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Abstract
Providers have intended and unintended responses to payment reforms, such as China’s new case-based payment system, i.e. Diagnosis-
Intervention Packet (DIP) under global budget, that classified patients based on the combination of principal diagnosis and procedures. Our 
study explores the impact of DIP payment reform on hospital selection of patients undergoing total hip/knee arthroplasty (THA/TKA) or with 
arteriosclerotic heart disease (AHD) from July 2017 to June 2021 in a large city. We used a difference-in-differences approach to compare the 
changes in patient age, severity reflected by the Charlson Comorbidity Index (CCI), and a measure of treatment intensity [relative weight (RW)] 
in hospitals that were and were not subject to DIP incentives before and after the DIP payment reform in July 2019. Compared with non-DIP pilot 
hospitals, trends in patient age after the DIP reform were similar for DIP and non-DIP hospitals for both conditions, while differences in patient 
severity grew because severity in DIP hospitals increased more for THA/TKA (P = 0.036) or dropped in non-DIP hospitals for AHD (P = 0.011) 
following DIP reform. Treatment intensity (measured via RWs) for AHD patients in DIP hospitals increased 5.5% (P = 0.015) more than in non-
DIP hospitals after payment reform, but treatment intensity trends were similar for THA/TKA patients in DIP and non-DIP hospitals. When the 
DIP payment reform in China was introduced just prior to the pandemic, hospitals subject to this reform responded by admitting sicker patients 
and providing more treatment intensity to their AHD patients. Policymakers need to balance between cost containment and the unintended 
consequences of prospective payment systems, and the DIP payment could also be a new alternative payment system for other countries.
Keywords: Payment system reform, Diagnosis-Intervention Packet, patient selection, age, severity, relative weight

Introduction
Prospective payment systems (PPSs) have been widely used 
to contain costs and improve healthcare efficiency worldwide 
(World Health Organization, Regional Office for the West-
ern Pacific, 2015; Fu et al., 2021). Total health expenditures 
in China have been growing at a 14.18% rate per year over 
the period from 2009 to 2020, which has prompted payment 
reform in recent years (CPC Central Committee and the State 
Council, 2020). The dominant payment method for inpatient 
care in China is case-based payment, which has two pillars 
[also known as the ‘dual-track payment’ (He, 2023)]: the 
traditional Diagnosis-Related Groups (DRG) payment and a 
new ‘Diagnosis-Intervention Packet’ (DIP) under the global 

budget (National Healthcare Security Administration, 2021). 
DIP payments are different from the DRG system because the 
DIP classification is based on the combination of principal 
diagnosis and procedures and is more granular than the DRG 
system with over 10 000 groupings.

The DIP payment system was also designed according to 
the Theory of Yardstick Competition, which reimbursed each 
group based on the historical average cost at the market level 
and incentivized providers to improve efficiency by reduc-
ing medical discretion (Hafsteinsdottir and Siciliani, 2010; 
Bäuml and Kümpel, 2021). DIP payment was developed 
to address the implementation of DRG payment in China, 
which was slower than anticipated because of its resource-
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Key messages 

• Little is known about the patient selection effect after the 
implementation of the Diagnosis-Intervention Packet (DIP) 
payment under the global budget, which is China’s new 
case-based payment system that classified patients based 
on the combination of principal diagnosis and procedures.

• After the DIP payment reform was introduced in China, DIP 
pilot hospitals responded by admitting patients with higher 
severity for patients undergoing total hip/knee arthroplasty 
or with arteriosclerotic heart disease (AHD) and providing 
more treatment intensity to their AHD patients.

• DIP payment could also be a new alternative prospec-
tive payment system for other countries, considering 
its less unintended consequences of cream-skimming by 
providers.

intensive requirement of clinical expert judgement to classify 
patients (Qian et al., 2021). DIP payments have been imple-
mented rapidly in China because it has little dependency 
on experts. The relative weight (RW) that determines the 
payment amount for an admission in each DIP group is deter-
mined by its historical relative costs (Lai et al., 2022), and the 
payment varies by city.

Under the global budget, providers do not know the exact 
payment of each group amount during the treatment process, 
but have incentives to respond to DIP reform in two ways. 
First, they may change the services provided for a given patient 
(treatment policy). Second, providers may respond to DIP 
implementation by selecting more profitable patients (admis-
sion policy or selection effect) (Ellis and McGuire, 1996; Ellis, 
1998; Sood et al., 2013), which is the focus of this study. To 
achieve this target, they may avoid patients with high expected 
costs (Paddock et al., 2007; Takahara, 2016; Kifmann and 
Siciliani, 2017; Vallance et al., 2018) as the traditional DRG 
payment, which has been referred to as ‘cream-skimming’, 
‘cherry picking’ or ‘lemon dropping’ (Martinussen and Hagen, 
2009; Plate et al., 2019; Ko et al., 2022). This provider 
response to payment reform will likely limit access to health-
care (Kantarevic and Kralj, 2014) for older patients with more 
complications or comorbidities (Barnett et al., 2019; Ko et al., 
2022). On the other hand, although demographic and clinical 
characteristics (e.g. age, condition severity and discharge sta-
tus) are not considered in DIP classification (Lai et al., 2022; 
He, 2023), providers may admit severe patients to provide 
them treatments with higher technical sophistication (inten-
sity) that have higher expected payments (Hafsteinsdottir and 
Siciliani, 2010; Bäuml and Kümpel, 2021). This incentive is 
expected to be much stronger and easier to implement under 
the granular classification of DIP than DRG payments. Thus, 
providers would trade off between the two incentives. A dia-
gram of the theoretical framework of provider responses to 
DIP payment is presented in Supplementary Figure A1 of 
Appendix A.

Prior studies of patient selection following payment 
reforms in several countries provide evidence for patient selec-
tion changes. Recent studies evaluating the implementation of 
bundled payment for joint replacement in America found no 
evidence of patient selection (Barnett et al., 2019; Plate et al., 
2019), but another recent study found systematic avoidance 

of patients aged 85 years and older (Ko et al., 2022). Stud-
ies of Medicare inpatient rehabilitation facility PPS found no 
(Paddock et al., 2007) or minimal change in patient compo-
sition (Sood et al., 2013). Studies of DRG payment reform in 
China found that younger and less severely ill patients were 
deliberately selected for DRG payment (Jian et al., 2015) 
when providers could decide whether to apply DRG or fee-
for-service payment for each patient and that younger patients 
with lower Charlson Comorbidity Index (CCI) (a measure of 
patient severity) were selected under a previous case-base pay-
ment system when admitted for angina or acute myocardial 
infarction (Wu et al., 2022). In terms of evaluation of DIP 
payment, we only found one relevant study, which observed 
no changes in patient characteristics (Lai et al., 2022). How-
ever, this study used the whole sample of hospitalized patients 
instead of specific diseases and may not be very comparable 
over time and across different hospitals.

Prior evaluations have seldom examined whether patient 
age, severity or treatment intensity change after DIP imple-
mentation, so we aimed to extend prior work by exploring 
the patient selection behaviour of providers after the DIP pay-
ment reform in China. Specifically, we hypothesize that, after 
the DIP reform, providers behaviours of selecting younger 
patients and patients with lower severity would not be that 
obvious, and they may even admit more severe patients to 
increase the treatment intensity (reflected by the average RW 
of patients). We also explore whether tertiary hospitals have 
greater responses than secondary hospitals due to their greater 
ability to adjust clinical and administrative practice to respond 
to payment incentives. Our study aims to contribute to the 
hospital payment reform literature by deeply understanding 
the provider behaviour of inpatient selection following DIP 
implementation. We investigate these hypotheses from July 
2017 to June 2021 when the Coronavirus disease (COVID-19) 
pandemic complicated provider’s ability to react strategically 
to DIP implementation.

Materials and methods
Institutional background and study population
Two schemes constitute the basic medical insurance system 
in China, i.e. the employee basic medical insurance scheme 
(EBMIS) and the resident basic medical insurance scheme 
(RBMIS). The hospitals under investigation are in a large Tier-
1 eastern China city with a population of 24.8 million, of 
which 16.2 million people are covered by EBMIS and 3.7 mil-
lion are covered by RBMIS (National Bureau of Statistics of 
China, 2023). Before the case-based payment reform, it had 
implemented a global budget scheme at the hospital level.

Hospitalized EBMIS patients in two public tertiary and 11 
public secondary hospitals subject to DIP reform starting in 
July 2019 were the intervention group of interest, since only 
EBMIS patients are the target population of DIP reform in this 
city. The control group was EBMIS patients in 8 tertiary hos-
pitals and 19 secondary hospitals in the same city that did not 
participate in the case-base payment reform until July 2021.

To explore the potential patient selection behaviour, we 
selected two elective diseases or procedures that could be 
scheduled on a non-emergent basis, and hence patients have 
the possibility of being ‘dumped’ by a hospital and redes-
ignated for care in another one (McNeely et al., 2020): 
(1) patients receiving total hip/knee arthroplasty (THA/TKA) 
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and (2) patients with arteriosclerotic heart disease (AHD). 
We selected these two common reasons for hospital admis-
sion (Amanatullah et al., 2019; Aengevaeren et al., 2020; 
Long et al., 2023) to make our study comparable with pre-
vious studies and address inpatient care that is instrumental 
to policymakers. Joint replacement and heart conditions are 
commonly studied at work, are prevalent, of high clinical 
relevance and well defined in hospitalized patients (General 
Office of the State Council of the People’s Republic of China, 
2019b), and are both paid close attention by the national 
health authority in China (General Office of the National 
Health Commission of China, 2020). THA/TKA is a typi-
cal surgery accounting for about 1.6% of operations in the 
study hospitals, with the third most cases in all the surg-
eries concerned by the National Health Commission of China 
(General Office of the National Health Commission of China, 
2020). AHD is a representative condition primarily treated 
by medication, with the second largest inpatient volume in 
study hospitals and accounting for 3.7% of conditions. We 
included these two types of diseases to consider their poten-
tially different patient selection effects. THA patients were 
identified by ICD-9CM-3 code of the principal procedure to 
be 00.7 and 81.51–81.53; TKA to be 00.80–00.83, 81.54 and 
81.55. AHD patients were recognized by the ICD-10 code of 
principal diagnosis to be I25.1.

Data and variables
We used de-identified discharge records of EBMIS patients in 
this city from July 2017 to June 2021, which contain infor-
mation on patient and hospital characteristics, admission and 
discharge time and status, diagnoses and procedures, and 
inpatient costs at the discharge level.

We obtained patient age, severity and RW of the DIP group, 
since they were our outcomes of interest. Patient severity was 
measured by the CCI, a commonly used measure that is cal-
culated based on secondary diagnoses (Charlson et al., 1987; 
Sundararajan et al., 2004). Other control variables included 
gender (dummy variable of male or female) and principal 
diagnoses (dummy variable of the first three digits of ICD-10 
codes).

Statistical analysis
To understand the effect of DIP reform on patient age, patient 
severity and treatment intensity, we used the difference-in-
differences (DID) method at the discharge level. For patient 
i in hospital h in time t, we employed the equation: 

Yiht = 𝛼Treatment + 𝛽Treatment × Post + 𝛾Xiht + Hh

+ 𝜏t + 𝜀iht (1)

where Yiht is the outcome variable; Treatment is a dummy 
equal to one for patients in 13 DIP pilot hospitals (interven-
tion group) and zero for patients in 27 non-DIP pilot hospitals 
(control group). Post is a dummy equal to one for discharges 
after 1 July 2019. The coefficient of interaction term between 
Treatment and Post is the interested policy effect. Xiht is a set 
of patient characteristics, including gender, age group (when 
age is not the outcome variable), CCI group (when CCI is not 
the outcome variable) and principal diagnosis (for THA/TKA 
patients only). Hh is a vector of hospital fixed effects and 𝜏t
is a vector of year-month fixed effects. 𝜀iht is the error term, 
and standard errors were clustered at the hospital-year-month 

level. That is, when analysing age and RW as the outcome 
variables, CCI was included as a covariate in the form of CCI 
group (0,1, 2, ≥3). Similarly, when analysing CCI and RW as 
the outcome variables, age was included as a covariate in the 
form of age group (<50, 50 to 60, 60 to 70, 70 to 80 and ≥80 
years).

We used the generalized linear model (GLM) with normal 
distribution and identity link for the outcome of patient age. 
For severity (CCI) outcome, we used the Poisson model, since 
it is a non-negative discrete integer. For the RW outcome, 
we used GLM with normal distribution and identity link for 
THA/TKA patients and GLM with gamma distribution and 
log link for AHD patients considering different distributions 
and model fitness of RW in two groups. We reported coeffi-
cients in the GLM model for age and RW and incident rate 
ratio (IRR) in the Poisson model for CCI.

To explore the heterogeneous effects of patient selection 
behaviour between tertiary and secondary hospitals, we used 
the following equation: 

Yiht = 𝛼Treatment + 𝛽1Treatment × Post

+ 𝛽2Post × Tertiary + 𝛽3Treatment × Tertiary

+ 𝛽4Treatment × Post × Tertiary + 𝛾Xiht + Hh + 𝜏t + 𝜀iht
(2)

where Tertiary is a dummy equal to one for patients in ter-
tiary hospitals and zero for patients in secondary hospitals, 
and 𝛽4 would reflect the differential effects between tertiary 
and secondary hospitals.

We performed additional analyses to further explore the 
potential mechanism of patient selection under DIP payment 
guided by the theoretical framework mentioned in the Intro-
duction section. Since the incentive of avoiding high costs 
is for patients within the same DIP group with the same 
payment, we chose two DIP groups with the most cases in 
THA/TKA and AHD patients, respectively, to observe the 
changes in age and CCI within the same DIP group.

We tested the parallel trend assumption between the inter-
vention and control groups before the DIP reform by replacing 
post-dummies in the interaction term in (1) with a series of 
year-month dummies. We also conducted three robustness 
checks. First, we considered the potential confounding effect 
of three other policies or events during the study period and 
re-estimated the DID analysis. Since the inpatient volume in 
this city dramatically decreased before March 2020 due to 
the COVID-19 pandemic and was basically recovered after-
wards (Chen et al., 2021; Lou et al., 2021), we dropped data 
from the period when the pandemic most seriously affected 
China (December 2019 to March 2020) to assess its poten-
tial confounding effects on the results. Then, we dropped 
data for AHD patients from January 2021 (5 months before 
the end of our study period) when the volume-based pro-
curement (VBP) of coronary stent policy started. Finally, we 
generated an ‘adjusted RW’ by assigning the RW in 2021 to 
the same group for each year to account for a continuous price 
change of medical services and zero-mark-up policy of med-
ical devices in December 2019 (General Office of the State 
Council of the People’s Republic of China, 2019a) to bal-
ance the influence of price change and observe a net change 
in treatment intensity. Second, considering various principal 
diagnoses of patients for the procedure of THA/TKA, which 
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may affect the comparability between the treatment and con-
trol group, we used a subsample of single principal diagnosis 
with the most cases in THA/TKA patients and re-estimated 
the DID analysis. Third, we conducted a controlled inter-
rupted time series (ITS) analysis as a robustness check for the 
DID analysis.

Results
Descriptive statistics
Characteristics of hospitalized patients of the THA/TKA and 
AHD cohorts in DIP pilot and non-DIP pilot hospitals before 
and after the DIP payment reform are shown in Table 1. 
Figure 1 shows the unadjusted monthly trends of the three 
outcomes. The final THA/TKA cohort included 12 845 dis-
charge cases in total, with more than 85% of them in tertiary 
hospitals. The average age of patients was similar in DIP hos-
pitals and non-DIP hospitals before and after DIP reform 
(72 years). Patient severity (via CCI) was significantly lower 
in DIP pilot hospitals than non-DIP hospitals both before 
(0.21 vs 0.27, P < 0.001) and after the reform (0.34 vs 0.38, 
P = 0.015), and unadjusted average CCI increased in both 
groups over time. The average treatment intensity (via RW) 
of patients was significantly higher in DIP hospitals than in 
non-DIP hospitals before the reform while lower after the 
reform. Unadjusted RW decreased in both groups during the 
study period. Total cost per case corresponding to THA/TKA 
discharges is more than 72 000 Renminbi (RMB).

The final AHD cohort included 90 346 discharge records. 
As shown in Table 1 and Figure 1, the average age in pilot hos-
pitals was always significantly lower (68 vs 75 years, P < 0.001 
before the reform; 67 vs 73 years, P < 0.001 after the reform). 
For both pilot and non-pilot hospitals, unadjusted age also 
decreased after the reform. CCI in pilot hospitals was also 
always significantly lower (0.85 vs 1.87, P < 0.001 before the 
reform; 0.87 vs 1.80, P < 0.001 after the reform). After the 
DIP reform, average CCI increased in the treatment group 
while decreased in the control group. The average RW, cor-
responding to more than 20 000 RMB of total costs per case 
for AHD patients, was significantly higher in pilot hospitals 
during the study period. After the reform, RW in both groups 
slightly increased.

Main results of the DID approach
Table 2 presents the DID results of the impacts of DIP reform 
in two selected diseases. The results of full specifications for 
three outcomes of the THA/TKA and AHD cohorts are in 
Supplementary Tables B1–B3 of Appendix B. Compared with 
non-DIP pilot hospitals, trends in patient age after the DIP 
reform were similar (P = 0.730) for DIP and non-DIP hos-
pitals for THA/TKA patients, while differences in patient 
severity grew because severity in DIP hospitals increased more 
[IRR = 1.201, 95% confidence interval (CI), 1.012 to 1.426, 
P = 0.036)] following DIP reform. Compared with non-DIP 
pilot hospitals, trends in treatment intensity (via RW) after 
the DIP reform were similar (P = 0.232) for DIP and non-DIP 
hospitals. 

In comparison with the AHD patients of non-DIP hospi-
tals, trends in patient age after the DIP reform were similar 
(P = 0.095) for patients in DIP hospitals. Differences in patient 
severity grew because severity in non-DIP hospitals dropped 
(IRR = 1.063, 95% CI, 1.014 to 1.114, P = 0.011) follow-

ing DIP reform. Treatment intensity (measured via RWs) for 
AHD patients in DIP hospitals increased 5.5% (P = 0.015) 
more than that in non-DIP hospitals after payment 
reform.

Heterogeneous effects by hospital level
Supplementary Tables B1–B3 present the heterogenous effects 
of different hospital levels in Panel B. Age trends for 
THA/TKA patients were similar for tertiary and sec-
ondary hospitals (P = 0.898). The incident rate of CCI 
was significantly higher in tertiary hospitals than sec-
ondary hospitals (IRR = 2.367; 95% CI, 1.624 to 3.448; 
P < 0.001). Finally, treatment intensity (via RW) decreased 
significantly in tertiary hospitals by 168.851 (95% CI, 
−314.612 to −23.089; P = 0.023) compared with secondary 
hospitals.

In AHD patients, age significantly increased by 3.73 years 
(95% CI, 1.25 to 6.20; P = 0.003) in tertiary hospitals com-
pared with secondary hospitals, as did severity (IRR = 1.150; 
95% CI, 1.046 to 1.264; P = 0.004) and treatment intensity 
(14.1%, 95% CI, 5.0% to 24.0%; P = 0.002).

Additional analyses
The distribution of DIP groups in two diseases is presented in 
Supplementary Table C1 of Appendix C. We also plotted bar 
charts for total costs per case by age group and CCI group 
for selected DIP groups as shown in Supplementary Figure 
C1. Total cost per case was indeed generally higher in groups 
with higher age and CCI, but age and CCI within the same 
group did not decrease in pilot hospitals after DIP reform 
(Supplementary Tables C2 and C3).

Validity test and robustness checks
A key premise of the DID approach is that the DIP and 
non-DIP outcomes exhibit parallel trends before the reform. 
Otherwise, the validity of DID analysis would be doubtful. We 
observed similar pre-reform trends for age and CCI in AHD 
patients between DIP and non-DIP hospitals (Supplementary 
Figure D1, Appendix D). The parallel trend assumption for 
RW in AHD patients and all three outcomes in THA/TKA 
patients were not satisfied. Results for the sensitivity analy-
ses that considered COVID-19 were consistent with the main 
results (Supplementary Table E1). In the RW analysis for 
AHD patients when accounting for the VBP policy, a con-
sistent positive coefficient was found, but the result became 
insignificant (Supplementary Table E2). In the analysis of 
adjusted RW, we observed an opposite change in direction in 
THA/TKA patients and consistent results for AHD patients 
(Supplementary Table F1, Appendix F). In the subsample anal-
ysis of the single principal diagnosis of THA/TKA patients 
with the most cases (fracture of femur, accounting for more 
than 40% of total THA/TKA cases), the direction and signifi-
cance of coefficients for all outcome variables were consistent 
with the whole sample of THA/TKA group, except that the 
increase in CCI changed from significant to insignificant (Sup-
plementary Table G1, Appendix G). The parallel assumption 
became satisfied for age, RW and adjusted RW (Supplemen-
tary Figure G1). The results of the sensitivity analysis of the 
controlled ITS were generally consistent with the main results 
(Supplementary Tables H1, Appendix H).
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Figure 1. Trends of average age, severity and RW of hospitalized patients with THA/TKA or AHD from July 2017 to June 2021
Notes: Trends of the outcomes (A for age, B for CCI and C for RW) for THA/TKA and AHD in DIP pilot and non-DIP pilot hospitals are plotted. The vertical dashed line 
denotes the implementation of the DIP payment reform on 1 July 2019.

Discussion
Following the implementation of the DIP payment in China, 
changes in patient age and treatment intensity in DIP hospitals 
and non-DIP hospitals were similar for THA/TKA patients, 
while patient severity increased in DIP hospitals, which did 
support our hypotheses. The treatment intensity (as measured 
by RWs) in AHD patients significantly increased, which makes 
sense given that the patient severity increased (consistent with 
our hypothesis).

The similar age trend and relative increase in severity for 
THA/TKA and AHD patients suggest that there was no evi-
dence of cream-skimming after the DIP reform. These findings 
are consistent with a previous study of DIP payment reform 
in Guangzhou, China (Lai et al., 2022) and several studies on 

bundle payments in America for patients with cardiac proce-
dures (McNeely et al., 2020) or joint replacement (Barnett 
et al., 2019; Plate et al., 2019; Ryan et al., 2019), which 
did not observe differential changes in patient characteris-
tics. Moreover, results of additional analyses demonstrate 
that although total cost per case was higher for patients with 
higher age and severity within the same DIP group, providers 
did not select younger or less severe patients. Since the increase 
in CCI within the same group was not significant in the 
whole sample, it could be inferred that the selection of sicker 
patients mainly occurred among DIP groups for higher pay-
ments, which is consistent with our theoretical framework. 
Along with the significant increase in (adjusted) RW, our 
study suggests that the granular classification system in DIP 
payment has indeed generated strong provider incentives to 
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Table 2. Impacts of the DIP payment reform on patient age, CCI and RW: DID analysis

THA/TKA patients (n = 12 845) AHD patients (n = 90 346)

Panel A: outcome = age Coefficient (95% CI) P value Coefficient (95% CI) P value
Treatment (DIP pilot 

hospitals = 1)
0.901 (−1.379, 3.181) 0.439 −80.213 (−82.149, 

−78.277)
<0.001

Treatment × Post (pilot 
hospitals after DIP 
reform = 1)

0.178 (−0.833, 1.190) 0.730 0.759 (−0.132, 1.650) 0.095

 Patients controls  Y  Y
 Hospital fixed effect  Y  Y
 Year-month fixed effect  Y  Y
Panel B: outcome = CCI IRR (95% CI) P value IRR (95% CI) P value

Treatment (DIP pilot 
hospitals = 1)

0.362 (0.234, 0.56) <0.001 0.347 (0.309, 0.391) <0.001

Treatment × Post (pilot 
hospitals after DIP 
reform = 1)

1.201 (1.012, 1.426) 0.036 1.063 (1.014, 1.114) 0.011

 Patients controls  Y  Y
 Hospital fixed effect  Y  Y
 Year-month fixed effect  Y  Y
Panel C: outcome = RW Coefficient (95% CI) P value Coefficient (95% CI) P value

Treatment (DIP pilot 
hospitals = 1)

292.755 (−6.206, 591.716) 0.055 0.075 (−0.011, 0.161) 0.087

Treatment × Post (pilot 
hospitals after DIP 
reform = 1)

−34.181 (−90.220, 21.858) 0.232 0.054 (0.011, 0.097) 0.015

 Patient controls  Y  Y
 Hospital fixed effect  Y  Y
 Year-month fixed effect  Y  Y

Notes: Impacts on age were estimated via the general linear model with normal distribution and identity link, adjusting for gender, CCI group and principal 
diagnosis (for THA/TKA patients only) at the discharge level. Impacts on CCI were estimated via the Poisson model, adjusting for gender, age group and 
principal diagnosis (for THA/TKA patients only) at the discharge level. Impacts on RW was estimated via the general linear model with normal distribution 
and identity link for THA/TKA patients and general linear model with gamma and log link for AHD patients, adjusting for gender, age group, CCI group and 
principal diagnosis (for THA/TKA patients only) at the discharge level. All specifications also controlled for hospital fixed effect and year-month fixed effect, 
with standard error clustered at the hospital-year-month level (see Supplementary Appendix Tables B1–B3 for full specification). Y, which is ‘yes’ for short, 
indicated that the listed covariates were included in the model. The sample size of RW was 11 490 for THA/TKA patients, and 75 654 for AHD patients, due 
to the lack of data in 2017.

admit sicker patients and provide higher treatment intensity, 
instead of working hard on cost control by selecting prof-
itable patients within the same group, which has been typically 
observed in evaluation studies of DRG payment (Jian et al., 
2015; Wu et al., 2022). Our result is consistent with other DIP 
payment reform evaluations, including providing more inten-
sive medical investments for sicker patients (Qian et al., 2021), 
an increase in the overall treatment intensity (Lai et al., 2022) 
and an increase in total costs per case in older patients (Chen 
et al., 2023). It should be noted that the increase in RW may 
also be partially contributed by an increase in treatment inten-
sity for a given patient (‘upcoding’ behaviour as a treatment 
policy). It is also worth noting that the increase in intensity 
of care would not necessarily increase inpatient expenditures, 
since the global budget provides a fixed cap either at the 
regional level or at the hospital level. However, whether the 
increase in treatment intensity is a beneficial practice clinically 
(even for severe patients) and whether this behaviour would 
affect the quality of care are still noteworthy.

In the heterogeneous effect analysis, we found a greater 
increase in tertiary hospitals for age and RW in AHD patients 
and CCI in both diseases. This was in accordance with our 
expectation, where tertiary hospitals may have more capabil-
ity to provide higher treatment intensity for severe patients. 
This result was inconsistent with another study that showed 
that average RW increased more in non-tertiary hospitals after 
DIP reform in another city (Lai et al., 2022). That study 
included both public and private hospitals, and non-tertiary 

hospitals particularly contained many private hospitals, which 
may confound the results. This confounding is potentially 
significant since a recent study suggested that public and pri-
vate hospitals had different responses after the DIP reform 
(Tang et al., 2023). In our study, the larger response in ter-
tiary hospitals was more obvious for AHD patients than for 
THA/TKA patients, possibly because THA/TKA was already 
a procedure with high intensity of care, and most proce-
dures were concentrated in tertiary hospitals (as shown in our 
descriptive analysis). Thus, there were fewer opportunities for 
tertiary hospitals to further increase the treatment intensity 
for THA/TKA.

To our knowledge, this is the first empirical study to 
explore the impacts of DIP payments under the global bud-
get on patient selection behaviour using a comparable sample 
of specific diseases. When implementing PPSs like DIP, pol-
icymakers may need to balance between cost containment 
and unexpected outcomes, such as the damage of health 
benefits of disadvantaged patients or the deterioration of
quality.

Our study has several limitations. First, the results of 
the parallel assumption test for several outcomes for the 
THA/TKA cohort were not that satisfying, so these results 
must be interpreted carefully. This assumption was satisfied 
for the AHD cohort. However, after using a subsample of 
single principal diagnosis with the most cases of THA/TKA 
patients in the robustness check, the model results were con-
sistent and the parallel assumption was satisfied except for 
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CCI. Thus, although the variety of principal diagnoses within 
the THA/TKA group may mainly affect the comparability 
between pilot and non-pilot hospitals, the results of the main 
models were basically robust. Second, we selected two dis-
eases in our study, and responses observed here may not gen-
eralize to other diseases or procedures. Third, the additional 
analyses of the potential patient selection mechanism were 
exploratory rather than conclusive, which could be a direction 
for future research. Fourth, although inpatient services basi-
cally recovered after March 2020 in the study city (Chen et al., 
2021; Lou et al., 2021) and the robustness check considering 
COVID-19 was consistent with the main results, the longer-
term effects of DIP beyond June 2021 may be different. With 
hospitals completely having recovered from COVID-19 and 
having more ability to adjust hospital management strategies 
in response to DIP payments, and providers having learned 
more about the new payment system and its incentives, they 
may have stronger responses to the reform. Further research 
should conduct in-depth interviews with hospital administra-
tors and physicians to understand their intended long-term 
strategy to address DIP. Long-term monitoring of unexpected 
results is also necessary.
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