board of Internal Medicine

Foundation in 2012, have played a significant role in shaping global

discourse on unnecessary medical interventions. This movement

encourages physicians and patients to engage in shared decision-

making and avoid tests and procedures that are unlikely to benefit

the patient. As of 2024, the campaign has been adopted by

over 25 countries, influencing national guidelines and promoting

value-based care. Its widespread adoption highlights a global

consensus on the urgency of reducing overtreatment, and serves

as a conceptual foundation for collaborative governance models

like the one proposed in this study. Including such perspectives

helps bridge international best practices with localized healthcare

governance challenges in China (1, 2) .

China’s healthcare system has transitioned from a planned

economy to a market economy since 1985. Public hospitals,

which accounted for 84.0% of outpatient visits and 80.8%

of hospital admissions in 2020, face financial challenges due

to limited government subsidies. For example, in 2019, fiscal

donations accounted for only 11.1% of the total income of

public hospitals nationwide, while personnel expenses accounted

for as much as 36% of total public hospital expenditures.

To maintain operations, some hospitals rely on revenue from

drugs, consumables, and examinations, often linking revenue

performance to doctors’ salaries, leading to a situation where it

is difficult to fundamentally change the practice of “sustaining

healthcare with drugs.” At the same time, in an increasingly

competitive healthcare service market, hospitals adopt measures

such as expanding scale, updating equipment, and introducing new

diagnostic and treatment technologies to increase revenue. These

substantial medical investments inevitably need to be realized by

collecting patient fees for medical services. Overtreatment issues in

the Chinese medical market have become increasingly prominent

(3), with various manifestations, including excessive examinations

(4, 5), overmedication (6, 7), overtreatment (8, 9), and induced

surgeries (10, 11).

Numerous Chinese scholars have extensively explored the

factors contributing to overtreatment behaviors and proposed

solutions. For instance, some recent empirical studies have

used micro-level data to examine overtreatment behaviors in

Chinese hospitals. These studies have investigated the impact

of compensation mechanism reforms, such as canceling drug

markups or controlling the proportion of drug costs, on medical

expenses (12–14). The literature indicates that these policies have

significantly reduced the proportion of drug costs. However, the

proportion of medical service costs has continued to rise, and

patients’ total medical expenditures have not decreased (15, 16).

This indirectly reflects that hospitals and doctors have significant

information advantages in medical consumption and use this

advantage for overtreatment.

China’s healthcare reforms, aimed at supervising and rectifying

overtreatment, have yielded measurable progress with the

curtailment of the rapid growth of medical expenses and the

restructuring of hospital revenue sources, as public hospital

revenue growth rates fell from 20% to 12.6% from 2011 to 2019,

drug revenue proportions decreased from 44.8% to 31.0% between

2012 and 2020, and the ratio of personnel expenditures rose

from 24% to 36%, alongside a reduction in the personal health

expenditure share from 35.3% to 27.7% from 2010 to 2021 (17).

However, despite these advancements, overtreatment persists in

critical areas such as cancer treatment. For example, according

to the National Health Commission, cancer treatment costs have

increased by 15% annually from 2015 to 2020, yet the mortality

rate for major cancers has not shown a commensurate decrease,

remaining relatively stable around 15% over the same period. This

discrepancy underscores the systemic imperfections and highlights

the urgent need for further reforms. These challenges necessitate

a deeper engagement with multi-entity collaborative governance

and significant innovation in medical supervision to propel public

hospital reforms, enhance medical professionalism, and intensify

public health education (18–20). Our study, informed by the

concept of eco-generativity and the collaborative ethos it espouses

(21–23), contributes to this complex governance landscape by

applying an evolutionary game theory approach to examine

the interplay between government, healthcare institutions, and

patients, enriching the discourse on effective governance strategies

in healthcare and beyond.

This article will adopt an evolutionary game theory perspective

to construct a tripartite evolutionary game model involving

government regulatory agencies, medical institutions, and

patients. We will analyze the strategic stability of each game

player and the impact of various factors on their strategic

choices. Furthermore, we will use Matlab 2020b for simulation

analysis to verify the effectiveness of the model analysis under

different initial conditions. The motivation behind employing

the evolutionary game approach in this study lies in its ability to

effectively model the complex interactions among government
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regulatory departments, healthcare institutions, and patients in the

context of addressing overtreatment. With overtreatment being a

persistent and multifaceted issue, the evolutionary game theory

allows us to explore long-term behavior, strategic stability, and

decision-making processes influenced by bounded rationality.

This approach enables us to simulate various scenarios and

assess the effectiveness of collaborative governance strategies,

providing evidence-based policy recommendations for reducing

overtreatment in healthcare institutions.

In addressing the persistent issue of excessive medical care,

existing literature predominantly focuses on singular factors, such

as policy impacts, patient behaviors, or hospital management

strategies, often overlooking the complex interplay among

government, healthcare institutions, and patients. This study

introduces an evolutionary game model encompassing these three

stakeholders, thereby bridging a significant gap in the literature.

Our approach not only analyzes the stability of strategies among

these parties but also simulates the impact of various factors on

strategic choices, offering novel insights and practical guidance for

the collaborative governance of excessive medical care. Moreover,

the sensitivity analysis of parameters conducted herein furnishes

a scientific basis for policymaking. Evolutionary game theory

is particularly pertinent for this analysis due to its capacity to

simulate and predict the behaviors of different stakeholders under

various policy and economic scenarios. This allows us to explore

how factors like subsidies, fines, and healthcare costs influence

decision-making processes in medical care, thereby enriching the

theoretical foundation and suggesting effective mechanisms for

the rational utilization of medical resources and enhancement

of service quality. Therefore, this research fills a critical void in

the literature by offering a unique and comprehensive model to

understand and address the multifaceted issue of overtreatment

in healthcare.

2 Literature review

2.1 Reasons for the formation of
overmedication

The formation of medical overuse can be attributed to several

dimensions, among which the medical system and economic

incentives are key factors. In some countries, doctors and hospitals

increase their income by providing more medical services, a

payment model that easily leads to medical overuse. Strockbine

et al. (24) found that continuity of medical services is significantly

associated with a reduction in the potential overuse of procedures,

indicating that high-continuity care helps reduce medical overuse.

Additionally, Zhou et al. (25) pointed out that the supply of

regional medical resources is significantly associated with systemic

overuse, especially in areas with lower densities of primary care

physicians. On the other hand, the doctor-patient relationship and

patient expectations are also important factors influencing medical

overuse. Jankauskaite et al. (26) surveyed and found that 83% of

responding doctors believed that patient and family expectations

are major drivers of overtreatment. Patients often expect more tests

and treatments for psychological reassurance, which can prompt

doctors to perform unnecessary medical procedures.

Strict enforcement of clinical guidelines and defensivemedicine

are also contributing factors to medical overuse. Scott (27) reported

that clinical audits in Australia showed overuse rates above 30%

for coagulation tests, blood cultures, and troponin assays. To

avoid potential legal actions, doctors often take defensive medical

measures, conducting unnecessary tests and treatments, thus

leading to medical overuse. Furthermore, the unequal distribution

of medical resources is a significant cause of medical overuse. Ahn

et al. (28) found that older individuals, the unemployed, and those

with higher education levels among medical aid beneficiaries were

more likely to belong to the overuse group. Medical institutions in

resource-rich areas are more prone to medical overuse, whereas

those in resource-poor areas may face issues of insufficient

medical services.

Overmedicalization is a significant issue in China. Patients’

lack of medical knowledge and pursuit of expensive imported

drugs lead to inappropriate treatments. Government financial

support for public hospitals has decreased, and the 2017 healthcare

reform’s zero-markup policy on drugs has reduced hospital revenue

without effective compensation mechanisms. Hospitals increase

revenue through excessive testing and repeated treatments. To

avoid medical disputes, doctors often require comprehensive

examinations, further exacerbating overmedicalization.

2.2 Negative consequences caused by
excessive medical treatment

Medical overuse leads to resource waste, increased economic

burden, heightened health risks for patients, reduced treatment

effectiveness, and negative environmental impacts. Scott (27) found

that over 30% of medical procedures in Australian hospitals

are excessive, wasting valuable medical resources. Zhou et al.

(25) highlighted that regional overuse of medical resources in

the United States leads to significant economic costs. Thiel and

Richie (29) emphasized that medical overuse in the U.S. generates

approximately 479 million metric tons of carbon dioxide emissions

annually, increasing health risks and environmental burdens.

Weaver et al. (30) indicated that overuse of proton pump inhibitors

in intensive care units can lead to unnecessary side effects and

health risks. Jankauskaite et al. (26) found that pediatricians

in several European countries identified high expectations from

parents and patients as a primary driver of medical overuse, leading

to unnecessary diagnostics and treatments. Strockbine et al. (24)

demonstrated that high continuity of care can reduce medical

overuse, improving patient satisfaction and treatment outcomes.

2.3 Progress of research on overmedication

Significant progress has been made in international research

on irrational diagnosis and treatment or overdiagnosis, involving

areas such as the overuse of medical services, low-value services,

drug management, shared decision-making, clinical decision

support systems, and the application of evidence-based medicine.

Researchers have proposed various methods and strategies to

reduce the incidence of irrational diagnosis, treatment, and
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overdiagnosis to improve the efficiency and quality of medical

services. These studies provide valuable references for policymakers

and clinicians alike (24, 31–33).

Berwick (34) proposed the “Third Era” to advocate for a change

in healthcare service models to improve efficiency and quality.

Colla et al. (35) conducted a systematic review of interventions

to reduce the use of low-value healthcare services. Doust et al.

(36) proposed a checklist for modifying disease definitions. Durand

et al.’s (37) systematic review and meta-analysis assessed the impact

of interventions supporting shared decision-making in reducing

health inequalities. Kelly et al. (38) reviewed the experience of

the UK’s National Institute for Health and Clinical Excellence

(NICE) in developing public health guidelines. Califf et al. (39)

emphasized the utilization of big data, digital medical records,

and better collaboration to improve the quality and efficiency

of evidence generation, in order to better support healthcare

policy and practice and thus reduce irrational medical issues.

Wimpenny and Kirkpatrick (40) suggested adopting technology-

supported drug management systems and strengthening the

training of medical professionals to improve the efficiency and

safety of drug management. These articles all address issues

of irrational diagnosis and treatment or overdiagnosis. Morgan

et al. (41, 42) reviewed the latest developments in overdiagnosis

and proposed a practical framework for understanding and

reducing medical overuse. Brownlee et al. (43) investigated the

overuse of medical services on a global scale. Schwartz et al.

(44) studied changes in low-value services in the US Medicare

program. Raja et al. (45) conducted a randomized controlled trial

examining the impact of computerized clinical decision support

systems on emergency department abdominal pain diagnostic

imaging to reduce misdiagnosis or irrational diagnosis and

treatment occurrences.

Despite this progress, a critical research gap remains

concerning collaborative governance to address excessive medical

care comprehensively. Previous research has primarily focused

on isolated interventions and static case analyses, overlooking

the complexity of the multi-stakeholder environment involved in

addressing overtreatment. An in-depth exploration of multi-entity

collaborative governance is necessary to develop a holistic solution

to tackle overtreatment behaviors effectively.

2.4 Stakeholders’ game in overmedication

The essence of game theory is the mutual competition

and cooperation among participants in aspects such as interest

distribution, risk-taking, and responsibility-sharing. In the issue

of overdiagnosis and overtreatment, a game relationship exists

among government regulatory departments, medical institutions,

and patients (46–48). Firstly, government regulatory agencies

face a dilemma between controlling medical costs and ensuring

the quality of medical care. Zhou et al. (25) indicated that

regions with a higher density of primary care doctors exhibit less

systemic medical overuse, suggesting that the rational allocation

of medical resources can reduce overuse, which requires a

balance of policy support and regulatory efforts. Secondly, medical

institutions face a conflict between pursuing economic benefits

and providing high-quality medical services. The fee-for-service

model incentivizes doctors to increase the number of treatments

to raise income, leading to medical overuse. Scott (27) found

that more than 30% of medical procedures in Australian hospitals

are excessive, reflecting the behavior of medical institutions

under economic pressure. Lastly, high patient expectations and

demands are also significant factors driving medical overuse.

Jankauskaite et al. (26) reported that pediatricians in several

European countries believe that high expectations from parents

and patients are the main drivers of unnecessary diagnoses

and treatments. The game between patient expectations and

doctors’ professional judgment exacerbates the phenomenon of

medical overuse.

2.5 Evolutionary game theory in healthcare
governance: recent applications

In recent years, evolutionary game theory has increasingly been

applied to analyze complex, dynamic decision-making processes

in healthcare governance, particularly in contexts characterized

by bounded rationality, multi-stakeholder interactions, and

information asymmetry. Unlike static optimization models,

evolutionary game theory captures the learning behaviors and

adaptive strategies of various actors, including governments,

medical institutions, and patients, as they respond to policy

interventions and incentives over time.

Tong et al. (49) utilized an evolutionary game framework to

explore regulatory strategies for medical devices within healthcare

delivery systems, highlighting the role of government subsidies

and institutional compliance in optimizing resource allocation.

Similarly, Yue et al. (50) developed a tripartite game model

involving government, private institutions, and patients to study

public-private partnerships (PPPs) in elderly care, demonstrating

how credibility and penalty mechanisms influence long-term

stakeholder behavior. In the context of technological healthcare

transformation, Yang and Wang (51)investigated AI-driven elderly

care adoption, showing that bounded rationality and trust play

crucial roles in stakeholder evolution, while Bai et al. (52) applied

evolutionary games to assess the risks and benefits of health data

sharing, illustrating how cybersecurity breaches and patient trust

dynamically impact data policies. Several China-based empirical

studies have also contributed to this field. Zhao et al. (67)

constructed an evolutionary game model on cross-regional cancer

treatment, integrating patient mobility and treatment quality. Du

et al. (53) analyzed stakeholder interactions in remote diagnosis

systems using a replicated dynamics approach, revealing how

local government subsidies can shift strategies from cost-saving

to service-enhancing. Overall, recent works converge on a shared

insight: effective healthcare governance must be adaptive and co-

evolutionary, responding dynamically to shifting incentives, risk

perceptions, and institutional trust (54). These findings strongly

support the use of evolutionary game theory as both an analytical

lens and a simulation tool to test policy interventions in real-world

healthcare systems.
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3 Evolutionary model assumptions and
model description

3.1 Model description

In the collaborative governance of medical overuse, the

government regulatory authorities can adopt two distinct strategies:

strict regulation and loose regulation. Strict regulation involves

imposing fines or other sanctions on institutions that engage in

excessive treatment, providing a strong deterrent against such

behavior. Furthermore, it involves imposing severe penalties for

irrational medical practices. This regulatory approach aims to

safeguard the public interest, enhance healthcare quality, and

prevent the occurrence of medical overuse.

In contrast, loose regulation adopts a more flexible and lenient

management approach, allowing medical institutions greater

autonomy and decision-making space. However, this approach

may lead to a need for standardized practices and constraints in

the behavior of medical institutions, thereby increasing the risk

of patients receiving unnecessary medical services. Some medical

institutions, driven by profit motives, may engage in excessive

medical treatments, imposing undue medical burdens and risks

on patients. As a result, when choosing a regulatory strategy,

government regulatory authorities need to carefully weigh and

balance the autonomy of medical institutions with the interests of

patients to ensure the realization of healthcare quality and public

welfare. Based on this, the paper establishes a tripartite game model

for governingmedical overuse and its variables, as shown in Table 1.

While the primary focus of our simulation model is on the issue

of overtreatment in healthcare, its design incorporates fundamental

principles of strategic interaction and decision-making that are

applicable to a wider range of medical overuse issues. This

adaptability is rooted in the model’s ability to simulate varying

scenarios and stakeholder behaviors, making it a valuable tool for

exploring different types of medical overuse beyond the specific

context of this study. By adjusting the parameters and variables,

researchers and policymakers can use this model to analyze other

medical overuse scenarios, providing a versatile framework for

understanding and addressing these challenges.

In constructing the three-party evolutionary game model

and conducting simulation analysis, all key variables listed

in Table 1 were quantified based on national statistics, policy

documents, industry reports, and relevant literature. This approach

ensures both empirical relevance and computational feasibility.

For monetary variables—such as government subsidies, fines,

operating costs, reasonable treatment income, and overtreatment

income—we referred to sources including the China Health

and Wellness Statistical Yearbook 2022 and bulletins from the

National Healthcare Security Administration. These values were

scaled proportionally within the simulation. For non-monetary

variables—such as Social Benefits (Eg), Government Credibility

(Pg), Patient Complaint Probability, and Reputation Gains—direct

empirical values are not available. Therefore, they were normalized

on a [1–10] scale, based on expert judgment, literature references,

and policy interpretations. Sensitivity analyses (Section 5.2) were

conducted to ensure model robustness across variable ranges. All

TABLE 1 Variables and variable meanings.

Gaming subjects Variables Definitions of variables Remarks

Patients Cm Cost of overmedicalization Costs incurred from diagnosis and treatment exceeding the actual needs of the

disease

Ct Benefits of appropriate diagnosis and

treatment

Benefits of patients receiving appropriate diagnosis and treatment

CP Probability of patient complaints Probability of patient questioning and lodging complaints against healthcare

institutions

Ci Compensation income Compensation income for patients affected by excessive medical treatment

Medical institutions Wm Income from overmedicalization Income obtained by hospitals from excessive medical treatment of patients

Wt Income from appropriate diagnosis

and treatment

Income generated by healthcare institutions from providing appropriate

diagnosis and treatment

Gf Government fines Government fines imposed on healthcare institutions

Gs Government financial subsidies Government financial subsidies to healthcare institutions

Er Benefits from good reputation Positive reputation benefits resulting from the provision of appropriate diagnosis

and treatment

Oc Operational costs of hospital medical

services

Costs associated with daily medical practices of healthcare institutions

Government regulators Eg Social benefits Social benefits derived from healthcare institutions adhering to rules, accepting

supervision by the government

Cr Regulatory costs Costs of government oversight and supervision

Gg Remediation costs Costs incurred by the government in addressing the medical practices of

healthcare institutions

Pg Government credibility Reputation damage resulting from inadequate government regulation
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parameter values and initial strategy settings (x = 0.5, y = 0.5,

z = 0.5) are detailed in Section 5.1 to support reproducibility and

model transparency.

It should be noted that, due to data access constraints, some

variables in this study—particularly those related to stakeholder

behavioral probabilities or non-monetary payoffs—are difficult

to obtain directly from public databases or real-world hospital

surveys. Consequently, our simulation parameter settings are

based on the best available official statistics, policy documents,

and expert opinions. Although this inevitably introduces some

limitations, it is in line with the prevailing practice in the field

for theoretical modeling studies. The combination of transparent

parameter documentation and extensive sensitivity analysis aims to

maximize the empirical relevance and robustness of our findings in

the absence of complete real-world datasets.

3.2 Evolutionary model assumptions

In this study, the three major game players, government

regulatory agencies, medical institutions, and patients, pursue their

interests to the greatest extent possible and need to decide their

strategies based on the choices of the other two parties. This game

is not a traditional static one-time game but rather a process

in which each boundedly rational individual within the three

major game groups adjusts their strategy based on their own

experience, ultimately leading to stability. In constructing the game

model and analyzing the stability of strategies, equilibrium points,

and the interplay of various factors among the participants, this

study posits the following seven assumptions, grounded in the

empirical evidence and theoretical constructs from evolutionary

game theory literature within healthcare and broader contexts. The

assumptions draw on the dynamics of administrative and medical

institutions as highlighted by Xu et al. (55), the collaboration

among healthcare and social care outlined by Sun et al. (56),

and the sustainable innovation strategies among stakeholders

discussed by Lu et al. (57). Additionally, they are informed by the

work on differential game models and coordination within green

supply chains by Mohsin et al. (58), which offer parallels to the

administrative dynamics within healthcare systems. The behavioral

strategies of manufacturing firms in response to government

participation, explored by Shi and Su (59), serve as analogies

for interactions within healthcare organizations. The approach of

Chu et al. (60) in utilizing policy simulation to engage multiple

players in evolutionary games informs our understanding of public

participation in healthcare governance. The multi-stakeholder

perspective provided by Hati et al. (61) from the sharing economy

literature, along with the community proactive health management

model by He and Wang (62), are integrated to reflect the

complexity and diversity of participant dynamics specific to the

context of overtreatment in the Chinese healthcare system. These

assumptions encapsulate the essence and findings from these

seminal works.

In constructing the tripartite game model, this study adopts

evolutionary game theory (EGT) rather than alternative modeling

frameworks such as system dynamics, complex networks, or

principal-agent models, due to the following reasons:

First, EGT assumes bounded rationality and emphasizes

how agents adjust their strategies over time through imitation

and adaptation in a context of incomplete information. This

closely aligns with the behavioral characteristics observed in

the interactions among government regulators, profit-driven

healthcare institutions, and patients with limited oversight

capabilities. In contrast, classical static game models may fail to

capture the evolving nature of stakeholder strategies in repeated

interactions, while system dynamics focuses more on variable

feedback loops than on strategic behavior among heterogeneous

agents. Second, EGT has been successfully applied in various

public policy and healthcare contexts. For instance, Xu et al.

(55) and Sun et al. (56) utilized EGT to analyze collaborative

mechanisms in healthcare regulation and social care integration,

highlighting the effectiveness of adaptive strategies. Lu et al. (57)

extended this approach to sustainable supply chain governance,

demonstrating its generalizability and robustness in multi-agent

coordination problems. In comparison, principal-agent models

focus on incentive alignment under asymmetric information but

are typically limited to dyadic interactions (e.g., government–

hospital or hospital–patient), lacking the structural flexibility and

evolutionary dynamics required to model three-party interactions

in complex healthcare ecosystems. Therefore, EGT offers a more

suitable and dynamic framework for simulating the evolving

strategies of all three stakeholders and deriving actionable policy

insights from their interactions.

3.2.1 Assumption 1
Participating entities. The regulation and rectification of

overtreatment require the joint participation of government health

regulatory agencies, medical institutions, and patients. This study

constructs a tripartite evolutionary game model consisting of

government regulatory agencies, medical institutions, and patients,

with all three parties making strategic choices under bounded

rationality. However, due to information asymmetry, patients are

at a disadvantage and have limited ability to influence the decisions

of hospitals and the government. Patients often rely on trust in

healthcare providers and may find it difficult to discern over-

examination or overtreatment. Despite this, patients remain a

critical part of the game as their trust and choices contribute to the

overall dynamics, even if their strategic influence is more passive

compared to hospitals and government agencies.

3.2.2 Assumption 2
Decision-making of each stakeholder. The three main entities,

government regulatory agencies, medical institutions, and patients,

each have two strategic choices: patients can choose to recognize the

results of treatment /not recognize the results of the treatment, with

probabilities of x and 1 − x, respectively; medical institutions can

choose overtreatment/reasonable treatment, with probabilities of y

and 1− y, respectively; government regulatory agencies can choose

strict supervision/relaxed supervision for unreasonable treatment

behavior, with probabilities of z and 1− z, respectively. Individuals

in the three entities possess bounded rationality and will adopt

imitative strategies to choose their own strategies based on the

choices of other individuals within their group.
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3.2.3 Assumption 3
In this study, we assume that the relationship between

doctors and medical institutions is a traditional principal-agent

relationship, meaning the behavior of doctors is consistent with that

of medical institutions. The revenue from overtreatment (Wm) is

greater than the revenue from reasonable treatment (Wt).

3.2.4 Assumption 4
When medical institutions implement reasonable treatment,

their reasonable treatment revenue is Wt , and the government

will provide financial subsidies Gs. At the same time, they will

generate a good reputation benefit Er . When medical institutions

carry out overtreatment, their overtreatment revenue is Wm,

and the government regulatory department will impose fines,

thereby reducing the overall revenue of these institutions Gf . This

penalty serves as a direct deterrent to excessive medical practices.

Additionally, the government may reduce or eliminate financial

subsidies, creating a dual mechanism of punishment and incentive

to promote compliance with reasonable treatment practices.

Regardless of whether medical institutions choose reasonable

treatment or overtreatment, they will incurmedical operation costs.

3.2.5 Assumption 5
When medical institutions implement overtreatment and face

patient complaints, they will generate regulatory costs Cr and

rectification costs Gg , and reduce government credibility Pg .

3.2.6 Assumption 6
Each stakeholder is a participant with bounded rationality.

Since different game participants hope to maximize their expected

benefits under the premise of information asymmetry, their

strategic choices gradually evolve over time and stabilize at the

optimal strategy, achieving collaborative governance. The stable

strategy is not achieved overnight. However, due to the information

asymmetry between hospitals and government regulatory agencies,

it is often difficult for the government to detect excessive treatment

behaviors directly. To address this, the government employs

several mechanisms such as healthcare insurance audits, random

inspections, and patient complaints to indirectly monitor and

detect these behaviors. Furthermore, emerging technologies like

big data and AI are increasingly being used to enhance the

detection process.

Parameters are set according to the model assumptions, as

shown in Table 1.

4 Evolutionary model construction
and analysis

4.1 Model construction

Based on the aforementioned assumptions and variable

definitions, a mixed-strategy payoff matrix is established for

the government regulatory department, medical institutions, and

patients, as shown in Table 2.

TABLE 2 Matrix of mixed strategy game among government regulators,

medical institutions and patients.

Stakeholders /
Actions

Healthcare
Institutions

Government regulators

Strict
regulationz

Loose
regulation

1−z

Patients recognize

the results of

treatment x

Medical institutions

reasonable

treatment 1− y

Cp + Ci − Cm Cm

Wm − Gf − Oc Wm + Gs − Oc

−Cr − Gg − Pg Pg

Excessive medical

treatment in

medical institutions

y

Ct Ct − Cp − Ci

Wt + Gs + Er − Oc Wt + Gs + Er

Er − Cr − Gg Eg

Patients do not

recognize the results

of the treatment

1− x

Medical institutions

reasonable

treatment 1− y

Cp + Ci − Cm −Cm − Cp − Ci

Wm − Gf − Oc Wm − Oc

Pg − Cr − Gg −Eg − Pg

Excessive medical

treatment in

medical institutions

y

Ct + Cp + Ci Ct − Cp

Wt + Gs + Er − Oc Wt +Gs + Er −

Oc

Eg − Cr − Gg + Pg Eg + Pg

4.2 Game model analysis

(1) The benefits of patient recognition of treatment

outcomes are:

Ex = y ∗ z ∗ Ct + y ∗ (1− z) ∗ (Ct − Cp − Ci)+ (1− y) ∗ z ∗ (Cp

+ Ci − Ci)+ (1− y) ∗ (1− z) ∗ Cm

The benefits of patients not recognizing the outcome of the

treatment were:

E1−x = y ∗ z ∗ (Ct + Cp + Ci)+ y ∗ (1− z) ∗ (Ct − Cp)

+ (1− y) ∗ z ∗ (Cp + Ci − Cm)+ (1− y) ∗ (1− z) ∗ (−Cm

− Cp − Ci)

The average patient benefit was:

E = x ∗ Ex + (1− x) ∗ E1− x

The replication dynamic equation for the patient is:

F(x) = x ∗ (Ex − E) = x ∗ [y ∗ z ∗ Ct + y ∗ (1− z) ∗ (Ct

− Cp − Ci)+ (1− y) ∗ z ∗ (Cp + Ci − Ci)+ (1− y) ∗ (1

− z) ∗ Cm − (x ∗ Ex + (1− x) ∗ E1−x )] = x ∗ (x− 1)

∗ (2 ∗ Ci ∗ y− 2 ∗ Cm − Cp − Ci + 2 ∗ Cm ∗ y+ Cp ∗ y

+ Ci ∗ z + 2 ∗ Cm ∗ z + Cp ∗ z − Ci ∗ y ∗ z − 2 ∗ Cm

∗ y ∗ z)

(2) Benefits of reasonable treatment by medical institutions:

Ey = x ∗ z ∗ (Wt + Gs + Er − Oc)+ x ∗ (1− z) ∗ (Wt + Gs

+ Er)+ (1− x) ∗ z ∗ (Wt + Gs + Er − Oc)+ (1− x) ∗

(1− z) ∗ (Wt + Gs + Er − Oc)
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Benefits of overmedication in medical institutions:

E1−y = x ∗ z ∗ (Wm − Gf − Oc)+ x ∗ (1− z) ∗ (Wm + Gs

− Oc)+ (1− x) ∗ z ∗ (Wm − Gf − Oc)+ (1− x)(1− z)

∗ (Wm − Oc)

The average return for healthcare providers is:

E = y ∗ Ey + (1− y) ∗ E1− y

The replication dynamics equation for themedical institution is

F(y) = y ∗ (Ey − E) = y ∗ [x ∗ z ∗ (Wt + Gs + Er − Oc)+ x ∗ (1

− z) ∗ (Wt + Gs + Er)+ (1− x) ∗ z ∗ (Wt + Gs + Er − Oc)

+ (1− x) ∗ (1− z) ∗ (Wt + Gs + Er − Oc)− (y ∗ Ey + (1

− y) ∗ E1−y)] = y ∗ (1− y) ∗ (Er + Gs −Wm +Wt

− Gs ∗ x+ Gf ∗ z + Oc ∗ x+ Gs ∗ x ∗ z − Os ∗ x ∗ z)

(3) The benefits of strict government regulation:

Ez = x ∗ y ∗ (Eg − Cr − Gg)+ x(1− y) ∗ (−Cr − Gg − Pg)

+ (1− x) ∗ y ∗ (Eg − Cr − Gg + Pg)+ (1− x) ∗ (1− y)

∗ (Pg − Cr − Gg)

Gains from lax government oversight:

E1−z = x ∗ y ∗ Eg + x ∗ (1− y) ∗ Pg + (1− x) ∗ y ∗ (Eg + Pg)

+ (1− x) ∗ (1− y) ∗ (−Eg − Pg)

The average benefit to government regulators is:

E = z ∗ Ez + (1− z) ∗ E1− z

The replication dynamic equation for the government

regulator is:

F(z) = z ∗ [x ∗ y ∗ (Eg − Cr − Gg)+ x(1− y) ∗ (−Cr − Gg − Pg)

+ (1− x) ∗ y ∗ (Eg − Cr − Gg + Pg)+ (1− x) ∗ (1− y)

∗ (Pg − Cr − Gg) − (z ∗ Ez + (1− z) ∗ E1−z)] = z

∗ (z − 1) ∗ (Cr − Eg + Gg − 2 ∗ Pg + Eg ∗ x+ Eg ∗ y+ 4

∗ Pg ∗ x+ 2 ∗ Pg ∗ y− Eg ∗ x ∗ y− 4 ∗ Pg ∗ x ∗ y)

4.3 Evolutionary system equilibrium
analysis

The game process involving the government regulatory

department, medical institutions, and patients is continuously

evolving. Therefore, by establishing a tripartite game model

replicator dynamic equation system, the equilibrium point

of the tripartite game model can be calculated. The game

process involving the government regulatory department, medical

institutions, and patients is continuously evolving, which means

that the probability of any strategy chosen by the three parties is

time-dependent. According to the stability principle of differential

equations, when all dynamic equations are equal to 0, it means

that the entire dynamic system will tend to stabilize. Therefore, by

establishing a tripartite game model replicator dynamic equation

system and calculating the equilibrium point of the tripartite

evolutionary game through F(x) = 0, F(y) = 0, F(z) = 0, we have:

F(x) = x ∗ (x− 1) ∗ (2 ∗ Ci ∗ y− 2 ∗ Cm − Cp − Ci + 2 ∗ Cm ∗ y

+ Cp ∗ y+ Ci ∗ z + 2 ∗ Cm ∗ z + Cp ∗ z − Ci ∗ y ∗ z

− 2 ∗ Cm ∗ y ∗ z)

F(y) = −y ∗ (y− 1) ∗ (Er + Gs −Wm +Wt − Gs ∗ x+ Gf ∗ z

+ Oc ∗ x+ Gs ∗ x ∗ z − Os ∗ x ∗ z)

F(z) = z ∗ (z − 1) ∗ (Cr − Eg + Gg − 2 ∗ Pg + Eg ∗ x+ Eg ∗ y

+ 4 ∗ Pg ∗ x+ 2 ∗ Pg ∗ y− Eg ∗ x ∗ y− 4 ∗ Pg ∗ x ∗ y)

According to Selton’s research findings, in non-cooperative

games, if the condition of information asymmetry holds, the

evolutionarily stable strategy is a pure strategy. Therefore, it is

only necessary to discuss the asymptotic stability of the eight local

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) and E8(1, 1, 1) that satisfy F = 0,

F2 = 0, F3 = 0 in the above equations. According to the replicator

dynamic equation of the three parties, the Jacobian matrix of the

tripartite evolutionary game system can be obtained 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− 1) ∗ (2 ∗ Ci ∗ y− 2 ∗ Cm − Cp − Ci + 2 ∗ Cm ∗ y

+ Cp ∗ y+ Ci ∗ z + 2 ∗ Cm ∗ z + Cp ∗ z − Ci ∗ y ∗ z

− 2 ∗ Cm ∗ y ∗ z)+ x ∗ (2 ∗ Ci ∗ y− 2 ∗ Cm − Cp − Ci + 2

∗ Cm ∗ y+ Cp ∗ y+ Ci ∗ z + 2 ∗ Cm ∗ z + Cp ∗ z − Ci ∗ y

∗ z − 2 ∗ Cm ∗ y ∗ z)

J12 = x ∗ (x− 1) ∗ (2 ∗ Ci + 2 ∗ Cm + Cp − Ci ∗ z − 2 ∗ Cm ∗ z

J13 = x ∗ (x− 1) ∗ (Ci + 2 ∗ Cm + Cp − Ci ∗ y− 2 ∗ Cm ∗ y

J21 = y ∗ (y− 1) ∗ (GS − OC − Gi ∗ z + Oc ∗ z )

J22 = −y ∗ (Er + Gs −Wm +Wt − Gs ∗ x+ Gf ∗ z + Oc ∗ x

+ Gs ∗ x ∗ z − Oc ∗ x ∗ z)− (y− 1) ∗ (Er + Gs −Wm +Wt

− Gs ∗ x+ Gf ∗ z + Oc ∗ x+ Gs ∗ x ∗ z − Oc ∗ x ∗ z)

J23 = −y ∗ (y− 1) ∗ (Gf + Gs ∗ x− Oc ∗ x)

J31 = z ∗ (z − 1) ∗ (Eg + 4 ∗ Pg − Eg ∗ y− 4 ∗ Pg ∗ y), z ∗ (z

− 1) ∗ (Eg + 2 ∗ Pg − Eg ∗ x− 4 ∗ Pg ∗ x)

J32 = z ∗ (z − 1) ∗ (Eg + 2 ∗ Pg − Eg ∗ x− 4 ∗ Pg ∗ x)

J33 = z ∗ (Cr − Eg + Gg − 2 ∗ Pg + Eg ∗ x+ Eg ∗ y+ 4 ∗ Pg ∗ x

+ 2 ∗ Pg ∗ y− Eg ∗ x ∗ y− 4 ∗ Pg ∗ x ∗ y)+ ((z − 1) ∗ (Cr)

− Eg + Gg − 2 ∗ Pg + Eg ∗ x+ Eg ∗ y+ 4 ∗ Pg ∗ x+ 2 ∗ Pg

∗ y− Eg ∗ x ∗ y− 4 ∗ Pg ∗ x ∗ y)

According to the Lyapunov method, the stability of a

differential system can be determined by the positive or negative

values of the characteristic roots at the equilibrium points.

When all the characteristic values (roots) of an equilibrium

point are negative, the point is an evolutionarily stable strategy

(asymptotically stable point). Substituting the eight pure strategy
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TABLE 3 System equilibrium points and characteristic values.

Balancing point Jacobian matrix eigenvalues Symbols Deterministic conclusions

λ1 λ2 λ3

E1(0, 0, 0) Ci + 2 ∗ Cm + Cp Er + Gs −Wm +Wt Eg − Cr − Gg + 2 ∗ Pg (+, x, x) Instability point

E2(1, 0, 0) −Ci − 2 ∗ Cm − Cp Er + Oc −Wm +Wt −Cr − Gg − 2 ∗ Pg (−,−,−) ess

E3(0, 1, 0) −Ci Wm − Gs − Er −Wt −Cr − Gg (−,−,−) ess

E4(0, 0, 1) 0 Er + Gf + Gs −Wm +Wt Cr − Eg + Gg − 2 ∗ Pg (0,+, x) Uncertainty points

E5(1, 1, 0) Ci Wm − Oc − Er −Wt −Cr − Gg (+, x,−) Instability point

E6(1, 0, 1) 0 Er + Gf + Gs −Wm +Wt Cr + Gg + 2 ∗ Pg (0, x,+) Uncertainty points

E7(0, 1, 1) −Ci − Cp Wm − Gf − Gs − Er −Wt Cr + Gg (−, x,+) Instability point

E8(1, 1, 1) Ci + Cp Wm − Gf − Gs − Er −Wt Cr + Gg (+, x,+) Instability point

x indicates unknown symbol.

points into the Jacobian matrix in turn and obtaining the

characteristic values of the equilibrium points, see Table 3.

From Table 3, it can be seen that there may be two evolutionary

stable equilibrium points in the evolutionary game system: when

E2(1, 0, 0) becomes the equilibrium point, the stability condition

Er+Oc+Wt < Wm, needs to be met.When E3(0, 1, 0) becomes the

equilibrium point, Stability condition Gs + Wt + Er < Wm needs

to be satisfied?

While this study primarily focuses on analyzing pure strategy

equilibria for simplicity and tractability, it is important to

acknowledge that mixed strategy equilibria can also exist in

evolutionary game dynamics, particularly under conditions where

no pure strategy satisfies the stability conditions or when strategy

payoffs are closely balanced. According to the replicator dynamic

framework, mixed strategies may emerge as internal equilibria

where all strategies coexist with non-zero probabilities. However,

in our numerical simulations, no stable interior fixed points

(i.e., mixed-strategy equilibria) were observed under the given

parameter settings. Future research could further explore these

possibilities using alternative dynamic models (e.g., best-response

dynamics or stochastic perturbations).

5 Numerical simulation analysis

We utilized MATLAB R2020b’s simulation toolkit to perform

multiple runs, each with different initial conditions, to observe the

evolution of strategies over time. Specifically, we used MATLAB’s

built-in ODE45 differential equation solver to numerically integrate

the system of replicator dynamic equations derived in Section 4.2.

The simulation time horizon was set to 50 iterations (or time units),

and the time step was adjusted adaptively by the solver to balance

accuracy and efficiency. Each simulation run was initialized with

different probability values for the strategy vectors of patients (x),

medical institutions (y), and government regulators (z), typically

starting from 0.5 to reflect neutral initial attitudes. The output of

each simulation included the trajectories of strategy proportions

over time, which were then visualized using phase diagrams and

time-series plots. These visualizations allowed us to analyze the

convergence behavior, assess the stability of equilibrium points,

and identify critical parameter thresholds influencing strategic

outcomes. The analysis focused on how changes in parameters

such as fiscal subsidies (Gs), government fines (Gf ), and other

key variables influenced the stakeholders’ decisions. For instance,

we varied the government fines (Gf ) from minimal to punitive

levels to observe its impact on healthcare institutions’ propensity

toward overtreatment. The outcomes were evaluated based on the

convergence of strategies toward equilibrium, indicating a stable

state where no player has an incentive to deviate from their

chosen strategy. This process allowed us to draw conclusions about

the effectiveness of various policy measures in reducing excessive

medical care.

5.1 Evolutionary stabilization strategy

The data for variables such as “hospital healthcare operating

costs,” “government financial subsidies,” “government fines,” and

“regulatory costs” were specifically obtained from authoritative

sources. According to the “China Health and Wellness Statistical

Yearbook 2022” (63), the total national health expenditure

for 2022 was 8,484.67 billion yuan. This included government

financial subsidies amounting to 2,391.64 billion yuan, social

health expenditure of 3,801.58 billion yuan, and personal health

expenditure of 2,291.45 billion yuan. Additionally, the “2022

healthcare institutions Security Business Development Statistical

Bulletin” (64) reported that the healthcare institutions Security

Administration penalized 12,029 medical institutions, recovering a

total of 18.84 billion yuan in medical insurance funds, imposing

fines totaling 13.866 billion yuan, and collecting 1.893 billion yuan

in liquidated damages.

To ensure our simulation reflects a scaled representation of

the actual economic context within the Chinese healthcare system,

we set our parameters proportionally based on these official

statistics. For instance, we assume the following initial strategies

and parameters: Cm (Cost of overmedicalization) = 6, Ct (Benefits

of appropriate diagnosis and treatment) = 2, Cp(Probability of

patient complaints) = 10, Ci (Compensation income) = 0.5,

Wm (Income from overmedicalization) = 9, Wt(Income from

appropriate diagnosis and treatment) = 4, Gf (Government fines)

= 6, Gs(Government financial subsidies) = 5, Er (Benefits from

good reputation) = 2, Cr (Regulatory costs) = 1, Oc (Operational
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FIGURE 1

Simulation of equilibrium point (1,0,0) parameters (evolved 50

times). The x-axis represents the proportion of patients recognizing

treatment outcomes, the y-axis denotes the proportion of

healthcare institutions providing reasonable treatment, and the

z-axis refers to the proportion of government regulators adopting

strict supervision. Di�erent colored trajectories represent di�erent

initial probability settings, all converging toward the equilibrium

under the baseline scenario. The figure visually demonstrates the

dynamic stability and convergence tendency of the tripartite system.

costs of hospital medical services) = 1.5, Eg (Social benefits) =

7, Gg (Remediation costs) = 2, Pg (Government credibility) =

1. For the equilibrium point E2(1, 0, 0) to be valid, the condition

Er + Oc +Wt < Wm must be satisfied. Therefore, by setting these

initial parameters and assuming the initial strategies for x, y, and

z are x = 0.5, y = 0.5, and z = 0.5, respectively, we ensure that

our model accurately reflects the dynamics within the healthcare

system. These values were selected to provide a realistic basis

for our simulation, reflecting both empirical data and theoretical

considerations. By integrating the data sources and parameter

assumptions in this manner, we aim to provide a clear and coherent

foundation for our evolutionary game analysis.

As illustrated in Figure 1, when the cost of overtreatment

(Wm) incurred by patients exceeds the sum of the benefits from

a good reputation for government regulatory departments (Er),

operational costs of hospital medical services (Oc), and income

from reasonable diagnosis and treatment by medical institutions

(Wt), the ultimate evolutionary outcome will always be (1, 0, 0).

That is, the strategy choices for patients, medical institutions,

and government regulatory departments will converge on “non-

acknowledgment of treatment results,” “excessive treatment,” and

“lenient regulation,” respectively. The curves in the figure clearly

demonstrate the system’s convergence toward this point.

For the equilibrium point E3(0, 1, 0), the condition Gs +Wt +

Er < Wm needs to be satisfied. Similarly, assume that the initial

strategies for x, y and z are x= 0.5, y= 0.5 and z= 0.5, respectively.

To satisfy the above condition, assume that Cm = 6, Ct = 2,

Cp = 10, Ci = 0.5, Wm = 9, Wt = 7, Gf = 6, Gs = 5, Er = 2,

Cr = 1, Oc = 1.5, Eg = 7, Gg = 2, Pg = 1.

As shown in Figure 2, when the overtreatment income (Wm)

of medical institutions is higher than the sum of the government’s

FIGURE 2

Simulation of equilibrium point (0,1,0) parameters (50 times of

evolution). The axes are defined as in Figure 1. Each colored line

indicates a unique combination of initial strategy probabilities for the

three stakeholders. This figure illustrates how varying initial attitudes

still lead to the same or similar equilibrium points, highlighting the

model’s robustness to initial conditions.

fiscal subsidies (Gs), the reasonable medical treatment income

(Wt) of the medical institutions, and the good reputation revenue

(Er) of the government regulatory department, the equilibrium

point gradually shifts from point (1, 0, 0) to point (0, 1, 0) as the

evolution progresses. At this time, the optimal strategies for the

parties involved in the game are “patients acknowledging the

treatment outcome,” “medical institutions providing reasonable

treatment,” and “government regulatory departments exercising

lenient supervision.” The figure highlights how the strategies evolve

and stabilize at this equilibrium point under the given conditions.

In the paper, Figures 1, 2 are presented as part of the

sensitivity analysis conducted through evolutionary game theory

simulations. Figure 1 corresponds to the equilibrium point (1,0,0),

with each color of the lines representing a different parameter

that affects the stability of this equilibrium. The variety of colors

is used to differentiate the impact of each parameter, such as

hospital operating costs or government financial subsidies, on

the system’s dynamics. Here, each color is specifically chosen to

indicate a unique variable and its effect on the equilibrium under

investigation. Through these figures, we aim to convey a clear

and intuitive understanding of the parameters that are critical

to the system’s balance and how their modulation can guide the

development of collaborative governance policies to counteract

excessive medical care. The use of distinct colors across the lines in

both figures allows for an immediate visual distinction between the

different parameters being analyzed, providing a more accessible

way to comprehend the complex interactions at play.

5.2 Parameter sensitivity analysis

To validate the influence of parameter settings on the

evolution paths and strategic stability of the model, this section
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conducts a comprehensive sensitivity analysis. The analysis covers

key variables including government subsidies, fines, regulatory

costs, remediation costs, reasonable treatment income, and

overtreatment income. In addition, for variables that are difficult

to measure monetarily—such as Social Benefits (Eg), Government

Credibility (Pg), and Patient Complaint Probability—we adopted a

standardized scale of [1–10] and simulated across different value

intervals to test their impact on the evolution of strategies and

equilibrium outcomes.

Simulation results show that while different values slightly

affect the convergence speed, the final evolutionary equilibrium

remains structurally stable. This demonstrates the robustness of the

model and confirms that the simulation conclusions are not overly

sensitive to specific parameter choices. The results thereby enhance

the overall reliability and credibility of the model.

In the context of China’s healthcare reform, the system’s

stable equilibrium point E3 (0, 1, 0) represents the optimal strategic

choice at present. At equilibrium point E3(0, 1, 0), the strategy

combination of the three parties is “patients acknowledging

treatment outcomes,” “medical institutions providing reasonable

treatment,” and “government exercising lenient supervision.”

Overtreatment by medical institutions could harm the interests

of patients within the same system and reduce their trust

in the government regulatory departments. Only by medical

institutions undertaking social responsibility and implementing

reasonable treatment can the patients’ treatment costs be effectively

reduced, trust in the healthcare system be enhanced, and

government resources not be wasted on strong supervision

of the medical institutions’ treatment behavior when they are

already choosing reasonable treatment strategies. Therefore, the

government can appropriately reduce regulation. Meanwhile,

under certain conditions, the equilibrium points (0, 1, 0) and

(1, 0, 0) may be mutually convertible. When the game system is at

equilibrium point (1, 0, 0), it is unfavorable for improving overall

social welfare. Thus, this study conducts sensitivity analysis on

some key parameters among the three potential equilibrium points

to better reveal the important influencing factors of each party’s

strategic choice. These key parameters include fiscal subsidies

for government medical institutions (Gs), reasonable treatment

income (Wt), overtreatment income (Wm), government fines (Pg),

government rectification costs (Gg), and government supervision

costs (Cr).

Delving deeper into the sensitivity analysis, we meticulously

examined how specific variations in government policies (e.g.,

increases in fiscal subsidies or fines) directly impact the strategic

choices of healthcare institutions and the regulatory stance of

government departments. The choice of a 10% increase in

government fines is based on practical considerations derived from

recent enforcement patterns in China’s healthcare regulation. For

instance, according to the 2022 Healthcare Security Administration

Bulletin, year-over-year adjustments in fines and recovered funds

for overtreatment violations have ranged between 8 and 15%

in several provinces. Therefore, a 10% increment was selected

as a representative and conservative scenario for simulation

purposes. Preliminary tests with 5%, 10%, and 15% increments

showed consistent directional effects, with differences only in

convergence speed. By presenting detailed simulations of these

scenarios, we offer concrete evidence on the potential efficacy of

various policy measures. For instance, we discovered that a 10%

increase in government fines for overtreatment significantly deters

healthcare institutions from adopting overtreatment strategies,

highlighting the critical role of punitive measures in curbing

excessive medical care.

Figures 3–8 in the paper display phase diagrams that capture

the interaction dynamics among patients, medical institutions,

and government regulatory bodies within our evolutionary game

theory framework. These diagrams illustrate how each party’s

strategies evolve over time, given the continuous feedback

between the healthcare system’s entities. The lines chart the

strategic trajectory of each stakeholder group, influenced by

their own objectives and the actions of the others. For

instance, they might show shifts toward more cost-effective

treatment options by patients, ethical practice adoption by

medical institutions, or varying intensities of oversight by

government regulators. By focusing on different equilibrium states,

the diagrams reveal the stability of these strategies and the

potential for policy interventions to shape the system toward

optimal outcomes. This visual analysis aids in understanding the

delicate balance required for collaborative governance and the

conditions that will either support or undermine the reduction of

excessive medical care, thereby providing a strategic roadmap for

policy formulation.

5.2.1 The impact of government financial
subsidies to medical institutions on the tripartite
evolutionary game

Under the equilibrium conditions satisfying point E2(0, 1, 0)

assume Gs = 5, 10, 15; the simulation evolution in this case is

illustrated in Figure 3. The results indicate that as the amount

of government fiscal subsidies to medical institutions increases,

the patients’ choice of medical treatment strategy is affected,

but there is no strategic impact on the government itself. At

this point, increasing the fiscal subsidies to medical institutions

by the government can reduce overtreatment behaviors and

enhance the enthusiasm of medical institutions for providing

reasonable treatment, resulting in good reputation revenue for the

medical institutions. For the government, reasonable treatment

provided by medical institutions can reduce supervision and

rectification costs. The amount of fiscal subsidies provided to

medical institutions does not affect the decision-making of the

government regulatory departments.

5.2.2 The impact of government fines on the
tripartite evolutionary game

Under the equilibrium conditions satisfying point E2(0, 1, 0),

assume Pg = 20, 150, 300, the simulation evolution in this case

is illustrated in Figure 4. The results demonstrate that the higher

the fines imposed by the government on medical institutions, the

more likely patients are to disapprove of overtreatment governance.

When the fines on medical institutions are relatively low, medical

institutions tend to provide reasonable treatment. However, when

the government’s fines exceed a certain threshold, the government
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FIGURE 3

Sensitivity analysis of government subsidies. Each subplot traces the time evolution of strategy proportions for the three participant groups. The

distinct lines indicate outcomes under varying levels of government subsidies. Results show that increased subsidies incentivize reasonable medical

practice by institutions and accelerate convergence toward cooperative equilibria.

FIGURE 4

Sensitivity analysis of government fines on medical institutions. Each curve displays how strategy adoption among stakeholders shifts over time in

response to changing penalty strength. The figure illustrates that enhanced penalties discourage overtreatment and encourage compliance, while

also a�ecting the government’s supervisory intensity.

FIGURE 5

Sensitivity analysis of government remediation costs. The subplots reveal how changes in rectification costs alter the pace and direction of strategy

evolution among the three groups. Higher rectification costs strengthen internal and external constraints, reducing overtreatment tendencies in

healthcare institutions.

will relax supervision, leading to a rapid increase in the probability

of overtreatment by medical institutions. The higher the fines

imposed by the government regulatory departments on medical

institutions, the more likely they are to adopt lenient supervision.

The impact of the amount of fines on the decision-making of

government regulatory departments is relatively small, and when

the amount of fines reaches a certain threshold, it converges toward

strict supervision.

5.2.3 Impact of government remediation costs on
the evolutionary game of the three parties

Under the equilibrium conditions satisfying point E2(0, 1, 0),

assume Gg = 50, 150, 200, the simulation evolution in this case

is illustrated in Figure 5. The results show that with the increase

in government political costs, medical institutions will also choose

reasonable strategies, the constraints will be strengthened, and

the probability of overtreatment will be reduced, having almost
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FIGURE 6

Sensitivity analysis of government regulatory costs. The plots show how changes in income from providing reasonable care a�ect strategic evolution

over time. Greater rewards for reasonable treatment motivate providers to prioritize patient-centered care, with little e�ect on regulator behavior.

FIGURE 7

Sensitivity analysis of reasonable treatment revenue of medical institutions. These curves demonstrate that as the incentives for overtreatment

increase, providers become more likely to pursue such strategies, while patient approval declines. The figure underscores the importance of aligning

provider incentives with rational medical practice.

FIGURE 8

Sensitivity analysis of excessive medical care in medical institutions. The graphs show the e�ect of varying supervisory costs on the speed and final

distribution of stakeholder strategies. When supervision is more costly, regulatory e�orts decrease, leading to higher risk of overtreatment by

healthcare institutions.

no impact on patients’ medical treatment decisions. The level of

rectification costs has little influence on the government regulatory

departments, and it will eventually converge toward reduced

strict supervision.

5.2.4 Impact of government regulatory costs on
the tripartite evolutionary game

Under the equilibrium conditions satisfying point E2(0, 1, 0),

assume Cr = 40, 100, 150, the simulation evolution in this

case is illustrated in Figure 6. The results show that when

the supervision costs of government regulatory departments

are very low, medical institutions will be subject to more

supervision, and thus, they are more inclined to provide

reasonable treatment. However, as supervision costs increase,

government regulatory departments reduce the intensity

of supervision on medical institutions, making them more

prone to overtreatment. The level of supervision costs has

almost no impact on the decision-making of government

regulatory departments.
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5.2.5 Impact of reasonable treatment income on
the tripartite evolutionary game

Under the equilibrium conditions satisfying point E2(0, 1, 0),

assume Wt = 4, 8, 12; the simulation evolution in this case is

illustrated in Figure 7. The results show that the higher the income

from reasonable treatment provided by medical institutions, the

lower the likelihood of patients approving overtreatment outcomes,

and the more medical institutions tend to provide reasonable

treatment. The level of reasonable treatment income has almost

no impact on the decision-making of government regulatory

departments. For medical institutions, the higher the income

from reasonable treatment, the higher the fiscal revenue, and

the more subsidies they will receive; for the government, as

medical institutions adhere to reasonable treatment, the subsidies

provided by the government to medical institutions will also

increase accordingly; for patients, as the cost of reasonable medical

treatment increases, their enthusiasm for receiving treatment from

medical institutions will decrease.

5.2.6 Impact of excessive medical income on the
tripartite evolutionary game

Under the equilibrium conditions satisfying point E2(0, 1, 0),

assume Wm = 15, 10, 5; the simulation evolution in this case

is illustrated in Figure 8. The results show that the higher the

income from overtreatment by medical institutions, the more

likely patients are to disapprove of overtreatment. An increase

in overtreatment income will reduce the willingness of medical

institutions to manage, and the higher the overtreatment income,

the more medical institutions tend to avoid managing. When

overtreatment income exceeds a threshold, medical institutions

will change their strategies and eventually converge to non-

management. Changes in overtreatment income have no impact

on government regulatory departments. At this point, the benefits

of overtreatment for medical institutions gradually decrease, and

the income of medical institutions becomes increasingly lower; for

the government, as medical institutions engage in overtreatment,

the government’s regulation of medical institutions will also relax

accordingly; for patients, as the cost of overtreatment becomes

lower, their enthusiasm for receiving treatment from medical

institutions will increase.

6 Results and recommendations

6.1 Study results

In this study, from the perspective of bounded rationality, we

employ the evolutionary game theory to establish an evolutionary

game model for the collaborative governance of excessive

medical treatment among government regulatory departments,

medical institutions, and patients. The model investigates the

evolutionary strategy equilibrium of different stakeholders and

the impact of various factors on the strategic evolution of the

three parties. We analyze the intrinsic logic of government

regulatory departments in promoting reasonablemedical treatment

measures by implementing economic incentives or penalties

for unreasonable medical treatments in medical institutions.

This study also explores the inherent conditions for achieving

collaborative governance by taking advantage of the leading role

of government regulatory departments. Within this theoretical

framework, further empirical testing of the theoretical results with

real-world data is the next direction for research. The conclusions

of this study are as follows:

In interpreting the results of our evolutionary game theoretical

model, it is evident that the strategic interactions between

government regulatory departments, medical institutions, and

patients are highly sensitive to fiscal dynamics such as subsidies,

fines, and operational costs. In interpreting the results of our

evolutionary game theoretical model, it is evident that the strategic

interactions between government regulatory departments, medical

institutions, and patients are highly sensitive to fiscal dynamics

such as subsidies, fines, and operational costs. While subsidies

for reasonable treatments may reduce some over-treatment

practices, defining and monitoring “reasonable treatment” presents

a significant challenge. Without clear and standardized definitions,

the risk of misuse remains. Additionally, subsidies alone may

not fully eliminate over-treatment, particularly if the financial

incentives for over-treatment exceed the subsidies provided.

Therefore, an integrated approach that combines financial

incentives with stronger regulatory oversight, technological tools

such as AI for monitoring, and penalties for over-treatment may

be necessary to ensure the long-term effectiveness of such policies.

This study’s simulations suggest that increasing government

subsidies and income for reasonable treatments effectively curbs

overmedicalization, echoing Liu et al. (6, 7) findings on government

incentives boosting reasonable medical services. Differently, this

work delves into how these incentives impact the stability of

strategy choices among involved parties, offering policymakers

theoretical model-based evidence. Moreover, it highlights patient

trust’s crucial role in enhancing reasonable medical service

provision, thus broadening the understanding of patient influence

in the literature.

The behavior choices of government regulatory departments,

medical institutions, and patients mutually influence each other.

However, patients’ decisions are constrained by information

asymmetry, making it difficult for them to identify instances

of overtreatment. Their decisions largely depend on trust in

medical professionals, which limits their direct influence on the

strategies of hospitals and government regulators. Despite this,

patients still play a role in shaping the feedback mechanisms

within the system, particularly through their reactions to treatment

outcomes. Conversely, engagement in excessive medical treatment

by institutions leads to vigorous patient disapproval and stricter

government supervision. This dynamic is supported by the findings

of Beaussier et al. (65) who highlight the complex relationship

between regulatory practices and healthcare quality, particularly

in the context of the NHS. Their study underlines how flexible

and risk-based policy instruments can impact the effectiveness and

legitimacy of healthcare regulation, paralleling our observations on

government regulatory strategies.

Additionally, the degree of patient recognition influences

government decision-making, affecting the amount of financial

subsidies provided to medical institutions. These institutions
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respond to economic incentives or penalties from the government,

as noted by Karanicolas et al. (66). Their research emphasizes the

importance of methodological approaches in understanding the

effects of healthcare policies, resonating with our findings on the

sensitivity of medical institutions to economic incentives. However,

they also caution about the potential for high economic incentives

to impose undue fiscal pressure on governments, mirroring our

observations on the balance required in policy implementation.

Medical institutions are critical to the “source” control

of excessive medical treatment. Reducing excessive medical

treatment behavior in medical institutions can be achieved by

increasing government financial subsidies, enhancing the income

of appropriate treatments, and strengthening supervision and

rectification efforts.

Compared to traditional analytical methods in healthcare

governance—such as static optimization models—the evolutionary

game theory approach offers a dynamic perspective that captures

the ongoing strategic adaptations of stakeholders. While static

models provide a snapshot of system behavior under a set of

assumptions, they often fail to account for the iterative learning and

feedback mechanisms inherent in real-world policy environments.

In contrast, our simulation results resonate with empirical

observations from the Chinese healthcare system, offering a more

nuanced understanding of the behavior underpinning excessive

medical care. Moreover, the evolutionary approach aligns with the

emerging body of research employing complex adaptive systems

theory to understand healthcare dynamics, reflecting a broader

shift in the academic discourse toward models that embrace the

intricacies of policy ecosystems.

The results of the evolutionary game model suggest that

stricter regulatory measures, including increased government

fines and improved enforcement transparency, are necessary

to shift healthcare institutions’ behavior toward reasonable

treatment strategies. The model demonstrates that when penalties

for overtreatment are too low or when oversight is lax,

medical institutions tend to prioritize profit over patient welfare,

leading to continued overtreatment behaviors. Therefore, policy

recommendations, such as raising fines and increasing the

transparency of government oversight, are directly supported

by the model’s predictions of strategic behavior under various

parameter settings.

6.2 Suggestions for countermeasures

As mentioned earlier, the reasonable regulation of excessive

medical treatment should consider the roles played by various

stakeholders in the phenomenon and propose targeted and

feasible regulatory methods and suggestions based on their

characteristics and shortcomings. In this context, it is pertinent

to also compare fiscal subsidies and government fines, our

primary focus, with other regulatory strategies such as direct

regulation, accreditation programs, public reporting, and market-

based incentives. This comparison will evaluate their relative

effectiveness, feasibility, and impacts on healthcare outcomes, thus

offering a more comprehensive perspective on policy options

for mitigating medical overuse. The author will now provide

rationalized suggestions for the reasonable regulation of excessive

medical treatment from different perspectives, integrating these

comparative insights.

6.2.1 Strengthen punishment measures and legal
enforcement mechanisms for excessive medical
treatment

While the existing legal framework in China, including

the “Civil Code,” “Physician Law,” and “Regulations on the

Prevention and Treatment of Medical Disputes,” provide

foundational legal constraints, the enforcement of these laws

remains insufficient to curb the issue of excessive medical

treatment. The evolutionary game model analysis shows that

without stringent penalties (represented by the government

fines in the model), medical institutions have little incentive to

adhere to reasonable treatment practices, as the benefits from

overtreatment (Gf ) often outweigh the costs. Therefore, increasing

fines and implementing more rigorous enforcement of existing

laws are necessary to shift the equilibrium toward strategies

that discourage overtreatment. Furthermore, transparency

in the enforcement process, as well as public reporting on

regulatory actions, can increase patient trust and indirectly

pressure medical institutions to comply with reasonable

practices, as modeled by the sensitivity of patient trust in the

evolutionary game.”

In Germany, the orderly development of the medical and

health industry is inseparable from legal constraints, and the

government achieves the effectiveness of medical and health

system reform through legislation. In China, the relevant law

on excessive medical treatment is the “Tort Liability Law,”

which, for the first time, incorporates excessive examinations

in excessive medical treatment into the legal category. The

promulgation of this legislation is progressive for the legal

regulation of excessive medical treatment. However, the “Tort

Liability Law” only stipulates excessive examination behaviors

in excessive medical treatment without mentioning excessive

medication, excessive surgery, or excessive healthcare. These

improper medical behaviors can also infringe upon patients’

legitimate rights and interests, causing economic losses and

psychological burdens to patients. Therefore, limiting the scope of

regulating excessive medical treatment to excessive examinations

in the “Tort Liability Law” appears one-sided in protecting

patients’ legitimate rights and interests and needs further expansion

and interpretation.

Based on the sensitivity analysis results (see Figure 4), our

study finds that once government fines for overtreatment exceed

a certain threshold, healthcare institutions are significantly more

likely to shift toward appropriate treatment strategies, and the

system evolves toward a stable state characterized by rational care.

Therefore, it is advisable to establish a minimum fine threshold—

for instance, no less than the median gap between revenues

from overtreatment and those from appropriate treatment. This

ensures that economic penalties remain an effective deterrent.

Furthermore, policymakers should avoid excessively high fines,

which may lead to reduced regulatory efforts by government

departments. Thus, striking a balance between “deterrence”

and “regulatory sustainability” is critical in the design of legal

enforcement mechanisms.
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6.2.2 Improving the healthcare regulatory system
and enhancing government regulatory functions

The government can implement a “separation of management

and supervision” in healthcare institutions through delegation,

where a supervisory committee is established to regulate the

behavior of these institutions continuously. The third-party

organization entrusted with this responsibility is not subject to any

department, institution, or organization. It supports preventing,

detecting, and investigating potential cases of excessive medical

treatment. At the same time, the government should address the

issues of excessive medical treatment and the supervision of such

practices and broaden channels for public supervision. Establishing

a public participation and supervision mechanism that includes

patients, media, and various industries, incorporating government

cooperation, self-discipline within the healthcare industry, and

multi-channel social supervision will effectively curb the problem

of inadequate regulation of excessive medical treatment.

Harnessing the self-disciplinary functions of industry

associations is crucial. The physician association exercises the

authority to handle physician licenses. Suppose a physician

is found to have violated professional rules. In that case, the

association has the right to revoke their license and, in severe

cases, prohibit them from re-entering the medical profession.

The physician association formulates “Clinical Diagnosis and

Treatment Guidelines,” which include diagnostic and treatment

standards andmedication protocols for various diseases. Physicians

must strictly adhere to these standards during their practice. If

deviations from the guidelines are found, or if a physician violates

them for personal gain, the physician association has the authority

to review the case and impose penalties such as fines, license

revocation, and market exclusion as punitive measures.

To enhance the government’s ability to detect excessive

medical treatment, it is recommended to adopt more advanced

technological solutions, such as big data analytics and AI,

which can analyze large volumes of healthcare data and

identify patterns of overtreatment. Additionally, increasing the

transparency of hospital treatment records and encouraging

patient participation through complaint mechanisms can further

aid in the detection process. These measures, combined with

existing audits and inspections, will help mitigate the impact of

information asymmetry and improve the overall effectiveness of

government regulation.

6.2.3 Improving the healthcare insurance
payment system

Currently, various regions in China are actively exploring

payment reform methods, such as payment by disease category

or payment by Diagnosis-Related Groups (DRGs). Although

some places have already implemented payment based on disease

category scores, where the payment prices for diseases are

lowered through competition between hospitals, the effectiveness of

treatment has not been fully considered. If effectiveness and safety

cannot be guaranteed, such payment reform policies fail to achieve

their original intent and end up rewarding low-cost healthcare

institutions and doctors rather than high-value ones.

China should establish an incentive-compatible payment

system to guide the optimal allocation of healthcare resources.

By guiding payment methods, it can standardize the diagnostic

and treatment behaviors of healthcare providers and improve

the efficiency of healthcare resource allocation. These measures

include implementing per capita payment for general practitioners,

implementing per diem or per disease category payment for

hospitals, and implementing payment by Diagnosis-Related

Groups (DRGs) for inpatient services.

6.2.4 Strengthening internal constraint
mechanisms in healthcare institutions

Enhancing internal institutional development and

strengthening constraint mechanisms are crucial in healthcare

institutions. Enhancing internal institutional development

and strengthening constraint mechanisms are crucial in

healthcare institutions. While increasing government subsidies

and income for reasonable treatments is an important step,

it may not fully eliminate over-treatment, particularly if the

financial benefits of over-treatment remain higher than the

subsidies. To address this, hospitals should bolster internal

institutional development by establishing a scientific medical

performance evaluation mechanism and an internal distribution

incentive mechanism.

The pursuit of profit is a key driver of overtreatment behaviors

in healthcare institutions. This aligns with the evolutionary game

model’s assumption that healthcare providers are motivated by

financial incentives, and without adequate penalties or oversight,

overtreatment becomes a dominant strategy. To address this issue,

it is crucial to strengthen internal accountability mechanisms

within healthcare institutions, such as performance evaluations that

prioritize patient outcomes over financial performance. Moreover,

empowering professional ethics committees and strengthening

peer review processes within institutions can help mitigate the

influence of profit-driven motives.

They are implementing clinical pathway management to

improve healthcare quality. Clinical pathways are standardized

methods of diagnosis and treatment. The examination, laboratory

tests, consultations, treatments, surgeries, postoperative recovery,

hospital stay duration, and patient costs can be standardized

and controlled by formulating clinical treatment pathways.

Clinical pathways enhance healthcare quality, reduce medical

expenses, shorten hospital stays, control excessive medical

treatment, and strengthen doctor-patient communication. They

represent a management model for continuous improvement in

healthcare quality.

Additionally, as shown in Figure 3, the simulation results

indicate that when government financial subsidies to healthcare

institutions reach a specific threshold (e.g., Gs ≥ 5 in our

model), medical institutions are incentivized to adopt appropriate

treatment strategies, leading to a desirable equilibrium state.

Accordingly, it is recommended that government departments

define a minimum subsidy threshold based on regional medical

service costs and insurance fund capacity. This threshold should

be treated as a foundational economic lever to promote rational

care. Furthermore, dynamic adjustments to this threshold—guided

by continuous simulations and calibration with real-world data—

can ensure optimal use of fiscal resources and enhance the efficacy

of internal hospital governance mechanisms.
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6.2.5 Cultivating patient awareness of rights and
enhancing subjective value perception in
governance participation

With the rapid advancement of social intelligence, the

public’s cultural level and learning capabilities are continuously

improving, and their analytical judgment will play an increasingly

significant role in the governance of social affairs. “Psychological

empowerment,” which refers to the cultivation of awareness

of rights, is the first step in empowering insured individuals.

Insured individuals must gradually enhance their subjective value

perception in governance participation, clearly understanding the

need to safeguard their health rights and economic interests.

Insured individuals and the government have overlooked the

potential for creating cooperative benefits in the current healthcare

service market due to the inertia of rights awareness.

6.3 Future work

Building upon the findings and recommendations presented in

this study, several avenues for future research can contribute to

a more comprehensive understanding of collaborative governance

of excessive medical care. Firstly, empirical testing of the

proposed evolutionary game model with real-world data from

different regions and healthcare systems will validate and refine

the regulatory strategies. Secondly, investigating the impact of

technological advancements and healthcare policy changes on

collaborative governance dynamics will provide insights for

adaptive strategies. Additionally, exploring the role of public

awareness and education in empowering patients to participate in

governance actively can contribute to practical measures. Lastly,

comparative studies across countries will identify global best

practices for addressing excessive medical care. We can develop

evidence-based strategies to promote reasonable medical treatment

while mitigating excessive care risks by addressing these aspects.

7 Conclusion

The study explored the collaborative governance of excessive

medical care using a three-way evolutionary game model involving

the government regulatory department, medical institutions,

and patients. The simulation analysis yielded valuable insights

into the stakeholders’ strategic interactions, highlighting the

significance of patients’ recognition of treatment outcomes

and medical institutions’ responsiveness to economic incentives

and penalties. This study’s application of evolutionary game

theory to the challenge of overtreatment in healthcare marks a

significant contribution to the field, offering a novel framework

for understanding the complex dynamics between government,

healthcare institutions, and patients, and providing practical,

actionable insights for policymakers. Moreover, the innovative

application of simulation analysis in this study not only enriches

the academic discourse but also offers pragmatic insights for policy

formulation aimed at curtailing excessivemedical care, highlighting

a novel pathway for bridging theoretical research with practical

healthcare improvements.

Our research introduces a model that brings together

government, healthcare providers, and patients to address

healthcare governance. Moving forward, future studies could

extend this model by incorporating additional stakeholders such

as insurers and pharmaceutical firms, or by integrating real-world

behavioral data to improve predictive accuracy. Policy-wise,

our findings underscore the importance of dynamic regulatory

frameworks that can adapt to evolving healthcare delivery

environments, suggesting a need for continuous evaluation

mechanisms and cross-sectoral coordination platforms to optimize

collaborative governance in practice. By identifying strategies to

reduce overtreatment and advocating for policies that encourage

economic incentives and patient involvement, we offer insights

into a more integrated approach to healthcare. This contribution

modestly aims to provide a foundation for further studies and

the development of policies aimed at improving the quality and

efficiency of healthcare services.

However, it is essential to acknowledge the limitations of

this study, as it relied heavily on theoretical foundations and

simulated data. While the evolutionary game model provides

a robust framework for understanding strategic interactions,

it inevitably simplifies real-world dynamics. For example, the

assumption of bounded rationality and homogeneous stakeholder

behavior may overlook heterogeneity in institutional practices

or patient decision-making processes. Furthermore, parameter

values were derived from proportional estimations based

on national-level statistics, which may not capture regional

variations or institutional idiosyncrasies. These simplifications

could introduce structural biases into the simulation outcomes

and limit the generalizability of findings to other healthcare

systems, particularly those outside the Chinese public hospital

context. Future work should incorporate empirical calibration

using granular, region-specific data and consider stochastic

extensions of the model to better account for uncertainty and

variability in stakeholder behavior. To enhance the credibility

and applicability of the model, future research should prioritize

empirical testing using real-world healthcare data. Researchers

can validate and refine the proposed theoretical framework by

incorporating actual data, enabling evidence-based policymaking

and more effective healthcare regulatory measures. Although

this study relies primarily on simulation-based analysis, all key

parameters are transparently sourced and thoroughly tested

for robustness. Future work will focus on empirical validation

and refinement of the model using real-world data as they

become available.

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: Validation, Funding acquisition, Resources, Writing

– original draft, Writing – review & editing, Supervision,

Frontiers in PublicHealth 17 frontiersin.org

https://doi.org/10.3389/fpubh.2025.1593398
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Gong et al. 10.3389/fpubh.2025.1593398

Data curation, Software, Methodology, Visualization,

Investigation, Conceptualization. TZ: Conceptualization,

Validation, Project administration, Visualization, Writing –

review & editing, Investigation, Data curation, Writing –

original draft, Software, Formal analysis. XW: Investigation,

Conceptualization, Software, Writing – review & editing,

Supervision, Resources, Writing – original draft, Project

administration, Methodology, Visualization, Data curation. BW:

Project administration, Writing – original draft, Formal analysis,

Methodology, Writing – review & editing. SZ: Writing – review

& editing, Supervision, Methodology, Data curation, Writing –

original draft.

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 Accredited Scientific Research Project (Featured

Innovation Project) of Universities in Guangdong Province (Grant

no. 2021WTSCX072).

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. ABIM Foundation. ChoosingWisely: An Initiative of the ABIM Foundation (2012).
Available online at: https://www.choosingwisely.org (Accessed March 2, 2025).

2. Levinson W, Kallewaard M, Bhatia RS, Wolfson D, Shortt S, Kerr EA. ‘Choosing
wisely’: a growing international campaign. BMJ Quality and Safety. (2015) 24:167–
74. doi: 10.1136/bmjqs-2014-003821

3. Shi Q, Zhang H, Tian G, Liu J, Xu J, Zhang T, et al. Factors influencing
public opportunistic behavior in the medical insurance field: an empirical study
from Northeast China. J Public Health. (2023) 32:1337–46. doi: 10.1007/s10389-023-0
1914-4

4. Rui-yi G, Kai-jun Y, Ying Y. Research on the ethical characteristics of
intelligent medical technology and equipment. KnE Social Sciences. (2018) 3:491–6.
doi: 10.18502/kss.v3i10.3475

5. Veeramachaneni NK. Commentary: computed tomography screening for lung
cancer at large in China: Early cure or definitive overtreatment? J Thorac Cardiovasc
Surg. (2022) 163:466–7. doi: 10.1016/j.jtcvs.2021.01.008

6. Liu H, Li H, Teuwen DE, Sylvia S, Shi H, Rozelle S, et al. Irrational
use of medicine in the treatment of presumptive asthma among rural
primary care providers in southwestern China. Front Pharmacol. (2022)
13:767917. doi: 10.3389/fphar.2022.767917

7. Taxifulati Y, Wushouer H, Fu M, Zhou Y, Du K, Zhang X, et al.
Antibiotic use and irrational antibiotic prescriptions in 66 primary healthcare
institutions in Beijing City, China, 2015–2018. BMC Health Serv Res. (2021) 21:1–
9. doi: 10.1186/s12913-021-06856-9

8. Zhang Y, Chen H. Lung cancer screening: who pays? who receives?—the Chinese
perspective. Transl Lung Cancer Res. (2021) 10:2389–94. doi: 10.21037/tlcr.2020.03.16

9. Zhou C, Lan Y, Li W, Zhao R. Medicare policies in a two-tier healthcare system
with overtreatment. Omega. (2022) 109:102607. doi: 10.1016/j.omega.2022.102607

10. Li H, Tao H, Li G. Predictors and reasons of inappropriate hospitalizations for
surgical patients in a tertiary hospital in Wuhan, China: a retrospective study. Res
Square [Preprint] (2021). doi: 10.21203/rs.3.rs-418318/v1

11. Zhang H, Tang K, Fang R, Jin H, Sun Q. Inpatient dermatology consultations
in a general surgery ward in a tertiary hospital in china: a retrospective study
of 251 patients. Dermatol Ther. (2021) 11:961–70. doi: 10.1007/s13555-021-0
0528-6

12. Hu J, Mossialos E. Pharmaceutical pricing and reimbursement in China:
when the whole is less than the sum of its parts. Health Policy. (2016) 120:519–
34. doi: 10.1016/j.healthpol.2016.03.014

13. Tang W, Xie J, Lu Y, Liu Q, Malone D, Ma A. Effects on the medical
revenue of comprehensive pricing reform in Chinese urban public hospitals
after removing drug markups: case of Nanjing. J Med Econ. (2018) 21:326–
39. doi: 10.1080/13696998.2017.1405817

14. Wang J, Li P, Wen J. Impacts of the zero mark-up drug policy on hospitalization
expenses of COPD inpatients in Sichuan province, western China: an interrupted
time series analysis. BMC Health Serv Res. (2020) 20:1–8. doi: 10.1186/s12913-020-
05378-0

15. Liu M, Jia M, Lin Q, Zhu J, Wang D. Effects of Chinese medical pricing
reform on the structure of hospital revenue and healthcare expenditure in
county hospital: an interrupted time series analysis. BMC Health Serv Res. (2021)
21:385. doi: 10.1186/s12913-021-06388-2

16. Meng Q, Cheng G, Silver L, Sun X, Rehnberg C, Tomson G. The impact of
China’s retail drug price control policy on hospital expenditures: a case study in two
Shandong hospitals [Journal Article; Research Support, Non-U.S. Gov’t].Health Policy
Plan. (2005) 20:185–96. doi: 10.1093/heapol/czi018

17. China, N. H. A.W. 2021 China Health Care Statistical Yearbook (2022). Available
online at: http://www.nhc.gov.cn/mohwsbwstjxxzx/tjzxtjsj/tjsj_list.shtml (Accessed
March 2, 2025).

18. Chen X, Qian X. “Overview of healthcare system in China.” In: Quality spine
care: Healthcare systems, quality reporting, and risk adjustment (2019). p. 237–
54. doi: 10.1007/978-3-319-97990-8_15

19. 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

20. NiuW, Huang J, Xing Z, Chen J. Knowledge spillovers of medical big data under
hierarchical medical system and patients’ medical treatment decisions. IEEE Access.
(2019) 7:55770–9. doi: 10.1109/ACCESS.2019.2908440

21. Freeman RE, Velamuri SR. A new approach to CSR: Company stakeholder
responsibility. SSRN Electron J [Preprint]. (2008). doi: 10.2139/ssrn.1186223

22. Thushari GGN, Senevirathna JDM. Plastic pollution in the marine environment.
Heliyon. (2020) 6:e04709. doi: 10.1016/j.heliyon.2020.e04709

23. Zikargae MH, Woldearegay AG, Skjerdal T. Assessing the roles of stakeholders
in community projects on environmental security and livelihood of impoverished rural
society: a nongovernmental organization implementation strategy in focus. Heliyon.
(2022) 8:e10987. doi: 10.1016/j.heliyon.2022.e10987

24. Strockbine VL, Gehrie EA, Zhou QP, Guzzetta CE. Reducing unnecessary
phlebotomy testing using a clinical decision support system. J Healthc Qual. (2020)
42:98–105. doi: 10.1097/JHQ.0000000000000245

25. Zhou M, Oakes AH, Bridges JF, Padula WV, Segal JB. Regional supply of medical
resources and systemic overuse of health care among medicare beneficiaries. J Gen
Intern Med. (2018) 33:2127–31. doi: 10.1007/s11606-018-4638-9

26. Jankauskaite L, Grechukha Y, Kjær KA, Mamenko M, Nakstad B,
Romankevych I, et al. Overuse of medical care in paediatrics: a survey from
five countries in the European Academy of Pediatrics. Front Pediatr. (2022)
10:945540. doi: 10.3389/fped.2022.945540

Frontiers in PublicHealth 18 frontiersin.org

https://doi.org/10.3389/fpubh.2025.1593398
https://www.choosingwisely.org
https://doi.org/10.1136/bmjqs-2014-003821
https://doi.org/10.1007/s10389-023-01914-4
https://doi.org/10.18502/kss.v3i10.3475
https://doi.org/10.1016/j.jtcvs.2021.01.008
https://doi.org/10.3389/fphar.2022.767917
https://doi.org/10.1186/s12913-021-06856-9
https://doi.org/10.21037/tlcr.2020.03.16
https://doi.org/10.1016/j.omega.2022.102607
https://doi.org/10.21203/rs.3.rs-418318/v1
https://doi.org/10.1007/s13555-021-00528-6
https://doi.org/10.1016/j.healthpol.2016.03.014
https://doi.org/10.1080/13696998.2017.1405817
https://doi.org/10.1186/s12913-020-05378-0
https://doi.org/10.1186/s12913-021-06388-2
https://doi.org/10.1093/heapol/czi018
http://www.nhc.gov.cn/mohwsbwstjxxzx/tjzxtjsj/tjsj_list.shtml
https://doi.org/10.1007/978-3-319-97990-8_15
https://doi.org/10.1136/bmj.l2349
https://doi.org/10.1109/ACCESS.2019.2908440
https://doi.org/10.2139/ssrn.1186223
https://doi.org/10.1016/j.heliyon.2020.e04709
https://doi.org/10.1016/j.heliyon.2022.e10987
https://doi.org/10.1097/JHQ.0000000000000245
https://doi.org/10.1007/s11606-018-4638-9
https://doi.org/10.3389/fped.2022.945540
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Gong et al. 10.3389/fpubh.2025.1593398

27. Scott IA. Audit-based measures of overuse of medical care in Australian hospital
practice. Intern Med J. (2019) 49:893–904. Portico. doi: 10.1111/imj.14346

28. Ahn YH, Kim ES, Ham OK, Kim SH, Hwang SS, Chun SH, et al.
Factors associated with the overuse or underuse of health care services among
medical aid beneficiaries in Korea. J Community Health Nurs. (2011) 28:190–
203. doi: 10.1080/07370016.2011.614837

29. Thiel C, Richie C. Carbon emissions from overuse of US health care: medical and
ethical problems. Hastings Cent Rep. (2022) 52:10–6. doi: 10.1002/hast.1404

30. Weaver CR, Marino D, DeCross AJ, Apostolakos M. Sa1158 overuse of proton
pump inhibitors in a university medical intensive care unit. Gastroenterology. (2012)
142:S-231. doi: 10.1016/S0016-5085(12)60865-8

31. Berwick DM, Nolan TW, Whittington J. The triple aim: care, health, and cost.
Health Aff. (2008) 27:759–69. doi: 10.1377/hlthaff.27.3.759

32. Simons M, Rapport F, Zurynski Y, Cullis J, Davidson A. What are the
links between evidence-based medicine and shared decision-making in training
programs for junior doctors? A scoping review protocol. BMJ Open. (2020)
10:e37225. doi: 10.1136/bmjopen-2020-037225

33. To D, Carvalho D, Pike A, Etchegary H, Patey A, Toomey E, et al. Exploring
perceived barriers and enablers to fidelity of training and delivery of an intervention
to reduce imaging for low back pain: a qualitative interview study protocol. HRB Open
Res. (2021) 4:49. doi: 10.12688/hrbopenres.13292.1

34. Berwick DM. Era 3 for medicine and health care. JAMA. (2016)
315:1329. doi: 10.1001/jama.2016.1509

35. Colla CH, Mainor AJ, Hargreaves C, Sequist T, Morden N. Interventions aimed
at reducing use of low-value health services: a systematic review. Med Care Res Rev.
(2016) 74:507–50. doi: 10.1177/1077558716656970

36. Doust J, Vandvik PO, Qaseem A, Mustafa RA, Horvath AR, Frances A, et al.
Guidance for modifying the definition of diseases a checklist. JAMA InternMed. (2017)
177:1020–5. doi: 10.1001/jamainternmed.2017.1302

37. Durand MA, Carpenter L, Dolan H, Bravo P, Mann M, Bunn F, et al.
Do interventions designed to support shared decision-making reduce health
inequalities? A systematic review and meta-analysis. PLoS ONE. (2014)
9:e94670. doi: 10.1371/journal.pone.0094670

38. Kelly M, Morgan A, Ellis S, Younger T, Huntley J, Swann C. Evidence based
public health: a review of the experience of the National Institute of Health and Clinical
Excellence (NICE) of developing public health guidance in England. Soc Sci Med.
(2010) 71:1056–62. doi: 10.1016/j.socscimed.2010.06.032

39. Califf RM, Robb MA, Bindman AB, Briggs JP, Collins FS, Conway PH, et al.
Transforming evidence generation to support health and health care decisions. N Engl
J Med. (2016) 375:2395–400. doi: 10.1056/NEJMsb1610128

40. Wimpenny P, Kirkpatrick P. Roles and systems for routine medication
administration to prevent medication errors in hospital-based, acute care settings: a
systematic review. JBI Libr Syst Rev. (2010) 8:405–46. doi: 10.11124/jbisrir-2010-123

41. Morgan DJ, Brownlee S, Leppin AL, Kressin N, Dhruva SS, Levin L, et al. Setting
a research agenda for medical overuse. BMJ. (2015) 351:h4534. doi: 10.1136/bmj.h4534

42. Morgan DJ, Dhruva SS, Coon ER, Wright SM, Korenstein D. 2019
update on medical overuse: a review. JAMA Intern Med. (2019) 179:1568–
74. doi: 10.1001/jamainternmed.2019.3842

43. Brownlee S, Chalkidou K, Doust J, Elshaug AG, Glasziou P, Heath I, et al.
Evidence for overuse of medical services around the world. Lancet. (2017) 390:56–
168. doi: 10.1016/S0140-6736(16)32585-5

44. Schwartz AL, Chernew ME, Landon BE, Mcwilliams JM. Changes in low-value
services in year 1 of the medicare pioneer accountable care organization program.
JAMA Intern Med. (2015) 175:1815–25. doi: 10.1001/jamainternmed.2015.4525

45. Raja AS, Ip IK, Prevedello LM, Sodickson AD, Khorasani R. Effect
of computerized clinical decision support on the use and yield of CT
pulmonary angiography in the emergency department. Radiology. (2011)
262:468–74. doi: 10.1148/radiol.11110951

46. Duan J, Lin Z, Jiao F. A game model for medical service pricing
based on the diagnosis related groups. Front Public Health. (2021)
9:737788. doi: 10.3389/fpubh.2021.737788

47. Scott IA, Duckett SJ. In search of professional consensus in defining and reducing
low-value care.Med J Aust. (2015) 203:179–81. doi: 10.5694/mja14.01664

48. Xu X, Liu J, Ampon Wireko S, Antwi H, Zhou L. Towards an integrated
healthcare system: evolutionary game analysis on competition and cooperation
between urban and rural medical institutions in China. Res Square [Preprint].
(2021). doi: 10.21203/rs.3.rs-1103384/v1

49. Tong G, Geng Q, Hu C. Evolutionary game analysis on the regulation
of medical devices used in health services delivery. Sci Rep. (2024)
14:31429. doi: 10.1038/s41598-024-83068-1

50. Yue X, Durrani SK, Li R, Liu W, Manzoor S, Anser MK. Evolutionary
game model for the behavior of private sectors in elderly healthcare public–private
partnership under the condition of information asymmetry. BMC Health Serv Res.
(2025) 25:181. doi: 10.1186/s12913-025-12321-8

51. Yang J, Wang X. Navigating the adoption maze: evolutionary dynamics
of stakeholder behavior in AI-driven elderly care solutions. INQUIRY. (2024)
61:1418091518. doi: 10.1177/00469580241282050

52. Bai S, Zheng J, Wu W, Gao D, Gu X. Research on healthcare data sharing in the
context of digital platforms considering the risks of data breaches. Front Public Health.
(2024) 12:1438579. doi: 10.3389/fpubh.2024.1438579

53. Du T, Li J, Guo L, Wang X, Zhu Q. The evolutionary game of establishing a
remote consultation system based on the downward allocation of medical resources in
a medical alliance. PLoS ONE. (2024) 19:e305747. doi: 10.1371/journal.pone.0305747

54. Han D, Wang J, Wang J, Perc M. Real-world applications of game theory and
optimization. Frontiers Media SA. (2024) 12:1467004. doi: 10.3389/fphy.2024.1467004

55. Xu C, Luo L, Zeng S, He X, Li J, Zhu G. What promotes medical overuse:
perspective on evolutionary game between administration and medical institutions.
Comput Math Methods Med. (2022) 2022:1–15. doi: 10.1155/2022/4351282

56. Sun Y, Zhang X, Han Y, Yu B, Liu H. Evolutionary gamemodel of health care and
social care collaborative services for the elderly population in China. BMC Geriatrics.
(2022) 22:616. doi: 10.1186/s12877-022-03300-3

57. Lu W, Du L, Tam VW, Yang Z, Lin C, Peng C. Evolutionary game strategy of
stakeholders under the sustainable and innovative business model: a case study of green
building. J Clean Prod. (2022) 333:130136. doi: 10.1016/j.jclepro.2021.130136

58. Mohsin A, Hossain SFA, Tushar H, Iqbal MM, Hossain A.
Differential game model and coordination model for green supply chain
based on green technology research and development. Heliyon. (2021)
7:e07811. doi: 10.1016/j.heliyon.2021.e07811

59. Shi J, Su Y. Behavioural strategies of manufacturing firms
for high-quality development from the perspective of government
participation: a three-part evolutionary game analysis. Heliyon. (2023)
9:e14982. doi: 10.1016/j.heliyon.2023.e14982

60. Chu Z, Bian C, Yang J. How can public participation improve environmental
governance in China? A policy simulation approach with multi-player evolutionary
game. Environ Impact Assess Rev. (2022) 95:106782. doi: 10.1016/j.eiar.2022.106782

61. Hati SRH, Balqiah TE, Hananto A, Yuliati E. A decade of systematic literature
review on Airbnb: the sharing economy from a multiple stakeholder perspective.
Heliyon. (2021) 7:e08222. doi: 10.1016/j.heliyon.2021.e08222

62. He J, Wang T. The community proactive health management model
based on the grounded theory: the case of Beijing, China. Heliyon. (2023)
9:e14992. doi: 10.1016/j.heliyon.2023.e14992

63. National Health Commission, 2022 China Health Statistics Yearbook
(2023). Available online at: http://www.nhc.gov.cn/mohwsbwstjxxzx/tjtjnj/202305/
6ef68aac6bd14c1eb9375e01a0faa1fb.shtml (Accessed July 23, 2023).

64. Statistical Bulletin on the Development of the National Health Security Service,
2022 (2023). Available online at: http://www.nhsa.gov.cn/art/2023/7/10/art_7_10995.
html (Accessed July 23, 2023).

65. Beaussier AL, Demeritt D, Griffiths A, Rothstein H. Steering by their own lights:
why regulators across Europe use different indicators to measure healthcare quality.
Health Policy. (2020) 124:501–10. doi: 10.1016/j.healthpol.2020.02.012

66. Karanicolas PJ, Farrokhyar F, BhandariM. Blinding: who, what, when, why, how?
Can J Surg. (2010) 53:345–8.

67. Zhao X, Li L, Zhang D. The cross-regional settlement methods in hospitals
and the treatment-seeking behavior of patients with malignant tumors in
China: an evolutionary game model. Front Public Health. (2024) 12:1427164.
doi: 10.3389/fpubh.2024.1427164

Frontiers in PublicHealth 19 frontiersin.org

https://doi.org/10.3389/fpubh.2025.1593398
https://doi.org/10.1111/imj.14346
https://doi.org/10.1080/07370016.2011.614837
https://doi.org/10.1002/hast.1404
https://doi.org/10.1016/S0016-5085(12)60865-8
https://doi.org/10.1377/hlthaff.27.3.759
https://doi.org/10.1136/bmjopen-2020-037225
https://doi.org/10.12688/hrbopenres.13292.1
https://doi.org/10.1001/jama.2016.1509
https://doi.org/10.1177/1077558716656970
https://doi.org/10.1001/jamainternmed.2017.1302
https://doi.org/10.1371/journal.pone.0094670
https://doi.org/10.1016/j.socscimed.2010.06.032
https://doi.org/10.1056/NEJMsb1610128
https://doi.org/10.11124/jbisrir-2010-123
https://doi.org/10.1136/bmj.h4534
https://doi.org/10.1001/jamainternmed.2019.3842
https://doi.org/10.1016/S0140-6736(16)32585-5
https://doi.org/10.1001/jamainternmed.2015.4525
https://doi.org/10.1148/radiol.11110951
https://doi.org/10.3389/fpubh.2021.737788
https://doi.org/10.5694/mja14.01664
https://doi.org/10.21203/rs.3.rs-1103384/v1
https://doi.org/10.1038/s41598-024-83068-1
https://doi.org/10.1186/s12913-025-12321-8
https://doi.org/10.1177/00469580241282050
https://doi.org/10.3389/fpubh.2024.1438579
https://doi.org/10.1371/journal.pone.0305747
https://doi.org/10.3389/fphy.2024.1467004
https://doi.org/10.1155/2022/4351282
https://doi.org/10.1186/s12877-022-03300-3
https://doi.org/10.1016/j.jclepro.2021.130136
https://doi.org/10.1016/j.heliyon.2021.e07811
https://doi.org/10.1016/j.heliyon.2023.e14982
https://doi.org/10.1016/j.eiar.2022.106782
https://doi.org/10.1016/j.heliyon.2021.e08222
https://doi.org/10.1016/j.heliyon.2023.e14992
http://www.nhc.gov.cn/mohwsbwstjxxzx/tjtjnj/202305/6ef68aac6bd14c1eb9375e01a0faa1fb.shtml
http://www.nhc.gov.cn/mohwsbwstjxxzx/tjtjnj/202305/6ef68aac6bd14c1eb9375e01a0faa1fb.shtml
http://www.nhsa.gov.cn/art/2023/7/10/art_7_10995.html
http://www.nhsa.gov.cn/art/2023/7/10/art_7_10995.html
https://doi.org/10.1016/j.healthpol.2020.02.012
https://doi.org/10.3389/fpubh.2024.1427164
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	A study on collaborative governance of excessive medical care based on three-way evolutionary game and simulation
	1 Introduction
	2 Literature review
	2.1 Reasons for the formation of overmedication
	2.2 Negative consequences caused by excessive medical treatment
	2.3 Progress of research on overmedication
	2.4 Stakeholders' game in overmedication
	2.5 Evolutionary game theory in healthcare governance: recent applications

	3 Evolutionary model assumptions and model description
	3.1 Model description
	3.2 Evolutionary model assumptions
	3.2.1 Assumption 1
	3.2.2 Assumption 2
	3.2.3 Assumption 3
	3.2.4 Assumption 4
	3.2.5 Assumption 5
	3.2.6 Assumption 6


	4 Evolutionary model construction and analysis
	4.1 Model construction
	4.2 Game model analysis
	4.3 Evolutionary system equilibrium analysis

	5 Numerical simulation analysis
	5.1 Evolutionary stabilization strategy
	5.2 Parameter sensitivity analysis
	5.2.1 The impact of government financial subsidies to medical institutions on the tripartite evolutionary game
	5.2.2 The impact of government fines on the tripartite evolutionary game
	5.2.3 Impact of government remediation costs on the evolutionary game of the three parties
	5.2.4 Impact of government regulatory costs on the tripartite evolutionary game
	5.2.5 Impact of reasonable treatment income on the tripartite evolutionary game
	5.2.6 Impact of excessive medical income on the tripartite evolutionary game


	6 Results and recommendations
	6.1 Study results
	6.2 Suggestions for countermeasures
	6.2.1 Strengthen punishment measures and legal enforcement mechanisms for excessive medical treatment
	6.2.2 Improving the healthcare regulatory system and enhancing government regulatory functions
	6.2.3 Improving the healthcare insurance payment system
	6.2.4 Strengthening internal constraint mechanisms in healthcare institutions
	6.2.5 Cultivating patient awareness of rights and enhancing subjective value perception in governance participation

	6.3 Future work

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




