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Introduction: With the rapid development of China's pharmaceutical industry, issues of corruption and regulatory effectiveness have become increasingly prominent, posing critical challenges to public health safety and the industry's sustainable development.

Methods: This paper adopts a bounded rationality perspective and employs a game-theoretic evolutionary approach to establish a tripartite evolutionary game model involving pharmaceutical companies, third-party auditing organizations, and health insurance regulatory agencies. It analyzes the stable strategies of the parties involved and the sensitivity of key parameters within this tripartite game system.

Results: The study reveals that adherence to health insurance regulations by pharmaceutical companies, refusal of bribes by third-party auditing organizations, and the implementation of lenient regulations by health insurance agencies can form an effective governance equilibrium. This equilibrium state contributes to reducing corruption in the pharmaceutical industry, balancing the interests of all parties, and promoting healthy industry development.

Discussion: Pharmaceutical companies must balance compliance costs against the risks of non-compliance benefits while maximizing profits; third-party auditing organizations need to choose between fulfilling their duties and accepting bribes, considering their economic benefits and professional reputation; health insurance regulatory agencies adjust their strategies between strict and lenient regulation to maximize social welfare. The paper suggests enhancing policy support, strengthening compliance supervision, improving audit independence, and adjusting regulatory strategies to optimize governance in the pharmaceutical industry. Additionally, the research highlights the role of collaborative efforts among the three parties in achieving sustainable governance. Furthermore, the study conducts a numerical simulation analysis to demonstrate the impact of various parameters on the evolutionary stability of the system, providing practical insights into the implementation of regulatory policies. This research offers new insights for policy formulation and governance in China's pharmaceutical sector, providing significant reference value for guiding the industry's sustainable development.
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1 Introduction

As China's economy continues to grow, the pharmaceutical industry has become a vital component of the national economy. However, the Chinese pharmaceutical sector has long been plagued by significant corruption issues, which not only undermine the efficacy and quality of medical services but also severely impact the healthy development of the industry and public trust in the entire medical system (1, 2). Corruption in the pharmaceutical industry includes, but is not limited to, bribery, illegal kickbacks, and the abuse of public office. These practices not only contravene legal provisions but also disrupt the fair allocation of medical resources. Similar challenges are faced globally by the pharmaceutical industry. For example, some major pharmaceutical companies in the United States have been fined heavily for illegal marketing practices, while incidents of bribery and fraud in medical procurement are common in some countries in Africa and South America (3–6). These corruption issues reflect the widespread nature of pharmaceutical industry corruption globally and the complex challenges it poses. Corrupt practices hinder medical innovation, equitable access to medical resources, increase the burden on public health systems, and diminish the effectiveness of treatments and patient satisfaction. For example, the bribery scandal involving GlaxoSmithKline in China in 2013 significantly impacted the company's ability to innovate and maintain market trust (3). Furthermore, a study by Mackey and Cuomo highlights how corruption in drug procurement processes in low- and middle-income countries leads to inequitable access to essential medicines, thereby increasing the public health burden (4).

China places high importance on combating commercial bribery in the pharmaceutical industry, enacting a series of laws and policy measures aimed at regulating the industry's order and promoting healthy development. For instance, the Anti-Unfair Competition Law of the People's Republic of China, enacted in 2018, explicitly prohibits commercial bribery and other unfair competition practices, with Article 8 specifically addressing the prohibition of commercial bribery, including any form of bribe given to a counterparty's staff for the purpose of securing business transactions (PRC Anti-Unfair Competition Law, 2018)1. The Drug Administration Law of the People's Republic of China, promulgated in 2019, enhanced drug approval and market supervision, with Article 39 requiring comprehensive documentation and transparency throughout the drug production, distribution, and usage processes, and Article 75 imposing stricter penalties for legal violations (PRC Drug Administration Law, 2019). The Anti-Monopoly Law, revised in 2022, strengthened regulation against potential monopolistic behaviors in the pharmaceutical industry, particularly through Article 17 which addresses the abuse of market dominance, promoting fair market competition (PRC Anti-Monopoly Law, 2022)2. The implementation of these laws and regulations provides legal and institutional support for corruption prevention and rectification in the pharmaceutical field, representing key measures to drive the continuous and healthy development of the industry.

However, relying solely on the formulation of laws and policies is insufficient; effective supervision and anti-corruption mechanisms are equally crucial. In the pharmaceutical industry, the complexity of supervisory entities, the diversity of regulatory tools, and the covert nature of the entities being regulated make supervision challenging. Therefore, understanding the interplay between policy, supervision, and governance is vital for enhancing regulatory standards in the pharmaceutical industry and effectively addressing corruption issues.

This study focuses on the three main stakeholders in China's pharmaceutical industry—pharmaceutical companies, third-party auditing organizations, and health insurance regulatory agencies—as the core of the study. By analyzing the roles, interrelationships, and strategic interactions of these three parties in addressing corruption, the paper reveals their mechanisms of action and influencing factors in corruption within the pharmaceutical industry. Furthermore, the paper explores how improving the coordination and cooperation among these three parties and strengthening regulatory mechanisms can effectively tackle corruption in the pharmaceutical industry, promote its healthy development, and safeguard public interest. To achieve these objectives, this study adopts a bounded rationality perspective and employs a game-theoretic evolutionary approach. We establish a tripartite evolutionary game model involving pharmaceutical companies, third-party auditing organizations, and health insurance regulatory agencies. The model analyzes the stable strategies of the parties involved and the sensitivity of key parameters within this tripartite game system.

In summary, this study aims to address the persistent and pervasive corruption issues in China's pharmaceutical industry, which threaten public health and the industry's sustainable development. By employing a game-theoretic evolutionary approach, we seek to explore the strategic interactions among key stakeholders—pharmaceutical companies, third-party auditing organizations, and health insurance regulatory agencies—and identify stable anti-corruption strategies that can effectively mitigate corruption and promote industry growth. Through an in-depth analysis of the strategic interactions among pharmaceutical companies, third-party auditing organizations, and health insurance regulatory agencies, this paper aims to provide theoretical insights and policy recommendations for resolving corruption issues in the pharmaceutical sector.



2 Literature review


2.1 Corruption in the pharmaceutical industry: historical context and modern challenges

Corruption in the pharmaceutical industry exhibits diversity and persistence, with a complex historical background. From the early days of unregulated competition in the drug market to the regulatory challenges of the modern globalized context, the industry has undergone significant transformations. Initially, the lack of effective regulatory mechanisms led to the proliferation of substandard and counterfeit drugs (7). Since the mid-20th century, as drug approval and market supervision systems were gradually established, the forms of corruption in the pharmaceutical industry became increasingly complex, involving drug price manipulation, falsification of clinical trial data, and inappropriate marketing practices (8). These practices not only endanger public health but also undermine the ethical standards and public trust in the pharmaceutical industry.

Currently, the pharmaceutical industry faces a more diverse and complex set of corruption challenges. Globalization has introduced problems with transnational drug supply chains, the highly competitive market environment, and increasingly complex drug approval processes, all of which provide fertile ground for corrupt practices (9–11). For example, some pharmaceutical companies exploit their market dominance to manipulate prices, or engage in opaque collaborations with doctors and medical institutions, influencing the promotion and use of drugs (3, 5). Additionally, the falsification of clinical trial data has become increasingly scrutinized in recent years, affecting the safety and efficacy of drugs and damaging the scientific credibility of the entire industry (8). Therefore, strengthening regulations, enhancing transparency, and intensifying the punishment of corrupt practices are key challenges currently faced by the pharmaceutical industry.



2.2 Governance of corruption issues in China's pharmaceutical industry

The causes of corruption in the pharmaceutical sector are complex, intertwining historical and contemporary factors, and exhibit both complexity and specificity. Corruption in this field spans various segments including drug distribution, medical examinations and treatments, equipment procurement, supply of consumables, and construction projects. It involves a complex array of personnel and a variety of corrupt practices, making investigations particularly challenging; thus, anti-corruption efforts in healthcare represent a prolonged battle (12, 13). For instance, the Changsheng Biotechnology vaccine scandal in 2018 revealed severe violations in the production of rabies vaccines, including the falsification of production test records and product release data, providing false information during regulatory inspections, and bribing relevant department officials (14, 15). In 2023, Xu Qingfeng, the director of the Guangdong Provincial Administration of Traditional Chinese Medicine, was arrested for accepting substantial bribes. During his tenure, he exploited his position to aid several pharmaceutical companies in matters of drug procurement and project approval, illegally profiting from these transactions (16).

The root causes of corruption in China's pharmaceutical industry primarily stem from an imperfect regulatory system, fierce market competition, and a cultural reliance on networking. These factors collectively create a fertile ground for corruption (17, 18): Regulatory bodies, lacking sufficient human and technical resources, struggle to effectively supervise the broad and complex pharmaceutical industry. The uneven enforcement of laws, combined with local protectionism, further weakens the deterrent power of regulations. Moreover, the high profits at stake drive companies to resort to illegal methods to gain competitive advantages in the fierce market (17, 18). Additionally, the deeply ingrained culture of relationships provides a covert social acceptance for such behaviors, contributing to the longstanding and complex nature of corruption within the industry (17).

In recent years, the pharmaceutical industry in China has made significant progress in anti-corruption efforts, reflecting the government's strong commitment to combating corruption. The government has not only revised laws and regulations such as the Drug Administration Law and the Anti-Unfair Competition Law, thereby strengthening the penalties for illegal activities, but it has also enhanced the regulatory system by increasing industry transparency and promoting public participation, systematically addressing and preventing corrupt practices. Additionally, the use of digital and information technology tools, such as electronic tracking systems and online monitoring platforms, has enhanced the government's ability to monitor the distribution of drugs and medical services in real time. This has increased the likelihood of detecting corrupt activities and raised the cost of non-compliance (19, 20). Furthermore, the rise of social media and online complaint platforms has strengthened public engagement, promoting policy transparency and public oversight of medical practices (21). However, despite notable advancements in anti-corruption within the pharmaceutical sector, challenges remain in ensuring comprehensive transparency and eradicating deep-seated corruption (22). Anti-corruption efforts in the pharmaceutical industry continue to be a crucial focus of the Chinese government's broader campaign against corruption (23).



2.3 Game theory in pharmaceutical research: theory and practice

Game theory, a mathematical framework for analyzing strategic interactions, plays a crucial role in the application within the pharmaceutical industry (24). Historically, the multifaceted stakeholder relationships in the pharmaceutical sector have constituted complex game scenarios, including pharmaceutical companies, regulatory bodies, healthcare providers, and consumers. While each participant pursues their respective interests, their decisions are influenced by the choices of others (25–27). The essence of game theory lies in analyzing the strategic choices and outcomes under these interactions. For example, the decisions of pharmaceutical companies regarding research and development and market strategies depend not only on market demand and competitor behavior but are also constrained by policies, regulations, and public opinion. Concepts such as Nash equilibrium are employed to explain the strategic choices of all parties in a stable state (28–30).

In practice, game theory is extensively used to guide policy-making and managerial decisions in the pharmaceutical industry. For instance, when government agencies formulate regulatory policies for the pharmaceutical sector, they consider the market behaviors and potential reactions of pharmaceutical companies, aiming to achieve optimal social welfare (31, 32). Similarly, pharmaceutical companies facing intense market competition and increasingly stringent regulatory demands use game theory to optimize their business strategies, ensuring sustainable development and compliance (33). The integration of theory and practice not only deepens our understanding of the dynamics within the pharmaceutical industry but also provides a scientific basis for formulating more effective industry regulations (34). This interdisciplinary approach increasingly demonstrates its importance and efficacy in addressing complex issues within the pharmaceutical industry (35).

To enhance the understanding of these dynamics, it is essential to consider the broader applications of game theory in related fields. For example, Hua et al. (36) conducted a game-theoretic analysis of pricing and cooperative advertising in a reverse supply chain for unwanted medications in households, which highlights the strategic interactions and potential cooperative strategies that can be applied to the pharmaceutical industry. Li and Ma (37) explored financial reforms and regional investment conflicts in China through a game-theoretic lens, providing insights into how regulatory changes can influence stakeholder behavior in the pharmaceutical sector (37). Additionally, Tat et al. (38) developed a mathematical model for pharmaceutical supply chain coordination, emphasizing the importance of reselling medicines in an alternative market, which can inform strategies to combat corruption and inefficiencies in the pharmaceutical supply chain. Wen and Zhou (39) examined the impacts of regional governmental incentives on the straw power industry in China, using game theory to understand the implications of policy incentives on industry practices, which can be analogously applied to understand the effects of regulatory incentives in the pharmaceutical industry. Finally, Zhu (40) analyzed the deterrent effects of severe penalties on corruption through a game-theoretic approach, providing valuable insights into the effectiveness of stringent anti-corruption measures in the pharmaceutical industry.



2.4 The role and challenges of third-party auditing organizations in the pharmaceutical industry

In the pharmaceutical industry, Third-Party Auditing Organizations play a pivotal role. These organizations are primarily responsible for conducting independent reviews of the financial statements and business operations of pharmaceutical companies to ensure compliance with relevant laws, regulations, and industry standards. Third-party audits are indispensable for protecting public interests and safeguarding the rights of investors and consumers. Through these audit activities, financial irregularities, governance deficiencies, and potential unethical behaviors within the pharmaceutical industry can be uncovered, assisting regulatory bodies in timely identifying and addressing industry issues (41).

However, Third-Party Auditing Organizations face numerous challenges in fulfilling their duties. Firstly, the complexity of the pharmaceutical industry makes the auditing process more technical and specialized. The intricate financial structures and business processes of pharmaceutical companies demand auditors not only have profound expertise but also require adaptability (42, 43). Secondly, conflicts of interest pose a significant challenge. For instance, some auditing organizations may struggle to maintain complete independence due to economic ties, which can lead to questions about the reliability of audit results. With the rapid transformations in the pharmaceutical sector, including new regulatory policies and technological advancements, auditing agencies are tasked with the critical responsibility of adapting to these changes and effectively carrying out their auditing roles (44, 45).




3 Evolutionary model assumptions and description


3.1 Model description

In this study, we employ an evolutionary game theory model to analyze the interactions and behavioral patterns of pharmaceutical companies, Third-Party Auditing Organizations, and Medical Insurance Regulatory Agency in China's pharmaceutical industry, particularly in addressing corruption issues. The model focuses on the strategic choices of each party under economic incentives and punitive mechanisms, as well as their impact on the safety of health insurance funds and industry governance. Specifically, the model quantifies the decision-making processes of each entity through a set of variables: pharmaceutical companies decide between compliance and non-compliance with health insurance regulations, weighing the benefits and costs associated with each state; Third-Party Auditing Organizations choose between performing their duties and accepting bribes, balancing the costs of audits against potential rewards or penalties; and Medical Insurance Regulatory Agency focus on formulating and enforcing regulatory policies to maximize social welfare and minimize losses to the health insurance fund. These variables interact to create a dynamic game environment where parties adjust their strategies in response to others' actions and changes in the external environment. Through this model, the study aims to reveal the equilibrium states under different strategic combinations and their potential impacts on governance in the pharmaceutical industry, providing theoretical support for the formulation of effective policies and countermeasures. All variables used in the model and their meanings are listed in Table 1.


TABLE 1 Variables and variable description.

[image: Table 1]

In the context of addressing governance and corruption within China's pharmaceutical industry, a complex tripartite game relationship forms between pharmaceutical companies, third-party auditing organizations, and health insurance regulatory agencies. Each party pursues its own interests and goals while being influenced by the actions of the other two, creating a dynamic decision-making environment. Within this evolutionary game framework, the interactions and feedback among pharmaceutical companies, third-party auditing organizations, and health insurance regulatory agencies collectively drive the governance process in the pharmaceutical sector. The logical relationships in this tripartite evolutionary game are illustrated in Figure 1.


[image: Figure 1]
FIGURE 1
 (A–C) Logogram of the evolutionary game between pharmaceutical companies, third-party auditors and health insurance regulators.




3.2 Evolutionary model assumptions

This study employs the framework of evolutionary game theory to analyze the strategic interactions among pharmaceutical companies, Third-Party Auditing Organizations, and Medical Insurance Regulatory Agency in the Chinese pharmaceutical sector, and their impact on industry governance. Based on this, we propose the following assumptions to construct and analyze the corresponding evolutionary model:

Assumption 1: Key Participants. In the context of corruption in the Chinese pharmaceutical industry, the primary participants include pharmaceutical companies, Third-Party Auditing Organizations, and Medical Insurance Regulatory Agency. This study constructs an evolutionary game model involving these three parties, assuming that each makes strategic choices under bounded rationality to maximize their respective interests.

Assumption 2: Decision-making Assumption for Pharmaceutical Companies. Pharmaceutical companies aim to maximize their total profits in each decision-making process. After considering compliance costs, illicit gains, the risk of penalties, and reputation damage, these companies will decide whether to adhere to health insurance regulations.

Assumption 3: Response Assumption for Third-Party Auditing Organizations. Third-Party Auditing Organizations base their actions on audit efficiency, potential rewards/subsidies, and the risk of fines. After evaluating their economic benefits and professional reputation, these agencies will decide whether to accept bribes from pharmaceutical companies.

Assumption 4: Behavioral Assumption for Medical Insurance Regulatory Agency. Medical Insurance Regulatory Agency adjust their regulatory strategies and costs based on the behaviors of pharmaceutical companies and Third-Party Auditing Organizations. Their goal is to maximize social welfare, ensure the safety of the health insurance fund, and promote compliant operations within the industry.

Assumption 5: Strategic Adjustment. During the game, each party adjusts its strategies based on the outcomes of the game and feedback received. For instance, if pharmaceutical companies frequently incur penalties for non-compliance, they may increase their compliance efforts and reduce violations. Similarly, if auditing agencies face severe penalties for misconduct, they may implement audit standards more rigorously.




4 Evolutionary model construction and analysis


4.1 Model construction

Set up the game model where pharmaceutical companies complying with health insurance regulations is denoted by x, non-compliance by 1-x, Third-Party Auditing Organizations accepting bribes by y, refusing bribes by 1-y, health insurance regulatory agencies enforcing strict regulation by z, and lenient regulation by 1-z, with the assumption that x, y, z∈(0, 1). Based on these assumptions and variable definitions, construct a mixed-strategy game payoff matrix involving pharmaceutical companies, third-party auditing organizations, and health insurance regulatory agencies as shown in Table 2.


TABLE 2 Mixed-strategy game payoff matrix for pharmaceutical companies, third-party auditing organizations, and health insurance regulatory agencies.
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4.2 Game model analysis
 
4.2.1 The gains of pharmaceutical companies complying with the health care rules, not complying with the health care rules, and the average gains, respectively
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4.2.2 The gains from accepting bribes, refusing bribes, and the average gain for third-party auditors are, respectively
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4.2.3 The gains from strict and lax regulation by the health care regulator, as well as the average gains
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4.2.4 The replicated dynamic equations for pharmaceutical companies, third-party auditors, and health insurance regulators
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4.3 Analysis of evolutionary system equilibrium

The strategic interactions among pharmaceutical companies, third-party auditing organizations, and health insurance regulatory agencies are continuously evolving. Therefore, by establishing a tripartite game model and deriving the replicator dynamic equations, the equilibrium points of this game can be calculated. The evolutionary process of the game involving the three parties is dynamic, with the probability of choosing any strategy being time-dependent. According to the stability principles of differential equations, when all dynamic equations reach zero, it signifies that the entire dynamic system will tend toward stability. Thus, by constructing the replicator dynamic equations for the tripartite game model and setting Fx = 0,Fy = 0,Fz = 0the evolutionary equilibrium points of the game can be determined. Specifically, let:
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Based on Selten's research findings in non-cooperative game theory, under conditions of asymmetric information, evolutionarily stable strategies are pure strategies. Therefore, it is necessary only 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, 1, 0), E7(0, 1, 1), E8(1, 1, 1) that satisfy Fx = 0, Fy = 0, Fz = 0.Using the replicator dynamics equations of the three parties, the Jacobian matrix of the evolutionary game system can be obtained, which facilitates the analysis of the stability of the equilibrium points:
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Using the Lyapunov method, it is known that the stability of a differential system can be determined by the signs of the eigenvalues of the equilibrium points. An equilibrium point is considered an evolutionarily stable strategy (asymptotically stable) if all its eigenvalues (roots) are negative. The eight pure strategy points are each substituted into the Jacobian matrix in turn, and the eigenvalues of the equilibrium points are calculated as shown in Table 3.


TABLE 3 Equilibrium points and their eigenvalues.
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5 Numerical simulation analysis


5.1 Evolutionarily stable strategy

In the tripartite game of China's pharmaceutical industry, the equilibrium point E2(1, 0, 0), represents a scenario where pharmaceutical companies comply with health insurance regulations, third-party auditing organizations reject bribes, and health insurance regulatory agencies adopt a lenient supervision approach. The formation of this optimal strategy is based on a comprehensive consideration of multiple factors.

Firstly, the rationale for pharmaceutical companies to comply with health insurance rules lies in the comparison between normal income under compliance (W1) and the compensations received from health insurance (R1), which outweigh the high risks and potential losses (C3,Fh) associated with non-compliant activities. Although higher income (W2) and illegal health insurance benefits (R2) might be obtained through non-compliance, the uncertainty and high risks associated with these gains make compliance a more stable and reliable operation strategy. Secondly, the strategy of third-party auditing organizations to refuse bribes is based on a comparison between their regular earnings (W3) and the costs of audits (Et). While accepting bribes could bring additional income (M), it also comes with substantial penalties for violations (Fs) and potential losses/risk (Es). Thus, refusing bribes ensures long-term stable income and maintains the reputation of third-party auditing organizations. Lastly, the reason for Medical Insurance Regulatory Agency to opt for lenient supervision is that it can reduce the costs of oversight (C1) and avoid excessive market intervention. Moreover, lenient supervision can encourage compliant behavior among third-party auditors and pharmaceutical companies through incentives such as financial subsidies/awards (St), rather than solely relying on punitive measures.

Therefore, the formation of equilibrium point E2(1, 0, 0) is based on the combined influences of pharmaceutical companies seeking stable revenues, third-party auditors aiming for long-term robust operations, and health insurance regulators pursuing efficient oversight and market incentives. This strategic choice helps to reduce corruption in the pharmaceutical industry, balance the interests of all parties, and promote the industry's healthy development. However, real-world conditions may be influenced by various factors, thus further research and empirical analysis are required to validate the effectiveness and applicability of this equilibrium point.



5.2 Parameter sensitivity analysis

To validate the effectiveness of the evolutionary stability analysis, numerical values were assigned to the model, and numerical simulations were conducted using MATLAB [Version 9.9.0 (R2020b), The MathWorks Inc., Natick, MA, USA].


5.2.1 Impact of regulatory costs (C1) on the evolution of the tripartite game

Under the equilibrium conditions of point E2(1, 0, 0), assume that C1 = 15, 20, 30, as illustrated in Figure 2. The simulation results indicate that as regulatory costs increase, the Medical Insurance Regulatory Agency may face resource and fiscal pressures, leading to a propensity toward more lenient regulatory strategies. This relaxation in supervision is partly due to the high costs making enforcement challenging, as the department might not be able to sustain the resources needed for strict regulation continuously. To maintain effective oversight with limited resources, the Medical Insurance Regulatory Agency might choose to collaborate with third-party auditing organizations, leveraging their expertise and capabilities to share the responsibilities of regulation. This strategy can alleviate some of the pressures of regulatory costs while maintaining the effectiveness of supervision. However, it also presents challenges in ensuring the independence of third-party auditors and avoiding conflicts of interest. Therefore, the Medical Insurance Regulatory Agency needs to find a balance between lenient regulation and collaboration with third parties, ensuring the quality and fairness of supervision while effectively managing regulatory costs.


[image: Figure 2]
FIGURE 2
 Sensitivity analysis of regulatory costs on evolutionary strategies. (A–C) respectively represent pharmaceutical companies, Third-Party Auditing Organizations, and Medical Insurance Regulatory Agency. The same applies below.




5.2.2 Impact of the medical insurance regulatory agency's recovery of fines(N1) from pharmaceutical companies on the evolution of the tripartite game

Under the equilibrium conditions of point E2(1, 0, 0), assume that N1= 180, 250, 450, as depicted in Figure 3. The simulation results show that the magnitude of N1 directly determines the behavioral strategy of pharmaceutical companies. With a lower N1, where the amount recovered by the Medical Insurance Regulatory Agency from violations is minimal, the penalties imposed on pharmaceutical companies appear more lenient. This scenario may lead pharmaceutical companies to adopt high-risk strategies, such as violating health insurance rules to increase profits, thereby exacerbating non-compliant behavior within the industry. However, as N1 increases, indicating that a larger amount of illicit gains is being recovered, it reflects that the Medical Insurance Regulatory Agency is intensifying penalties for violations. This stricter regulatory approach compels pharmaceutical companies to comply with the rules, reducing non-compliant activities and contributing to enhanced overall governance of the industry and public health safety.


[image: Figure 3]
FIGURE 3
 (A–C) Influence of fines recovered from pharmaceutical companies on compliance behavior.




5.2.3 Impact of the medical insurance regulatory agency's recovery of fines(N2) from third-party auditing organizations on the evolution of the tripartite game

Under the equilibrium conditions at point E2(1, 0, 0), assume that N2= 150, 200, 300, as illustrated in Figure 4. The simulation results demonstrate that the magnitude of N2 directly affects the behavioral choices of Third-Party Auditing Organizations. When N2 is low, indicating a smaller amount recovered for violations, it suggests that the health insurance regulatory oversight and penalties on auditing agencies are lenient. In such cases, auditing agencies might be inclined to take risks, such as accepting bribes from pharmaceutical companies, thereby increasing non-compliant behavior within the pharmaceutical industry. Conversely, higher values of N2 signify stricter supervision and more severe penalties, leading auditing agencies to favor compliant behaviors and reduce instances of accepting bribes. This contributes to enhancing the transparency and reputation of the entire pharmaceutical industry, promoting its healthy development. Therefore, by adjusting the amount of fines recovered, the Medical Insurance Regulatory Agency can effectively control compliance within the pharmaceutical industry, influencing internal strategic choices and behavioral patterns, and thus fostering the industry's health and sustainable development.


[image: Figure 4]
FIGURE 4
 (A–C) Effect of fines recovered from third-party auditing organizations on auditing integrity.




5.2.4 Impact of fines imposed by medical insurance regulatory agency's on pharmaceutical companies (Fh) on the evolution of the tripartite game

Under the equilibrium conditions at point E2(1, 0, 0), assume that Fh= 0, 150, 250, the simulation evolution is depicted in Figure 5. The simulation results indicate that as the fines imposed by the Medical Insurance Regulatory Agencys on pharmaceutical companies increase, indicating stricter penalties for regulatory violations, there is a corresponding motivation for pharmaceutical companies to adhere to industry regulations and reduce non-compliant activities. Initially, as fines are increased, the regulatory department may observe a significant enhancement in industry compliance, potentially leading to an intensification of regulatory efforts to ensure effective implementation of the new fining system. However, once fines reach a certain level, diminishing returns may occur, where further increases in fines no longer significantly enhance compliance. In such cases, the regulatory department may choose to maintain fines at this level to continue effective oversight while avoiding negative impacts on industry development. This strategy aims to find a reasonable balance between the level of fines and regulatory intensity, ensuring the health and sustainable development of the industry, while safeguarding market stability and public interests.


[image: Figure 5]
FIGURE 5
 (A–C) Impact of penalties on pharmaceutical companies' regulatory compliance.




5.2.5 Impact of health insurance compensation (R1) on pharmaceutical companies' compliance on the evolution of the tripartite game

Under the equilibrium conditions at point E2(1, 0, 0), assume that R1= 80, 280, 380, the simulation evolution is shown in Figure 6. The simulation results indicate that increased health insurance compensation for compliance encourages pharmaceutical companies to adhere more strictly to regulatory standards. At lower compensation levels (R1 = 80), the incentive might not be sufficient to deter companies from non-compliance if the penalties for non-compliance are relatively low. However, as compensation increases (R1 = 280 and 380), it becomes economically advantageous for companies to comply with health insurance regulations, leading to a substantial increase in compliance rates.


[image: Figure 6]
FIGURE 6
 (A–C) Effect of health insurance compensation on pharmaceutical companies' compliance.


This rise in compensation makes it financially beneficial for companies to invest in the necessary adjustments to align with regulations, outweighing the potential short-term gains from non-compliance. The strategic interactions in the tripartite game suggest that higher compliance driven by better compensation could reduce the need for harsh penalties and intense monitoring by the Medical Insurance Regulatory Agency, promoting a more cooperative and less adversarial relationship within the industry. However, the model also indicates a threshold beyond which increases in compensation do not yield proportional increases in compliance. This plateau effect suggests that beyond a certain point, additional compensation may not be cost-effective for the health insurance system.



5.2.6 Impact of illicit health insurance benefits (R2) on pharmaceutical companies on the evolution of the tripartite game

Under the equilibrium conditions at point E2(1, 0, 0), assume that R2 = 100, 200, 300, as depicted in Figure 7. The simulation results indicate that as R2 increases, reflecting greater benefits obtained by pharmaceutical companies through non-compliance, the Medical Insurance Regulatory Agency may face a need to intensify its supervisory efforts to address the growing prevalence of non-compliance and fraudulent practices within the industry. In this context, the regulatory department might adopt stricter monitoring and punitive measures to ensure that pharmaceutical companies adhere to industry regulations and reduce non-compliant activities. Concurrently, the role of third-party auditing firms becomes increasingly critical. As the illicit gains of pharmaceutical companies rise, the Medical Insurance Regulatory Agency may rely more heavily on these agencies for thorough and professional auditing to ensure the transparency and compliance of financial and operational practices of pharmaceutical companies. Therefore, in the context of increased non-compliant gains by pharmaceutical companies, both the Medical Insurance Regulatory Agency and Third-Party Auditing Organizations need to strengthen their collaboration and adopt stricter measures to maintain the integrity of the pharmaceutical industry and public interests, effectively reducing non-compliant activities and ensuring the safety of health insurance funds.


[image: Figure 7]
FIGURE 7
 (A–C) Impact of illicit benefits on non-compliance by pharmaceutical companies.




5.2.7 Impact of financial subsidies/awards (St) provided by the medical insurance regulatory agency to third-party auditing organizations on the evolution of the tripartite game

Under the equilibrium conditions at point E2(1, 0, 0), assume that St = 50, 100, 200, as illustrated in Figure 8. The simulation results indicate that as these subsidies or awards increase, Third-Party Auditing Organizations receive greater incentives to conduct more stringent and detailed audits, which enhances their work quality and efficiency. Such financial incentives are crucial for improving the transparency and compliance of pharmaceutical companies' operations. However, once these subsidies or awards reach a certain level, diminishing returns may occur, suggesting that further increases in subsidies or awards do not significantly enhance auditing outcomes. Therefore, the Medical Insurance Regulatory Agency might choose to stabilize subsidies or awards at a certain level to maintain reasonable incentives for auditing agencies while avoiding unnecessary financial burdens. In this way, the Medical Insurance Regulatory Agency can effectively motivate Third-Party Auditing Organizations to participate, enhance the regulatory quality of the pharmaceutical industry, and ensure the efficiency and rationality of fiscal expenditures.


[image: Figure 8]
FIGURE 8
 (A–C) Influence of financial incentives for auditing organizations on compliance.




5.2.8 Impact of additional earnings (M) obtained by third-party auditing organizations from pharmaceutical companies' bribes on the evolution of the tripartite game

Under the equilibrium conditions at point E2(1, 0, 0), assume that M = 20, 80, 120, as depicted in Figure 9. The simulation results show that while accepting bribes and gaining additional income may provide short-term economic benefits for auditing agencies, such practices increase the opacity and non-compliance within the industry, thereby damaging the independence and credibility of the auditing agencies. This leads to the Medical Insurance Regulatory Agency implementing stronger regulatory measures and imposing severe penalties on the involved auditing agencies and pharmaceutical companies. Auditing agencies must weigh the economic benefits against the potential regulatory risks when pursuing additional income. If bribery is detected, it not only severely damages the reputation of the auditing agencies but also may trigger forceful interventions by the Medical Insurance Regulatory Agency, affecting the overall health and stability of the pharmaceutical industry. Therefore, to ensure the long-term stability and compliance of the pharmaceutical industry, auditing agencies need to consider the long-term impact on the industry and maintain their professional ethical standards while contemplating short-term benefits.


[image: Figure 9]
FIGURE 9
 Effect of bribes on auditing organizations' strategic choices.





5.3 Summary

This study conducts an in-depth analysis of the parameter sensitivity in the tripartite game within the pharmaceutical industry, highlighting the specific impacts of various regulatory factors on the strategic choices of pharmaceutical companies, Third-Party Auditing Organizations, and Medical Insurance Regulatory Agency (Table 4). Through numerical simulation analysis, the study reveals how factors such as regulatory costs, recovery of illicit amounts, penalty severity, health insurance compensation, and fiscal incentives influence the behavioral patterns of the parties involved. For instance, low regulatory costs may encourage pharmaceutical companies to adopt riskier strategies, while high recovery of illicit amounts significantly strengthens the incentives for rule compliance. Additionally, the analysis examines how fiscal incentives can promote more rigorous and thorough auditing by auditing agencies, and how high penalties can enhance compliance among all parties. These findings provide important bases for regulatory strategies in the pharmaceutical industry, emphasizing the crucial role of effective regulatory policies in balancing the interests within the industry.


TABLE 4 Summary of parameter sensitivity in the tripartite game within the pharmaceutical industry.
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6 Research findings and discussion


6.1 Research findings

This study, grounded in the theoretical framework of game theory, delves into the complex interactions among pharmaceutical companies, third-party auditing organizations, and Medical Insurance Regulatory Agencys within the Chinese pharmaceutical industry. By constructing an evolutionary game model, the study reveals the dynamic evolution of strategy choices under economic incentives and penalty mechanisms, as well as the impact of these choices on the security of health insurance funds and industry governance. The model analysis indicates that the optimal strategy equilibrium is achieved when pharmaceutical companies comply with health insurance regulations, third-party auditors reject bribes, and Medical Insurance Regulatory Agency implement lenient supervision. This strategic equilibrium reduces corruption in the pharmaceutical industry, balances the interests of all parties, and promotes the healthy development of the sector. Additionally, numerical simulation analysis of key parameters in the model shows that factors such as regulatory costs, recovery of improper charges, and fines imposed on pharmaceutical companies significantly influence the equilibrium state. Particularly, the interplay of factors like the compliance costs vs. the risk of non-compliance benefits for pharmaceutical companies, the professional reputation vs. economic benefits for auditing organizations, and the goal of maximizing social welfare for regulatory bodies, determine the ultimate equilibrium strategy. Therefore, pharmaceutical companies, in their pursuit of maximizing benefits, need to weigh the risks of compliance costs against non-compliance gains; third-party auditors make choices between fulfilling their duties and accepting bribes, considering their economic benefits and professional reputation; and Medical Insurance Regulatory Agencys adjust their strategies between strict and lenient supervision, aiming to maximize social welfare.



6.2 Discussion and recommendations

In this study, we examined the corruption issues in the Chinese pharmaceutical industry through an evolutionary game model, analyzing the interactions among pharmaceutical companies, third-party auditing organizations, and Medical Insurance Regulatory Agencys. In light of China's policy environment, national conditions, and the findings of this analysis, we offer the following discussions and recommendations:


6.2.1 Enhancing policy support and legal framework construction

First and foremost, it is essential to strengthen policy support and construct a robust legal framework. The government should enhance its support by developing and implementing specialized policies targeted at unique issues within the pharmaceutical industry, with a focus on drug quality control, market price regulation, and the standardization of pharmaceutical advertising. Moreover, updating and improving the current legal framework to accommodate industry growth and emerging challenges, such as online drug sales and international pharmaceutical collaborations, is crucial for maintaining industry order. Concurrently, the government must intensify law enforcement efforts to ensure effective implementation of laws and policies, impose stringent legal sanctions on violations, and thereby increase the cost of non-compliance. Establishing a diverse regulatory system that includes government oversight, industry self-regulation, and public participation will enhance regulatory efficiency and transparency, thereby fostering the healthy development of the industry and safeguarding public health and safety.



6.2.2 Enhancing compliance and self-regulation in pharmaceutical companies

One of the main challenges facing the Chinese pharmaceutical industry is ensuring that pharmaceutical companies comply with regulations and industry standards in a rapidly developing market. The government should increase regulatory efforts and establish clear legal frameworks and guidelines to prevent and punish improper market conduct. Simultaneously, pharmaceutical companies are encouraged to establish comprehensive internal compliance systems and strengthen their sense of corporate social responsibility. By enhancing transparency and ethical standards, companies can protect consumer interests and safeguard their own long-term development interests. Additionally, encouraging pharmaceutical companies to conduct self-monitoring, regularly publish compliance reports, and undergo public and regulatory scrutiny will further strengthen the industry's self-regulatory mechanisms.



6.2.3 Enhancing the independence and professional capabilities of third-party auditing organizations

Third-party auditing organizations play a critical role in the regulatory system of the pharmaceutical industry, and their independence and professional capabilities are directly related to the effectiveness of regulation. Therefore, it is crucial to strengthen the industry entry and oversight management of these organizations. It is recommended to establish stricter auditing organization accreditation standards and regulatory systems to ensure their independence and objectivity during the audit process, avoiding conflicts of interest. Additionally, enhancing the professional skills and ethical standards of auditors through regular training and assessments is essential to ensure they can adapt to the rapid changes and complexities of the pharmaceutical industry. Strengthening the supervision of audit quality is also vital to ensure the accuracy and reliability of audit results.



6.2.4 Optimizing regulatory strategies and technological applications of health insurance regulatory agencies

Health insurance regulatory agencies should consider the industry's specificities and the market's dynamic changes when developing and implementing regulatory strategies. It is recommended to adopt more flexible and efficient regulatory methods, such as using big data and artificial intelligence technologies for risk assessment and predictive analysis, to achieve precise regulation. Additionally, the government should strengthen the supervision of health insurance funds to prevent misuse and fraudulent activities, ensuring the rational allocation and utilization of resources. Meanwhile, appropriately relaxed regulatory strategies can reduce industry burdens, encourage enterprises to voluntarily comply with industry norms, and foster a positive industry atmosphere.



6.2.5 Promoting multi-party cooperation and information sharing mechanisms

It is advisable to foster cooperation among governments, enterprises, and third-party institutions and establish effective information sharing mechanisms. This not only helps enhance regulatory efficiency but also strengthens the industry's self-regulatory capabilities. The government can facilitate this by creating an industry database to collect and analyze operational data from the pharmaceutical sector, identify potential issues promptly, and take appropriate actions. Encouraging communication and collaboration among pharmaceutical companies, auditing organizations, and related institutions is also essential to maintain industry order. Through the joint efforts of multiple parties, it is possible to combat corruption more effectively and promote the healthy development of the pharmaceutical industry.





7 Conclusion

This paper has conducted a comprehensive analysis of policy, oversight, and corruption issues in China's pharmaceutical industry through the development of an evolutionary game model. It particularly focused on the strategic interactions among pharmaceutical companies, third-party auditing organizations, and Medical Insurance Regulatory Agency, and their impact on industry corruption. The findings indicate that under reasonable economic incentives and regulatory constraints, these key stakeholders can form effective anti-corruption mechanisms to jointly promote the health and sustainable development of the pharmaceutical industry. The analysis also highlighted the importance of cooperative mechanisms and information sharing in improving pharmaceutical industry governance, emphasizing that policymakers need to consider market behaviors and economic factors when adjusting regulatory strategies. However, the limitations of this study include the model's simplifications, which may not fully capture the actual complex dynamics within the industry, such as rapid changes in policies and market environments; additionally, data acquisition and processing pose challenges that may limit the universality and precision of the model's conclusions. Future research directions will focus on further refining and deepening the model and theory, including considering more practical factors such as policy changes, technological innovations, and market competition, to enhance the model's applicability and predictive power. Moreover, broader use of big data and artificial intelligence technologies will be employed for in-depth analysis, improving the precision and efficiency of data processing to provide a more comprehensive and profound perspective for the healthy development of the pharmaceutical industry.
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Variable description

Medical Insurance Regulatory Agency | C; Cost incurred by the regulatory department in supervising pharmaceutical companies and third-party auditing
organizations
L Losses to the health insurance fund due to pharmaceutical companies not complying with regulations
L, Losses to the health insurance fund due to misconduct by third-party auditing organizations
Ny Recovered amount from pharmaceutical companies: The amount of funds successfully recuperated by the
government from non-compliant pharmaceutical companies
Ny Recovered amount from third-party auditing organizations: The amount of funds successfully recuperated by
the government from non-compliant third-party auditing organizations
Fy Fines imposed on pharmaceutical companies: Penalties levied on non-compliant pharmaceutical companies
Pharmaceutical Companies w, Normal income under compliance: Normal business revenue of pharmaceutical companies when compliant
W, Income under non-compliance: Revenue of pharmaceutical companies when in violation of regulations
C Sales cost: Cost of sales for pharmaceutical companies
R Health insurance compensation under compliance: Compensation received by pharmaceutical companies
under rule compliance
R Health insurance benefits under non-compliance: Benefits gained by pharmaceutical companies from
non-compliant collaborations with third parties
G Speculative cost: Cost incurred by pharmaceutical companies in pursuing higher returns through high-risk,
non-compliant strategies
Third-Party Auditing Organizations E; Cost of routine inspections carried out by third-party auditing organizations on pharmaceutical enterprises
St Financial subsidies/awards provided by the health insurance department to third-party auditing organizations
Fs Fines imposed by the Medical Insurance Regulatory Agency on third-party auditing organizations for violations
E; Losses/risks faced by third-party auditing organizations due to non-compliant operations
w; Normal earnings of third-party auditing organizations
M Additional earnings obtained by third-party auditing organizations from bribes received from pharmaceutical

companies
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