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Abstract 

Background: Rural Medical Health Centers (RMHCs) are the foundation of the three-

level primary medical and healthcare service in China. The efficiency of RMHCs is 

related to the rationale behind healthcare resource allocation for China’s 560 million 

rural population.  

Methods: This study analyzed the dynamic changes in efficiency of RMHCs and its 

convergence using the non-oriented SBM–DEA window model and convergence model 

in Shanxi Province, China. Data was obtained from the Shanxi Rural Health Institute’s 

2014–2018 Health Statistics Report, involving 12360 RMHCs.  
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Results: Findings show that the medical service efficiency delivered in RMHCs is low. 

The average scores for the comprehensive technical efficiency and pure technical 

efficiency of the RMHCs in China from 2014 to 2018 were only 0.0568 and 0.0615 

respectively, with nearly 68% of the values being lower than their average scores. The 

comprehensive technical efficiency and pure technical efficiency of RMHCs from 

2014–2018 exhibited a downward trend year on year. The convergence analysis results 

also showed that current rural health clinic medical service efficiency had α 

convergence, absolute convergence and conditional convergence. If appropriate 

policies are followed, the medical service efficiency of the RMHCs can be improved to 

reach a steady-state level. 

Conclusions: The medical service efficiency of RMHCs remains low and may 

gradually decline. The government should promote the efficiency of the medical service 

in RMHCs by formulating corresponding medical and health resource allocation 

policies to reach an optimal level. 

Keywords: Rural medical health centers, Efficiency, Convergence, Medical Services. 

1. Background  

Since the healthcare reform of China in 2009 , the medical service capacity of 

primary-level medical and healthcare institutions has significantly improved. However, 

there remains an uneven distribution of healthcare resources between urban and rural 

areas[1]. In this regard, the task of allocating healthcare resources fairly is an important 

issue for all levels of government in China.  

Rural medical health centers act as the foundation of China’s three-tiered health 

service system, taking on important responsibilities for rural citizens[2]. According to 

the China Health Statistics Yearbook 2019, 1.67 billion patients were diagnosed and 

treated in RMHCs during 2018, accounting for 20.13% of all outpatient visits in 

medical institutions at all levels across Mainland China. Moreover, RMHCs take 40% 

of the responsibility for basic public health services in China. The medical service 

efficiency score of RMHCs is related to the distribution of medical and health resources 



 

 

for the 560 million rural population of China[3]. Therefore, it is of significant importance 

to evaluate the medical service efficiency of RMHCs and appropriately allocate medical 

and health resources to solve the problems that exist in rural China. 

To date, studies have evaluated the medical service efficiency of primary medical 

and health institutions. However, extant research mainly focuses on county and town 

located hospitals, with very few studying RMHCs [4-7]. Therefore, this study takes 

RMHCs in the Shanxi Province as the research object, and the Data Envelopment 

Analysis (DEA) method is used to measure their medical efficiency. The DEA method 

is a mature efficiency measurement method which has been used by several scholars 

studying medical service efficiency [8-15]. Further, we use absolute and conditional 

convergences to analyze the convergence of RMHC efficiency. The convergence theory 

has been applied to the healthcare field since 2000 and has received increased attention 

by scholars since that time. The theory has been widely used to study health service 

evaluation indices, such as total health cost, life expectancy, and mortality rates[16-19]. 

In this study, convergence analysis is completed to identify whether the differences in 

medical service efficiencies between RMHCs is gradually narrowing or expanding? 

Similarly, is the development of regions with lower medical service efficiency lagging 

behind those with a higher medical service efficiency or surpassing the latter, which 

leads to the so-called convergence phenomenon? 

Compared with existing literature, the contributions of this paper are as follows: 

First, a dynamic evaluation of the medical service efficiency of China’s RMHCs is 

completed, and the true level and change trend in the current medical service efficiency 

of the RMHCs are obtained. Second, convergence theory is applied to analyze the 

difference in medical service efficiencies to provide a basis for optimizing the dynamic 

management of rural medical and health resources in the future and for promoting the 

rationality of health resource allocation. 

2. Methods 

2.1 Data sources 



 

 

The data presented in this study was collected from the Shanxi Rural Health 

Institute’s 2014–2018 Health Statistics Report, which involved 12360 RMHCs; patient 

information was not collected. 

2.2 Input and output variables 

Input and output variables are used in the DEA model, and the efficiency of the 

medical service is calculated using the input made by the hospitals and the output 

obtained from the input. Unlike county and town hospitals, RMHCs mainly provide 

rural citizens with general diagnosis and treatment, and referral medical services for 

common and frequently encountered diseases. Therefore, the input–output indicators of 

the RMHCs are quite different from those of county and town hospitals. In this paper, 

based on the input and output variables of extant literature[20-22], and combined with the 

characteristics of the RMHCs, we selected the number of rural doctors, technician 

training times for doctors, and drug expenditure, as the input variables. The output 

variables were the number of patients, and income from essential drugs; see Table 1. 

The technician training times for doctors were chosen as the input variable since the 

increase in technician training times for doctors can improve the medical service ability 

of primary doctors and promote their efficiency. The “Management Measures of 

RMHCs (Trial Implementation)”, issued by the National Health Commission of the 

People’s Republic of China, clearly proposed to establish a training system for RMHCs 

and to encourage doctors employed in RMHCs to receive medical education[23].  

Table 1 Input–output variables of the RMHCs 

Category Variable Definition Unit 

Inputs 

 

Number of 

rural doctors 

The number of rural doctors employed in each 

RMHC each year 
person 

Technician 

training times 

for doctors 

The number of rural doctors that participated in the 

technician training program organized by the 

government in each RMHC each year 

person 

Drug 

expenditure 

The expenditure of each RMHC on drugs listed in 

the National Essential Medicines List each year 
yuan 

Outputs 

Number of 

patients 

The number of patients seen in each RMHC each 

year 
person 

Income from The income obtained by each RMHC from the sale yuan 



 

 

essential drugs of drugs listed in the National Essential Medicines 

List each year 

2.3 Data envelopment analysis model 

The DEA is always uesd in operations research, management science, and 

mathematical economics. It is a quantitative analysis method used to evaluate the 

relative efficiency of comparable units of the same type by means of linear 

programming, based on multiple input and output indices[24]. Conventional radial DEA 

models, such as the CCR and BCC models, only include the proportion of all inputs 

(outputs) reduced or increased. When evaluating an institution’s efficiency, the 

influence of slack variables is not considered, which may result in the deviation of the 

efficiency measure. Tone[25] proposed the SBM–DEA model (slack-based measure, as 

a function of the furthest distance to the frontier), which solved the problem that the 

radial model did not include the slack variable in the measurement of the inefficiency. 

The SBM–DEA model in this study is as follows: 

The objective function: minρ =

1− 1𝑚𝑚∑ 𝑠𝑠𝑖𝑖−𝑥𝑥𝑖𝑖𝑖𝑖𝑚𝑚𝑖𝑖=1
1 +

1𝑞𝑞 ∑ 𝑠𝑠𝑟𝑟+𝑦𝑦𝑟𝑟𝑖𝑖𝑞𝑞𝑟𝑟=1  

Constraints:𝑥𝑥𝑖𝑖 = 𝑥𝑥𝑥𝑥 + 𝑠𝑠−,𝑦𝑦𝑖𝑖 = 𝑦𝑦𝑥𝑥 − 𝑠𝑠+, 𝑥𝑥, 𝑠𝑠−, 𝑠𝑠+ ≥ 0 

where m and q in the objective function represent m inputs and 𝑞𝑞  outputs of each 

RMHC. 𝑥𝑥𝑖𝑖𝑖𝑖 and 𝑦𝑦𝑟𝑟𝑖𝑖  represent the ith input and rth output of the kth RMHC. 𝑠𝑠− and 𝑠𝑠+ represent the slack variable of the ith input and the slack variable of the rth 

output. 
𝑠𝑠𝑖𝑖−𝑥𝑥𝑖𝑖𝑖𝑖  and 

𝑠𝑠𝑟𝑟+𝑦𝑦𝑟𝑟𝑖𝑖  represent the inefficiencies of the ith input and rth output, 

respectively. In the constraints, 𝑥𝑥𝑖𝑖  and 𝑦𝑦𝑖𝑖 represent the input and output of the kth 

RMHC. λ represents the adjustment matrix, while  xλ and yλ represent the input and 

output of the frontier production line. 𝑠𝑠− and 𝑠𝑠+ represent the slack variables of the 

input and output, respectively. The value of ρ  is between 0 and 1. When ρ  = 1, it 

indicates that the RMHC is highly effective and located in the efficiency frontier, and 

each slack is 0. When ρ is close to 0, it indicates that the RMHC is inefficient. 



 

 

In addition, when using the SBM–DEA model to calculate the efficiency value, 

the calculated efficiency value is not comparable between different years, because the 

leading edge of each RMHC differs from year to year. The DEA window analysis 

method, proposed by Charnes [26], is preferred to solve this type of problem. Its analysis 

principle involves treating institutions in different periods as different institutions and 

evaluating their relative efficiency by selecting different reference sets similar to the 

moving average method. This method has two evident advantages: one is that the 

number of institutions in the reference set is multiplied several times, which is an 

effective way to solve the problem of insufficient number of institutions. Second, it can 

not only measure the efficiency of each institution on a section, but also measure the 

change trend in the efficiency of all institutions in the time series. This reflects the 

change trend in the efficiency from a dynamic perspective by considering the 

relationship between different periods; hence, the name dynamic DEA. In this study, 

the medical service efficiency refers to the comprehensive technical efficiency; 

comprehensive technical efficiency = pure technical efficiency × scale efficiency. 

In summary, the DEA model used in this study is the SBM–DEA model combined 

with the Window-DEA model to evaluate the efficiency of RMHCs in Shanxi Province, 

China.  

2.4 Convergence analysis 

There are three types of convergence analysis: α  convergence, absolute β  convergence, and conditional β  convergence[27]. Notably, the β  convergence is a 

necessary but insufficient condition of the α convergence, because if there is an α 

convergence, the efficiency of the individual absolute gap in narrow, low efficiency of 

this type of situation only when individuals have higher than high level of efficiency of 

individual growth rate can be set up; however, individuals with β convergence do not 

necessarily have α convergence.  

(1) α convergence 

In this study, the α convergence refers to the process whereby the medical service 



 

 

efficiency of RMHCs changes over time.  α  convergence can be measured by the 

coefficient of variation(CV), The expression of CV is[28]: 

CV = �1𝑛𝑛��(𝑙𝑙𝑛𝑛𝑙𝑙𝐸𝐸𝑖𝑖 − 1𝑛𝑛�𝑙𝑙𝑛𝑛𝑙𝑙𝐸𝐸𝑖𝑖𝑛𝑛
𝑖𝑖=1 )/

1𝑛𝑛�𝑙𝑙𝑛𝑛𝑙𝑙𝐸𝐸𝑖𝑖𝑛𝑛
𝑖𝑖=1 �2𝑛𝑛

𝑖𝑖=1  

where T𝐸𝐸𝑖𝑖 represents the medical service efficiency of the ith RMHC, and n represents 

the total number of RMHCs.  

(2) absolute β convergence 

Based on the absolute β convergence, the lower the medical service efficiency 

of the RMHCs, the higher the growth rate of the medical service efficiency. Therefore, 

as time passes, inefficient RMHCs will catch up with the efficient ones and reach a 

stable convergence state at the same speed. The expression of the absolute β 

convergence is[29]: �lnT𝐸𝐸𝑖𝑖,𝑡𝑡 − 𝑙𝑙𝑛𝑛𝑙𝑙𝐸𝐸𝑖𝑖,0�𝑙𝑙 = 𝛼𝛼 + 𝛽𝛽𝑙𝑙𝑛𝑛𝑙𝑙𝐸𝐸𝑖𝑖,0 + 𝜀𝜀𝑖𝑖,0 

�lnT𝐸𝐸𝑖𝑖,𝑡𝑡−𝑙𝑙𝑛𝑛𝑙𝑙𝐸𝐸𝑖𝑖,0�𝑙𝑙  represents the average annual growth rate of the medical service 

efficiency of the ith RMHC from the base period t = 0 to t = T. 𝑙𝑙𝑛𝑛𝑙𝑙𝐸𝐸𝑖𝑖,0 represents the 

logarithm of the initial medical service efficiency score of the ith RMHC, 𝛽𝛽 is the 

convergence coefficient, and 𝜀𝜀𝑖𝑖,0 is the error term. If 𝛽𝛽 is significant and negative, it 

indicates that the average annual growth rate of the medical service efficiency is 

negatively correlated with the efficiency score in the base period, indicating that there 

is a “catch-up effect” among RMHCs. In other words, the RMHCs with a low efficiency 

score will eventually have a higher growth rate, and the medical service efficiency will 

eventually approach the same steady-state level. On the contrary, if 𝑙𝑙𝑛𝑛𝑙𝑙𝐸𝐸𝑖𝑖,0  is 

significant and positive, it indicates a widening gap in the medical service efficiency 

among RMHCs.  

(3)conditional β convergence 

The conditional β  convergence allows the RMHCs to have different 



 

 

characteristics, so that the gap between efficient and inefficient RMHCs persists. The 

expression of the conditional β convergence is[30]: 

lnT𝐸𝐸𝑖𝑖,𝑡𝑡 − 𝑙𝑙𝑛𝑛𝑙𝑙𝐸𝐸𝑖𝑖,𝑡𝑡−1 = 𝛼𝛼 + 𝛽𝛽𝑙𝑙𝑛𝑛𝑙𝑙𝐸𝐸𝑖𝑖,𝑡𝑡−1 + 𝜀𝜀𝑖𝑖,𝑡𝑡 
ln T𝐸𝐸𝑖𝑖,𝑡𝑡 is the logarithm of the medical service efficiency score in the period t of 

the ith RMHC, and β is the convergence coefficient. If β is significant and negative, 

it indicates that the efficiency score of the ith RMHC will converge to its steady-state 

level over time.  

3. Results 

Table 2 shows the change trend in the input and output of the RMHCs from 2014 

to 2018. In terms of the input variables, the number of rural doctors gradually declined 

from 2014 to 2018, while the annual average number of rural doctors reduced from 

1.2916 in 2014 to 1.2178 in 2018, and the quantity gap between different RMHCs is 

significant. In 2018, the number of rural doctors in some health clinics was only 1, 

whereas in others, the number was as high as 3. From 2014 to 2018, the annual average 

number of technician training times for doctors showed an overall growth trend, from 

9.3375 in 2014 to 11.5742 in 2018. The drug expenditure showed a general downtrend 

from 28523.4912 yuan in 2014 to 19541.6241 yuan in 2018, a decrease of nearly31%. 

In terms of the output variables, from 2014 to 2018, the annual number of RMHC 

patients declined. In 2014, the average number of patients seen was 1388.4240, which 

declined to 998.3769 in 2018. During the same period, the average income from 

essential drugs also declined year on year, from 32540.9653 yuan in 2014 to 

19402.8299 yuan in 2018. In addition, the drug expenditure and essential drugs income 

are important factors of RMHCs’ revenues and expenditures. Although drug 

expenditure exhibited a downtrend from 2014 to 2018, it was still much higher than the 

income from essential drugs, indicating that the RMHCs needed to rely on government 

subsidies to maintain normal operations during this period. 

Table 2 Summary statistic of input–output variables (2014–2018) 

 Input  Output 

 I1 I2 I3  O1 O2 



 

 

2014       

Mean 1.2916 9.3375 28523.4912  1388.4240 32540.9653 

Max 3 98 14378058  96487 19267426 

Min 1 0 986  110 1000 

2015       

Mean 1.2737 10.0091 21659.6877  1287.5850 22919.8553 

Max 3 120 960023  91853 966573 

Min 1 0 1200  100 1100 

2016       

Mean 1.2429 10.5143 23492.7233  1204.7790 24426.6156 

Max 3 120 1684450  92408 1168000 

Min 1 0 1100  120 1100 

2017       

Mean 1.2337 11.1358 23901.6523  1128.89 23950.2274 

Max 3 120 890000  68512 978239 

Min 1 0 1100  100 900 

2018     120  

Mean 1.2178 11.5742 19541.6241  998.3769 19402.8299 

Max 3 96 921025  78951 921025 

Min 1 0 980  100 900 

I1, number of rural doctors; I2, technician training times for doctors; I3, drug expenditure; O1, number of patients; 

O2, income from essential drugs. 

Figure 1 shows the scores of the Technical Efficiency (TE), Pure Technical 

Efficiency (PTE), and Scale Efficiency (SE) for the studied RMHCs from 2014–2018. 

In terms of the time series, the TE and PTE showed a decreasing trend, whereas SE 

increased slightly.To be specific, The average TE and PTE increased from 2014 to 2015, 

but declined from 2015.The TE of RMHCs in 2015 was 0.0657, which had decreased 

to 0.0553 in 2018, a decrease of nearly 16%. In the same time period, the PTE decreased 

from 0.0714 in 2015 to 0.0588 in 2018, a decrease of nearly 18%. The SE increased 

slightly, from 0.9401 in 2014 to0.9604 in 2018. Therefore, the decline in the TE during 

2015–2018 is mainly due to the decline in the PTE. At the present stage, the TE and 

PTE were both low, with nearly 68% of the TE and PTE values being lower than the 

average score of 2018.  



 

 

 

Fig 1. Technical Efficiency (TE), Pure Technical Efficiency (PTE) and Scale Efficiency 

(SE) of rural medical health centers from 2014 to 2018 

The α  convergence test results showed that the α  values of the RMHCs were 

0.2716, 0.2871, 0.2485, 0.2520 and 0.2450 respectively, for 2014,2015,2016, 2017, and 

2018. This shows that the RMHCs’ efficiency showed a declining trend, indicating α 

convergence between the efficiencies of different RMHCs, which means that the 

efficiency decrease during the period 2014–2018. The absolute β  convergence test 

results showed that the regression coefficient of β is negative and significant at the 1% 

level, indicating that the efficiency exhibited absolute β convergence, which means 

that RMHCs with a low initial medical service efficiency had a higher growth rate, 

whereas RMHCs with a high initial medical service efficiency had a lower growth rate. 

As a result of this growth gap, the medical service efficiency gap among RMHCs will 

gradually narrow. In addition, the coefficient in the conditional β convergence model 

is negative and significant at the 1% level, indicating that the medical service efficiency 

of RMHCs approaches its steady-state level over time (see Table 3). 

Table 3  Convergence of rural medical health centers 

Absolute β convergence Conditional β convergence 

 coefficient Std.Err  coefficient Std.Err β -0.1214*** (0.0013) β -0.9471*** (0.0044) 

R2 0.4145  R2 0.5540  

F 8751.18***  F 3.07***  

   Hausman 34454.96***  

***表示在 10%水平下显著 
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4. Discussion 

This study analyzed the efficiency and convergence of RMHCs in Shanxi Province, 

China. It found that RMHCs were facing a low level of medical service efficiency 

because of insufficient healthcare resource investment. The convergence results 

indicated that the medical service efficiency of the RMHCs would improve and 

approach its homeostatic level if policies can be appropriately implemented. 

From the perspective of the government’s investment into RMHCs, the number of 

rural doctors and drug expenditure showed a decreasing trend. Rural doctors represent 

an important human resource in RMHCs; unfortunately, the number of rural doctors 

has been declining in recent years. According to the China Health Statistics Yearbook 

2019, the number of rural doctors in China has dropped from 1,031,828 in 2010 to 

845,436 in 2018, a drop of approximately 18%, and there have even been mass 

resignations of rural doctors [31]. The reason is that their income source mainly includes 

three aspects: basic drugs system subsidy, basic public health services subsidy, and 

diagnosis and treatment income. The subsidies were the main source of income. 

However, as RMHCs are at the bottom of the rural medical system, the subsidies were 

deducted, with little left for rural doctors [32]. In addition, rural doctors not only 

undertake basic medical services for rural residents, but also provide considerable basic 

public health services. This results in them being dissatisfied with the current 

situation[33]. On the other hand, the decrease in drug expenditure is significantly related 

to the limited variety of essential medicines. In this situation, patients prefer to go to 

higher-level hospitals [34].  

From the efficiency evaluation results of the RMHCs, the average TE and PTE 

scores of RMHCs in the past five years were only 0.0568 and 0.0615 , respectively. In 

particular, in 2018, nearly 68% of the TE and PTE scores were below their average 

level. At the same time, the TE and PTE scores were still decreasing year on year. Based 

on the previous analysis, it can be concluded that the decrease in the TE and PTE scores 

year on year is strongly related to the decline in the number of rural doctors and the 

insufficient input of drug resources. RMHCs should be paid more attention in this 



 

 

regard. Therefore, an effective way to improve the medical service efficiency of 

RMHCs is to enhance the dynamic management of rural doctors and drug procurement. 

First, the government should improve the income subsidy mechanism for rural doctors, 

increase the proportion of national financial support, and reduce the proportion of 

county-level subsidies to ensure the availability of subsidy funds [35]. Second, county, 

township, and village health service networks should be established to set up a service 

platform for sharing human resources for healthcare. Third, the medical insurance 

agency should adjust the list of essential drugs dynamically to ensure their adequate 

supply.  

From the efficiency of RMHCs’ development trend, α convergence, absolute β 

convergence and conditional β convergence indicate that health equalization in rural 

area can be achieved; however, notably, the connotation for promoting the equalization 

of rural medical and health resources among regions is that rural residents have equal 

access to medical and health resources when they need to visit hospitals. Therefore, the 

equalization of regional medical and health resources pursued by the government is not 

an absolute β convergence among regions, but a conditional β convergence based on 

certain factors. In other words, when allocating medical and health resources, the 

government should dynamically manage medical and health resources depending on 

the level of economic development, and population size and age structure of the rural 

residents in rural areas [36], to ensure that the RMHCs reach their own optimal level of 

medical service efficiency.  

5. Conclusion 

    Overall, the medical service efficiency of RMHCs remains low and may gradually 

decline. The government should promote the efficiency of the medical service in 

RMHCs to reach their own optimal level by formulating corresponding medical and 

health resource allocation policies.  

6. Limitation 

This paper has several limitations. First, the sample RMHCs were selected from a 



 

 

northern province in China; other provinces were not selected in our study. Second, 

because of data access permissions, none of the output indicators in the DEA model 

were medical quality indicators and the five-year study period for convergence analysis 

is not enough. In the future, scholars can include more provinces in China , choose 

some medical quality indicators in the DEA model and increase the year period in the 

convergence analysis.    
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