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Objectives: China’s national comprehensive medical reform (NCMR) is an important attempt in the reform of healthcare system, and quantitative evaluation of its effect is of great significance for continuously deepening medical reform, grasping the reform direction, and building a healthy China. Therefore, focusing on medical resources and medical burden, this study aims to systematically explore the policy effectiveness and the provincial heterogeneity of NCMR, as well as the potential influencing factors.

Methods: Utilizing the collected multi-period panel data of 31 provinces in mainland China in 2006–2021, we regarded the release of the two batches of pilot provinces in NCMR as a quasi-natural experiment and comprehensively adopted a Staggered difference-in-differences (DID) model and Synthetic Control Method (SCM), combined with word frequency statistics and grouping regression analysis.

Results: NCMR can effectively increase the number of licensed physicians by 12.6% and reduce the per capita medical expense for in-patients by 7.2% in the pilot provinces. Furthermore, the NCMR policy effect in different pilot provinces shows various characteristics, and only Jiangsu, Zhejiang, and Chongqing achieve both the growth of medical resources and the reduction of medical expenditure. Meanwhile, word frequency statistics are conducted based on related policy descriptions and news reports on the official websites, so as to summarize the specific policy means in the three provinces, and provide a reference for other provinces to practice the healthcare reforms. Besides, extensibility analysis shows that the effect of NCMR is affected by the population aging and health status. Groups with low degree of population aging (low-AG)/high population health status (high-HE) performed a more obvious reform effect.

Conclusion: This study provides beneficial policy implications for increasing medical resources, reducing medical burden, and promoting medical reform process.
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1 Introduction

As a private economic product with significant social welfare implications, the healthcare system is highly complex, requiring a balance between equity and efficiency for its development (1). Additionally, the provision of health services involves multiple tasks, often leading to conflicts (2). Furthermore, information asymmetry and positive externalities are inherent challenges (3). Consequently, motivating healthcare system reform remains both a global phenomenon and a persistent worldwide challenge.

As the largest developing country, China has experienced an economic development miracle since its reform and opening-up, significantly improving the health of its citizens. However, the development of the healthcare system has lagged behind (4), with the supply of public medical resources struggling to meet the growing demand for high-quality healthcare services (5). In response, China initiated healthcare system reforms. These efforts began in the 1980s and entered a phase of adjustment and innovation in 2006. Unfortunately, these early reforms failed to effectively reduce the social burden of medical care and produced no significant improvements. In 2009, China launched a new round of reforms, known as the New Healthcare Reform, which prioritized equity and aimed to provide basic healthcare of reasonable quality with adequate risk protection for all citizens (6). The New Healthcare Reform made significant progress in three key areas: medical insurance, drug pricing, and public hospitals (7), and essentially established the framework for comprehensive healthcare system reform.

With the continued implementation of the New Healthcare Reform, the complexity and unique characteristics of the healthcare system became more evident. Conflicts between supply and demand, doctors and patients, and urban and rural areas intensified, and resource allocation remained inefficient (8). Consequently, issues related to the accessibility and affordability of medical services persisted, commonly referred to in Chinese as “kan-bing-nan” and “kan-bing-gui.”

In the Chinese context, “kan-bing-nan” refers to “difficulties in accessing medical treatment,” underscoring the challenge of healthcare accessibility. Specifically, the insufficient supply and uneven distribution of medical resources fail to meet the growing demand for services. Furthermore, the difficulty in implementing a primary-level first-diagnosis system contributes to the inefficient allocation of high-quality healthcare resources.

On the other hand, “kan-bing-gui” denotes the “high cost of medical treatment,” focusing on the issue of healthcare affordability. Due to restrictions on the pricing of diagnostic and treatment services, the practice of using pharmacy profits to subsidize medical services has become widespread. Additionally, the parallel, multi-track medical insurance system has fragmented the mutual aid capacity of insurance, while differing health insurance financing mechanisms have widened disparities in per capita funding.

To consolidate reform achievements and innovate new approaches, the Leading Group for Medical Reform of the State Council of the People’s Republic of China decided to pilot the National Comprehensive Medical Reform (NCMR). Two batches of pilot provinces were selected, the first in January 2015 and the second in May 2016. The first batch included Jiangsu, Anhui, Fujian, and Qinghai provinces, while the second consisted of Shanghai, Zhejiang, Hunan, Chongqing, Sichuan, Shaanxi, and Ningxia.

Specifically, to improve accessibility of medical resources and affordability of medical services, the NCMR implemented various reform measures and achieved significant results. On the one hand, regarding improved accessibility, the pilot provinces continued to optimize the allocation of medical resources and established a system of tiered diagnosis and treatment (9). Key initiatives, such as the signing of family doctors, the provision of telemedicine services, and the development of an integrated healthcare system, facilitated the distribution of high-quality medical resources to lower levels, allowing common and chronic diseases to be treated promptly in primary healthcare institutions. Additionally, online services like appointment booking, test result inquiries, and mobile payment options have greatly enhanced the convenience of seeking medical care for residents.

On the other hand, to reduce medical expenses, the NCMR used drug reform as a critical entry point, lowering inflated drug prices through centralized bidding and procurement processes. Moreover, Medicare coverage was expanded, while personal out-of-pocket expenses were reduced (10). In some pilot provinces, the role of Medicare security was further strengthened by increasing the reimbursement rate for hospitalization costs for serious illnesses among the poor to 90%.

Overall, the NCMR focused on addressing the issues of “kan-bing-nan” and “kan-bing-gui,” and successfully implemented a series of reform measures in 11 pilot provinces, all aimed at resolving healthcare challenges. But what are the real-world effects of the NCMR? Has it effectively improved access to medical resources and the affordability of medical services? Are there differences in the policy impacts and specific strategies among the various pilot provinces? Are there other influencing factors at play?

To address these questions, this paper treats the introduction of the two batches of pilot provinces under the NCMR as a quasi-natural experiment and employs a staggered difference-in-differences (DID) model to empirically analyze the average policy effect of NCMR on accessibility and affordability. Additionally, the Synthetic Control Method (SCM) is used to evaluate the policy effectiveness in each pilot province individually and to explore the heterogeneity between provinces. Furthermore, the impact of population aging and regional health status on policy effectiveness is also investigated. The detailed research perspectives and empirical strategies are illustrated in Figure 1.
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FIGURE 1
 Research perspective and empirical strategies. NCMR, national comprehensive medical reform; DID, difference-in-differences; SCM, synthetic control method.


The marginal contribution of this study lies in two key areas. First, it focuses on the policy implications of the NCMR by addressing the practical issues of “kan-bing-nan” and “kan-bing-gui.” By integrating the accessibility of medical resources with the affordability of medical services, we provide a comprehensive and systematic evaluation of the NCMR’s policy effects. Second, using multi-period panel data from 31 provinces in mainland China (excluding Hong Kong, Macao, and Taiwan) from 2006 to 2021, we employ both the Staggered DID model and the SCM to scientifically assess the overall policy impact of the NCMR. This approach also allows for province-specific evaluations, exploring provincial heterogeneity and other influencing factors. These contributions aim to help policymakers better understand the successes and limitations of healthcare reform.



2 Literature review

Addressing the availability of medical resources and the affordability of medical services is not only a key objective of healthcare reform but also an effective means of improving public well-being. As a result, many studies have focused on the factors influencing medical resource supply and residents’ medical expenditures.

In terms of resource supply, a strong correlation has been observed between regional economic development and the abundance of medical resources (11). Similarly, factors such as government health expenditure, population size, and the number of medical schools play significant roles in determining the distribution of high-quality medical resources (12). Lu et al. (13) examined the impact of referral reforms on resource accessibility, concluding that while the referral system improved access to public hospitals, it also exacerbated healthcare resource disparities between townships and urban districts.

Regarding residents’ medical expenditures, environmental degradation has been shown to increase public health spending, subsequently raising individual medical costs (14). Additionally, pollution-intensive industrial clusters have been found to increase urban residents’ healthcare expenses (15). Conversely, the large-scale development of digital infrastructure can enhance healthcare efficiency, thereby reducing individual medical burdens and helping to narrow wealth disparities (16).

In evaluating healthcare system reforms, much of the existing literature has focused on their impact on the demand for medical resources and the supply of healthcare services, often reflected in residents’ medical expenditures and the income structure of hospitals. Baji et al. (17) used Kakwani indexes to assess the progressivity of household healthcare expenditures in Hungary before, during, and after healthcare reforms, finding that informal payments became less regressive during the reform period. They concluded that equity in healthcare financing could be improved by eliminating informal payments while increasing co-payments (17).

Similarly, Limwattananon et al. (18) evaluated the effects of Thailand’s healthcare reforms on out-of-pocket healthcare expenditures using a DID model, revealing an average reduction of 28% in out-of-pocket spending, accompanied by increased utilization of inpatient and outpatient services. Zhu et al. (19) also employed the DID method to show that while drug expenditures decreased in Chinese public hospitals, spending on medical care increased due to price changes. Liu et al. (20) noted that two rounds of comprehensive public hospital reforms in Beijing contributed to lowering direct medical payments for in-patients with coronary heart disease.

In terms of hospital income structure, data from Beijing’s public hospital reforms showed that the proportion of revenue from drug sales significantly declined, while some outpatients were successfully transferred from tertiary hospitals to primary healthcare institutions, such as community health centers. However, the use of CT and MRI increased unexpectedly (21). Another study demonstrated a reduction in the proportion of revenue from drug sales and medical consumables, alongside a rise in revenue from medical consulting services. This research concluded that the comprehensive public hospital reforms effectively curbed medical expenditures and optimized hospital income structures (22).

The above analyses show that while previous studies have thoroughly examined healthcare reform policies and their impacts across various countries and regions, the NCMR in China has not been fully explored. Most related research has focused on specific provinces or cities, using limited evaluation metrics and lacking a systematic, multi-dimensional assessment across all pilot provinces. Additionally, most studies relied on average effect estimations, with little investigation into the provincial heterogeneity of policy outcomes.

To address these gaps, this paper employs both the Staggered DID model and the SCM to evaluate the NCMR from two key dimensions: resource accessibility and price affordability. It also explores influencing factors, providing a valuable addition to the existing literature and offering a more comprehensive and accurate understanding of the policy’s strengths and weaknesses.



3 Materials and methods


3.1 Variables and data sources

Addressing the difficulties of “kan-bing-nan” and “kan-bing-gui” is the primary objective of China’s NCMR. Therefore, we evaluated the policy’s effectiveness from two key dimensions: the accessibility of medical resources and the affordability of medical services.

Based on data availability and relevant studies (23, 24), we selected three indicators to measure accessibility: the number of licensed physicians (Doctor), registered nurses (Nurse), and sickbeds in medical institutions (Sickbed) per 1,000 population. For evaluating the affordability of medical services, we chose two indicators representing residents’ medical costs: per capita medical expenses for outpatients (Out-patient) and per capita medical expenses for inpatients (In-patient) (25).

To account for inflation, we deflated the expense-related indicators using the consumer price index, with the initial year of the data serving as the base period. All five indicators were transformed using logarithmic scales.

Additionally, the accessibility of medical resources and the affordability of health services in a region may be influenced by whether the region is an NCMR pilot province, as well as by various regional characteristics or random factors. Therefore, we included a series of control variables from different perspectives: regional environment (26, 27), population (12), economy (11), and industrial structure (28). The selected control variables were: air pollution (AP), represented by sulfur dioxide emissions; water pollution (WP), represented by chemical oxygen demand emissions; environmental greening (EG), expressed as per capita park green area; population size (PS), expressed as total population; economic development (ED), quantified by per capita GDP; and industrial structure (IS), quantified by the proportion of added value of the secondary industry in GDP.

Non-proportional data were logarithmically transformed and winsorized at the 1st and 99th percentiles before regression analysis. This process helps mitigate the influence of extreme values on the estimates without reducing the sample size.

This study focuses on 31 provinces in mainland China (excluding Hong Kong, Macao, and Taiwan) over the period from 2006 to 2021. Data for all indicators were obtained from the China Health and Family Planning Statistical Yearbook, the China Health Statistics Yearbook, the China Statistics Yearbook on Environment, and the National Bureau of Statistics of China website. Missing values were addressed using interpolation. Descriptive statistics for the main variables are presented in Table 1.



TABLE 1 Descriptive statistics.
[image: Table1]



3.2 Empirical strategies and model construction


3.2.1 Staggered DID model

Existing studies commonly use the DID model to assess policy effects. This model combines “differences before and after the intervention” with “differences between the experimental and control groups” using panel data, effectively controlling for factors unrelated to the intervention and providing a true assessment of the policy’s impact.

In our study, we applied the DID model to evaluate the impact of China’s NCMR. Given that the pilot provinces were introduced at two different time points, we used the Staggered DID method as our benchmark model for estimating the average policy effect. This method is well-suited for assessing the effects of a policy implemented incrementally over time, aligning with our study design.

Based on the methodology of Beck et al. (29), the benchmark regression model used in the study is specified as follows:

[image: image]

where i and t represent the province and year, respectively. [image: image] is the dependent variables, i.e., Doctor, Nurse, Sickbed, Out-patient, and In-patient, which represent the medical resources and expenditures for province i in year t. [image: image] indicates whether province i is the pilot province of NCMR in year t (1 for inclusion and 0 for non-inclusion). [image: image] represents a series of control variables. [image: image] is the time fixed effect[image: image] is the regional fixed effect. [image: image] is the random error (Equation 1). We mainly focused on the regression coefficient [image: image] of [image: image], which indicates the effect of NCMR.



3.2.2 SCM

The SCM, first proposed by Abadie and Gardeazabal (30), aims to create a “counterfactual” comparison unit for policy-affected provinces. It does so by constructing a synthetic control group through weighted combinations of potential control units, effectively simulating the conditions of the pilot provinces had they not been affected by the NCMR. SCM offers several advantages: it reduces selection bias, addresses endogeneity, and mitigates subjectivity in the selection of the control group (31).

The application of SCM is as follows: The dependent variables, including Doctor, Nurse, Sickbed, Out-patient, and In-patient, in period [image: image] of [image: image] provinces are obtained. [image: image] denotes the dependent variables of province i in year t when NCMR was not implemented, whereas [image: image] denotes the variables when NCMR was implemented. If [image: image] is the implementation node of NCMR and [image: image], [image: image], whereas when [image: image], [image: image] is the policy effect. For the pilot provinces, [image: image], but not [image: image], can be observed and was estimated using the model proposed by Abadie et al. (32):

[image: image]

where [image: image] is the time fixed effect. [image: image] indicates the predictive control variables, including AP, WP, EG, PS, ED, ID, and the dependent variables in 2007, 2009, and 2011. [image: image] is the common factor vector. [image: image] represents the regional fixed effect. [image: image] is the unobservable instantaneous shock at the province level (Equation 2).

Consider the scenarios where the first province ([image: image]) has implemented NCMR, whereas the remaining [image: image] provinces ([image: image]) have not implemented it. In this scenario, [image: image] is a weight vector, where [image: image], [image: image]. The vector [image: image] represents a virtual synthetic control combination.

Abadie et al. (32) proved that when [image: image], [image: image] can be considered an unbiased estimate of [image: image]. The policy effect can be estimated as follows:

[image: image]

Using the aforementioned formulae, [image: image] (the policy effect) was estimated based on the weight vector [image: image] (Equation 3).





4 Results


4.1 Results of staggered DID test


4.1.1 Benchmark regression results

The average impact of NCMR on medical resources and expenditures in the pilot provinces was estimated using the Staggered DID model, as shown in Table 2. The first three columns represent the effect of NCMR implementation on regional medical resources, characterized by Doctor, Nurse, and Sickbed. In columns (1) and (2), the regression coefficients of NCMR, the core explanatory variable, are significantly positive at the 5% level, while the coefficient in column (3) is positive but not significant. This suggests that, compared to non-pilot provinces, the number of doctors and nurses increased by 12.6 and 19.8%, respectively, in the pilot provinces.



TABLE 2 Benchmark regression results based on staggered DID model.
[image: Table2]

The last two columns show the NCMR’s effect on medical expenditures, characterized by Out-patient and In-patient. The coefficient in column (4) is negative but not significant, while the coefficient in column (5) is significantly negative, indicating that NCMR played a key role in reducing inpatient medical expenses. Per capita inpatient medical costs decreased by 7.2% in the pilot provinces. Overall, the results demonstrate some success in improving the accessibility and affordability of medical resources and services.



4.1.2 Parallel trend test

The validity of the Staggered DID model depends on the parallel trends assumption, which posits that the dependent variables should follow the same trend in both the pilot and non-pilot provinces before policy implementation. To assess this, following the approach of Jacobson et al. (33), we employed the Event Study Method by constructing the following model to investigate parallel trends:

[image: image]

Our focus is on the significance of [image: image], with the criterion for passing the test being a non-significant [image: image] prior to the implementation of NCMR ([image: image]) (Equation 4). The base year is set as 2006 to avoid multicollinearity. The parallel trend test results for Doctor, Nurse, and In-Patient are presented in Figure 2. The non-significant [image: image] ([image: image]) in Figures 2A,C indicates no systematic difference in the number of licensed physicians or inpatient medical expenses between the experimental and control groups before NCMR implementation, confirming the validity of the Staggered DID model.

[image: Figure 2]

FIGURE 2
 Results of the parallel trend test. (a) Test results for dependent variable Doctor. (b) Test results for dependent variable Nurse. (c) Test results for dependent variable In-patient.


Additionally, for each dependent variable, we tested the difference in [image: image] before and after the policy implementation. The coefficient differences for Doctor and In-Patient are 0.546 (p < 0.10) and-0.411 (p < 0.05), respectively, further confirming the impact of NCMR. These results indicate a significant increase in licensed physicians and a notable reduction in inpatient medical expenses following the policy. Next, we will conduct a placebo test for the Doctor and In-patient variables, which passed the parallel trend test.



4.1.3 Placebo test

Admittedly, significant estimates could also result from unobservable random factors. Therefore, the baseline regression results need to be validated by randomly assigning pilot provinces and policy implementation times. Specifically, a new variable [image: image] is randomly generated to replace the original explanatory variable [image: image] in the regression analysis, producing an incorrect estimation coefficient [image: image]. This process is repeated 500 times to complete the placebo test (Figure 3).

[image: Figure 3]

FIGURE 3
 Results of the placebo test. (a) Test results for dependent variable Doctor. (b) Test results for dependent variable In-patient.


The placebo tests for Doctor and In-patient are illustrated in Figures 3A,B. The results show that [image: image] values are concentrated around 0 and follow a normal distribution, while the true estimation coefficient [image: image] (represented by the dashed line) lies outside the range of all the incorrect coefficients. This suggests that the actual estimation is unlikely to have been influenced by random factors, confirming that the placebo test is successfully passed (Figures 3A,B).




4.2 Results of SCM test


4.2.1 Provincial policy effect evaluation

The heterogeneity of policy shocks across different pilot provinces will be examined in this section. Specifically, the impact of NCMR on increasing licensed doctors and reducing in-patient medical expenses in individual pilot provinces will be analyzed using SCM. Table 3 lists the control variables and their weights used by SCM to construct the “synthetic provinces” for the two dependent variables, Doctor and In-patient. The comparison between each pilot province and its “synthetic province” in terms of Doctor and In-patient is depicted in Figure 4, with the vertical dashed line representing the implementation of NCMR (2015 or 2016). The closer the real values are to the fitted values before the implementation (left side of the dashed line), the better the fit of the SCM. In contrast, the gap between the real and fitted values after the implementation (right side of the dashed line) reflects the policy effect.



TABLE 3 Weighting combinations used to synthesize pilot provinces.
[image: Table3]
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FIGURE 4
 Comparison of real and synthetic values of dependent variables in pilot provinces.


From the results, although the average effect of NCMR has been validated by multiple tests, only Jiangsu, Zhejiang, and Chongqing have shown both an increase in the number of licensed physicians and a decrease in in-patient medical expenses following the policy. Additionally, in-patient medical expenses have declined in Anhui, Qinghai, Sichuan, and Ningxia, while Shaanxi has experienced an increase in the number of licensed physicians. However, no notable changes in either variable were observed in Fujian, Shanghai, or Hunan.



4.2.2 Placebo test

In accordance with the permutation test proposed by Abadie et al. (32), a placebo test was conducted for the analyses of Doctor and In-patient in Jiangsu, Zhejiang, and Chongqing. This test assumed that all non-pilot provinces implemented NCMR in 2015 or 2016, allowing for a comparison of the policy effect between the pilot and non-pilot groups. To enhance accuracy, non-pilot provinces with a root mean square prediction error that was 1.5 times higher than that of the pilot provinces before NCMR implementation were excluded from the analysis.

Figure 5 illustrates the experimental effects in Jiangsu, Zhejiang, and Chongqing (solid lines) compared to those in other non-pilot provinces (dashed lines). For the variable Doctor, the effects in the three pilot provinces remain around zero before NCMR implementation (to the left of the vertical dashed line), but increase afterward (to the right of the vertical dashed line). Specifically, the solid lines are consistently above the dashed lines prior to 2019. However, after 2019, the effects in the pilot provinces start to diminish and are gradually surpassed by the placebo effects of several non-pilot provinces, indicating a slight decline in the impact of NCMR on the number of physicians.

[image: Figure 5]

FIGURE 5
 Results of the permutation test.


In contrast, for the variable In-patient, the experimental effects in the three pilot provinces remain substantial after the policy implementation. The solid lines are generally below the majority of the dashed lines, highlighting that NCMR significantly contributes to reducing in-patient medical expenses.




4.3 Analysis of policy characteristics

From the perspective of the NCMR policy effect in each pilot province, only Jiangsu, Zhejiang, and Chongqing have successfully achieved both an increase in medical resources and a reduction in residents’ medical burden. This outcome can be attributed to the nature of NCMR as a top-down policy, where each pilot province is required to adapt and tailor the policy details to its specific conditions. Consequently, different pilot provinces may be at various stages of reform and exhibit diverse outcomes. To understand this variation, it is essential to examine the policy characteristics and implementation strategies of Jiangsu, Zhejiang, and Chongqing.

To address this question, we analyzed related policy descriptions and news reports from the official websites of the provincial governments of Jiangsu, Zhejiang, and Chongqing, as well as from mainstream media. We used Python to perform word frequency statistics to examine the specific policy measures associated with NCMR in these provinces. This analysis aims to explore the reasons behind the successful reform outcomes and provide guidance for other provinces implementing healthcare reforms. The word frequency statistics are presented in Table 4. To clarify the differences and focal points in the NCMR policies of these three provinces, we refined the initial statistical results by removing common nouns such as “service,” “medical,” and “health” that appeared in all relevant texts. These terms were excluded as they did not provide insights into specific measures or methods outlined in the policy documents.



TABLE 4 Policy word frequency statistics for Jiangsu, Zhejiang, and Chongqing.
[image: Table4]

First, high-frequency words in the policy and news texts from Jiangsu include “remuneration,” “talents,” “salary,” and “medical staff.” As a pioneering economic region and one of the initial NCMR pilot areas, Jiangsu started with a strong foundation and considerable momentum for reform. The focus here has been on improving the remuneration of medical personnel and addressing medical expenses, with a variety of supporting policies introduced. Specifically, to increase the number of medical staff and enhance their motivation, Jiangsu has implemented salary reforms, such as encouraging an annual salary system for hospital leaders and offering annual or negotiated salaries for high-level talents. Additionally, efforts to reduce medical expenses have included price reforms to lower the proportion of drug expenditures for both out-patient and in-patient treatments (34). Control indicators have also been established to monitor and manage the growth of medical expenses.

Second, high-frequency words in Zhejiang’s policy and news texts include “Internet,” “data,” “medical community,” and “sinking.” Zhejiang’s approach to NCMR emphasizes “digital health” and the development of “Internet and medical health” services. The province has focused on AI-assisted clinical decision support, electronic medical insurance billing via blockchain, and mobile payment systems to enhance healthcare delivery and data sharing. Unified platforms for electronic prescriptions and Internet hospital services are being developed to ensure data traceability, whole-process supervision, and more efficient diagnosis and treatment. Additionally, Zhejiang has completed the construction, evaluation, and monitoring of county-level medical communities to promote the creation of digital medical communities and facilitate the “double-sinking” of medical resources (both hospitals and doctors), as well as improve management, financing, and investment (35). This approach has led to significant improvements in the medical capacity and environment of primary hospitals, enhancing the accessibility of health resources (36).

Third, Chongqing, located in relatively underdeveloped western China, provides a replicable model for the second batch of pilot provinces. High-frequency words in the policy and news texts include “medicine,” “supervision,” “traceable,” and “pharmaceutical exchange” (Table 4). To reduce residents’ medical burden, Chongqing has established a traceability system for medical information, ensuring full-process traceability of pharmaceuticals and equipment from “manufacturers-operators-institutions-patients.” This system enhances drug supply reliability and has led to a 53% reduction in the prices of 157 drugs. For improving resource accessibility, Chongqing integrates urban and rural medical resources by supporting collaborations between municipal hospitals and district health centers, and promoting the development of multi-district hospitals. Additionally, Chongqing guides medical personnel to grassroots levels and fosters the co-construction and sharing of medical resources, which is likely to enhance individual satisfaction with medical care.



4.4 Extensibility analysis


4.4.1 Factors influencing policy effectiveness

The results of the basic regression analysis indicated that NCMR generally increased medical resources, as measured by the number of licensed physicians (Doctor), and alleviated the medical burden of residents, as reflected by in-patient medical expenditure (In-patient) in the pilot provinces. However, the policy effects varied across different provinces. What factors might influence the effectiveness of NCMR? To address this question, this study will explore several potential influencing factors.

1. The degree of population aging, measured by the proportion of individuals aged over 65 in the total population. Older adult individuals typically have a per capita out-patient volume and hospitalization rate 3–4 times higher than those of children, youth, and adults (37), leading to greater demand for medical resources. Additionally, a higher proportion of older adult people is a significant factor contributing to increased healthcare expenditure (38). Therefore, the degree of population aging is expected to influence the policy effectiveness of NCMR. Provinces with a lower degree of population aging may achieve better reform results.

2. Population health status, which is often measured by mortality rates (39, 40). In this study, mortality is used as an indicator of regional population health status, with lower mortality reflecting higher overall health levels. Generally, poorer population health conditions lead to greater demand for medical resources and a heavier medical burden. Therefore, NCMR is expected to achieve better outcomes in provinces with better population health status.



4.4.2 Extensibility analysis results

Before analysis, the samples were grouped based on the upper and lower tertiles of the proportion of the older adult population and regional mortality rates, respectively. Samples above the upper tertile were categorized as the “high degree of population aging (high-AG)/low population health status (low-HE)” group, while those below the lower tertile were classified as the “low degree of population aging (low-AG)/high population health status (high-HE)” group. The resulting sub-samples were then analyzed using the Staggered DID model, and the results are presented in Table 5.



TABLE 5 Extensibility analysis results.
[image: Table5]

From columns (1) and (2), as well as (3) and (4), it is evident that the low-AG group has experienced more pronounced policy effects following the implementation of NCMR compared to the high-AG group. Specifically, the low-AG group shows higher estimates for increasing the number of licensed physicians (0.199** vs. 0.100**) and more significant reductions in in-patient medical expenses (−0.100* vs. −0.007).

Similarly, columns (5) and (6) reveal that the high-HE group experienced a greater policy effect in increasing the number of licensed physicians. However, in columns (7) and (8), despite non-significant coefficients due to the reduced sample size, the high-HE group achieved a lower reduction in in-patient medical expenses compared to the low-HE group, with a significant difference (−0.066, p < 0.05) between the two groups. This indicates that the high-HE group performed better in reducing in-patient medical expenses to a certain extent.

On one hand, considering the relationship between population aging and medical resources, the increasing older adult population has significantly expanded the demand for medical resources. However, the current adjustments to medical resources in China have not fully kept pace with the growth in the older adult population, leading to an overall insufficiency in medical resources (41). Additionally, the rise in the older adult population accelerates the depletion of available medical resources (42). Consequently, population aging negatively impacts the availability of medical resources and poses a challenge to the effectiveness of the NCMR policy.

On the other hand, population aging increases the depreciation rate of health capital, with older individuals requiring more investment in healthcare services (43). This, in turn, amplifies the impact on public health expenditure (44). Many studies have identified aging as a significant driver of rising healthcare spending, projecting that by 2025, approximately 20% of the increase in healthcare costs will be attributed to an aging population (45, 46). Although provinces with higher levels of aging have substantial potential for reform, the dual challenge of increased demand for medical resources and elevated healthcare expenditure due to aging can create greater resistance to reform. This resistance can lead to less effective outcomes for the NCMR in regions with higher population aging.

Additionally, the impact of regional overall population health status on the effectiveness of NCMR reveals that the policy is less effective in areas with poorer health outcomes. Consistent with our findings, Sun et al. (47) observed that medical resources and health conditions in rural areas of China lagged significantly behind those in urban areas. This disparity poses a substantial challenge for healthcare reform, resulting in notably weaker effects of NCMR in rural regions compared to urban areas with better health levels. Poorer health conditions typically lead to higher demand for medical services and increased medical expenses, creating additional obstacles for NCMR in improving medical resources and reducing costs.





5 Discussion

Enhancing the accessibility of medical resources and establishing an affordable medical care system for residents have long been primary goals of global healthcare reform. This study effectively estimates and verifies the average impact of China’s NCMR on increasing the number of licensed physicians and reducing in-patient medical expenses using the staggered DID model and a series of tests. Additionally, SCM results highlight that NCMR achieves these effects only in certain pilot provinces, with noticeable provincial heterogeneity influenced by factors such as population aging and health status. These findings offer valuable macro-level empirical evidence and can guide adjustments to the reform strategy in the next stage.

Our study shows that, in the pilot provinces, NCMR effectively increases the number of licensed physicians but has no significant impact on the number of registered nurses and sickbeds in healthcare institutions. This may be because NCMR primarily focused on enhancing the training and number of general practitioners. By implementing license registration reforms, expanding the scope of practice, ensuring adequate remuneration, and prioritizing general practitioners, the policy has led to a noticeable increase in the number of practicing physicians. However, this also underscores the need for future expansion in other medical resources, such as nurses and sickbeds.

Regarding the affordability of medical services, NCMR effectively reduces per capita medical expenses for in-patients but has no impact on per capita out-patient medical expenses. This aligns with findings from Wang et al. (48) and Nie et al. (49). The likely reason is that NCMR, as a comprehensive policy, aims to balance reducing the medical burden on residents while maintaining the financial sustainability of medical staff and hospital operations. Specifically, by canceling drug markups and reducing inflated drug prices, NCMR shifts some financial burden from pharmaceuticals to medical services. This shift is intended to reflect the labor value of medical personnel and adjust hospital income structures, reducing reliance on pharmacy profits to subsidize medical services. Consequently, while drug expenses decrease, the overall out-patient expenditure—which includes drug costs, medical examinations, and service fees—remains unchanged (48).

Regarding provincial heterogeneity, Jiangsu, Zhejiang, and Chongqing have successfully achieved both an increase in medical resources, as indicated by the number of physicians, and a reduction in residents’ medical burden, as measured by in-patient expenses. In contrast, Anhui, Qinghai, Sichuan, and Ningxia have only managed to reduce in-patient expenses, while Shaanxi has only succeeded in increasing the number of qualified doctors. The remaining provinces have not shown the expected improvements. This highlights that, within a top-down reform framework, each pilot province must tailor its implementation and detailed reform regulations to its local conditions and existing medical system infrastructure. As a result, the stages and outcomes of the reform vary across different provinces.

However, there are some limitations to this study. First, our evaluation of the NCMR policy effects is conducted from a macro-level perspective (provincial level), and lacks analysis at the meso-level (e.g., public hospitals) and micro-level (e.g., individual residents). Second, the study relies on traditional causal inference models for evaluation. Future research could benefit from incorporating big data and AI technologies, utilizing machine learning models to more accurately identify and quantify policy effects.



6 Conclusion

Based on provincial panel data from mainland China spanning 2006–2021, this study employs the Staggered DID model, SCM, and grouping regression to evaluate the average policy effect of NCMR and explore provincial heterogeneity and influencing factors. The findings are as follows: First, with regard to the accessibility of medical resources, NCMR effectively increased the number of licensed physicians by 12.6% in the pilot provinces. Second, with regard to the affordability of medical services, NCMR reduced the per capita medical expense for in-patients by 7.2%. Third, the policy effects varied across provinces. Jiangsu, Zhejiang, and Chongqing achieved both an increase in the number of licensed physicians and a decrease in in-patient medical expenses, whereas other provinces either saw only one of these effects or no significant changes. Finally, the effectiveness of NCMR is influenced by population aging and health status. Provinces with a low-AG and high-HE experienced more pronounced reform effects.
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