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Abstract
Background
China is striving to promote a hierarchical medical system (HMS) to improve the efficiency of health resource utilization and ensure health equity. An innovative payment scheme named the “Diagnosis-Intervention Package” (DIP) has been developed recently and implemented in 71 pilot cities nationwide. Although the impact of payment reform on medical expenditure and provider behavior has been demonstrated, there is little evidence on whether the reform promotes the HMS.

Methods
This study uses evolutionary game theory to formulate a tripartite evolutionary game model involving the local government (LG), superior medical institutions (SMI), and patients in implementing DIP payment reform. We also analyze the stability of each participant’s strategy and the sensitivity of parameters.

Results
The results show that for LG, the additional social benefits created for other regions are crucial in influencing the evolution of the game system. SMI are more inclined to support the HMS when the proportion of patient reduction under the DIP payment scheme is low. For patients, the perceived medical quality of primary medical institutions (PMI) is the decisive factor in their strategies.

Conclusion
The DIP payment scheme is more likely to promote the HMS in regions with an advanced policy framework, abundant medical resources, and high-quality primary medical services. Policymakers need to create effective incentives to boost support for the HMS from each participant. This study provides a feasible methodology for analyzing the impact of payment reforms that can be used in future research.
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Introduction
The Chinese government is actively continuing its medical system reform to ensure medical resources benefit all citizens more equitably [1]. In September 2015, the General Office of the State Council issued the “Guiding Opinions on Promoting the Construction of a Hierarchical Medical System (HMS)”, aiming to clarify the functional positioning of medical institutions at different levels and enable them to provide services that align with their designated function, and thus improve their service efficiency [2]. However, the outcomes of this reform did not meet expectations. In recent years, superior medical institutions (SMI) in China have become overcrowded. In contrast, the utilization rate of primary medical institutions (PMI) has remained low, and the allocation of medical resources has formed an “inverted triangle” pattern [3, 4]. Compared to other resources, medical resources have two distinct characteristics: public welfare nature and information asymmetry [5, 6]. Public welfare nature implies that the government is responsible for ensuring that basic medical services are distributed equitably among the population [7]. However, since China transitioned from a planned economy to a market economy in the 1980s, the government has scaled back its essential financial support for the survival and development of medical institutions. As a result, these institutions became self-financing entities, needing to attract more patients to sustain themselves and pursue potential growth [8, 9]. Information asymmetry means that medical institutions possess a dominant advantage in professional information, leading patients to rely heavily on doctors’ advice for their medical decisions [10]. Since patients cannot accurately evaluate the quality of therapeutic regimes, they are inclined to seek treatment at SMI. For patients, SMI represent higher technical proficiency and authoritative certification [11]. Therefore, the promotion of HMS has encountered great resistance in China. In 2018, China introduced the “Diagnosis-Intervention Package” (DIP), an innovative case-based payment scheme for hospitalization care within a regional global budget. In November 2020, the National Healthcare Security Administration designated 71 cities as the initial pilot cities for implementing the DIP payment scheme, gradually replacing the traditional fee-for-service system [12]. The Chinese government aims to regulate the behavior of healthcare providers directly or indirectly through financial incentives [13]. Although researchers have examined the impact of DIP payment reform on quality of care, expenditure, length of stay, and out-of-pocket (OOP) payments, there is a lack of research on whether the DIP payment scheme promotes the HMS [14–22]. Therefore, this study explores the impact of DIP payment reform on HMS to fill the gap in existing research.
The traditional fee-for-service incentivizes medical institutions to provide excessive services, particularly to patients with minor illnesses. SMI can increase revenue by admitting minor cases and boosting utilization rates [23]. This approach wastes significant medical insurance funds and reduces medical institutions’ service efficiency [24]. However, the incentive mechanism no longer exists under the DIP payment system. Figure 1 provides the core design components of the DIP payment scheme.[image: ]
Fig. 1Core components of the Diagnosis-Intervention Packet (DIP) payment scheme


Under the DIP payment scheme, the local government (LG) possesses significant autonomy while the central government establishes the basic policy framework. LG can set the regional global budget and devise policy details according to local conditions. Each DIP group is assigned a certain amount of point volume based on actual historical data to represent the relative resource utilization of different DIP groups [20]. Treating critical and severe cases consumes significantly more resources, resulting in a higher point volume, sometimes several times that of treating minor cases [21]. Consequently, medical institutions that handle critical and severe cases can receive more reimbursements from medical insurance management agencies, which generally means higher profits for SMI. The point value represents the actual value of each point, calculated by dividing the pre-determined region budget for DIP payment by the sum of the point volume of all cases in the region. Notably, the Healthcare Security Administrations of DIP pilot cities have set up medical institution rank coefficients (MIRC), which reflect the proportion of resources consumed by different levels of medical institutions for treating cases within the same DIP group. The higher the medical institution level, the higher the MIRC. Medical institutions of the same level share the same MIRC. However, many DIP pilot cities have separately listed some common diseases, called primary DIP groups, and increased their MIRC for PMI. These diseases are easy to treat and have stable costs, making them suitable for PMI. Adjustment factors are determined based on the CCI index, age, and disease severity of the case. These factors are implemented to prevent potential cream skimming by medical providers, where they might select cases with the least ill and/or most financially rewarding [25]. Additionally, most DIP pilot cities have implemented a monitoring mechanism. Medical institutions face penalties for violating regulations such as upcoding or splitting hospitalizations. As shown in Fig. 1, the actual reimbursements to a medical institution are the product of the point volume, point value, MIRC, and adjustment factors minus the penalty. The Policymaker aims to design this economic incentive to encourage SMI to proactively refer minor cases to PMI for treatment, thereby reducing the burden on SMI.
During the DIP payment reform process, LG, SMI, and patients—acting as stakeholders—continuously compete and interact, with each participant striving to maximize their interests [26, 27]. LG represents the public interest and is responsible for the health protection of citizens. Its goal is to maximize the health benefits for citizens within budget constraints, ensure the stability and security of medical insurance funds, and improve the efficiency of funds utilization and health equity [28, 29]. SMI have a clear advantage in medical information and hold the authority to select cases and determine therapeutic regimes. Their value orientation in medical service activities is often dualistic. On the one hand, they aim to maximize social public interests by meeting patients’ health needs and fulfilling their social responsibility of disease prevention and treatment. On the other hand, they seek to maximize their economic benefits, especially when financial subsidies are inadequate, which can lead to the waste of medical resources [30, 31]. Patients seek high-quality treatment at an affordable cost. Despite the frequent promotion of “patient-centered” care in official contexts, patients remain disadvantaged in the medical system. They are numerous and lack organization, preventing them from directly negotiating or bargaining with medical institutions. As a result, their interests are typically represented through the administrative actions of government agencies [32, 33]. Promoting the HMS requires the joint participation of LG, SMI, and patients. Therefore, building a mutually beneficial and win–win interest game mechanism for the three stakeholders should be the key to the success of medical reform. However, previous studies on medical systems have primarily focused on two-sided games, with the application of tripartite game models being relatively uncommon [34–36]. Moreover, according to Lucas Critique, any policy represents a game between policymakers and participants. As participants become familiar with the policy, their rational choices of optimal behavior will influence the long-term effectiveness of the policy [37]. The case-based payment scheme was a novel concept before implementing the DIP payment reform for LG, SMI, and patients in China. Therefore, the strategic choices of the participants in the game gradually evolved and stabilized toward an optimal strategy.
Based on this, we constructed a tripartite evolutionary game model to analyze the impact of implementing the DIP payment reform on the HMS in China. We verified the effectiveness of the model under various initial conditions through simulation analysis. Additionally, we analyze the stability of each participant’s strategy and the sensitivity of parameters to ensure the analysis aligns closely with the situation in China. Finally, we provide valuable policy recommendations for the DIP payment reform.

Modeling
Assumptions and parameters
Hypothesis 1: The game involves three participants: LG, SMI, and patients. LG is participant 1, SMI are participant 2, and patients are participant 3. All three participants possess limited rationality, and their strategy choices evolve over time, eventually stabilizing at the optimal strategy.
Hypothesis 2: Each participant can adopt one of two strategies: supporting the HMS, denoted as supporters (S), or opposing it, denoted as opponents (O). The proportions of supporters among LG, SMI, and patients are x, y, and z ([image: $$x,y,z \in \left[ {0,1} \right]$$]), respectively. Consequently, the proportions of opponents are 1-x, 1-y, and 1-z, respectively.
Hypothesis 3: When patients are supporters, they actively choose appropriate medical institutions based on their condition, promoting the HMS. If patients are opponents but SMI are supporters, SMI guide patients with minor illnesses to PMI, promoting the HMS. However, suppose both SMI and patients are opponents. In that case, many patients with minor illnesses crowd into these SMI, leading to wasted medical resources and hindering the promotion of the HMS.
Hypothesis 4: If the DIP payment reform promotes the HMS, it will benefit health equity and ensure the efficient and secure use of health insurance funds [38], bringing social benefits I to LG. Regions across China are increasingly engaging in dialogue and exchanges to share successful policy implementations, which is crucial for identifying effective strategies adaptable to local contexts [39]. In the early stages of the DIP payment reform, due to the general lack of experience and varying management capabilities across regions, the government sends officials to areas with better policy outcomes for learning purposes. LGs that implement effective policies provide experience for other regions [40]. Therefore, additional social benefits D can be created if LG, SMI, and patients are all supporters [41]. If the DIP payment reform does not promote the HMS, it will lead to a waste of medical resources and a loss of health insurance funds amounting to M. Under this premise, since LG has supervisory authority over medical institutions [42], it imposes a penalty H on SMI if LG is a supporter. Additionally, LG and SMI are regulated by the National Health Commission and the National Healthcare Security Administration [43]. If LG and SMI are opponents, the higher authorities penalize LG with a fine of P, I > P > D.
Hypothesis 5: If LG is a supporter, it supervises SMI at a regulatory cost of Cg, P > Cg. In addition to performing supervisory functions, LG will reward institutions that support its policies [44]. Thus, under this premise, if SMI are also supporters, LG awards SMI a bonus T. Furthermore, if patients are opponents, they resist government policies, causing a loss of reputation U for LG [45]. Suppose LG is an opponent, SMI are supporters, and patients are opponents. In that case, patients report SMI for refusing to admit them, resulting in LG imposing a penalty L on SMI [46].
Hypothesis 6: If the DIP payment reform promotes the HMS, the reimbursements and costs for SMI in treating patients are W1 and S1, respectively. If the DIP payment reform does not promote the HMS, the reimbursements and costs for SMI in treating patients are W2 and S2, respectively. Under the DIP payment scheme, the point volume for treating severe cases is significantly higher than for minor cases, so SMI can receive more profits, i.e., W1 − S1 > W2 − S2. However, because SMI guide patients with minor illnesses to PMI under the HMS, they will lose some patients [47], with the proportion of patient reduction being n ([image: $$n \in \left[ {0,1} \right]$$]).
Hypothesis 7: If patients are supporters and those with minor illnesses choose PMI for treatment, the perceived quality of the medical services they receive is Q1, and the OOP payments are C1. Suppose patients are opponents and SMI are also opponents. In that case, patients will prefer to go to SMI for treatment, where the perceived quality of the medical services they receive is Q2, and the OOP payments are C2. If patients are opponents but SMI are supporters, patients will initially go to SMI for treatment. However, SMI will direct patients with minor illnesses to PMI for treatment after examination and providing therapeutic regimes. In that case, the perceived quality of the medical services is Q3, and the OOP payments are C3. The OOP payments and perceived quality of the medical services are highest when patients visit SMI, lowest when they visit PMI, and moderate when patients are referred from SMI to PMI [48, 49]. Therefore, we assume that Q1 < Q3 < Q2, C1 < C3 < C2.
Based on these hypotheses, the payoff matrix for the game involving LG, SMI, and patients is constructed as shown in Table 1.
Table 1Payoff matrix of the game system involving the local government, superior medical institutions, and patients


	Strategies
	Payoffs

	LG
	SMI
	PA
	LG
	SMI
	PA

	S
	S
	S
	
[image: $$I - C_{g} - T + D$$]

	
[image: $$(W_{1} - S_{1} )(1 - n) + T$$]

	
[image: $$Q_{1} - C_{1}$$]


	S
	S
	O
	
[image: $$I - C_{g} - T - U$$]

	
[image: $$(W_{1} - S_{1} )(1 - n) + T$$]

	
[image: $$Q_{3} - C_{3}$$]


	S
	O
	S
	
[image: $$I - C_{g}$$]

	
[image: $$(W_{1} - S_{1} )(1 - n)$$]

	
[image: $$Q_{1} - C_{1}$$]


	S
	O
	O
	
[image: $$- C_{g} - M + H$$]

	
[image: $$(W_{2} - S_{2} ) - H$$]

	
[image: $$Q_{2} - C_{2}$$]


	O
	S
	S
	
[image: $$I$$]

	
[image: $$(W_{1} - S_{1} )(1 - n)$$]

	
[image: $$Q_{1} - C_{1}$$]


	O
	S
	O
	
[image: $$I + L$$]

	
[image: $$(W_{1} - S_{1} )(1 - n) - L$$]

	
[image: $$Q_{3} - C_{3}$$]


	O
	O
	S
	
[image: $$I - P$$]

	
[image: $$(W_{1} - S_{1} )(1 - n)$$]

	
[image: $$Q_{1} - C_{1}$$]


	O
	O
	O
	
[image: $$- M - P$$]

	
[image: $$W_{2} - S_{2}$$]

	
[image: $$Q_{2} - C_{2}$$]



Notes: LG the local government, SMI superior medical institutions, PA patients




Analysis of evolutionarily stable strategies for replicator dynamic equations
The local government
The expected benefits for LG as a supporter (U1S), as an opponent (U1O), and the average expected benefits (U1) are as follows:[image: $$\left\{ \begin{gathered} U_{1S} = (I - C_{g} - T + D)yz + (I - C_{g} - T - U)y(1 - z) + (I - C_{g} )(1 - y)z + ( - C_{g} - M + H)(1 - y)(1 - z) \\ U_{1O} = (I)yz + (I + L)y(1 - z) + (I - P)(1 - y)z + ( - P - M)(1 - y)(1 - z) \\ U_{1} = xU_{1S} + (1 - x)U_{1O} \\ \end{gathered} \right.$$]

 (1)



Therefore, the replicator dynamic equation for LG is:[image: $$F(x) = \frac{dx}{{dt}} = x(U_{1S} - U_{1} ) = x(x - 1)\left[ {C_{g} - H - P + (H + L + P + T + U)y + Hz - (D + H + L + U)yz} \right]$$]

 (2)



Taking the first-order derivative of F(x) yields:[image: $$\frac{{d\left( {F\left( x \right)} \right)}}{dx} = (2x - 1)\left\{ {C_{g} - H - P + y\left[ {H + L + P + T + U - (D + H + L + U)z} \right] + Hz} \right\}$$]

 (3)



According to the stability theorem of differential equations, the strategy chosen by LG must meet the following conditions to remain stable: F(x) = 0 and [image: $$\frac{d(F(x))}{{dx}} &lt; 0$$]. When [image: $$y = y* = \frac{{ - C_{g} + H + P - Hz}}{H + L + P + T + U - (D + H + L + U)z}$$], the system reaches a steady state, x = 1 is the evolutionary stable strategy (ESS) of LG when y < y*; x = 0 is the ESS when y > y*. The phase diagram of LG’s strategy evolution is exhibited in Fig. 2. The probability of LG being a supporter is the volume of A1, and the probability of being an opponent is the volume of A2, calculated as: [image: $$\begin{gathered} V_{A1} = \int_{0}^{1} {\int_{0}^{1} {\frac{{ - C_{g} + H + P - Hz}}{H + L + P + T + U - (D + H + L + U)z}dzdx} } \\ = \frac{{H(D + H + L + U) + \left[ { - D(H + P) + HT - P(L + U) + C_{g} (D + H + L + U)} \right]\left( {\ln \frac{P + T - D}{{H + L + P + T + U}}} \right)}}{{\left( {D + H + L + U} \right)^{2} }} \\ V_{A2} = 1 - V_{A1} \\ \end{gathered}$$].[image: ]
Fig. 2Phase diagram of the local government’s strategy evolution


Corollary 1: The probability of LG supporting the HMS decreases as the probability of SMI and patients supporting the HMS increases.
Corollary 2: The probability that LG supports the HMS is positively correlated with the additional social benefits created for other regions. It is negatively correlated with the penalties imposed on SMI when LG is an opponent and rewards to SMI, reputation losses, and supervision costs when LG is a supporter.

Superior medical institutions
The expected benefits for SMI as supporters (U2S), as opponents (U2O), and the average expected benefits (U2) are as follows:[image: $$\left\{ \begin{gathered} U_{2S} = [(W_{1} - S_{1} )(1 - n) + T]xz + [(W_{1} - S_{1} )(1 - n) + T]x(1 - z) + [(W_{1} - S_{1} )(1 - n)](1 - x)z + [(W_{1} - S_{1} )(1 - n) - L](1 - x)(1 - z) \\ U_{2O} = [(W_{1} - S_{1} )(1 - n)]xz + [(W_{2} - S_{2} ) - H]x(1 - z) + [(W_{1} - S_{1} )(1 - n)](1 - x)z + [(W_{2} - S_{2} )](1 - z) \\ U_{2} = yU_{2S} + (1 - y)U_{2O} \\ \end{gathered} \right.$$]

 (4)



Therefore, the replicator dynamic equation for SMI is:[image: $$F(y) = \frac{dy}{{dt}} = y(U_{2S} - U_{2} ) = y(y - 1)\left[ {L + (W_{2} - S_{2} ) - (W_{1} - S_{1} )(1 - n) - (H + L + T)x - \left[ {L + (W_{2} - S_{2} ) - (W_{1} - S_{1} )(1 - n)} \right]z + (H + L)xz} \right]$$]

 (5)



Taking the first-order derivative of F(y) yields:[image: $$\frac{{d\left( {F\left( y \right)} \right)}}{dy} = (2y - 1)\left[ {L + (W_{2} - S_{2} ) - (W_{1} - S_{1} )(1 - n) - (H + L + T)x - \left[ {L + (W_{2} - S_{2} ) - (W_{1} - S_{1} )(1 - n)} \right]z + (H + L)xz} \right]$$]

 (6)



When [image: $$z = z* = \frac{{L + (W_{2} - S_{2} ) - (W_{1} - S_{1} )(1 - n) - (H + L + T)x}}{{L + (W_{2} - S_{2} ) - (W_{1} - S_{1} )(1 - n) - (H + L)x}}$$], the system reaches a steady state, y = 1 is the ESS of SMI when z > z*; y = 0 is the ESS when z < z*. The phase diagram of SMI’ strategies evolution is exhibited in Fig. 3. The probability of SMI being supporters is the volume of B1, and the probability of being opponents is the volume of B2, calculated as:
[image: $$\begin{gathered} V_{B2} = \int_{0}^{1} {\int_{0}^{1} {\frac{{(W_{2} - S_{2} ) - (W_{1} - S_{1} )(1 - n) + L - (H + L + T)x}}{{(W_{2} - S_{2} ) - (W_{1} - S_{1} )(1 - n) + L - (H + L)x}}dxdy} } \\ = \frac{{(H + L)(H + L + T) + T\left[ {L + (W_{2} - S_{2} ) - (W_{1} - S_{1} )(1 - n)} \right]\ln \frac{{H + (W_{1} - S_{1} )(1 - n) - (W_{2} - S_{2} )}}{{ - L + (W_{1} - S_{1} )(1 - n) - (W_{2} - S_{2} )}}}}{{(H + L)^{2} }} \\ V_{B1} = 1 - V_{B2} \\ \end{gathered}$$]




[image: ]
Fig. 3Phase diagram of superior medical institutions’ strategies evolution


Corollary 3: The probability of SMI supporting the HMS increases as the probability of LG and patients supporting the HMS increases.
Corollary 4: The probability of SMI supporting the HMS is positively correlated with the rewards provided by LG when LG is a supporter.

Patients
The expected benefits for patients as supporters (U3S), as opponents (U3O), and the average expected benefits (U3) are as follows:[image: $$\left\{ \begin{gathered} U_{3S} = (Q_{1} - C_{1} )xy + (Q_{1} - C_{1} )x(1 - y) + (Q_{1} - C_{1} )(1 - x)y + (Q_{1} - C_{1} )(1 - x)(1 - y) \\ U_{3O} = (Q_{3} - C_{3} )xy + (Q_{2} - C_{2} )x(1 - y) + (Q_{3} - C_{3} )(1 - x)y + (Q_{2} - C_{2} )(1 - x)(1 - y) \\ U_{3} = zU_{3S} + (1 - z)U_{3O} \\ \end{gathered} \right.$$]

 (7)



Therefore, the replicator dynamic equation for patients is:[image: $$F(z) = \frac{dz}{{dt}} = z(U_{3S} - U_{3} ) = z(z - 1)\left[ {(Q_{2} - C_{2} ) - (Q_{1} - C_{1} ) + (Q_{3} - C_{3} - Q_{2} + C_{2} )y} \right]$$]

 (8)



Taking the first-order derivative of F(z) yields:[image: $$\frac{{d\left( {F\left( z \right)} \right)}}{dz} = (2z - 1)[(Q_{2} - C_{2} ) - (Q_{1} - C_{1} ) + (Q_{3} - C_{3} - Q_{2} + C_{2} )y]$$]

 (9)



When [image: $$y = y** = \frac{{(Q_{1} - C_{1} ) - (Q_{2} - C_{2} )}}{{(Q_{3} - C_{3} ) - (Q_{2} - C_{2} )}}$$], the system reaches a steady state. The ESS of patients is related to the value of Q3-C3-Q2 + C2. When Q3-C3-Q2 + C2 > 0, z = 1 is the ESS of patients when y < y**; z = 0 is the ESS when y > y**. When Q3-C3-Q2 + C2 < 0, z = 0 is the ESS of patients when y < y**; z = 1 is the ESS when y > y**. The phase diagram of patients’ strategies evolution is exhibited in Fig. 4. The probability of patients being supporters is the volume of C1, and the probability of patients being opponents is the volume of C2, calculated as:[image: $$\begin{gathered} (Q_{3} - C_{3} ) - (Q_{2} - C_{2} )&gt; 0: \\ V_{C1} = \int_{0}^{1} {\int_{0}^{1} {\frac{{(Q_{1} - C_{1} ) - (Q_{2} - C_{2} )}}{{(Q_{3} - C_{3} ) - (Q_{2} - C_{2} )}}dxdz = } } \frac{{(Q_{1} - C_{1} ) - (Q_{2} - C_{2} )}}{{(Q_{3} - C_{3} ) - (Q_{2} - C_{2} )}} \\ V_{C2} = 1 - V_{C1} \\ (Q_{3} - C_{3} ) - (Q_{2} - C_{2} ) &lt; 0: \\ V_{C2} = \int_{0}^{1} {\int_{0}^{1} {\frac{{(Q_{1} - C_{1} ) - (Q_{2} - C_{2} )}}{{(Q_{3} - C_{3} ) - (Q_{2} - C_{2} )}}dxdz = } } \frac{{(Q_{1} - C_{1} ) - (Q_{2} - C_{2} )}}{{(Q_{3} - C_{3} ) - (Q_{2} - C_{2} )}} \\ V_{C1} = 1 - V_{C2} \\ \end{gathered}$$]



[image: ]
Fig. 4Phase diagram of patients’ strategies evolution. A Q3-C3-Q2 + C2 > 0; B Q3-C3-Q2 + C2 < 0


Corollary 5: The probability of patients supporting the HMS is related to the probability of SMI supporting the HMS and is independent of the probability of LG supporting the HMS. When Q3-C3-Q2 + C2 > 0, as the probability of SMI supporting the HMS increases, the probability of patients supporting the HMS decreases; when Q3-C3-Q2 + C2 < 0, as the probability of SMI supporting the HMS increases, the probability of patients supporting the HMS increases.


Equilibrium and stability analysis
Let F(x) = 0, F(y) = 0, and F(z) = 0, i.e., when the rate of change of the strategy choices is zero, we can obtain the eight pure strategy Nash equilibrium points of the evolutionary game system, namely 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). The Jacobian matrix of the system is as follows:[image: $$\begin{gathered} J = \left( {\begin{array}{*{20}c} {J_{1} } &amp; {J_{2} } &amp; {J_{3} } \\ {J_{4} } &amp; {J_{5} } &amp; {J_{6} } \\ {J_{7} } &amp; {J_{8} } &amp; {J_{9} } \\ \end{array} } \right) = \left( {\begin{array}{*{20}c} {\frac{\partial F(x)}{{\partial x}}} &amp; {\frac{\partial F(x)}{{\partial y}}} &amp; {\frac{\partial F(x)}{{\partial z}}} \\ {\frac{\partial F(y)}{{\partial x}}} &amp; {\frac{\partial F(y)}{{\partial y}}} &amp; {\frac{\partial F(y)}{{\partial z}}} \\ {\frac{\partial F(z)}{{\partial x}}} &amp; {\frac{\partial F(z)}{{\partial y}}} &amp; {\frac{\partial F(z)}{{\partial z}}} \\ \end{array} } \right) \\ = \left( \begin{gathered} (2x - 1)\left[ {C_{g} - H - P + (H + L + P + T + U)y + Hz - (D + H + L + U)yz} \right] \\ y(y - 1)\left[ { - H - L - T + (H + L)z} \right] \\ 0 \\ \end{gathered} \right. \\ x(x - 1)\left[ {H + L + P + T + U - (D + H + L + U)z} \right] \\ (2y - 1)\left[ {L + (W_{2} - S_{2} ) - (W_{1} - S_{1} )(1 - n) - (H + L + T)x - \left[ {L + (W_{2} - S_{2} ) - (W_{1} - S_{1} )(1 - n)} \right]z + (H + L)xz} \right] \\ (z - 1)(Q_{3} - C_{3} - Q_{2} + C_{2} ) \\ \left. \begin{gathered} x(x - 1)[H - (D + H + L + U)y] \\ y(y - 1)[(W_{1} - S_{1} )(1 - n) - (W_{2} - S_{2} ) - L + (H + L)x \\ (2z - 1)[(Q_{2} - C_{2} ) - (Q_{1} - C_{1} ) + (Q_{3} - C_{3} - Q_{2} + C_{2} )y] \\ \end{gathered} \right) \\ \end{gathered}$$]




Using the first method of Lyapunov, if all eigenvalues of the Jacobian matrix have negative real parts, the equilibrium point is asymptotically stable. The stability analysis of each equilibrium point is exhibited in Table 2.
Table 2Stability analysis of equilibrium points


	E
	Jacobian matrix eigenvalues
	S
	C

	
[image: $$\lambda_{1}$$]

	
[image: $$\lambda_{2}$$]

	
[image: $$\lambda_{3}$$]

	RPS

	E1(0,0,0)
	
[image: $$Q_{1} - C_{1} - Q_{2} + C_{2}$$]

	
[image: $$H - C_{g} + P$$]

	
[image: $$(W_{1} - S_{1} )(1 - n) - (W_{2} - S_{2} ) - L$$]

	(U, + , U)
	N
	/

	E2(1,0,0)
	
[image: $$Q_{1} - C_{1} - Q_{2} + C_{2}$$]

	
[image: $$C_{g} - H - P$$]

	
[image: $$H + T - (W_{2} - S_{2} ) + (W_{1} - S_{1} )(1 - n)$$]

	(U, -, U)
	ESS
	a

	E3(0,1,0)
	
[image: $$Q_{1} - C_{1} - Q_{3} + C_{3}$$]

	
[image: $$L + (W_{2} - S_{2} ) - (W_{1} - S_{1} )(1 - n)$$]

	
[image: $$- C_{g} - L - T - U$$]

	(U, U, -)
	ESS
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[image: $$P - C_{g}$$]

	
[image: $$Q_{2} - C_{2} - Q_{1} + C_{1}$$]
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[image: $$Q_{1} - C_{1} - Q_{3} + C_{3}$$]
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[image: $$C_{g} + L + T + U$$]
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[image: $$Q_{3} - C_{3} - Q_{1} + C_{1}$$]

	
[image: $$D - C_{g} - T$$]
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	N
	/

	E8(1,1,1)
	
[image: $$Q_{3} - C_{3} - Q_{1} + C_{1}$$]

	
[image: $$- T$$]

	
[image: $$- D + C_{g} + T$$]

	(U, -, U)
	ESS
	c


E Equilibrium Points, λ1, λ2, λ3: the three eigenvalues of the Jacobian matrix, RPS real part sign, S stability, ESS Evolutionary stable strategy, N Non-stable, C Conditions for reaching equilibrium, condition a is [image: $$H + T - (W_{2} - S_{2} ) + (W_{1} - S_{1} )(1 - n) &lt; 0$$], Q1-C1 < Q2-C2, condition b is [image: $$L + (W_{2} - S_{2} ) - (W_{1} - S_{1} )(1 - n) &lt; 0$$], Q1-C1 < Q3-C3, condition c is Cg + T < D, Q1-C1 > Q3-C3



Corollary 6: When [image: $$H + T - (W_{2} - S_{2} ) + (W_{1} - S_{1} )(1 - n) &lt; 0$$], that is [image: $$n&gt; 1 - \frac{{W_{2} - S_{2} - H - T}}{{W_{1} - S_{1} }}$$], and Q1-C1 < Q2-C2, the equilibrium point is E2(1,0,0). In that case, if SMI support the HMS, the proportion of patient reduction is high, and the economic benefits obtained are less than the benefits of being opponents. Due to the lower medical quality of PMI, patients are more inclined to oppose the HMS and directly seek treatment at SMI.
Corollary 7: When [image: $$L + (W_{2} - S_{2} ) - (W_{1} - S_{1} )(1 - n) &lt; 0$$], that is [image: $$n &lt; 1 - \frac{{W_{2} - S_{2} + L}}{{W_{1} - S_{1} }}$$], and Q1-C1 < Q3-C3, the equilibrium point is E3(0,1,0). In that case, if SMI support the HMS, the proportion of patient reduction is low, and the economic benefits obtained are more than the benefits of being opponents. Due to the lower medical quality of PMI, patients are more inclined to oppose the HMS. However, SMI will actively guide patients with minor illnesses to PMI for hospitalization. Therefore, the HMS can still be promoted. The financial burden on LG for supporting the HMS exceeds the cost of being an opponent. Additionally, since LGs as opponents do not incur penalties from higher authorities, they tend to withhold support for the HMS.
Corollary 8: When Cg + T < D, and Q1-C1 > Q3-C3, the equilibrium point is E8(1,1,1). In that case, the additional social benefits created by LG for other regions are higher than the sum of the supervision cost and the rewards given to SMI, so LG tends to support the HMS. Due to the higher medical quality of PMI, patients are more inclined to support the HMS, allowing the HMS to be promoted. SMI tend to support the HMS to receive rewards from LG.


Simulation analysis of the evolutionarily stable strategy
To verify the effectiveness of the evolutionary stability analysis, we first collected medical data from six SMI and five PMI in two DIP pilot cities in Shandong Province in 2023. Both cities completed the DIP payment reform in January 2022. The LG strongly supports the development of the HMS in both cities, and the six SMI actively respond to this call by focusing primarily on treating severe cases. Therefore, we assume that all six SMI are under the HMS model. In 2023, the average revenue of these six SMI was USD 302.3 million, with approximately 50% (or USD 150 million) coming from reimbursements of medical insurance funds. For simplicity, we set the value of W1 to 150. The average point volume at the six SMI was over 1600, while the primary DIP groups in both cities had an average point volume of only around 500 points. If the DIP reform does not promote the HMS, a large influx of patients in primary DIP groups will flow into these SMI. Based on the proportion of patients in primary DIP groups in the two cities, we estimate that reimbursements for these SMI would decrease by half in a non-HMS model. Thus, we set the value of W2 to 80. Next, we determined the values of other economic parameters based on the ratios of various medical data to the average reimbursements of the six SMI. For example, the bonus provided by LG to each SMI is approximately one-thirtieth of their reimbursement, so the value of T was set to 5; the total OOP payments by SMI patients amounted to about one-fifth of their reimbursement, while PMI patients’ OOP payments were about one-fifteenth of the SMI reimbursement. Therefore, the values of C1​ and C2​ were set to 10 and 30, respectively. For non-economic parameters, such as social benefits and perceived quality of the medical services, which are difficult to quantify, we referred to the values used in the studies by Tao et al. and Gong et al. [6, 50]. Then, we set different values for n to meet the conditions under various Corollaries. Based on this, we set the values of parameters to verify Corollary 6: I = 100, D = 10, Cg = 20, U = 10, M = 20, P = 30, W1 = 150, S1 = 50, W2 = 80, S2 = 30, n = 0.75, T = 5, L = 10, H = 5, Q1 = 50, C1 = 10, Q2 = 100, C2 = 30, Q3 = 80, C3 = 20, which meet the conditions stated in Corollary 6. Based on the previously given parameters, let n = 0.25. This set of parameters meets the conditions of Corollary 7 and is used to verify Corollary 7. Finally, we changed the values ​​of some parameters to meet the conditions of Corollary 8. Let I = 100, D = 40, Cg = 15, U = 10, M = 20, P = 55, W1 = 150, S1 = 50, W2 = 100, S2 = 30, n = 0.35, T = 5, L = 10, H = 10, Q1 = 55, C1 = 5, Q2 = 100, C2 = 30, Q3 = 75, C3 = 30, to verify Corollary 8. Simulations were conducted using MATLAB R2018a. The three sets of parameters have evolved 50 times from different initial strategies over time. The simulation results are shown in Fig. 5.[image: ]
Fig. 5Simulation Analysis of the evolutionarily stable strategy, A Converge to E2(1,0,0); B Converge to E3(0,1,0); C Converge to E8(1,1,1)


As exhibited in Fig. 5, under the conditions of Corollaries 6–8, the three sets of values underwent 50 iterations from various initial strategy combinations and ultimately converged at the equilibrium points E2(1,0,0), E3(0,1,0), and E8(1,1,1), respectively, indicating that the simulation results are consistent with the stability analysis.

Parameter sensitivity analysis
When the equilibrium point is E8(1,1,1), LG, SMI, and patients all support the HMS, which is most beneficial for the HMS and the rational allocation of medical resources. Therefore, we applied parameters in line with Corollary 8 and assumed that the initial probability of each participant being a supporter is 0.5 to examine the impact of each parameter on the strategies of participants in the game. It is worth noting that when analyzing the effect of one of the parameters on the evolutionary game system, the values ​​of other parameters are the same as the simulated values ​​of the equilibrium point E8(1,1,1).
According to Corollary 2, the probability that LG supports the HMS is related to the additional social benefits created for other regions, regulatory costs, reputational loss, and fines imposed on SMI. We set D = 30,40,50, Cg = 5,15,25, U = 5,15,25, and L = 1,21,41 to examine the impact of these parameters on the strategy of LG. As shown in Fig. 6A, as the additional social benefits created for other regions increase, the probability that LG supports the HMS increases, leading to a quicker evolution towards becoming a supporter. As shown in Fig. 6B, C and D, as the regulatory costs, reputation losses, and fines imposed on SMI increase, the probability that LG supports the HMS decreases, also slowing down the evolution of LG towards becoming a supporter. It can be inferred that LG aims to reduce costs while creating as many social benefits as possible and minimizing reputation losses.[image: ]
Fig. 6The impact of parameters on the strategy of the local government. A The additional social benefits created for other regions; B Regulatory costs; C Reputation losses; D Fines imposed on superior medical institutions


According to Corollary 2 and Corollary 4, the rewards given by LG as a supporter to SMI that are also supporters impact the strategies of both participants. We set T = 5, 7.5, and 10 to verify the strategy evolution of LG and SMI. As shown in Fig. 7A and B, as the rewards from LG to SMI increase, the probability that LG acts as a supporter decreases, and the rate at which it evolves into a supporter slows down. Meanwhile, the probability that SMI act as supporters increases, and their rate of evolution into supporters accelerates. The increased reward is a greater incentive for SMI, while it means higher costs to support the HMS for LG.[image: ]
Fig. 7The impact of the local government rewards to superior medical institutions on the strategies of both participants. A The impact of the local government rewards to superior medical institutions on the strategies of the local government; B The impact of the local government rewards to superior medical institutions on the strategies of superior medical institutions


According to Corollary 6 and Corollary 7, the strategies of SMI are related to the proportion of patient reduction. As shown in Fig. 8, the threshold for the proportion of patient reduction lies between 0.35 and 0.65. When n is below this threshold, the strategies of SMI evolve towards being supporters. The lower the n, the higher the probability that SMI choose to support the HMS, and the faster they evolve into supporters. When n is above this threshold, the strategies of SMI evolve into opponents. The higher the n, the higher the probability that SMI choose to oppose the HMS, and the faster they evolve into opponents, and the ESS of the system degenerates to E2(1,0,0). Thus, the proportion of patient reduction plays a decisive role in the strategies of SMI. When n is below the threshold, the total point volume of SMI as supporters under the DIP payment scheme is higher than opponents, allowing them to receive more reimbursements. However, when n increases above the threshold, due to the excessively high proportion of patient reduction, the total point volume of SMI as supporters decreases. Therefore, SMI tend to oppose the HMS.[image: ]
Fig. 8The impact of the proportion of patient reduction under the DIP payment scheme on the strategies of superior medical institutions


As shown in Fig. 9, similar to the proportion of patient reduction, there is also a threshold for the perceived quality of the medical services patients receive in PMI, which lies between 40 and 55. When Q1 is below this threshold, the strategies of patients evolve into opponents, and the ESS of the system degenerates to E3(0,1,0). The lower the Q1, the higher the probability that patients oppose the HMS and the faster they evolve into opponents. When Q1 is above this threshold, the strategies of patients evolve into supporters. The higher the Q1, the higher the probability that patients support the HMS and the faster they evolve into supporters. Therefore, the perceived quality of the medical services patients receive in PMI plays a decisive role in their strategies. When the medical quality of PMI does not meet the patients’ needs, patients are more likely to incur higher costs to visit SMI to obtain better-perceived medical quality.[image: ]
Fig. 9The impact of perceived medical quality at primary medical institutions on the strategies of patients



Discussion
The game between LG, SMI, and patients as stakeholders is crucial to medical reform in China. Promoting the HMS requires the joint support of all three participants. However, during the DIP payment reform process, the participants have conflicting interests, each striving to serve their interests in the game. Therefore, only when specific conditions are met will all participants support the HMS.
Medical reform presents both significant challenges and opportunities for the government. It is a complex undertaking impacting public health, healthcare delivery, and citizen satisfaction. A well-structured institutional framework at the local level can positively influence the development of regional medical systems and offer valuable insights for policy design in other regions, especially for the Chinese government, which is in the early stages of case-based payment reform [51, 52]. For example, Jinhua City in Zhejiang Province redesigned the DRG payment scheme to improve policy deficiencies, and about 60 cities have learned from Jinhua’s experience [19]. Similarly, the DIP payment scheme designed by Guangzhou City guided the policy design of the subsequent 71 pilot cities [21]. The Chinese government ensures each province has a DIP pilot city, paving the way for local adaptation and scaling up in the future [24]. However, at this stage, LGs are more focused on the impact of the DIP payment reform on outcomes such as expenditure and quality of care but lack specialized policy designs to promote the HMS. For LGs of pilot cities, improving the DIP policy to facilitate the implementation of HMS would inevitably provide valuable insights for policy design in other regions and create additional social benefits, which is an opportunity for LGs to enhance their credibility and gain the trust of higher-level authorities. Therefore, policymakers should encourage LGs that have successfully implemented advanced policies to share their experiences and insights with other regions.
The results of this study indicate that the proportion of patient reduction accepted by SMI under the DIP payment scheme is a determining factor affecting the strategies of SMI. It is worth noting that this reduction rate may vary significantly across different regions. China’s medical resources are unevenly distributed, with significant disparities in medical standards across various regions. This imbalance challenges the country’s healthcare system and affects patient access to high-quality care [53]. The distribution of high-quality medical resources in China is heavily concentrated in major urban areas, particularly in first-tier cities and provincial capitals such as Beijing, Shanghai, and Guangzhou. This concentration results in small cities and rural areas having limited access to advanced medical facilities and expertise [54]. Patients from these remote areas often travel across cities, especially those with severe illnesses, leading to a continuous influx of patients to top-tier medical institutions in major cities [55]. Even if SMI in major cities direct some minor cases to PMI, the proportion of patient reduction they accept will not be significant. In contrast, SMI in small cities face the risk of losing a substantial number of patients under the DIP payment scheme. Therefore, it can be inferred that under the DIP payment scheme, SMI in regions with developed medical resources are more supportive of the HMS. We also observed in Corollary 6 and Corollary 7 that the threshold for the proportion of patient reduction is related to LG’s reward and punishment policies towards SMI. By appropriately increasing the rewards for SMI that support the HMS and the punishments for those that oppose it, the threshold for the proportion of patient reduction at which SMI shift from supporters to opponents can be raised, thereby increasing the probability of SMI supporting the HMS. Moreover, the expansion of large hospitals might be another hindrance to the HMS under the DIP payment scheme. Many large hospitals have continuously expanded their physical infrastructure in recent years to accommodate more patients and services. By 2021, China had 19 “super hospitals” with at least 4,000 beds [56]. Under the DIP payment scheme, empty beds mean that medical institutions cannot receive reimbursements; admitting patients with minor illnesses, although not yielding significant point volume, is still better than nothing. As beds increase, SMI may attract more medical demand from PMI, exacerbating the “siphon effect” [57]. Therefore, policy design should ensure public needs while controlling the excessive expansion of medical institutions.
The DIP payment reform focuses on resource allocation for medical institutions and does not alter the incentives for patients. Therefore, patients are primarily concerned with the quality of care and the OOP payments rather than the specific details of the DIP payment reform [58]. Although previous studies have shown that the quality of care and the OOP payments at various levels of medical institutions have changed under payment reforms, the results have been inconsistent. Additionally, we cannot determine the level of support LGs have for the HMS [20, 22, 59, 60]. Therefore, this paper does not consider the impact of LG’s strategy on the quality of care and the OOP payments. Although gaining patient support for HMS in areas with poor medical quality of PMI is a significant challenge, this does not mean policymakers are powerless to promote HMS. By adjusting the MIRC, LG can alter the proportion of health insurance funds occupied by medical institutions of different levels. Theoretically, the DIP payment scheme can increase the income of PMI by appropriately raising their MIRC, enabling these institutions to attract high‐quality professionals and improve medical facilities, thus enhancing medical quality. This process is not instantaneous and may take considerable time, requiring more practical evidence to prove its feasibility. However, it is undeniable that patients’ support for the HMS depends on improving medical quality at PMI and increasing investment in primary healthcare.
This study has several limitations. First, medical systems are highly complex, and our model is merely an abstract simplification of the real-world system, which may not fully capture the changes experienced by participants in medical reform. Second, this study does not account for possible changes in point value during the implementation of DIP payment reform. In reality, as medical institutions tend to pursue higher point volume under the DIP payment scheme, the point value may decrease to some extent within a fixed expenditure budget, affecting the income of medical institutions. Although the results need to be confirmed in practice over a long period, this study provides a feasible methodology for analyzing the impact of payment reforms that can be used in future research.

Conclusion
In conclusion, the DIP payment scheme is more likely to promote the HMS in regions with an advanced policy framework, abundant medical resources, and high-quality primary medical services. The DIP payment scheme may not promote the HMS for other regions and could even hinder its construction. Policymakers need to create appropriate incentive systems to increase the probability of support for the HMS among the participants in the game.
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