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35 Abstract 
36 Objectives This study measures the differences in inpatient performance of public 
37 general hospitals after the policy of points counting payment based on diagnosis-related 
38 group (DRG) was implemented from the perspective of institution levels.

39 Design A robust multiple interrupted time series study using 2018–2021 data was 
40 conducted to identify the different performance before and after intervention 
41 implementation.

42 Setting Twenty two above-primary-level public general hospitals (8 tertiary institutions 
43 and 14 secondary institutions) in Wenzhou, China.

44 Intervention The payment policy intervention was officially implemented in January 
45 2020.

46 Outcome measures Indicators were case-mix index (CMI), cost per hospitalization 
47 (CPH), average length of stay (ALOS), cost efficiency index (CEI), and time efficiency 
48 index (TEI). The outcomes employed the mean of these indicators.

49 Results Post implementation of the DRG policy, except for ALOS mean, the estimated 
50 change points of other outcomes (p<0.05) in tertiary and secondary institutions were 
51 inconsistent. Compared with before the change, the CMI mean turned to uptrend with the 
52 slope changing 0.0009540 (p<0.01) in tertiary institutions and changing 0.003137 
53 (p<0.0001) in secondary institutions. Although the slope of CPH mean did not change 
54 (p>0.05), the uptrend of CEI mean in tertiary institutions alleviated (p<0.05) and 
55 furthered increase (p<0.05) in secondary institutions. Both the slopes of ALOS and TEI 
56 mean in secondary institutions changed (p<0.05) but did not change in tertiary 
57 institutions (p>0.05).

58 Conclusions Hospitals of different tiers react differently to the payment policy; tertiary 
59 institutions react faster than secondary institutions in terms of cost control. Focusing on 
60 the effect trend, tertiary institutions improve the medical capacity slower than secondary 
61 institutions in terms of CMI; implementing the policy can mitigate discrepancies in the 
62 expense of treating similar diseases between tertiary and secondary institutions in terms 
63 of CPH and CEI; the policy did not motivate tertiary institutions to shorten the ALOS and 
64 TEI.

65 Strengths and limitations of this study

66 ►   Few studies have focused on the performance differences resulting from the effects of 
67 points counting payment based on a DRG policy from the perspective of institutional 
68 levels, making the findings of this study meaningful.

69 ►   This study also scrutinized the latent anticipatory effects after the local DRG policy 
70 reform had been initiated, announced, and publicized, given its important role in the 
71 healthcare field. 

72 ►   To optimize the effect assessment of policy intervention, this study used a robust 
73 multiple interrupted time series analysis that allowed estimated lagged or anticipatory 
74 effects, and further improved internal validity, while reducing bias.
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75 ►   Despite the inevitable impact of the global COVID-19 pandemic on hospital services, 
76 this study succeeded in revealing the anticipatory and positive effects of DRG policy 
77 on hospitals’ performance.

78

79 Introduction

80 The healthcare systems in most countries are confronted with increasing pressure, 
81 especially regarding the growing demand for healthcare services, while struggling with 
82 growing medical insurance expenditures.1,2 The diagnosis-related group (DRG) payment 
83 system, which originated in the United States in the 1970s, involves the adoption of a 
84 standard pricing framework that provides equity across healthcare providers in terms of 
85 payments for the same types of services.3,4 Subsequently, many countries and regions 
86 have adopted the DRG-medical-insurance payment method in attempts to contain 
87 expenditure and increase the transparency, efficiency, and safety of their healthcare 
88 systems.4-7 Maximizing healthcare performance in hospitals has been prioritized 
89 worldwide,8 which also influenced the primary content of the healthcare system reform in 
90 China.9 China consistently places great importance on the impact of DRG policy on 
91 healthcare performance, but the empirical evidence of the DRG impact is still inadequate. 
92 Before the effect of DRG on hospital service performance can be assessed, it is necessary 
93 to obtain a comprehensive understanding of the policy’s role and influence, and to 
94 optimize the study design to achieve an optimal evaluation and manage policy makers 
95 expectations.

96 DRG-payment reform, as an important means of regulating medical service behaviors in 
97 China,10 can revolutionize the healthcare system. It involves several complementary 
98 elements: a mechanism for allocating funding for hospital services; one for hospital 
99 management; and a provider payment mechanism within the broader healthcare financing 

100 system.3 Such a response can have a wide-ranging effect,11,12 especially, if it can affect 
101 hospitals’ direct interests that motivate them to regulate clinical behaviors and transform 
102 management from passive to positive, which can, in turn, improve medical service 
103 performance. The time at which the DRG payment reform was initiated, announced, and 
104 publicized, could impact its outcomes.13 China officially announced the implementation 
105 of DRG payment in 30 pilot national monitoring cities, and set the following arrangement 
106 that initial implementation work commences in 2019, simulated operation commences in 
107 2020, and actual payment commences in 2021.14,15 It sent a strong signal to those 
108 hospitals whose cities were not among the national pilots but then decided to implement 
109 the DRG policy. On one hand, it may have encouraged hospitals to change their 
110 management approaches to pursue a more positive adaption of the new payment method, 
111 such as by managing medical performance based on DRG’ data,16 improving information 
112 levels,17 and strengthening the quality of diagnoses coding.18 Such measures can provide 
113 an early foundation for the formal implementation of DRG’ payment. On the other hand, 
114 it is also reasonable to assume that the obvious behavioral changes adopted by hospitals 
115 occurred after the official implementation, possibly due to certain problems concerning 
116 the requisite technology and operation of the DRG’ payment approach.19 Those hospitals 
117 with relatively weak basic conditions required more intensive policy adaptation, such as 
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118 training personnel in DRG-associated tasks and improving familiarity with the diagnostic 
119 and operational codes for diseases. However, previous studies may have neglected to 
120 include the time until the effects of the policy manifested. This can reflect the reaction 
121 time and degree of importance across different hospitals to some extent.

122 To advance the reform of its healthcare system, China has devoted itself to the adoption 
123 of the DRG as one of the main payment methods and optimize the payment rules and 
124 relevant mechanisms to meet Chinese healthcare conditions.7,20 The DRG scheme of 
125 China Healthcare Security were issued in 2019, which identified 26 Major Diagnosis 
126 Categories that divided into 376 Adjacent DRGs. The scheme of detailed DRG has been 
127 issued in 2020, further dividing the 376 Adjacent DRGs into 618 groups. China 
128 Healthcare Security encouraged cities to further expand the amount of their local DRGs 
129 based on these 618 groups, from where they can determine the detailed payment method 
130 of DRG for the inpatient service. Zhejiang Provincial Healthcare Security Administration 
131 furthered divide 376 Adjacent DRGs into 1006 DRGs; 11 cities of this province 
132 including Wenzhou, implemented this scheme. Zhejiang had localized the DRGs 
133 payment and issued the DRG Points Counting Payment Implementation Rules for Basic 
134 Medical Insurance Inpatient Expenses on November 12, 2019, announcing that they 
135 would be enforced across the entire province from January 2020.21 This points counting 
136 payment (PCP) method applies the principle of work point theory with reference to the 
137 weighting criteria of each DRG, to establish the relative price relationship between 
138 medical costs and weights of different disease groups; and then convert the points of each 
139 DRG group, using these points to allocate the regional health insurance. The point value 
140 is based on the final amount of the medical insurance fund and the total points declared 
141 by the designated medical institutions in the present year. Whether the PCP method based 
142 on DRG can exert a strong motivation on hospitals to improve their service performance 
143 is important for China is still an open topic.

144 The Chinese health commission divides medical institutions into three levels according to 
145 their tasks and functions to form a hierarchical medical system: primary, secondary, and 
146 tertiary hospitals.22 The ability of hospitals to improve their performance is likely to have 
147 varied across different institution levels, which were important factors to identify the 
148 effect of the DRG payment policy. Chinese tertiary hospitals are the main cost control 
149 objects, whose insurance expenditures account for the bulk of medical insurance funds. 
150 Previous studies have analyzed them as subgroups in healthcare, but few have done so 
151 regarding the assessment of the DRG on service performance across hospitals. Given that 
152 Chinese healthcare is provided almost exclusively by state-owned public general 
153 hospitals,23 it is of great importance to explore whether there are differences across 
154 subgroups in terms of the effects.24 Wenzhou, one of cities in Zhejiang Province, has a 
155 similar DRG policy implementation process and healthcare system structure to other 
156 Chinese regions; therefore, it can act as a representative for estimating the effects of the 
157 PCP on public general hospitals. Considering the above, this study is aimed at analyzing 
158 performance differences when responding to the DRG’ PCP from the perspective of 
159 institution levels, and taking the reaction time into account. 
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160 Material and methods

161 Data source and sample size

162 In recent years, the comprehensive medical-service strength of Wenzhou has been 
163 continuously enhanced.25 Following the instructions set for Zhejiang Province, Wenzhou 
164 performed upfront preparations for DRG payment method with effect from May 20, 
165 2019. Since then, more than 21 related symposia have been presented among hospitals in 
166 the region. On December 13, 2019, the Wenzhou local government held a publicity 
167 meeting on the payment policy and issued a detailed draft of the rules, after which it 
168 began communicating with hospitals to optimize the policy. On December 27, 2019, the 
169 DRG Points Counting Payment Implementation Rules was issued, and scheduled for 
170 implementation in that region in January 2020.26 The timeline for 2019 for the 
171 implementation of the DRG payment policy is shown in Supplemental Figure 1.

172 First, in this region, the hospitals established DRG work teams, which could negotiate 
173 with the Healthcare Security Administration to safeguard the hospitals’ interests. Such 
174 teams were generally composed of the dean, who oversaw the DRG’ performance, the 
175 medical insurance department, and medical record quality-control department managers. 
176 Second, interior DRG data-monitoring information systems were introduced to strengthen 
177 hospital-wide disease groups monitoring, including monitoring of profit and loss and key 
178 indicators. Third, quality control of medical records was strengthened, especially the 
179 quality of code uploads, which was one of the prerequisites for obtaining medical 
180 insurance funds through DRG’ payment.3,27 Fourth, many hospitals launched training for 
181 clinicians across departments and specialized guidelines, which were also vital for the 
182 reform of the healthcare payment system, and helped to standardize diagnoses.19,28 

183 Above-primary-level public general hospitals in Wenzhou amounted to 22 institutions, 
184 which consisted of 8 tertiary hospitals and 14 secondary hospitals. In 2021, the number of 
185 discharged cases in above-primary-level public general hospitals in Wenzhou was 
186 840,342, accounting for 98.79% of the 850,652 discharged cases. In this study, the 
187 payment policy was implemented officially in 2020, the time-series data of these 22 
188 institutions collected spanned from 2018 to 2021. Before implementation: 2018–2019; 
189 after implementation: 2020–2021. The data were collected from the Zhejiang Hospital 
190 Quality Management and Performance Evaluation Platform, which was developed by the 
191 Zhejiang Provincial Health Commission. The platform launched in 2017 and, to ensure 
192 high-quality data, includes logic verification and a key quality control index. The 
193 platform allows administrative departments and medical institutions to query DRG’ 
194 performance data. In 2021, it evaluated 424 above-primary-level hospitals in Zhejiang 
195 province. This high level of data means this region can be considered a suitable 
196 representative for assessing the DRG policy’s effect on all public general hospitals.

197 Indicators

198 This study used five performance indicators calculated by the Zhejiang Hospital Quality 
199 Management and Performance Evaluation Platform that reflects the medical capacity and 
200 consumption of medical resources. The five performance indicators are case-mix index 
201 (CMI), cost per hospitalization (CPH), its cost efficiency index (CEI), average length of 
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202 stay (ALOS), and its time efficiency index (TEI). Among them, the CMI, CEI, and TEI 
203 derives from the DRG system, which has been found to have excellent homogeneous 
204 comparability.29-32 The following are the definitions and calculations of CMI, CEI, and 
205 TEI as determined by Zhejiang Provincial Health Commission.

206 1) CMI reflects the comprehensive ability of a medical institution to treat the disease and 
207 its seriousness or difficulty of the diseases. The calculation method is

208 regionin casesofNumber 
 weightTotalCMI 

209 where DRG each in casesofNumber DRG weightEach = weight Total 

210 2) CEI reflects the cost of treating similar diseases in this region. When the value of CEI 
211 was close to 1, it suggested that, for the region in question, the cost efficiency was close 
212 to the average level; values below 1 or above 1 suggested that the efficiency was above or 
213 below the average level, respectively.

214    





j
j

j
j

c
j

n

nk
CEI

)(region in DRG aofcost average
)(hospitalin DRG aofcost average

)ratio(Cost 
i

ic

C
c

k 

215 where  represents the number of cases in , CEI is the weighted average of .jn jDRG ck

216 3) TEI reflects the time spent treating similar diseases in this region. When the value of 
217 TEI was close to 1, it suggested that, for the region in question, the time efficiency was 
218 close to the average level; values below 1 or above 1 suggested that the efficiency was 
219 above or below the average level, respectively. 

220   





j
j

j
j

l
j

n

nk
TEI

)(region in DRG aoflength average
)(hospitalin DRG aoflength average

)(ratiostay oflength Average
i

il

L
l

k 

221 where  represents the number of cases in , TEI is the weighted average of .jn jDRG lk

222 To reflect the differences in performances from the perspective of different institutional 
223 levels, we employed the mean of every indicator in total institutions, tertiary institutions, 
224 and secondary institutions, respectively.

225 Statistical analysis

226 Interrupted time series has become a core study design for the evaluation of health 
227 policies.13 This study used the robust multiple interrupted time series (R-MITS) model, 
228 which have several advantages over the traditional interrupted time series designs.33-35 R-
229 MITS affords the identification of inferences regarding the estimation of global change 
230 points across units, rather than removing some time points as decided by the study team. 
231 Next, decreasing outcome variability can contribute to less extreme values, while 
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232 increasing auto-correlation can contribute to a more predictable outcome. Therefore, it is 
233 important to capture alongside mean differences in variability and auto-correlation. 
234 Compared with traditional designs, this R-MITS model can capture all the 
235 aforementioned time series’ changes. Furthermore, it does not assume that the 
236 intervention is instantaneous and allows the effect of the intervention to be abrupt or 
237 gradual, thus allowing the presence of a potentially lagged (or anticipatory) effect. It also 
238 can obtain more accurate estimates,33 which further improves internal and external 
239 validity, and reduces bias.36 Given these advantages, this robust model has been widely 
240 adopted to evaluate: improvements in care quality at both the system and unit level36; the 
241 effectiveness of a quality-improvement initiative for reducing cardiac arrests among 
242 infants and children37; the impact of trauma center accreditation on mortality and 
243 complications38; and the effectiveness of chest-pain units on observation times, 
244 diagnostic agreement, and emergency department re-admission and hospitalizations.39

245 The mean function of outcome for unit  at time  described in Cruz et al.35 is i t

246  ,
 t,ββ

)t,Δ(β)δ(βit

τ
i

τ
i

τ
i

τ
i

τ
i

τ
i

μ 10

10




 τt

τt
＜


247 where  denotes the intercept of the mean function prior to the change-point, denotes 
τ
iβ 0

τ
iβ 1

248 the slope of the outcome prior to the change-point,  is the intercept of the post-
τ
i

τ
i δβ 0

249 intervention phase,  is the slope of the post-intervention phase for the outcome in 
τ
i

τ
i Δβ 1

250 unit , and  denotes the global over-all-unit change-point of the response. In the case i 

251 with only one unit,  denotes the change-point for that one-time series. If ,  0 τ
i

τ
i Δδ

252 then there is no change in the mean function of unit  before and after . i τ

253 Results

254 Descriptive analysis

255 The yearly results for the CMI mean were as follows: 1) For the full sample of 
256 institutions, it decreased from 0.799 to 0.785 before 2020 and increased from 0.834 to 
257 0.859 after 2020. 2) Focusing only on tertiary institutions, it decreased from 0.868 to 
258 0.864 before 2020 and increased from 0.886 to 0.904 after 2020. 3) Focusing only on 
259 secondary institutions, it decreased from 0.759 to 0.740 before 2020 and increased from 
260 0.805 to 0.833 after 2020.

261 The yearly results for the CPH mean were as follows: 1) For the full sample of 
262 institutions, it increased from 8721.05 to 9484.77 yearly before and after 2020. 2) 
263 Focusing only on tertiary institutions, it decreased from 12658.60 to 12569.73 before 
264 2020 and decreased from 13192.78 to 12951.49 after 2020. 3) Focusing only on 
265 secondary institutions, it increased from 6471.02 to 7503.78 yearly before and after 2020.
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266 The yearly results for the CEI mean were as follows: 1) For the full sample of 
267 institutions, it decreased from 0.884 to 0.870 before 2020 and increased from 0.908 to 
268 0.929 after 2020. 2) Focusing only on tertiary institutions, it decreased from 1.124 to 
269 1.095 before 2020 and decreased from 1.110 to 1.108 after 2020. 3) Focusing only on 
270 secondary institutions, it decreased from 0.747 to 0.741 before 2020 and increased from 
271 0.792 to 0.826 after 2020.

272 The yearly results for the ALOS mean were as follows: 1) For the full sample of 
273 institutions, it decreased from 8.27 to 8.03 before 2020 and decreased from 8.19 to 7.77 
274 after 2020. 2) Focusing only on tertiary institutions, it decreased from 8.52 to 7.05 yearly 
275 before and after 2020. 3) Focusing only on secondary institutions, it decreased from 8.13 
276 to 8.12 before 2020 and decreased from 8.47 to 8.18 after 2020.

277 The yearly results for the TEI mean were as follows: 1) For the full sample of 
278 institutions, it increased from 0.966 to 0.968 before 2020 and increased from 1.000 to 
279 1.012 after 2020. 2) Focusing only on tertiary institutions, it decreased from 1.029 to 
280 0.988 yearly before and after 2020. 3) Focusing only on secondary institutions, it 
281 increased from 0.931 to 1.026 before and after 2020.

282 The yearly outcomes for every target indicator for the period of 2018–2021 (representing 
283 pre- and post-implementation) are shown in Table 1.

284 Table 1. Unit-specific yearly results before and after the policy implementation

Unit Year CMI mean CPH mean CEI mean ALOS mean TEI mean

2018 0.799 8721.05 0.884 8.27 0.966

2019 0.785 8775.51 0.870 8.03 0.968

2020 0.834 9418.26 0.908 8.19 1.000
Total 

institutions

2021 0.859 9484.77 0.929 7.77 1.012

2018 0.868 12658.60 1.124 8.52 1.029

2019 0.864 12569.73 1.095 7.87 1.008

2020 0.886 13192.78 1.110 7.69 0.993
Tertiary 

institutions

2021 0.904 12951.49 1.108 7.05 0.988

2018 0.759 6471.02 0.747 8.13 0.931

2019 0.740 6607.38 0.741 8.12 0.946

2020 0.805 7261.39 0.792 8.47 1.004
Secondary 
institutions

2021 0.833 7503.78 0.826 8.18 1.026

285 ALOS: average length of stay; CEI: cost efficiency index; CMI: case-mix index; CPH: cost per 
286 hospitalization; TEI: time efficiency index; before implementation: from 2018 to 2019; after 
287 implementation: from 2020 to 2021
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288 R-MITS analysis

289 R-MITS results for the CMI mean were as follows: 1) For the full sample of institutions, 
290 the effect change-point was estimated for March 2020 (p<0.0001) with the slope 
291 increased from −0.0001949 to 0.001267 (p<0.0001). 2) Focusing only on tertiary 
292 institutions, the effect change-point was estimated February 2020 (p<0.05) with the slope 
293 changing from −0.0001065 to 0.0008474 (p<0.01). 3) Focusing only on secondary 
294 institutions, the effect change-point was estimated for January 2020 (p<0.0001) with the 
295 slope changing from −0.001213 to 0.001924 (p<0.0001).

296 R-MITS results for the CPH mean were as follows: 1) For the full sample of institutions, 
297 the effect change-point was estimated for January 2020 (p<0.001) with the slope changed 
298 from −6.442 to −5.286 (p>0.05). 2) Focusing only on tertiary institutions, the effect 
299 change-point was estimated January 2020 (p<0.01) with the slope changing from −18.71 
300 to −43.31 (p>0.05). 3) Focusing only on secondary institutions, the effect change-point 
301 was estimated for April 2020 (p<0.001) with the slope changing from 8.554 to −0.8039 
302 (p>0.05).

303 R-MITS results for the CEI mean were as follows: 1) For the full sample of institutions, 
304 the effect change-point was estimated for June 2019 (p<0.0001) with the slope changing 
305 from 0.001073 to 0.002386 (p<0.01). 2) Focusing only on tertiary institutions, the effect 
306 change-point was estimated for June 2019 (p<0.0001) with the slope changing from 
307 0.002008 to 0.0004813 (p<0.05). 3) Focusing only on secondary institutions, the effect 
308 change-point was estimated for April 2020 (p<0.0001) with the slope changing from 
309 0.0002849 to 0.001513 (p<0.05).

310 R-MITS results for the ALOS mean were as follows: 1) For the full sample of 
311 institutions, the effect change-point was estimated for January 2020 (p<0.0001) with the 
312 slope changing from −0.02019 to −0.03918 (p<0.05). 2) Focusing only on tertiary 
313 institutions, the effect change-point was estimated for January 2020 (p<0.05) with the 
314 slope changing from −0.04884 to −0.06181 (p>0.05). 3) Focusing only on secondary 
315 institutions, the effect change-point was estimated for January 2020 (p<0.0001) with the 
316 slope changing from −0.004108 to −0.02610 (p<0.01).

317 R-MITS results for the TEI mean were as follows: 1) For the full sample of institutions, 
318 the effect change-point was estimated for April 2020 (p<0.001) with the slope changing 
319 from 0.0006056 to −0.0004526 (p>0.05). 2) Focusing only on tertiary institutions, the 
320 effect change-point was estimated for June 2020 (p>0.05) with the slope changing from 
321 −0.001041 to −0.0004987 (p>0.05). 3) Focusing only on secondary institutions, the effect 
322 change-point was estimated for April 2020 (p<0.0001) with the slope changing from 
323 0.001591 to −0.000257 (p<0.05).

324 Unit-specific estimated changes using R-MITS are shown in Table 2. The fitted 
325 regression lines are shown in Figures 1 through 3.The estimates of the stochastic 
326 component parameters are shown in Supplemental Table 1. The residuals and auto-
327 correlation functions are shown in Supplemental Figures 2 through 6.

328
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329 Table 2. Unit-specific changes using R-MITS before and after the DRG policy implementation

Change-points Changes in slope

Outcomes Unit
Estimate Lag

Pre-change
( )τ

iβ 1

Post-change
( τ

i
τ
i Δβ 1 ) Change ( τ

iΔ )

Changes in 
intercept

( τ
iδ )

Total 
institutions Mar-2020**** 2 months 

after −0.0001949 0.001267 0.001462**** 0.009988

Tertiary 
institutions Feb-2020* 1 months 

after −0.0001065 0.0008474 0.0009540** 0.001480CMI 
mean

Secondary 
institutions Jan-2020**** - −0.001213 0.001924 0.003137**** −0.009853

Total 
institutions Jan-2020*** - −6.442 −5.286 1.156 909.9**

Tertiary 
institutions Jan-2020** - −18.71 −43.31  −24.60 1957***CPH

mean
Secondary 
institutions Apr-2020*** 3 months 

after 8.554 −0.8039 −9.358 1075***

Total 
institutions Jun-2019**** 6 months 

before 0.001073 0.002386 0.001313** −0.05045**

Tertiary 
institutions Jun-2019**** 6 months 

before 0.002008 0.0004813 −0.001527* −0.02375CEI 
mean

Secondary 
institutions Apr-2020**** 3 months 

after 0.0002849 0.001513 0.001229* 0.01154

Total 
institutions Jan-2020**** - −0.02019 −0.03918 −0.01899* 1.071***

Tertiary 
institutions Jan-2020* - −0.04884 −0.06181 −0.01297 0.9115*ALOS 

mean
Secondary 
institutions Jan-2020**** - −0.004108 −0.02610 −0.02199** 1.154***

Total 
institutions Apr-2020*** 3 months 

after 0.0006056 −0.0004526 −0.001058 0.06593**

Tertiary 
institutions Jun-2020 5 months 

after −0.001041 −0.0004987 0.0005421 −0.02309TEI 
mean

Secondary 
institutions Apr-2020**** 3 months 

after 0.001591 −0.0002571 −0.001848* 0.1102***

330 Significance level α=0.05; *, p<0.05, **, p<0.01; ***, p<0.001; ****, p<0.0001; ALOS: average 
331 length of stay; CEI: cost efficiency index; CMI: case-mix index; CPH: cost per hospitalization; TEI: 
332 time efficiency index

333 Discussion

334 Effects on the CMI after the DRG implementation

335 CMI can reflect the comprehensive ability of a medical institution. As for all the 
336 institutions, this study found that the CMI mean showed a downward curve before the 
337 change but increased after the change, from which it can be inferred that the DRG policy 
338 implementation likely motivated public general hospitals to devote themselves to 
339 improving CMI. According to the payment rules, improving CMI can contribute to 
340 securing more DRG points, thereby acquiring more medical insurance funds. 
341 Additionally, to encourage medical institutions to implement new technologies and 
342 enhance service capabilities, policymakers rewarded institutions that adopted new 
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343 technologies with additional DRG points.26 The study indicated that CMI change lagged 
344 two months after the DRG policy officially implemented, which may result from the 
345 difficulty in strengthening the comprehensive ability immediately even if they have 
346 stronger motivation than before.

347 First, focusing only on changes at institutional levels, after the policy was implemented, 
348 the results showed an obvious trend from downward to upward in both tertiary and 
349 secondary institutions. Second, as observed, the CMI mean in tertiary institutions 
350 remained higher than in secondary institutions, regardless of implementation. Because 
351 irrespective of improvements on the medical technical level, the proportion of high 
352 relative weight and the number of treating cases, tertiary institutions have innate 
353 advantages over secondary institutions. Third, this study found that the CMI mean in 
354 tertiary institutions changed later than in secondary institutions but also improved slower 
355 than in secondary institutions after change. As mentioned above, CMI represents the 
356 hospitals’ average technical levels and the seriousness of cases treated in each discipline, 
357 which have already reached high levels in tertiary institutions. Thus, improving CMI 
358 would require more effort in secondary institutions. Another possible reason is that, due 
359 to Chinese citizens being at liberty to choose healthcare services at any institution, 
360 tertiary institutions with higher levels of comprehensive medical strength can attract more 
361 patients under the siphon effect.40,41 With service accessibility improving, patients would 
362 rather visit senior hospitals, even though most of their illnesses are not severe.42,43 As a 
363 result, it is common for a large number of low-related weight cases are treated at tertiary 
364 institutions that constrained improving CMI, and also affected the hierarchic healthcare 
365 treatment system performance for a long time. Significantly, under the DRG’ payment 
366 rules, tertiary institutions tended to treat more serious diseases (that possess high relative 
367 weights) and were willing to transfer the more common or easy-to-treat cases to lower-
368 grade institutions.19 Subsequently, the proportion of the high relative weight of their 
369 treating diseases can be increased, which contributed to improving their CMI. In a sense, 
370 the implementation of the DRG policy can promote the hierarchic healthcare treatment 
371 system performing its intended role in China. 

372 Effects on the CPH and CEI after the DRG implementation

373 This study found that the change in the slope of the CPH mean was not significant in all 
374 institutional levels. As for the CEI, its mean was still lower than 1 before and after 
375 change, which can suggest that the CEI of these institutions were stronger than the 
376 average in the region. Besides, the decrease of intercept can infer that the policy has a 
377 positive motivation for hospitals to strengthen cost control. Importantly, after the policy 
378 was implemented, the CEI means increased at a faster rate toward 1, from which it can be 
379 inferred that the policy can further motivate these institutions to narrow the differences 
380 across public general hospitals in terms of costs for treating similar diseases. Because, the 
381 basic billing rules of DRG’ payment method in this region is that “excess expenditures 
382 will no longer be reimbursed and the balance will be retained.”28 Under this rule, 
383 institutions that implement higher medical costs for treating a disease group will lose 
384 money, and thus hospitals have no choice but to strengthen their cost control. Further, the 
385 policy can motivate hospitals to improve the correct coding rate and integrity of DRG’ 
386 data, which can then align the cost for treating diseases with diseases’ reality,19 and 
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387 subsequently bring the CEI close to 1. Then, in this study, the results showed that the CEI 
388 mean changed in June 2019, following the commencement of the policy reform in May 
389 2019. As is known, from the postpaid system of Fee-for-Service to the prepaid system of 
390 DRGs payment, the level of hospitalization expenses was directly related to payment 
391 systems.7 The introduction of the policy could therefore increase cost control 
392 consciousness and motivate associated management behaviors.3,44 Therefore, under the  
393 policy influence, the response of these institutions to strengthening the CEI can be faster 
394 than other indicators.

395 Focusing only on changes at institutional levels, the CEI mean in tertiary institutions 
396 remained higher than 1, while remaining lower than 1 in secondary institutions before 
397 and after change. As is known, the CPH in tertiary institutions are higher than secondary 
398 institutions; similarly, the phenomenon of spending high costs on similar diseases was 
399 more common in tertiary institutions, which resulted in their high CEI. Because in 
400 tertiary institutions, medical equipment, technical levels, drugs, and consumables were 
401 more advanced, they attract higher expenses.15 Significantly, under the payment rules of 
402 DRG, ultra-high-cost inpatient cases will cause financial losses for hospitals, and this can 
403 motivate hospitals to positively pursue cost-control behaviors, thereby causing the CEI to 
404 increase at slower rates, and even decrease. This study showed that after the policy was 
405 implemented, the uptrend of the CEI mean in tertiary institutions was slower than before, 
406 and the CEI mean in secondary institutions changed faster toward 1. It can be inferred 
407 that the difference in the tertiary and secondary institutions was mitigated by the DRG 
408 policy implementation. Then, this also found that tertiary institutions reacted faster than 
409 secondary institutions to the DRGs payment policy in terms of CEI. It is worth 
410 mentioning that, as in most parts of China, the policymakers also set a certain payment 
411 coefficient in the initial implementation of DRG, taking the actual conditions in the 
412 institutions and differences in treatment costs, into account.26 In that context, some 
413 hospitals may believe that briefly implementing high costs can improve the historical 
414 base data for the future, despite leading to an immediate short-term loss. 

415 Effects on the ALOS and TEI after the DRG implementation

416 A decrease in the length of stay can be either positive or negative for individual patients 
417 and for the health system as a whole.45 For example, an outcome of shortening the length 
418 of stay may result from the early discharge.19  It may also be the result in the DRG 
419 policymakers in this region strengthening monitoring, and introducing penalties related to 
420 the length of stay.21,26 Certainly, shortening ALOS or strengthening TEI can be 
421 reasonable, but it requires the prior improvement of medical and care levels across public 
422 general hospitals. After the DRG policy was implemented, we found that the intercept of 
423 the ALOS mean in total institutions increased and the downward trend changed faster 
424 than before. Focusing only on changes at institutional levels, the downtrend of the ALOS 
425 mean and the TEI mean in tertiary institutions did not change significantly, while in 
426 secondary institutions it did. Compared with secondary institutions, tertiary institutions 
427 with stronger medical service capacity, whose inpatients with similar diseases can be 
428 treated better and therefor ALOS would be shorter. As a result, tertiary institutions 
429 require much more efforts to further decline the ALOS or TEI in a short time. As is 
430 mentioned above, after the policy was implemented, the CMI mean in tertiary institutions 
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431 increased, from which it can be inferred that the percentage of serious or complex 
432 diseases treated in tertiary institutions have improved. Due to the high improvement 
433 space, it may be reasonable for secondary institutions to further shorten ALOS and 
434 strengthen TEI. 

435 Limitations

436 This study has some limitations. First, as the sample of this study only focused on the 
437 public general hospitals, it is necessary to include other hospital types to form a 
438 comprehensive evaluation of the impact of the DRG’ payment policy on inpatient service 
439 performance. Second, the COVID-19 pandemic had an unavoidable impact on the 
440 operation of hospitals worldwide. Importantly, although the epidemic reached Zhejiang 
441 Province at the end of January, the setback was temporary due to the implementation of 
442 strict prevention and control measures, and recovery gradually occurred after February 
443 2020. According to the purpose of this study, the selected indicators reflect the changes 
444 of comprehensive medical strength and efficiency in hospitals not the operation 
445 indicators, thus, the possible disturbance resulting from the pandemic can be ignored. 
446 Despite the inevitable impact of the pandemic on hospital services, this study succeeded 
447 in revealing the anticipatory and positive effects of DRG policy on hospitals’ 
448 performance, used a R-MITS analysis that further improved internal validity, while 
449 reducing bias. Third, although the assessment of healthcare policies is complex due to 
450 interacting and interdependent components, we found no other important changes in 
451 health policy or medical insurance policy in this region when the payment policy was 
452 implemented. It can be considered that the changes in the monitored indicators originated 
453 from the DRG’ payment reform.

454 Conclusions

455 This study found that it was effective in motivating public general hospitals to improve 
456 medical capacity in terms of CMI, shorten the ALOS, and strengthen the CEI that 
457 suggested the policy can expedite the mitigation of discrepancies in the expense of 
458 treating the same types of diseases across institutions. It did not cause a change of CPH 
459 and TEI significantly in the full sample of public general hospitals. There were 
460 differences in the performance between tertiary and secondary hospitals when responding 
461 to DRG policy. Tertiary institutions react faster than secondary institutions in terms of 
462 cost control and improve their medical capacity slower than secondary institutions in 
463 terms of CMI. The gap between the cost utilization efficiency of secondary and tertiary 
464 hospitals was decreasing, which means that the cost of treating the similar diseases in 
465 hospitals of different tiers tended to be consistent. The policy did not motivate tertiary 
466 institutions to shorten the ALOS and TEI, while secondary hospitals had shown 
467 continuous improvement in time utilization efficiency.
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Figure 1. The fitted regression lines for total institutions before and after change-points.

(A) CMI mean; (B) CPH mean; (C) CEI mean; (D) ALOS mean; (E) TEI mean
ALOS: average length of stay; CEI: cost efficiency index; CMI: case-mix index; CPH: cost per
hospitalization; TEI: time efficiency index
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Figure 2. The fitted regression lines for tertiary institutions before and after change-points.

(A) CMI mean; (B) CPH mean; (C) CEI mean; (D) ALOS mean; (E) TEI mean
ALOS: average length of stay; CEI: cost efficiency index; CMI: case-mix index; CPH: cost per
hospitalization; TEI: time efficiency index
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Figure 3. The fitted regression lines for secondary institutions before and after change-points.

(A) CMI mean; (B) CPH mean; (C) CEI mean; (D) ALOS mean; (E) TEI mean
ALOS: average length of stay; CEI: cost efficiency index; CMI: case-mix index; CPH: cost per
hospitalization; TEI: time efficiency index
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1 Differences in inpatient performance of public general 
2 hospitals following implementation of a points-counting 
3 payment based on diagnosis-related groups: a robust multiple 
4 interrupted time series study in Wenzhou, China

5

6 Abstract 

7 Objectives This study measures the differences in inpatient performance after a points-
8 counting payment policy based on diagnosis-related groups (DRGs) was implemented. 
9 The point value is dynamic; its change depends on the annual DRGs’ cost settlements and 

10 points of the current year, which are calculated at the beginning of the following year.

11 Design A longitudinal study using a robust multiple interrupted time-series model to 
12 evaluate service performance following policy implementation.

13 Setting Twenty-two public general hospitals (eight tertiary institutions and 14 secondary 
14 institutions) in Wenzhou, China.

15 Intervention The intervention was implemented in January 2020.

16 Outcome measures Indicators were case-mix index (CMI), cost per hospitalization 
17 (CPH), average length of stay (ALOS), cost efficiency index (CEI), and time efficiency 
18 index (TEI). The outcomes employed the means of these indicators.

19 Results The impact of COVID-19, which reached Zhejiang province at the end of 
20 January 2020, was temporary, given rapid containment following strict control measures. 
21 After the intervention, except for ALOS mean, the change-points of other outcomes 
22 (p<0.05) in tertiary and secondary institutions were inconsistent. The CMI mean turned to 
23 uptrend in tertiary (p<0.01) and secondary institutions (p<0.0001) than before. Although 
24 the slope of CPH mean did not change (p>0.05), the uptrend of CEI mean in tertiary 
25 institutions alleviated (p<0.05) and furthered increase (p<0.05) in secondary institutions. 
26 The slopes of ALOS and TEI mean in secondary institutions changed (p<0.05) but did 
27 not change in tertiary institutions (p>0.05).

28 Conclusions This study showed a positive effect of the DRG policy in Wenzhou, even 
29 during COVID-19. The policy can motivate public general hospitals to improve 
30 comprehensive capacity and mitigate discrepancies the efficiency in the expense of 
31 treating similar diseases. Policymakers are interested in whether the reform successfully 
32 stimulates hospitals to strengthen the internal impetus to improve performance, which is 
33 supported by this study.

34

35 Keywords diagnosis-related group, points counting payment, performance evaluation, 
36 public general hospitals, robust multiple interrupted time series

37
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38 Strengths and limitations of this study

39 ► A robust multiple interrupted time series (R-MITS) model does not assume that the 
40 effect of intervention is instantaneous and allows the presence of a potentially 
41 lagged (or anticipatory) effect, which match the characteristics of the DRGs’ policy.

42 ► R-MITS estimates the global change-point, at which the effect of the intervention 
43 initiates for the entire health system, rather than removing some points as decided by 
44 the study team.

45 ► R-MITS can capture mean differences in variability and auto-correlation of time-
46 series changes, improve validity and reduces bias to obtain more accurate estimates.

47 ► Due to the inner differences in different hospitals, the DRGs-related indicators 
48 selected and subgroups’ analysis make the performance evaluation more 
49 homogeneous and comparable.

50 ► Despite failing to use a difference-in-differences method, this study conducted R-
51 MITS analysis to enhances the relationship between the evolution of results and the 
52 intervention. 

53

54 INTRODUCTION

55 The healthcare systems in most countries are confronted with increasing pressure, 
56 especially regarding the growing demand for healthcare services, while struggling with 
57 growing medical insurance expenditures [1,2]. Before the DRGs' payment, the inpatient 
58 medical services in China mainly adopted Fee-For-Service, which easily causes the over-
59 treatment and restrains the improvement of service performance. As a pre-payment 
60 system, the diagnosis-related groups’ (DRGs) payment system, which originated in the 
61 United States in the 1970s, involves the adoption of a standard pricing framework that 
62 provides equity across healthcare providers in terms of payments for the same types of 
63 services [3,4]. Subsequently, many countries and regions have adopted the DRGs-
64 medical-insurance payment in attempts to contain expenditure and increase the 
65 transparency, efficiency, and safety of their healthcare systems [4-7]. However, the 
66 classification rules of DRGs require high-quality medical record home page data and 
67 judgment from physicians. Therefore, the roll-out of DRGs has some challenges in 
68 middle-and-low-income countries with limited resources [8].

69 Maximizing hospitals’ service performance in has been prioritized worldwide [9], which 
70 also influenced the primary content of the healthcare system reform in China [10]. Before 
71 2020, no province in China implemented the DRGs' payment system in all public 
72 hospitals because the DRGs' payment system is costly and requires advanced information 
73 systems. To advance the reform of its healthcare system, China has devoted itself to the 
74 adoption of the DRGs as one of the main payment methods and optimize the payment 
75 rules and relevant mechanisms to meet Chinese healthcare conditions [7,11]. China 
76 officially announced the implementation of DRGs' payment in 30 pilot national 
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77 monitoring cities, and set the following arrangement that initial implementation work 
78 commences in 2019, simulated operation commences in 2020, and actual payment 
79 commences in 2021 [12,13]. DRGs' payment reform, as an important means of regulating 
80 medical behaviors in China [14], can revolutionize the healthcare system. It involves 
81 several complementary elements: a mechanism for allocating funding for hospital 
82 services; one for hospital management; and a provider payment mechanism within the 
83 broader healthcare financing system [3]. Under the funding constraints of DRGs’ total 
84 budget management, hospitals have to respond aggressively. The DRGs' payment 
85 implementation requires hospitals to be proactive regarding the quality of medical 
86 records (like more long coding time to ensure the quality of case grouping) and an 
87 improvement in the performance of their healthcare services, to avoid losses after the 
88 policy implementation. Under the given pricing standard, hospitals are responsible for 
89 their losses in cases where medical costs exceed the pricing standard. Such a response can 
90 have a wide-ranging effect [15,16], especially, if it can affect hospitals’ direct interests 
91 that motivate them to regulate clinical behaviors and transform management from passive 
92 to positive, which can, in turn, improve service performance. 

93 China places great importance on the impact of DRGs' payment on healthcare 
94 performance, because it can influence the overall arrangement and progress but the 
95 empirical evidence of its impact in China is still inadequate. Before the effect on service 
96 performance can be assessed, it is necessary to obtain a comprehensive understanding of 
97 the policy’s influence, and to optimize the study design to achieve an optimal evaluation 
98 and manage policy makers expectations. Above all, the time at which the payment reform 
99 was initiated, announced, and publicized, could impact its outcomes [17]. It sent a strong 

100 signal to those hospitals whose cities were not among the national pilots but then decided 
101 to implement the DRGs' payment. On one hand, it may have encouraged hospitals to 
102 change their management approaches to pursue a more positive adaption of the new 
103 payment method, such as by managing medical performance based on DRGs' data [18], 
104 improving information levels [19], and strengthening the quality of diagnoses coding 
105 [20]. Such measures can provide an early foundation for the formal implementation of 
106 DRGs' payment. On another hand, it is also reasonable to assume that the obvious 
107 behavioral changes adopted by hospitals occurred after the official implementation, 
108 possibly due to certain problems concerning the requisite technology and operation of the 
109 DRGs' payment approach [21]. Those hospitals with relatively weak basic conditions 
110 required more intensive policy adaptation, such as training personnel in DRGs-associated 
111 tasks and improving familiarity with the diagnostic and operational codes for diseases. It 
112 can affect reaction time and degree of importance across different hospitals to some 
113 extent; however, previous studies may have neglected to include the time until the policy’ 
114 effects manifested [22,23]. Subsequently, the ability of hospitals to improve their 
115 performance is likely to have varied across different institution levels, which is an 
116 important factor in identifying the effects of the payment policy. Chinese Health 
117 Commission divides medical institutions into three levels according to their tasks and 
118 functions to form a hierarchical medical system: primary, secondary, and tertiary 
119 hospitals [24]. Tertiary hospitals are the main cost control objects, whose insurance 
120 expenditures account for the bulk of medical insurance funds. Previous studies have 
121 analyzed them as subgroups in healthcare [25], but few have done so regarding the 
122 assessment of the DRGs' payment on service performance across hospitals. Given that 
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123 Chinese healthcare is provided almost by state-owned public general hospitals [26], it is 
124 important to explore whether there are differences across subgroups in terms of the 
125 effects [27].

126 On November 12, 2019, Zhejiang province issued interim measures on DRGs’ points-
127 counting payment (PCP) for hospitalization expenses in basic medical insurance that 
128 required all sub-provincial and prefecture-level cities to implement PCP based on DRGs 
129 under the total budget management from January 2020 [28]. The points of a given case 
130 are determined as follows:

131 tcoefficiendifferencepointsbenchmark DRG ingcorrespond=e)Points(cas 

132 The health insurance department of every sub-provincial or prefecture-level city sets the 
133 calculation standards for benchmark points and difference coefficients. The health 
134 insurance department of the district or county-level city calculates the point value (PV). 
135 PV is dynamic and changes depending on the current annual DRGs’ cost settlement and 
136 points, which are calculated at the beginning of the following year. PV is determined as 
137 follows:

138
citylevel-countyor district in thispointsDRGsAnnual

citylevel-countyor district ain settlementcost DRGsAnnualPV 

139 The revenue of DRGs' payment for a hospital is determined as follows:

140 PVpital)points(HosAnnualspital)Revenue(Ho =

141 This PCP based on DRGs applies the principle of work point theory with reference to the 
142 weighting criteria of each DRG, to establish the relative price relationship between 
143 medical costs and weights of different disease groups; and then convert the points of each 
144 DRG group, using these points to allocate the regional health insurance. Zhejiang detailed 
145 hospitalization cases into 1006 DRGs based on the nation 618 DRGs grouping scheme. 
146 Zhejiang is the first province to announce enforcement across the entire province; 
147 whether the PCP method based on DRGs can exert a strong motivation on hospitals to 
148 improve their service performance is important for China but it is still an open topic. 
149 Given that, this study takes Wenzhou in Zhejiang province as a sample city to evaluate 
150 hospital performance before and after the implementation of the DRGs' reform between 
151 2018 and 2021 in public general hospitals from the perspective of institution levels. 

152 METHODS

153 Data source and sample size

154 Wenzhou City lies in the southeast of Zhejiang province. In 2021, the resident population 
155 was 9.6450 million—the second most populous city in Zhejiang. It has a wealth of 
156 successful experience in reform and strong comprehensive medical service [29], a similar 
157 DRGs’ policy implementation process and healthcare system structure to other cites, 
158 which act as a representative for estimating the effects of the PCP on public general 
159 hospitals. Wenzhou performed upfront preparations for DRGs' payment method with 
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160 effect from May 20, 2019, earlier than the other cities. Since then, more than 21 related 
161 symposia have been presented among hospitals. In 2019, the Wenzhou Healthcare 
162 Security Administration conducted disease grouping and cost measurement for the past 
163 three years. The base data was collected from 161 medical institutions in the city that 
164 offer hospitalization. After grouping by DRGs, hospitalization cases were divided into 
165 912 DRGs. Among them were 55 DRGs where the number of cases was ≤5; 857 DRGs 
166 where number of cases was＞5 and their coefficient of variation was <1; reduction in 
167 variance was 75.04% and the cost differences across groups were all >20%, which 
168 reached the national technical specifications for DRGs grouping and payment. On 
169 December 13, 2019, the Wenzhou local government held a publicity meeting on the 
170 payment policy and issued a detailed draft of the rules, after which it began 
171 communicating with hospitals to optimize the policy. On December 27, 2019, the DRGs’ 
172 Points Counting Payment Implementation Rules was issued, and scheduled for 
173 implementation in January 2020 [30]. Figure 1 shows the timeline for 2019 for the 
174 implementation of the DRGs' payment policy.

175 According to Chinese hospital classification and management standards, primary 
176 hospitals are hospitals that provide preventive, medical, healthcare, and rehabilitation 
177 services directly to a community of a certain population. Secondary hospitals are regional 
178 hospitals that provide comprehensive medical and health services to multiple 
179 communities and undertake certain teaching and research. Tertiary hospitals are hospitals 
180 above the regional level that provide high-level specialized medical services to several 
181 regions and perform higher medical education and research. Above-primary-level public 
182 general hospitals in Wenzhou amounted to 22 institutions, which consisted of eight 
183 tertiary hospitals and 14 secondary hospitals. In 2021, the number of discharged cases in 
184 above-primary-level public general hospitals in Wenzhou was 840,342, accounting for 
185 98.79% of the 850,652 discharged cases. The intervention was implemented officially in 
186 2020, the time-series data of these 22 institutions collected spanned from 2018 to 2021. 
187 Before implementation: 2018–2019; after implementation: 2020–2021. The data were 
188 collected from the Zhejiang Hospital Quality Management and Performance Evaluation 
189 Platform, which was developed by the Zhejiang Provincial Health Commission. The 
190 platform launched in 2017 and, reviewed the quality of the data uploaded by each 
191 hospital by logic verification and key quality control index monthly before evaluating the 
192 performance. The platform allows administrative departments and medical institutions to 
193 query DRGs' performance data. In 2021, it evaluated 424 above-primary-level hospitals 
194 in Zhejiang province.

195 Indicators

196 This study used five performance indicators calculated by the Zhejiang Hospital Quality 
197 Management and Performance Evaluation Platform that reflects the medical capacity and 
198 consumption of medical resources. The five performance indicators are case-mix index 
199 (CMI), cost per hospitalization (CPH), its cost efficiency index (CEI), average length of 
200 stay (ALOS), and its time efficiency index (TEI). Among them, the CMI, CEI, and TEI 
201 derives from the DRGs’ system, which has been found to have excellent homogeneous 
202 comparability [31-34]. The following are the definitions and calculations of CMI, CEI, 
203 and TEI as determined by Zhejiang Provincial Health Commission.
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204 1) CMI reflects the average comprehensive medical ability of a medical institution and its 
205 average seriousness or difficulty of the diseases. The calculation method is:

206 regionin casesofNumber 
 weightTotalCMI 

207 DRG each in casesofNumber DRG weightEach = weight Total 

208 2) CEI reflects the cost of treating similar diseases in this region. When the value of CEI 
209 was close to 1, it suggested that, for the region in question, the cost efficiency was close 
210 to the average level; values below 1 or above 1 suggested that the efficiency was above or 
211 below the average level, respectively.

212  





j
j

j
j

c
j

n

nk
CEI

213 )(region in DRG aofcost average
)(hospitalin DRG aofcost average

)ratio(Cost 
i

ic

C
c

k 

214 where  represents the number of cases in , CEI is the weighted average of .jn jDRG ck

215 3) TEI reflects the time spent treating similar diseases in this region. When the value of 
216 TEI was close to 1, it suggested that, for the region in question, the time efficiency was 
217 close to the average level; values below 1 or above 1 suggested that the efficiency was 
218 above or below the average level, respectively. 

219





j
j

j
j

l
j

n

nk
TEI

220 )(region in DRG aoflength average
)(hospitalin DRG aoflength average

)(ratiostay oflength Average
i

il

L
l

k 

221 where  represents the number of cases in , TEI is the weighted average of 
lk .jn jDRG

222 To reflect the differences in performances from the perspective of institutional levels, this 
223 study employed the mean of indicator in total institutions, tertiary institutions, and 
224 secondary institutions, respectively.

225 Statistical analysis

226 Interrupted time series has become a core study design for the evaluation of health 
227 policies [17]. This study used a robust multiple interrupted time series (R-MITS) model, 
228 which have several advantages over the traditional ITS designs [35-37]. Above all, R-
229 MITS borrows information from all micro-systems to estimate the global change point, 
230 that is, it determines the time point at which the effect of the intervention initiates for the 
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231 entire health system, rather than removing some points as decided by the study team [38]. 
232 An intervention to increase the stability and predictability of an outcome may have 
233 decreased outcome variability and increased auto-correlation [37]. Given that decreasing 
234 outcome variability can contribute to less extreme values, while increasing auto-
235 correlation can contribute to a more predictable outcome, it is important to capture 
236 alongside mean differences in variability and auto-correlation. Compared with traditional 
237 designs, this R-MITS model can capture all the aforementioned time series’ changes. 
238 Furthermore, it does not assume that the intervention is instantaneous and allows the 
239 effect of the intervention to be abrupt or gradual, thus allowing the presence of a 
240 potentially lagged (or anticipatory) effect. It can obtain more accurate estimates, which 
241 further improves internal and external validity, and reduces bias [35,39]. This robust 
242 model has been widely adopted to evaluate: improvements in care quality at both the 
243 system and unit level [39]; the effectiveness of a quality-improvement initiative for 
244 reducing cardiac arrests among infants and children [40]; the impact of trauma center 
245 accreditation on mortality and complications [41]; and the effectiveness of chest-pain 
246 units on observation times, diagnostic agreement, and emergency department re-
247 admission and hospitalizations [42]. The R-MITS model is shown in Appendix A.

248 Patient and public involvement

249 None.

250 RESULTS

251 Descriptive analysis

252 The yearly outcomes for every target indicator for the period of 2018–2021 (representing 
253 pre- and post-implementation) are shown in Table 1.

254 The yearly results for the CMI mean in tertiary institutions decreased from 0.8678 to 
255 0.8641 before 2020 and increased from 0.8864 to 0.9041 after 2020; in secondary 
256 institutions, it decreased from 0.7590 to 0.7402 before 2020 and increased from 0.8047 to 
257 0.8332 after 2020.

258 For the CPH mean in tertiary institutions, it decreased from 12658.6038 to 12569.7275 
259 before 2020 and decreased from 13192.7838 to 12951.4875 after 2020; in secondary 
260 institutions, it increased from 6471.0164 to 7503.7829 yearly before and after 2020. For 
261 the CEI mean in tertiary institutions, it decreased from 1.1238 to 1.0950 before 2020 and 
262 decreased from 1.1100 to 1.1075 after 2020; in secondary institutions, it decreased from 
263 0.7471 to 0.7407 before 2020 and increased from 0.7921 to 0.8264 after 2020.

264 For the ALOS mean in tertiary institutions, it decreased from 8.5188 to 7.0475 yearly 
265 before and after 2020; in secondary institutions, it decreased from 8.1279 to 8.1171 
266 before 2020 and decreased from 8.4679 to 8.1793 after 2020. For the TEI mean in tertiary 
267 institutions, it decreased from 1.0288 to 0.9875 yearly before and after 2020; in 
268 secondary institutions, it increased from 0.9307 to 1.0264 yearly before and after 2020.

269
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270 Table 1. Unit-specific yearly results pre- and post-policy implementation

271 Note: ALOS: average length of stay; CEI: cost efficiency index; CMI: case-mix index; CPH: cost per 
272 hospitalization; TEI: time efficiency index; pre-implementation: from 2018 to 2019; post-
273 implementation: from 2020 to 2021.

274 R-MITS analysis

275 Estimated changes using R-MITS: for all samples and subgroups are shown in Table 2; 
276 the fitted regression lines are shown in Figure 2; the estimates of the stochastic 
277 component parameters are shown in Appendix B; the residuals of the estimated model 
278 and auto-correlation functions are as expected and are shown in Appendix 1 through 5, 
279 demonstrating that the curves for both the pre- and post-groups for the measures included 
280 are linear and independent. 

281 The R-MITS results for the CMI mean in tertiary institutions, the effect change-point was 
282 estimated February 2020 (p<0.05) with the slope changing from −0.0001 to 0.0008 
283 (p<0.01); the effect change-point in secondary institutions was estimated for January 
284 2020 (p<0.0001) with the slope changing from −0.0012 to 0.0019 (p<0.0001).

285 For the CPH mean in tertiary institutions, the effect change-point was estimated January 
286 2020 (p<0.01) with the slope changing from −18.7100 to −43.3100 (p>0.05); in 
287 secondary institutions, the effect change-point was estimated for April 2020 (p<0.001) 
288 with the slope changing from 8.5540 to −0.8039 (p>0.05). For the CEI mean in tertiary 
289 institutions, the effect change-point was estimated for June 2019 (p<0.0001) with the 
290 slope changing from 0.0020 to 0.0005 (p<0.05); in secondary institutions, the effect 
291 change-point was estimated for April 2020 (p<0.0001) with the slope changing from 
292 0.0003 to 0.0015 (p<0.05).

293 For the ALOS mean in tertiary institutions, the effect change-point was estimated for 
294 January 2020 (p<0.05) with the slope changing from −0.0488 to −0.0618 (p>0.05); in 

Unit Year CMI mean CPH mean CEI mean ALOS mean TEI mean

2018 0.7986 8721.0482 0.8841 8.2700 0.9664

2019 0.7852 8775.5059 0.8695 8.0264 0.9682

2020 0.8344 9418.2600 0.9077 8.1859 1.0000
Total 

institutions

2021 0.8590 9484.7664 0.9286 7.7677 1.0123

2018 0.8678 12658.6038 1.1238 8.5188 1.0288

2019 0.8641 12569.7275 1.0950 7.8675 1.0075

2020 0.8864 13192.7838 1.1100 7.6925 0.9925
Tertiary 

institutions

2021 0.9041 12951.4875 1.1075 7.0475 0.9875

2018 0.7590 6471.0164 0.7471 8.1279 0.9307

2019 0.7402 6607.3793 0.7407 8.1171 0.9457

2020 0.8047 7261.3893 0.7921 8.4679 1.0043
Secondary 
institutions

2021 0.8332 7503.7829 0.8264 8.1793 1.0264
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295 secondary institutions, the effect change-point was estimated for January 2020 
296 (p<0.0001) with the slope changing from −0.0041 to −0.0261 (p<0.01). For the TEI mean 
297 in tertiary institutions, the effect change-point was estimated for June 2020 (p>0.05) with 
298 the slope changing from −0.0010 to −0.0005 (p>0.05); in secondary institutions, the 
299 effect change-point was estimated for April 2020 (p<0.0001) with the slope changing 
300 from 0.0016 to −0.0002 (p<0.05).

301 Table 2. Unit-specific changes estimated by R-MITS pre- and post-intervention

Changes in slope
Outcomes Unit Change-points Pre-change

( )τ
iβ 1

Post-change
( τ

i
τ
i Δβ 1 ) Change ( τ

iΔ )

Changes in 
intercept

( τ
iδ )

Total institutions Mar-2020**** −0.0002 0.0013 0.0015**** 0.0100

Tertiary institutions Feb-2020* −0.0001 0.0008 0.0009** 0.0015CMI 
mean

Secondary institutions Jan-2020**** −0.0012 0.0019 0.0031**** −0.0099

Total institutions Jan-2020*** −6.4420 −5.2860 1.1560 909.9000**

Tertiary institutions Jan-2020** −18.7100 −43.3100  −24.6000 1957.0000***CPH
mean

Secondary institutions Apr-2020*** 8.5540 −0.8039 −9.3580 1075.0000***

Total institutions Jun-2019**** 0.0011 0.0024 0.0013** −0.0505**

Tertiary institutions Jun-2019**** 0.0020 0.0005 −0.0015* −0.0238CEI 
mean

Secondary institutions Apr-2020**** 0.0003 0.0015 0.0012* 0.0115

Total institutions Jan-2020**** −0.0202 −0.0392 −0.0190* 1.0710***

Tertiary institutions Jan-2020* −0.0488 −0.0618 −0.0130 0.9115*ALOS 
mean

Secondary institutions Jan-2020**** −0.0041 −0.0261 −0.0220** 1.1540***

Total institutions Apr-2020*** 0.0006 −0.0005 −0.0011 0.0659**

Tertiary institutions Jun-2020 −0.0010 −0.0005 0.0005 −0.0231TEI 
mean

Secondary institutions Apr-2020**** 0.0016 −0.0002 −0.0018* 0.1102***
302 Note: Significance level α=0.05; *, p<0.05, **, p<0.01; ***, p<0.001; ****, p<0.0001; ALOS: 
303 average length of stay; CEI: cost efficiency index; CMI: case-mix index; CPH: cost per 
304 hospitalization; TEI: time efficiency index.

305 DISCUSSION

306 With limited and stretched healthcare resources, it is important for hospitals to further 
307 improve the performance of their medical services after the new policy implementation. 
308 In general, the results from all samples and subgroups seem positive from various 
309 perspectives.

310 As for all samples and subgroups, this study found that the CMI mean showed a 
311 downward curve before the change but increased after the change, from which it can be 
312 inferred that the policy implementation likely motivated these hospitals to devote 
313 themselves to improving CMI. According to the payment rules, improving CMI can 
314 contribute to securing more DRGs’ points, thereby acquiring more medical insurance 
315 funds. The study indicated that CMI change lagged two months after the DRG policy 
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316 officially implemented, which may result from the difficulty in strengthening the 
317 comprehensive ability immediately even if they have stronger motivation than before. 
318 Besides, this study also found that the CMI mean in tertiary institutions changed later 
319 than in secondary institutions and improved slower than in secondary institutions after 
320 change. CMI in tertiary institutions has already reached high levels and its improving 
321 would require more effort than secondary institutions. Due to Chinese citizens being at 
322 liberty to choose healthcare services at any institution, tertiary institutions with higher 
323 levels of comprehensive medical strength can attract more patients under the siphon 
324 effect [43,44]. With service accessibility improving, patients would rather visit senior 
325 hospitals, even though most of their illnesses are not severe [45,46]. As a result, it is 
326 common for a large number of low-related weight cases are treated at tertiary institutions 
327 that constrained improving CMI, and also affected the hierarchic healthcare treatment 
328 system performance for a long time. Significantly, under the influence of DRGs' payment 
329 rules, tertiary institutions tended to treat more serious diseases (that possess high relative 
330 weights) and were willing to transfer the more common or easy-to-treat cases to lower-
331 grade institutions [21]. Subsequently, the proportion of the high relative weight of their 
332 treating diseases can be increased, which contributed to improving their CMI. In a sense, 
333 the implementation of the DRGs’ policy can promote the hierarchic healthcare treatment 
334 system performing its intended role in China. 

335 After the policy intervention, the CEI mean in all samples increased at a faster rate 
336 toward 1, from which it can be inferred that the policy can further motivate these 
337 institutions to narrow the differences across institutions in terms of costs for treating 
338 similar diseases. Interestingly, the results showed that the CEI mean changed in June 
339 2019, following the commencement of the policy reform in May 2019. Different from 
340 Fee-for-Service, the rules of DRGs' payment is that “excess expenditures will no longer 
341 be reimbursed and the balance will be retained.” [47], meaning ultra-high-cost inpatient 
342 cases in same group will cause financial losses for hospitals. The introduction of the 
343 policy could increase cost-control consciousness, and motivate associated management 
344 behaviors [3,48], like improving coding quality of DRGs' data [21], which made the 
345 response of these institutions to strengthening the CEI faster than other indicators. 
346 Focusing only on changes at subgroups, this study showed that tertiary institutions 
347 reacted faster than secondary institutions to the DRGs’ policy in terms of CEI; the CEI 
348 mean in tertiary institutions remained higher than 1, while remaining lower than 1 in 
349 secondary institutions before and after change. As is known, the CPH in tertiary 
350 institutions are higher than secondary institutions; similarly, the phenomenon of spending 
351 high costs on similar diseases was more common in tertiary institutions, which resulted in 
352 their high CEI. Because medical equipment, technical levels, drugs, and consumables in 
353 tertiary institutions were more advanced, they attract higher expenses.13 It was also found 
354 that the uptrend of the CEI mean in tertiary institutions was slower than before; the CEI 
355 mean in secondary institutions changed faster toward 1, which can be inferred that the 
356 difference in the tertiary and secondary institutions was mitigated by the intervention. 

357 A decrease in the length of stay can be either positive or negative for individual patients 
358 and for the health system as a whole [49]. ALOS reflects the average time of healthcare 
359 resources taken up by each inpatient; the longer it takes, the more likely the hospital 
360 makes a loss. It may be the reason that the DRGs’ policymakers are strengthening the 
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361 readmission rate monitoring, and some penalties [28,30], because it is not guaranteed that 
362 all hospitals will not intentionally discharge inpatients early to minimize their losses or to 
363 increase revenues [21]. Certainly, decreasing TEI can be reasonable, but it requires the 
364 prior improvement of medical levels across hospitals. After the intervention, this study 
365 found that the TEI mean in tertiary institutions did not change significantly, while in 
366 secondary institutions it did. As is known, compared with secondary institutions, tertiary 
367 institutions with stronger medical service capacity, whose inpatients with similar diseases 
368 can be treated better. As a result, tertiary institutions require much more efforts to further 
369 decline the TEI in a short time. Besides, after the policy was implemented, the CMI mean 
370 both in tertiary and secondary institutions from decrease to increase can be inferred that 
371 the percentage of serious or complex diseases treated in these institutions have all 
372 improved, which mean hospitals require more time to treat inpatients. Under the CMI 
373 mean from decrease to increase, secondary institutions have a huge potential to improve 
374 and successfully change the TEI, compared to tertiary institutions. 

375 The findings presented here should be generalized with caution. The impact of COVID-
376 19 reached Zhejiang province (to where Wenzhou is located) at the end of January; 
377 fortunately, the setback was temporary due to the implementation of strict prevention and 
378 control measures, and recovery gradually occurred after February 2020. Nevertheless, it 
379 may have unavoidably resulted in decreasing patient visits and hospital revenues, while 
380 increasing operation costs and medical efficiency, which may hinder the improvement of 
381 these selected indicators. We could have minimized the disruption of the COVID-19 by 
382 removing data from the early years of the policy, but we did not do so because it would 
383 have been too subjective. The R-MITS model can identify inferences regarding the 
384 estimation of global change points across units, rather than removing some series as 
385 decided by the study team. In such an external environment, the implementation of the 
386 DRGs' payment would be timely and may make up for the negative impact of the 
387 epidemic, which could motivate cost-control consciousness and management behaviors 
388 [3,48]. Because under the motivation of DRGs' payment, hospitals have to make 
389 adjustments to strengthen service performance, otherwise the revenue loss would be 
390 huge. Theoretically, the policy can guide high-grade-level hospitals to focus on the 
391 treatment of more complex and severe diseases and the breakthrough of medical service 
392 level, while returning routine and common diseases to low-grade-level hospitals for 
393 treatment to improve the CMI indicator. In addition, motivating hospitals to improve 
394 medical levels and efficiency can promote other indicators. This study showed that the 
395 DRGs’ policy had positive effects on hospital performance, even during COVID-19. 

396 Regarding the analysis method, we were unable to apply the difference-in-differences, 
397 because the basic medical insurance designated medical institutions of Zhejiang province 
398 were all required to implement DRGs' payment, including Wenzhou. In addition, we 
399 could not obtain data from the public general hospitals outside Zhejiang province where 
400 the DRGs or other payment reforms (like Diagnosis-Intervention Packet payment [50]) 
401 were not implemented, under the process of the nationwide payment reform. Fortunately, 
402 R-MITS is an optimized version of ITS, whose strengths can enhance the relationship 
403 between the evolution of results and the DRGs’ policy intervention. Besides, the subject 
404 of this study were public general hospitals; however, we collected data from secondary 
405 and tertiary public general hospitals, excluding primary hospitals that did not have time-

Page 12 of 44

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 12, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
12 M

arch
 2024. 

10.1136/b
m

jo
p

en
-2023-073913 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

406 series data of DRGs-related indicators pre- and post-intervention. DRGs’ indicators can 
407 homogeneously compare the medical performance, but their calculations are more 
408 dependent on the quality of the homepage of inpatient medical records than traditional 
409 indicators, especially disease coding quality. Thus, previous studies that used the DRGs’ 
410 indicators were almost conducted in above-primary-level hospitals, include this study. 
411 CMI reflects the average level of medical technology and complexity of the diseases 
412 attended to by each hospital; CEI or TEI reflect the relative efficiency of CPH or ALOS, 
413 which are calculated based on DRGs. This evaluation was conducted close to the 
414 intervention’s time, which might not produce the same results as other evaluations carried 
415 out at a later date.

416 CONCLUSIONS

417 Despite the inevitable impact of the COVID-19 on hospitals, the design of this study 
418 succeeded in revealing some anticipated and positive effects of the DRGs’ policy on 
419 hospitalization performance. Implementing the policy can motivate public general 
420 hospitals to improve the medical comprehensive capacity and, mitigate their efficiency 
421 discrepancies in the expense of treating similar diseases across the different grade 
422 institutions. Hospitals firstly focused on strengthening hospitalization efficiency, though 
423 there were differences between tertiary and secondary hospitals when responding to 
424 DRGs’ policy. One of the original intentions of the reform is to stimulate hospitals to 
425 form the internal impetus to improve performance, changing the rude and less-effective 
426 development mode of the past. From this perspective, our results further supported the 
427 target of the reform in China.
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598

599 Figure 1. Implementation process for the diagnosis-related groups (DRGs) payment 
600 policy for 2019 in Wenzhou

601 Figure 2. Fitted regression lines for institutions before and after change-points
602 Note: Pictures Ai, Bi, Ci, Di, Ei are the fitted regression lines of outcomes (CMI mean, CPH mean, 
603 CEI mean, ALOS mean, TEI mean) in total institutions(i=1), tertiary institutions(i=2), secondary 
604 institutions(i=3) respectively. ALOS: average length of stay; CEI: cost efficiency index; CMI: 
605 case-mix index; CPH: cost per hospitalization; TEI: time efficiency index.
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May 20, 2019

Ø interpreted 
program

Ø scheduled 
arrangement

May 30, 2019

Zhejiang issues the 
DRGs’ payment 
rules.

Nov 12, 2019

Ø required all cities 
to issue the details

Ø informed cities of 
implementation 
date: Jan 1, 2020

Wenzhou holds the  
DRGs’ publicity 
meeting.

Dec 13, 2019

Ø issued 
implementation 
rules (draft)

Ø communication 
and optimizing 
policy

Ø announced that 
the policy would 
be implemented 
on Jan 1, 2020

Wenzhou issues 
details regarding the 
payment rules.

Dec 27, 2019

Ø issued program

Ø informed 
hospitals of the 
required data

Wenzhou 
commences DRGs’ 
payment work.

Wenzhou holds the 
DRGs’ training 
meeting.

★Jan 1, 2020 
DRGs’ policy is 
formally 
implemented.Wenzhou holds a series of symposia with hospitals in the region.

Figure 1. The implementation process for the diagnosis-related groups’ (DRGs) policy for 2019 in Wenzhou.
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A2 B2 C2 D2 E2

A1 B1 C1 D1 E1

A3 B3 C3 D3 E3

Figure 2. The fitted regression lines for institutions before and after change-points.
Note: Pictures Ai, Bi, Ci, Di, Ei are the fitted regression lines of outcomes (CMI mean, CPH mean, CEI mean, ALOS mean, TEI mean) 
in total institutions(i=1), tertiary institutions(i=2), secondary institutions(i=3) respectively. ALOS: average length of stay; CEI: cost 
efficiency index; CMI: case-mix index; CPH: cost per hospitalization; TEI: time efficiency index.
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Appendix A. The R-MITS model

Let ity denote the outcome of interest for unit i at time t ,with  Ni ,...,1 ,

 i,...,nt 1 , and in denoting the time series length for unit i . Then the general

regression is defined as

ititity  

where it is the mean function and it is the stochastic process that model

fluctuations around the mean functions and auto-correlation within the time series.
The mean function of outcome is

 t,ββ
)t,Δ(β)δ(βit

τ
i

τ
i

τ
i

τ
i

τ
i

τ
i

μ 10

10




 τt

τt
＜


where
τ
iβ 0 denotes the intercept of the mean function prior to the

change-point,
τ
iβ 1
denotes the slope of the outcome prior to the change-point,

τ
i

τ
i δβ 0

is the intercept of the post-intervention phase,
τ
i

τ
i Δβ 1 is the slope of the

post-intervention phase for the outcome in unit i , and  denotes the global

over-all-unit change-point of the response. In the case with only one unit,  denotes

the change-point for that one-time series. If 0 τ
i

τ
i Δδ , then there is no change in the

mean function of unit i before and after τ . Further model details about the

estimation procedure of R-MITS are described in Cruz et al (2021) [37].
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Appendix B. The stochastic component parameters of outcomes

Robust-ITS provides changes in the adjacent correlation (correlation between two
consecutive time points) and variance of the response. Unit-specific estimates of the
stochastic component parameters for every outcome are shown in Appendix Table 1.

As for all institutions, the adjacent correlation of CMI mean is larger and the standard
deviation is smaller than before the policy was implemented; the same with the CEI
mean performance. The adjacent correlation and standard deviation of the rest of the
outcomes did not perform consistently well (either the adjacent correlation was small
or the standard deviation was larger). It can be inferred that the change in CMI mean
of the total public general hospitals may be more predictable and stable
post-intervention, which are a positive result of the DRGs’ policy intervention.

As can be seen in the subgroups, only the adjacent correlation of CMI mean in the
secondary institutions is larger, and the standard deviation is smaller than before; only
the adjacent correlation of CEI mean in the tertiary institutions is larger, and the
standard deviation is smaller than before. The adjacent correlation and standard
deviation of the rest of the outcomes did not perform well. It can be inferred that the
change in CMI mean in secondary public general hospitals and the change in CEI
mean of tertiary public general hospitals may be more predictable and stable
post-intervention, which are positive results of the DRGs’ policy intervention.

Appendix Table 1. Unit-specific estimates of the stochastic component parameters

Outcomes Unit
Adjacent correlation Standard deviation

Pre-change Post-change Change Pre-change Post-change Change

CMI
mean

Total institutions 0.2560 0.5109 ↑ 0.2139 0.2104 ↓
Tertiary institutions 0.5274 0.2934 ↓ 0.1859 0.2135 ↑
Secondary institutions 0.0718 0.3359 ↑ 0.2080 0.2071 ↓

CPH
mean

Total institutions 0.5988 0.0720 ↓ 0.1811 0.2700 ↑
Tertiary institutions 0.5246 0.3415 ↓ 0.1867 0.2683 ↑
Secondary institutions 0.4715 0.1647 ↓ 0.1734 0.2794 ↑

CEI
mean

Total institutions 0.0828 0.3093 ↑ 0.2302 0.1859 ↓
Tertiary institutions 0.0822 0.4342 ↑ 0.2534 0.1715 ↓
Secondary institutions 0.0986 0.4750 ↑ 0.1893 0.2293 ↑

ALOS
mean

Total institutions −0.0453 −0.0369 ↑ 0.2302 0.2587 ↑
Tertiary institutions 0.0473 0.0535 ↑ 0.2140 0.2377 ↑
Secondary institutions −0.1052 −0.2084 ↓ 0.2317 0.2296 ↓

TEI
mean

Total institutions −0.1202 0.7081 ↑ 0.1920 0.2118 ↑
Tertiary institutions 0.1382 0.1259 ↓ 0.1911 0.2539 ↑
Secondary institutions −0.2559 0.6688 ↑ 0.1840 0.2265 ↑

Note: ALOS: average length of stay; CEI: cost efficiency index; CMI: case-mix index; CPH: cost
per hospitalization; TEI: time efficiency index.
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Appendix 1 through 5: Residuals and auto-correlation functions for outcomes1

Appendix 1: Case-mix index (CMI) mean2

Box plot of the residuals

Residuals (before and after change-point)

Auto-correlation function (before change-point)

Plots 1: CMI mean in total institutions3

4

5

6

7

8
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2

Information Classification: General

Box plot of the residuals

Residuals (before and after change-point)

Auto-correlation function (before change-point)

Plots 2: CMI mean in tertiary institutions9

10

11

12

13

14

15

16

Page 23 of 44

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 12, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
12 M

arch
 2024. 

10.1136/b
m

jo
p

en
-2023-073913 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

3

Information Classification: General

Box plot of the residuals

Residuals (before and after change-point)

Auto-correlation function (before and after change-point)

Plots 3: CMI mean in secondary institutions17
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4

Information Classification: General

Appendix 2: Cost per hospitalization (CPH) mean26

Box plot of the residuals

Residuals (before and after change-point)

Auto-correlation function (before and after change-point)

Plots 1: CPH mean in total institutions27
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Information Classification: General

Box plot of the residuals

Residuals (before and after change-point)

Auto-correlation function (before change-point)

Plots 2: CPH mean in tertiary institutions33
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Box plot of the residuals

Residuals (before and after change-point)

Auto-correlation function (before and after change-point)

Plots 3: CPH mean in secondary institutions41
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Information Classification: General

Appendix 3: Cost efficiency index (CEI) mean51

Box plot of the residuals

Residuals (before and after change-point)

Auto-correlation function (before and after change-point)
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Information Classification: General

Box plot of the residuals

Residuals (before and after change-point)

Auto-correlation function (before and after change-point)

Plots 2: CEI mean in tertiary institutions59
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Information Classification: General

Box plot of the residuals

Residuals (before and after change-point)

Auto-correlation function (before change-point)

Plots 3: CEI mean in secondary institutions66
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Information Classification: General

Appendix 4: Average length of stay (ALOS) mean74

Box plot of the residuals

Residuals (before and after change-point)

Auto-correlation function (before and after change-point)

Plots 1: ALOS mean in total institutions75
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Information Classification: General

Box plot of the residuals

Residuals (before and after change-point)

Auto-correlation function (before and after change-point)

Plots 2: ALOS mean in tertiary institutions82
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Information Classification: General

Box plot of the residuals

Residuals (before and after change-point)

Auto-correlation function (before and after change-point)

Plots 3: ALOS mean in secondary institutions89
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Information Classification: General

Appendix 5: Time efficiency index (TEI) mean96

Box plot of the residuals

Residuals (before and after change-point)

Auto-correlation function (before and after change-point)

Plots 1: TEI mean in total institutions97
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Information Classification: General

Box plot of the residuals

Residuals (before and after change-point)

Auto-correlation function (before and after change-point)

Plots 2: TEI mean in tertiary institutions104
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Information Classification: General

Box plot of the residuals

Residuals (before and after change-point)

Auto-correlation function (before and after change-point)

Plots 3: TEI mean in secondary institutions113
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item No. Recommendation Page No. Relevant text from manuscript

(a) Indicate the study’s design with a 
commonly used term in the title or the 
abstract

1 Title: Differences in inpatient performance of public general hospitals following 
implementation of a points-counting payment based on diagnosis-related groups: A 
robust multiple interrupted time series study in Wenzhou, China
Design: A longitudinal study using a robust multiple interrupted time-series model to 
evaluate service performance following policy implementation.

Title and 
abstract

1

(b) Provide in the abstract an informative and 
balanced summary of what was done and 
what was found

1 This study showed a positive effect of the DRGs' policy in Wenzhou, even during 
COVID-19. It can motivate public general hospitals to improve the comprehensive 
capacity and mitigate discrepancies the efficiency in the expense of treating similar 
diseases. Policymakers are interested in whether the reform successfully stimulates 
hospitals to strengthen the internal impetus to improve performance, which is 
supported by this study.

Introduction

Background/
rationale

2 Explain the scientific background and 
rationale for the investigation being reported

2-4 Many countries and regions have adopted the DRGs-medical-insurance payment in 
attempts to contain expenditure and increase the transparency, efficiency, and safety 
of their healthcare systems. However, the classification rules of DRGs require high-
quality medical record home page data and judgment from physicians. Therefore, the 
roll-out of DRGs has some challenges in middle-and-low-income countries with 
limited resources.

China places great importance on the impact of DRGs' payment on healthcare 
performance, because it can influence the overall arrangement and progress but the 
empirical evidence of its impact in China is still inadequate.

Zhejiang is the first province to announce enforcement across the entire province; 
whether the PCP method based on DRGs can exert a strong motivation on hospitals to 
improve their service performance is important for China but it is still an open topic. 

Page 37 of 44

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 12, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
12 M

arch
 2024. 

10.1136/b
m

jo
p

en
-2023-073913 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

2

Objectives 3 State specific objectives, including any 
prespecified hypotheses

3 Above all, the time at which the payment reform was initiated, announced, and 
publicized, could impact its outcomes.
On one hand, it may have encouraged hospitals to change their management 
approaches to pursue a more positive adaption of the new payment method.
On another hand, it is also reasonable to assume that the obvious behavioral changes 
adopted by hospitals occurred after the official implementation, possibly due to 
certain problems concerning the requisite technology and operation of the DRGs' 
payment approach.
Those hospitals with relatively weak basic conditions required more intensive policy 
adaptation, such as training personnel in DRGs-associated tasks and improving 
familiarity with the diagnostic and operational codes for diseases. It can affect 
reaction time and degree of importance across different hospitals to some extent; 
however, previous studies may have neglected to include the time until the policy’ 
effects manifested.
Chinese Health Commission divides medical institutions into three levels according to 
their tasks and functions to form a hierarchical medical system: primary, secondary, 
and tertiary hospitals.

Methods

Study design 4 Present key elements of study design early in 
the paper

4,6 Given that, this study takes Wenzhou in Zhejiang province as a sample city to 
evaluate hospital performance before and after the implementation of the DRGs' 
reform between 2018 and 2021 in public general hospitals from the perspective of 
institution levels. 
This study used a robust multiple interrupted time series (R-MITS) model, which 
have several advantages over the traditional ITS designs.

Setting 5 Describe the setting, locations, and relevant 
dates, including periods of recruitment, 
exposure, follow-up, and data collection

4,5 Wenzhou City lies in the southeast of Zhejiang province. 
The intervention was implemented officially in 2020, the time-series data of these 22 
institutions collected spanned from 2018 to 2021. Before implementation: 2018–
2019; after implementation: 2020–2021.
The data were collected from the Zhejiang Hospital Quality Management and 
Performance Evaluation Platform, which was developed by the Zhejiang Provincial 
Health Commission.
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(a) Cohort study—Give the eligibility 
criteria, and the sources and methods of 
selection of participants. Describe methods 
of follow-up
Case-control study—Give the eligibility 
criteria, and the sources and methods of case 
ascertainment and control selection. Give the 
rationale for the choice of cases and controls
Cross-sectional study—Give the eligibility 
criteria, and the sources and methods of 
selection of participants

inapplicable Patient and public involvement
None.

Participants 6

(b) Cohort study—For matched studies, give 
matching criteria and number of exposed and 
unexposed
Case-control study—For matched studies, 
give matching criteria and the number of 
controls per case

inapplicable Patient and public involvement
None.

Variables 7 Clearly define all outcomes, exposures, 
predictors, potential confounders, and effect 
modifiers. Give diagnostic criteria, if 
applicable

5 This study used five performance indicators calculated by the Zhejiang Hospital 
Quality Management and Performance Evaluation Platform that reflects the medical 
capacity and consumption of medical resources. The five performance indicators are 
case-mix index (CMI), cost per hospitalization (CPH), its cost efficiency index (CEI), 
average length of stay (ALOS), and its time efficiency index (TEI). 

Data sources/ 
measurement

8* For each variable of interest, give sources of 
data and details of methods of assessment 
(measurement). Describe comparability of 
assessment methods if there is more than one 
group

5,6 Among them, the CMI, CEI, and TEI derives from the DRG system, which has been 
found to have excellent homogeneous comparability.31-34 The following are the 
definitions and calculations of CMI, CEI, and TEI as determined by Zhejiang 
Provincial Health Commission.
1) CMI reflects the average comprehensive medical ability of a medical institution 
and its average seriousness or difficulty of the diseases. The calculation method is

regionin casesofNumber 
 weightTotalCMI 

DRG each in casesofNumber DRG weightEach = weight Total 

2) CEI reflects the cost of treating similar diseases in this region. When the value of 
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CEI was close to 1, it suggested that, for the region in question, the cost efficiency 
was close to the average level; values below 1 or above 1 suggested that the 
efficiency was above or below the average level, respectively.






j
j

j
j

c
j

n

nk
CEI

)(region in DRG aofcost average
)(hospitalin DRG aofcost average

)ratio(Cost 
i

ic

C
c

k 

where  represents the number of cases in , CEI is the weighted average of jn jDRG

.
ck

3) TEI reflects the time spent treating similar diseases in this region. When the value 
of TEI was close to 1, it suggested that, for the region in question, the time efficiency 
was close to the average level; values below 1 or above 1 suggested that the 
efficiency was above or below the average level, respectively. 






j
j

j
j

l
j

n

nk
TEI

)(region in DRG aoflength average
)(hospitalin DRG aoflength average

)(ratiostay oflength Average
i

il

L
l

k 

where  represents the number of cases in , TEI is the weighted average of jn jDRG

.
lk

To reflect the differences in performances from the perspective of institutional levels, 
this study employed the mean of indicator in total institutions, tertiary institutions, 
and secondary institutions, respectively.

Bias 9 Describe any efforts to address potential 
sources of bias

7 Furthermore, it does not assume that the intervention is instantaneous and allows the 
effect of the intervention to be abrupt or gradual, thus allowing the presence of a 
potentially lagged (or anticipatory) effect. It can obtain more accurate estimates, 
which further improves internal and external validity, and reduces bias.

Study size 10 Explain how the study size was arrived at 5 Above-primary-level public general hospitals in Wenzhou amounted to 22 
institutions, which consisted of 8 tertiary hospitals and 14 secondary hospitals. In 
2021, the number of discharged cases in above-primary-level public general hospitals 
in Wenzhou was 840,342, accounting for 98.79% of the 850,652 discharged cases.
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Quantitative 
variables

11 Explain how quantitative variables were 
handled in the analyses. If applicable, 
describe which groupings were chosen and 
why

6 To reflect the differences in performances from the perspective of institutional levels, 
this study employed the mean of indicator in total institutions, tertiary institutions, 
and secondary institutions, respectively.

(a) Describe all statistical methods, including 
those used to control for confounding

6 Interrupted time series has become a core study design for the evaluation of health 
policies. This study used a robust multiple interrupted time series (R-MITS) model, 
which have several advantages over the traditional ITS designs.

(b) Describe any methods used to examine 
subgroups and interactions

6 To reflect the differences in performances from the perspective of institutional levels, 
this study employed the mean of indicator in total institutions, tertiary institutions, 
and secondary institutions, respectively.

(c) Explain how missing data were addressed inapplicable

(d) Cohort study—If applicable, explain how 
loss to follow-up was addressed
Case-control study—If applicable, explain 
how matching of cases and controls was 
addressed
Cross-sectional study—If applicable, 
describe analytical methods taking account 
of sampling strategy

inapplicable

Statistical 
methods

12

(e) Describe any sensitivity analyses 7 R-MITS borrows information from all micro-systems to estimate the global change 
point, that is, it determines the time point at which the effect of the intervention 
initiates for the entire health system, rather than removing some points as decided by 
the study team.

Given that decreasing outcome variability can contribute to less extreme values, while 
increasing auto-correlation can contribute to a more predictable outcome, it is 
important to capture alongside mean differences in variability and auto-correlation. 
Compared with traditional designs, this R-MITS model can capture all the 
aforementioned time series’ changes. 

Results
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(a) Report numbers of individuals at each 
stage of study—eg numbers potentially 
eligible, examined for eligibility, confirmed 
eligible, included in the study, completing 
follow-up, and analysed

inapplicable

(b) Give reasons for non-participation at 
each stage

inapplicable

Participants 13*

(c) Consider use of a flow diagram inapplicable
(a) Give characteristics of study participants 
(eg demographic, clinical, social) and 
information on exposures and potential 
confounders

inapplicable

(b) Indicate number of participants with 
missing data for each variable of interest

inapplicable

Descriptive data 14*

(c) Cohort study—Summarise follow-up 
time (eg, average and total amount)

inapplicable

Cohort study—Report numbers of outcome 
events or summary measures over time

inapplicable

Case-control study—Report numbers in each 
exposure category, or summary measures of 
exposure

inapplicable

Outcome data 15*

Cross-sectional study—Report numbers of 
outcome events or summary measures

inapplicable

(a) Give unadjusted estimates and, if 
applicable, confounder-adjusted estimates 
and their precision (eg, 95% confidence 
interval). Make clear which confounders 
were adjusted for and why they were 
included

9 Table 2. Unit-specific changes estimated by R-MITS pre- and post-interventionMain results 16

(b) Report category boundaries when 
continuous variables were categorized

inapplicable
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(c) If relevant, consider translating estimates 
of relative risk into absolute risk for a 
meaningful time period

inapplicable

Other analyses 17 Report other analyses done—eg analyses of 
subgroups and interactions, and sensitivity 
analyses

8 Estimated changes using R-MITS: for all samples and subgroups are shown in Table 
2; the fitted regression lines are shown in Figure 2; the estimates of the stochastic 
component parameters are shown in Appendix B; the residuals of the estimated model 
and auto-correlation functions are as expected and are shown in Appendix 1 through 
5, demonstrating that the curves for both the pre- and post-groups for the measures 
included are both linear and independent. 

Discussion
Key results 18 Summarise key results with reference to 

study objectives
9

With limited and stretched healthcare resources, it is important for hospitals to further 
improve the performance of their medical services after the new policy 
implementation. In general, the results from all samples and subgroups seem positive 
from various perspectives.

Limitations 19 Discuss limitations of the study, taking into 
account sources of potential bias or 
imprecision. Discuss both direction and 
magnitude of any potential bias

11

The findings presented here should be generalized with caution. The impact of 
COVID-19 reached Zhejiang province (to where Wenzhou is located) at the end of 
January; fortunately, the setback was temporary due to the implementation of strict 
prevention and control measures, and recovery gradually occurred after February 
2020. Nevertheless, it may have unavoidably resulted in decreasing patient visits and 
hospital revenues, while increasing operation costs and medical efficiency, which 
may hinder the improvement of these selected indicators. We could have minimized 
the disruption of the COVID-19 by removing data from the early years of the policy, 
but we did not do so because it would have been too subjective. The R-MITS model 
can identify inferences regarding the estimation of global change points across units, 
rather than removing some series as decided by the study team. In such an external 
environment, the implementation of the DRGs' payment would be timely and may 
make up for the negative impact of the epidemic, which could motivate cost-control 
consciousness and management behaviors. Because under the motivation of DRGs' 
payment, hospitals have to make adjustments to strengthen service performance, 
otherwise the revenue loss would be huge. Theoretically, the policy can guide high-
grade-level hospitals to focus on the treatment of more complex and severe diseases 
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and the breakthrough of medical service level, while returning routine and common 
diseases to low-grade-level hospitals for treatment to improve the CMI indicator. In 
addition, motivating hospitals to improve medical levels and efficiency can promote 
other indicators. This study showed that the DRG policy had positive effects on 
hospital performance, even during COVID-19. 

Interpretation 20 Give a cautious overall interpretation of 
results considering objectives, limitations, 
multiplicity of analyses, results from similar 
studies, and other relevant evidence

11,12 Regarding the analysis method, we were unable to apply the difference-in-differences, 
because the basic medical insurance designated medical institutions of Zhejiang 
province were all required to implement DRGs' payment, including Wenzhou. In 
addition, we could not obtain data from the public general hospitals outside Zhejiang 
province where the DRGs or other payment reforms (like Diagnosis-Intervention 
Packet payment) were not implemented, under the process of the nationwide payment 
reform. Fortunately, R-MITS is an optimized version of ITS, whose strengths can 
enhance the relationship between the evolution of results and the DRG policy 
intervention. Besides, the subject of this study were public general hospitals; 
however, we collected data from secondary and tertiary public general hospitals, 
excluding primary hospitals that did not have time-series data of DRG-related 
indicators pre- and post-intervention. DRGs’ indicators can homogeneously compare 
the medical performance, but their calculations are more dependent on the quality of 
the homepage of inpatient medical records than traditional indicators, especially 
disease coding quality. Thus, previous studies that used the DRGs’ indicators were 
almost conducted in above-primary-level hospitals, include this study. CMI reflects 
the average level of medical technology and complexity of the diseases attended to by 
each hospital; CEI or TEI reflect the relative efficiency of CPH or ALOS, which are 
calculated based on DRGs. This evaluation was conducted close to the intervention’s 
time, which might not produce the same results as other evaluations carried out at a 
later date.

Generalisability 21 Discuss the generalisability (external 
validity) of the study results

12 Despite the inevitable impact of the COVID-19 on hospitals, the design of this study 
succeeded in revealing some anticipated and positive effects of the DRGs’ policy on 
hospitalization performance. Implementing the policy can motivate public general 
hospitals to improve the medical comprehensive capacity and, mitigate their 
efficiency discrepancies in the expense of treating similar diseases across the different 
grade institutions. Hospitals firstly focused on strengthening hospitalization 
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efficiency, though there were differences between tertiary and secondary hospitals 
when responding to DRGs’ policy. One of the original intentions of the reform is to 
stimulate hospitals to form the internal impetus to improve performance, changing the 
rude and less-effective development mode of the past. From this perspective, our 
results further supported the target of the reform in China.

Other information
Funding 22 Give the source of funding and the role of 

the funders for the present study and, if 
applicable, for the original study on which 
the present article is based

12 This research was sponsored by Zhejiang Provincial Medical and Health Science 
Technology Plan Project (2023KY889) from Zhejiang Provincial Health Commission 
in China.

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.
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