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Background: In order to maintain high standards of healthcare, it is necessary for medical departments to provide high-quality and affordable medical services to local residents. This has been widely accepted in developed countries, while the medical treatment systems in developing countries remain to be improved. This research is based on a pilot of a hierarchical medical system in Shanghai, China, to evaluate the effects on policy of medical reform in developing countries.

Methods and results: By means of the difference-in-differences (DID) method, the causal relationship between medical care services' improvement and hierarchical medical systems' implementation could be identified. This project also explores the differential effects of policy intervention and confirms that the pilot showed a significant improvement in medical performance in central districts while the result remains uncertain in terms of suburban districts. Furthermore, the dynamic effect of a hierarchical medical system has also been identified with the event study method, while the policy pilot only had short-term effects on local medical resources' improvement. In order to ascertain the function mechanisms of hierarchical medical systems and explain why the policy pilot only had short-term effects, this project also conducts influencing mechanism analysis with the triple-differences method (also known as difference-in-difference-in-differences or DDD method). According to the empirical results, there is no direct evidence indicating the hierarchical medical system could bring obvious benefits from the perspectives of patients and medical institutions.

Conclusions: For better implementation of hierarchical medical systems in the future, long-term supervision mechanisms should be given more attention in the enforcement process of hierarchical medical systems. At the same time, more safeguarding measures should be implemented, such as supervising the payment systems of the medical institution and conducting performance evaluation.
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Introduction

Striving for accessible, high-quality, and affordable medical services has become a consensus for departments of health around the world (1). However, because of the enormous population and imbalanced development in China, especially considering the aging population (2), per capita medical resources are finite, and it is challenging for the Chinese government to make and implement the correct medical policies to cover everyone. At the same time, the economic gap between the western, central, and eastern parts of China is significant (3); the development difference between urban and rural areas is obvious, which directly or indirectly leads to a great imbalance in the distribution of medical resources in different regions (4, 5). To solve the current medical problems, the Chinese government continuously increases financial expenditure in the medical field, which does not effectively resolve regional differences and conflicts; financial expenditure occurs as necessary to strengthen policy arrangements at the institutional level to achieve a balanced allocation of medical resources–in a fundamental sense, to promote the fair distribution of medical resources (6). Hence, a forward-looking plan was carried out from the top down, that is, the hierarchical medical system in China.

A hierarchical medical system is an ideal model and has gradually become an essential medical system in most developed countries (7, 8), guaranteeing basic health care (9). However, it is still in its infancy in China. Generally speaking, the hierarchical medical system requires that patients with minor illnesses go to primary medical institutions, while patients with serious illnesses must go to specialized medical institutions for diagnosis and treatment, and these patients should go to primary medical institutions for postoperative care when they are well again (10). According to the theoretical model of the hierarchical medical system in Figure 1, this model could greatly relieve the stress on large hospitals where a large number of patients attend, and could improve the efficiency of medical resource allocation.


[image: Figure 1]
FIGURE 1
 The theoretical model of a hierarchical medical system.


There are three levels of medical departments in China, and the tertiary hospital is the highest level of hospital, which contains the most complete medical resources. As shown in Figure 1, when using the hierarchical medical system, all three levels of medical institutions have two-way referral with each other. Since the primary medical institution is the first place patients visit, it shares patients' information, including medical records, medical examination files, medication records, and other private information, with the higher ranking hospitals. This ensures continuous medical treatment for patients when they visit different medical institutions and saves time. In sum, when operating effectively, the hierarchical medical system could greatly improve the allocation of medical services and achieve equalization of public medical resources. In terms of patients, it could greatly cut down their medical expenditure.

Shanghai is one of China's biggest cities and has the most developed economic level. In terms of medical resources, there are 66 tertiary hospitals, 101,000 medical practitioners, and 118,000 medical beds in Shanghai.1 In China, the amount of medical facilities in Shanghai is second only to Beijing. However, the tertiary hospitals are usually overcrowded all year round. This could be attributed to the following reasons. Firstly, according to the “Investigation report on medical treatment of Shanghai residents in 2017”, 39.1% of respondents chose to directly go to a tertiary hospital when they felt sudden discomfort, while only 14.1% of the respondents chose to visit primary medical institutions; patients prefer visiting higher ranking medical institutions even if their symptoms are mild. Secondly, Shanghai has a large aging population. By the end of 2014, there were 4.19 million people aged over 60 in Shanghai, accounting for 28.8% of the registered population.2 Nationwide, 15.5% of the population are over 60, a percentage which is approximately half than that of Shanghai. This situation in Shanghai has contributed to great pressure on tertiary hospitals to admit patients, and it has been observed that supply exceeds demand of medical resources in primary medical institutions.

In order to relieve the medical pressure on tertiary hospitals and implement a rational allocation of medical services, Shanghai initiated implementation of the hierarchical medical system in 2011. As a pilot for nationwide policy promotion, the implementation experience provided objective indicators. The pilot areas were Changning, Xuhui, Pudong, Jingan, Zhabei (merged to Jingan district in 2015), Baoshan, Yangpu, Minhang, Qingpu, and Jinshan. As shown in Figure 2, pilot districts are indicated in green while districts with no pilot programme are shown in white. These 10 districts were randomly distributed across Shanghai, satisfying the pre-conditions of the DID method. In terms of its core operation mode, a network of family doctors was designed to cover all registered households. Referring to Figure 1, family doctors integrate basic and advanced medical resources, and provide guidance for patients to choose a related medical institution for their first visit. Family doctors could not only become “gatekeepers” of residents' health but also promote the rational allocation of medical resources and save patients' medical expenditure.


[image: Figure 2]
FIGURE 2
 The distribution of pilot districts in Shanghai, China.




Literature review

In essence, the medical hierarchical system is a policy arrangement that promotes the rational division of labor and cooperation among various medical institutions. The fairness and accessibility of medical resource allocation promote the separation of primary health care and specialized medical services in medical institutions at all levels. Specifically, basic medical care is provided by primary medical institutions, and specialized medical care is provided by higher-level hospitals. In the meantime, medical institutions cooperate in the fields of personnel training, scientific research, health education, and medical technology, which could promote the provision of continuous services for patients (11). However, it appears that huge differences in the operation processes of hierarchical medical mechanisms exist between developed and developing countries.

First, in developed countries, doctors of basic health care needs must be qualified as general practitioners. Developed countries focus on the training of general practitioners. Training systems in the USA and UK are very rigorous, and medical students require 11 years to complete their studies.3 In Germany, a medical student requires 10 years to complete their studies.4 Second, there are many regulations and laws in developed countries to ensure the efficiency of medical resource allocation. For example, in Italy, the amount of equipment, beds, and medical staff in a hospital are allocated according to a medical plan (12). Third, the specific function of each medical institution is clear, and each institution performs its duties efficiently. Compared to medical institutions in China, specialized hospitals in developed countries do not have outpatient departments; they only treat patients referred by general practitioners (13).

Compared to developed countries, most developing countries do not have adequate financial resources to afford high levels of medical expenditure (14), and in most cases, the hierarchical medical system pilot failed to improve the efficiency of medical institutions' operation (15). Though the medical system in China has undergone several reforms, it still has many shortcomings. For example, the focus of medical and health care has changed from prevention to treatment, and strict hierarchical diagnosis has been replaced by a more relaxed “hospital-centrism” medical treatment mode (16). Medical institutions have become more focused on making profits, contributing to a mismatch between medical resources and increases in medical expenditure (17). In 2009, the medical department in China issued “Opinions of the CPC Central Committee and the State Council on deepening the reform of the medical and health system”, which followed the hierarchical medical mode in developed countries and suggested implementing a clear division of labor, complementary functions, close cooperation, and efficient operation. This was in order to form an appropriate medical procedure of primary diagnosis, two-way referral, linkage between different ranks of medical institutions, and division of emergency and non-urgent treatment.5 Unfortunately, many proposed reform measures have not been actioned as yet (18). Without clear results from the policy changes made in the pilot, it is difficult to implement a hierarchical medical system on a large scale.

Scholars have carried out considerable research on Chinese hierarchical medical measures and concluded that there are many operational difficulties with the current situation in China. Firstly, the primary diagnosis system means patients being treated first at a primary institution, which may cause problems because patients do not trust primary medical institutions in China (19), and patients and medical insurance funds are still siphoned by higher rank hospitals (20). Secondly, in terms of the two-way referral system, in reality, the number of upward referrals (to secondary and tertiary hospitals) was significantly higher than that of downward referral (to primary medical institutions), which will meanwhile increase the burden on higher ranking hospitals (21). Some research has also analyzed approaches from the perspectives of government intervention and market regulation (22), which represent two areas that could have an effect on the hierarchical medical system. It is still uncertain which path to take –whether administrative measures should be taken to solve medical resource allocation or whether market-oriented health needs should be complied with which accord with “patients-centrism” (23).

According to the relevant research as mentioned above, since the recent rise of hierarchical treatment services, developed countries have typically adopted different integration models and strategies in medical services, and have achieved satisfactory results. However, the effect of the policy remains uncertain in developing countries. Shanghai was one of the first cities in China to pilot the hierarchical treatment system. Referring to the statistical data from the Shanghai Statistical Yearbook (2005–2016), regardless of medical resources and what treatment a patient had, an increasing trend in using the hierarchical treatment system was reported, which indicated that the pilot in Shanghai had achieved great progress. This research intends to fill the gap to evaluate the effects of the hierarchical treatment pilot in developing countries, with cautious empirical analysis of the causal inference method.



Theoretical framework and research hypotheses

It is generally believed that the hierarchical medical system encouraged treatment in primary institutions and two-way referral within three-level medical hierarchies in China. The policy pilot required all of the medical institutions to share patients' information with the other hospitals in the hierarchy, including medical records, medical examination files, medication records, and other private information. This ensured the sustainability and stability of patients' medical treatments, thereby improving overall medical efficiency and promoting the equalization of public medical services in the pilot areas (24). According to the theory analysis above, the first assumption could be put forward as follows:

Hypothesis 1 (H1): The implementation of the hierarchical medical system pilot in Shanghai was able to significantly promote the efficiency of medical resource allocation and performance of medical institutions in pilot districts.

Because there are great developmental differences between central districts and suburban districts in Shanghai, the effects of the hierarchical medical system pilot may have spatial heterogeneity. Medical institutions in central districts are more comprehensive than medical services in suburban districts (24). In addition, local medical departments in suburban districts seem to lack incentives to cooperate in terms of hierarchical treatment measures because of a lack of public supervision (25). According to the current situation, we can also put forward the second hypothesis:

Hypothesis 2 (H2): The effects of the hierarchical medical system pilot have regional heterogeneity. Therefore, policy function may be effective in central districts while it is unclear whether this is the case in suburban districts of Shanghai.

To fully measure the effects of the policy pilot in Shanghai, China, it is necessary to identify the dynamic effect of a hierarchical medical system. This project intends to adopt the event study method to carry out empirical analysis. Although the policy pilot shows immediate improvements in the efficiency of medical resource allocation, it remains uncertain whether the effects of a hierarchical medical system would remain. This is because China is still a developing country, and local governments' fiscal resources may not be sufficient to afford hierarchical medical expenditure (26). Furthermore, local governments prefer to increase investment in vanity projects (such as infrastructure construction) instead of medical service investment (27). A hierarchical medical system and medical reform policies that are enforced might not achieve long-term results. As a result of these considerations, a third hypothesis could be suggested as follows:

Hypothesis 3 (H3): The hierarchical medical system only had a short-term effect in pilot districts in Shanghai because of huge fiscal expenditure pressure and selective preference of local governments.

This paper intends to explore the influencing mechanisms of the hierarchical medical system to explain its temporal effects. After careful consideration of various aspects, we plan to assess the influencing mechanisms from two dimensions: the expense of the patient and the capacity of medical institutions. Since the sustainability of the policy effects have not been confirmed, it is asserted that these two influencing mechanisms remain uncertain. The last hypothesis could be described as follows:

Hypothesis 4 (H4): The influencing mechanisms of reducing the expense of patients and improving the capacity of medical institutions are insufficient to support the enforcement of a hierarchical medical system in Shanghai, and it is suggested that these proposed mechanism variable measures do not produce significantly positive results to promote policy implementation.

In order to make the logic of this project clearer, the theoretical framework is shown in Figure 3, which includes the research content flow chart, related research methodology, and corresponding explanations.


[image: Figure 3]
FIGURE 3
 The theoretical framework of this project.




Materials and methods


Sample selection

In 2011, Shanghai implemented the family doctor system, which was regarded as the implementation of hierarchical diagnosis and treatment for the first time. As is shown in Figure 2, there are 17 administrative districts in Shanghai. Ten districts (Changning, Xuhui, Pudong, Jingan, Zhabei (merged with Jingan district in 2015), Baoshan, Yangpu, Minhang, Qingpu, and Jinshan), shown in green, were randomly chosen as the pilot districts, which satisfied the pre-conditions of the DID method. In order to prepare for DID analysis, the pilot districts were assigned as groups receiving treatment, while seven districts, shown in white (non-pilot) were assigned as control groups. The time period for this policy evaluation was from 2005 to 2016, and the number of administrative districts containing treated and control groups is 17. In total, the dataset of this research (panel data) contains 204 (12*17) sample data points.



Methodology
 
Differences-in-differences (DID) and triple differences (DDD)

In this research, since the selection of pilot districts was random, the implementation of a hierarchical medical system was regarded as a natural experiment, which satisfied the pre-conditions of the difference-in-difference (DID) method (28). The common equation of DID is shown in equation (1). The theory of the DID method is that the control groups could generate a possible counterfactual outcome compared to the treated groups, and with the method of comparing the changes between the control and treated groups, we could obtain the net policy effect (29). Thus, the changing nature of dependent variables in pilot districts and non-pilot districts should be constant before the policy intervention (common trend assumption). In order to control other social-economic factors which might affect the empirical result, several control variables were added into the standard model (1) as covariates and the following model could be generated, as seen in Equation (2):
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Where Yit represents the efficiency of medical resource allocation in district i in year t, Interactionit is the dummy variable of the implementation of hierarchical medical system, which can be calculated by [image: image]. Treati and Year2011t are also dummy variables which reflect the district and year features. If a district i was attributed into a treated group, Treati =1, otherwise Treati =0. Meanwhile, if Year t was earlier than policy pilot time (2011), Year2011t =0, otherwise Year2011 =1. μi are variables which could indicate city-fixed effects, reflecting the time-invariant characteristics in different districts, such as the natural conditions in Shanghai that can affect policy effects without a change in time. τt are variables that indicate year-fixed effects, capturing the yearly characteristics of all districts in Shanghai, such as the lockdown caused by COVID-19. Xit is the collection of control variables. ϵit is the error term, which is assumed to be normality distributed at zero mean value and constant variance (30, 31). In order to solve the systematic error that stems from serial correlation and unobservable variables, standard errors (S.E.) were clustered at the administrative district level. The most important explanatory variable is Interactionit. The net policy effect could be represented by the coefficient and significance of the core variable.

In order to identify the influencing mechanisms of hierarchical medical systems, this project adopted the triple-differences (DDD) method [equation (3)], which was used to add the dependent variable mechanism in equation (2). Effect is the dummy variable indicating whether there was an improvement compared to the previous year. Here is the model of the DDD method (32).

[image: image]
 

Dynamic effect test

In addition, it is necessary to explore the dynamic effect of hierarchical medical systems in Shanghai. Therefore, this project planned to adopt the event study method (33, 34) to evaluate the expected and lag effects of this policy implementation. As shown in equation (4), coefficients of city-fixed effects and year-fixed effects were added to control the most unobservable factors in different districts in Shanghai. Dummy variables [image: image] are the interaction terms which reflected the expected and lag effects from 2005 to 2016.
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Variable selection and data sources
 
Explained variable

This project explored the policy effect from two perspectives. Firstly, the efficiency of medical resource allocation was chosen as one of the dependent variables which could fully reflect the effects of the hierarchical medical system. This project measured the explained variable (Efficiency) from the position of supply and demand of medical resources. Indicators Number of doctors per 10,000 people and Number of beds in health institutions per 10,000 people reflect the supply scale of medical resources, while indicator Average number of daily patients received by medical institutions reflects the demand pressure of medical institutions. Secondly, for the accuracy of the empirical results, this project also chose Average number of daily patients received by medical institutions as another dependent variable, which was the top-down performance appraisal indictor of the hierarchical medical system as a robustness check, since the most immediate improvement would be to expand the scope and level of medical care.

Dummy variables of the implementation of the hierarchical medical system: Interactionit is the dummy variable of the implementation of the hierarchical medical system, and it can be calculated by [image: image]. If a district i in Shanghai launched the hierarchical medical system in year t, in the current time and the future time Interactionit =1, otherwise, Interactionit =0.



Control variables

This project selected control variables from the parameters of economic variables, social factors, and natural factors (35). (1) From the perspective of economic factors, per capita GDP, industrial structure and government fiscal ability are used as economic variables. per capita GDP (per gdp) reflects the total overall economic level of residents. Industrial structure (ter_gdp) is calculated as the proportion of added values in GDP of tertiary industries, which may reflect the economic development stage. Government fiscal ability (fis_abil) is expressed as the proportion of fiscal expenditure in GDP, which reflects the fiscal expenditure level of local governments. (2) From the perspective of social factors, this project selected two control variables: Population density and Proportion of registered population. Population density (pop_den) can be generally measured by total resident population divided by the administrative area; Proportion of registered population (hou_ratio) is the proportion of the registered population in the resident population. (3) Concerning natural factors, we chose the green plants' coverage rate (green) to control the natural conditions.

This project used panel data from 2005 to 2016 in 17 districts in Shanghai (although Zhabei district merged into Jingan district in 2015, i will also treat these two regions separately). All of the districts' social and economic data could be found in the Shanghai Statistical Yearbook, and the dummy variables could be assigned by referring to the content of the pilot policy. This project also took the continuous variables to their natural logarithm in order to relieve heteroscedasticity. The descriptive statistics of all the explained variables, explanatory variables, and control variables are shown in Table 1.


TABLE 1 Descriptive statistics of all the variables.

[image: Table 1]





Results


Benchmark results
 
Common trend assumption test

As seen in Section 4.2 “Methodology”, a precondition of the DID method is that the treated group should have the same changing trend as their counterfactual condition. Within this project, the control group (non-pilot districts in Shanghai) over the same period were taken to replace the counterfactual group. Only if the common trend assumption was satisfied could the DID method provide an effective empirical result. Because the hierarchical medical system in Shanghai was implemented in 2011, this project took 2011 as the starting point from which to identify policy effects. We compared the pre-existing time trend of dependent variables in Figure 4 to confirm whether the common trend assumption is valid or not.


[image: Figure 4]
FIGURE 4
 Common trend assumption test of dependent variables before DID regression. (A) Medical resource allocation efficiency. (B) Average number of daily patients (logarithm).


Figure 4 presents the average changing trend of medical resources allocation efficiency (4-A) and average number of daily patients received by medical institutions (4-B) in the treated group and control group from 2005 to 2016, respectively. As shown in the two figures, these two groups shared same time changing trend before 2011, which meets the common trend assumption. At the same time, in terms of medical resources allocation efficiency, the efficiency of non-pilot districts gradually exceeded the efficiency of pilot districts, which indicated that the hierarchical medical system may not improve the allocation of local medical resources. With regard to average number of daily patients, it was ascertained that the disparity between the treated group and control group gradually widened after the policy pilot, which may indicate that the hierarchical medical system could improve local hospitals' performance. However, the conclusions that can be drawn based on this information do not reveal a definitive verdict. It is essential that the common trend assumption test (Section Analysis of dynamic effects) is used and that the policy effects are identified (Section Main regression results) with empirical analysis.



Main regression results

In order to reduce the deviation coming from unobservable regional and time-dependent variables, this project controlled the district-fixed and year-fixed variables in all of the DID regressions. An evaluation of the policy effects is referred to in Table 2. The dependent variable is medical resources allocation efficiency, shown in columns (1) and (2), while dependent variable is average number of daily patients, presented in columns (3) and (4).


TABLE 2 Evaluation of the hierarchical medical system policy effects.

[image: Table 2]

As shown in Table 2, we were able to get the empirical analysis results in columns (1) and (3) from equation (1), which only controls the district-fixed effect and year-fixed effect. The coefficients of Interaction (policy effect) are both significantly positive for dependent variables efficiency and lntreat_pop at 10 and 5%, respectively. Columns (2) and (4) reflect the empirical results controlling for other control variables. The values of R-square both increased, which demonstrated that these control variables are suitable for sharing partial explanatory function from the key explanatory variables when comparing with columns (1) and (3). In terms of medical resources allocation efficiency, its estimate coefficient remains positive, but it changes to insignificant. In terms of average number of daily patients, its estimate coefficient is robust, and its policy effect is proved to be significantly positive at 10%, which decreases when compared to column (3). According to the main regression results, we can conclude that the hierarchical medical system pilot significantly improved the efficiency of medical resource allocation and the capacity of medical institutions in pilot districts of Shanghai. However, the effect of the policy on medical allocation efficiency might be weaker than its effect on medical institutions' capacity, which indicates that local governments prefer to improve top-down performance indicators. Furthermore, this may gradually lead to campaign-style enforcement is a recognised term in the field of public administration, which could describe the short-term top-down policy effect. In order to fully assess the hierarchical medical system pilot, we will carry out heterogeneity analysis in the following part.

In addition, the regression coefficients before the control variables are entirely as expected. The local per capita GDP correlates significantly positively with dependent variables, which indicated that local residents' life quality clearly rose with improved local medical care. The proportion of tertiary industries' added values in GDP are meanwhile positively correlated with the local medical care service level, since the tertiary industry could also be regarded as another service industry. Government fiscal ability was shown to be significantly negatively correlated with dependent variables; this means that local governments prefer to increase fiscal expenditure in the field of vanity projects such as infrastructure construction, instead of medical public services, when they have more fiscal ability (36, 37). The influence of other unobservable factors, such as the coefficients of population density, proportion of registered population, and green plant coverage rate, on local medical care service levels is unclear.




Heterogeneity analysis of policy effects

There is a huge gap between central districts and suburban districts regardless of their economic development level, public service allocation, and other social-economic factors. Without doubt, the capacity of medical resources in central districts should be higher than that in suburban districts, and the difference is still widening (38). It is meaningful to carry out heterogeneity analysis to explore the policy function differences of the hierarchical medical system in Shanghai. According to the urban spatial distribution, it is generally accepted that the central districts in Shanghai are Xuhui, Jingan, Changning, Huangpu, Hongkou, Zhabei, Putuo, and Yangpu, while suburban districts are Baoshan, Minhang, Jiading, Songjiang, Qingpu, Jinshan, Pudong, Fengxian, and Chongming. This project divided these districts into two groups (central districts and suburban districts) and carried out group-level regressions to identify the regional differences in the effects of policy. To do this, variable medical resources allocation efficiency was chosen as a unique dependent variable to measure the hierarchical medical system pilot effects, since this variable is the most representative variable. The heterogeneity analysis result is shown as follows.

According to the heterogeneity analysis result in Table 3, columns (1) and (2) are regression results of the hierarchical medical system effects in central districts, while columns (3) and (4) are empirical results of the hierarchical medical system effects in suburban districts in Shanghai. Firstly, it can be observed that the regression results are robust, regardless of whether control variables were included or not. Secondly, in terms of the central districts in Shanghai, it can be concluded that the hierarchical medical system pilot improved the efficiency of local medical resource allocation, since their coefficients are all significantly positive at 1%. However, in terms of the policy effects in suburban districts of Shanghai, the coefficients before core variable Interaction are lower than the coefficients of central districts. At the same time, these coefficients are all negligibly positive at 10%, which indicated that the policy pilot effect is uncertain in suburban districts of Shanghai. Because the central districts in Shanghai are all advanced in terms of their economic and medical care fields, they have relatively comprehensive medical systems, and therefore it was easier to administer a hierarchical medical system in these areas. Medical institutions in the suburban districts of Shanghai are not at an advanced stage and mainly consist of primary medical institutions and medical departments that do not have the motivation to cooperate in terms of the enforcement of a hierarchical medical system. This project will also fully evaluate the policy pilot from a long-term perspective.


TABLE 3 Heterogeneity analysis of hierarchical medical system pilot effects.

[image: Table 3]



Analysis of dynamic effects

According to the DID analysis results above, it can be concluded that the hierarchical medical system pilot made improvements in the efficiency of local medical resource allocation and standard of medical care. However, it is uncertain whether the hierarchical medical system will have a long-term effect on improving the capacity of local medical institutions. Meanwhile, it is necessary for us to identify whether the policy pilot constitutes campaign-style enforcement. This project added some dummy variables – b_1, b_2…b_6 and a_1, a_2…a_5 – to the key independent variables instead [see equation (4)], which represent the explanatory variables of hierarchical medical system pilot effects in years (one year, two years etc.) before or after the hierarchical medical system implementation, respectively. Variable current means the current year of policy implementation. If year t is one year before or after the policy implementation, b_1 or a_1 =1, otherwise b_1 or a_1 =0. If year t is two year before or after the policy implementation, b_2 or a_2 =1, otherwise b_2 or a_2 =0. According to the model above, this project carries out two sets of regressions that control district-fixed and year-fixed effects. The dynamic effect regression analysis results are presented in Table 4, and the changing trends of the policy pilot effects can be seen in Figure 5.


TABLE 4 Dynamic effects of hierarchical medical system.

[image: Table 4]
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FIGURE 5
 Leading and lagging effects of hierarchical medical system. (A) Medical resource allocation efficiency. (B) Average number of daily patients (logarithm).


As shown in Table 4, the two sets of regressions are robust, and the values of R-squared increase when the control variables of equation (4) are added. Thus, we only need to consider columns (2) and (4). Firstly, the regression results confirm the common trend assumption. The coefficients of b_1 to b_6 are practically insignificant, which means that there were not significant differences between the treated group and the control group before the implementation of the hierarchical medical system, and the same trend was experienced by each group during the pre-treatment period. Secondly, it is clear that the hierarchical medical system pilot only improved temporarily, regardless of the efficiency of medical resource allocation or the hierarchy level of the medical institution.

Figure 5 further illustrates this conclusion regarding the efficiency of medical resource allocation; the coefficients' changing trend is unstable at the early stage. Immediately following the implementation of the hierarchical medical system pilot, these estimates increase positively, and their 90% confidence interval almost excludes zero in the following 2 years. However, similar to campaign-style enforcement, the estimates become insignificant 2 years after policy implementation. Regarding the hierarchical level of medical institutions, the evolution trend (Figure 5B) showed only small differences compared to Figure 5A; only the coefficient of a_1 is significantly positive while the 90% confidence interval of other estimates becomes zero. Dynamic effect analysis confirms the short-term effects of the implementation of the hierarchical medical system in Shanghai, which could also be as a result of the method of enforcement.



Influencing mechanism analysis

According to the empirical results in Section Analysis of dynamic effects, the hierarchical medical system pilot had an immediate effect on improving medical capacity in pilot districts. However, the effects of this policy enforcement will not last long. Local governments carry out campaign-style enforcement which could effectively satisfy their top-down performance appraisal indicators. Although the hierarchical medical system could serve as a policy tool for local officials to improve public medical services, in the actual policy implementation stage, neither the policy process nor the policy result can produce a legal effect, since the hierarchical medical system is only an administrative measure that has no mandatory adherence requirement. As mentioned above, the pilot effects of the hierarchical medical system might gradually decline after policy implementation.

In addition to identifying the temporary effects of the hierarchical medical system, it is necessary for us to explore the inner mechanisms of the hierarchical medical system that may influence why the pilot only had a temporary effect. This project will assess the influencing mechanisms from two dimensions. Considering patients that received treatment, Per capita medical care expenditure was used to measure the medical expenses of every patient. We also consider its natural logarithm to weaken heteroscedasticity. Considering the medical institutions, medical capacity was calculated to measure the efforts the medical institutions made. It contains the indicators Number of doctors per 10,000 people, Number of beds in health institutions per 10,000 people, and number of medical institutions; the entropy method was adopted to standardize the indicators above. All of the data and factors were collected from the Shanghai Statistical Yearbook from 2006 to 2017. Two sets of regressions were run, which control the district-fixed and year-fixed effects, and the empirical results can be found in Table 5.


TABLE 5 Influencing mechanism analysis of hierarchical medical system.

[image: Table 5]

As shown in Table 5, the regression results are robust when adding these control variables. Considering that the values of R-square increase after adding control variables to carry out regression, we only need to consider the results in columns (2) and (4). In terms of Per capita medical care expenditure, its regression coefficients are insignificantly positive: there is no direct evidence indicating that the per capita medical expenditure decreased after the implementation of the hierarchical medical system. At the same time, the coefficients of medical capacity are negative and significant, which means that the hierarchical medical system not only did not improve the medical care capacity in pilot districts but also significantly weakened the allocation of local medical resources. This is an urgent situation that local medical departments need to consider. From the above analysis of influencing mechanisms, we can explain why the hierarchical medical system only had short-term policy effects. When a top-down administrative order is required, local governments might use campaign-style enforcement to achieve political goals, with dominant power and abundant administrative resources (39). The consistent enforcement of policy will decline as time goes on. In the hierarchical medical system pilot, although continuing for 2 years after implementation, the policy effect did not last long because of governance approaches such as unreasonable resource allocation and maintaining treatment expenditure of patients.




Discussion

In order to accurately calculate the effects of the hierarchical medical system policy pilot in Shanghai, this project first used the DID method to evaluate the average treatment effects (ATE). According to the DID regressions results showing in Table 2, it can be concluded that the hierarchical medical system in Shanghai significantly improved local medical care service levels, regardless of medical resources allocation efficiency and average number of daily patients being dependent variables, which is consistent with previously published research (40, 41). The hierarchical medical system in Shanghai generally promoted the process of medical institutions conducting two-way referrals and treatment by primary institutions. However, the policy effect on the efficiency of medical resource allocation (core indicator) is weaker than its effect on the hierarchy level of the medical institution (top-down assessment indicator), which indicates that local governments prefer to improve top-down performance indicators (42). According to Chinese campaign-enforcement theorists, this might gradually develop into campaign-style medical reform. Therefore, it is necessary to adopt a strategy to verify and explore the long-term effects.

Secondly, by means of heterogeneity analysis (the project only selected the efficiency of medical resource allocation as a unique dependent variable), it was established that the hierarchical medical system significantly increased the efficiency of medical resource allocation in central districts, while the effect of the pilot in suburban districts was unclear. It was demonstrated that medical institutions in suburban districts have less motivation to cooperate with hierarchical treatment enforcement compared to medical departments in central districts.

Thirdly, in terms of dynamic effects analysis, the event study method was also used to identify the long-term effects of the hierarchical medical system pilot. According to the regression results in Table 4 and the time-changing trend in Figure 5, although these estimate coefficients are significantly positive in the first 2 months after the hierarchical medical system pilot, similar to campaign-style enforcement, the estimates become insignificant 2 years after policy implementation, which could provide empirical evidence for the temporary policy effects of the hierarchical medical system pilot. It is necessary to take immediate action to avoid campaign-style medical reform in China (41).

Finally, it would be worthwhile to clarify what the influencing mechanisms of the hierarchical medical system pilot in Shanghai are, which may explain the temporary effects of the policy pilot and calculate its potential correlations. Table 5 reports the regression results from two perspectives, including Per capita medical care expenditure (treatment patient dimension) and medical capacity (medical institution dimension). Concerning the policy effects on treatment patients, it can be concluded that there is no direct evidence to prove that the hierarchical medical system pilot could decrease medical expenditure of local patients. Concerning the policy's effects on medical institutions, the estimated coefficients are significantly negative, which indicates that the hierarchical medical system pilot not only could not improve local medical care service capacity but also totally depleted the resources of local medical institutions. These conclusions could explain the dynamic effect analysis results above. Although the hierarchical medical system pilot had an effect in the 2 years after implementation, the policy effects should be observed over a longer period of time because of governance approaches such as unreasonable resource allocation and requiring expenditure of patients for treatment (43, 44).



Conclusion

Through analysis of the empirical results, we can conclude the following. First, in order to confirm the effects of the policy, the hierarchical medical system should continue to be advanced in terms of system development and implementation to improve the efficiency of local medical resource allocation and medical security capabilities. Secondly, the huge gap between public medical services in central districts and suburban districts in Shanghai cannot be ignored. This would lead to hierarchical medical policy affecting heterogeneity. Suburban districts should be equipped with all ranks of medical institution and promote the equalization of medical public services. Thirdly, with regard to dynamic policy effects of the pilot, the hierarchical medical system with campaign-style enforcement only had short-term effects on improvements. A long-term supervision mechanism should be a priority in the enforcement process of the hierarchical medical system. In addition, because of the fiscal investment preference of local governments, medical care services are usually ignored compared with other infrastructure investments, and it is crucial that appraisal and reform of top-down local government performance in China is carried out; medical service quality should be adequately provided for in the government's performance evaluation system. Finally, based on analysis of the influencing mechanisms, the short-term policy effects were explained from the perspectives of patients and medical institutions. A hierarchical medical system should promote the reduction of patients' medical expenditure and strengthen the capacity of local medical institutions. More safeguarding measures should be implemented, such as supervising the fee structure of medical institutions and conducting performance evaluation.

There may be limitations in the timeliness of our data. The time period of this study ranged from 2005 to 2016 and therefore does not include the latest statistical yearbook. However, the policy pilot was implemented in 2011, at the mid-point of the study period, and the results should therefore be accurate. Future research and evaluation of the hierarchical medical system based on nationwide data is planned.
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Footnotes

1Referring to 2019 Shanghai Statistical Yearbook: http://tjj.sh.gov.cn/tjnj/20200427/4aa08fba106d45fda6cb39817d961c98.html.

2Referring to 2015 Shanghai Statistical Yearbook: http://tjj.sh.gov.cn/tjnj/20170629/0014-1000201.html.

3Referring to: Hospital Statistics 1996 1997, edition. American Hospital Association. Chicago. 1997.
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5Related information could refer to: http://www.hbyxjzcg.cn/policy/show416.html.
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