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Abstract
Background The severe health challenge and financial burden of drug-resistant tuberculosis (DR-TB) continues to 
be an impediment in China and worldwide. This study aimed to explore the impact of Diagnosis-related group (DRG) 
payment on medical expenditure and treatment efficiency among DR-TB patients.

Methods This retrospective cohort study included all DR-TB patients from the digitized Hospital Information 
System (HIS) of Wuhan Pulmonary Hospital and the TB Information Management System (TBIMS) with completed 
full course of National Tuberculosis Program (NTP) standard treatment in Wuhan from January 2016 to December 
2022, excluding patients whose treatment spanned both before and after the DRG timepoint. These patients are 
all receiving standardized treatment specified by the NTP in designated tuberculosis hospitals. We performed the 
difference-in-differences (DID) model to investigate 6 primary outcomes. The cost-shifting behaviors were also 
examined using 4 outpatient and out-of-pocket (OOP) indicators. In the DID model, the baseline period is set from 
January 2016 to December 2020 before the DRG payment reform, while the treatment period is from January 2021 to 
December 2022. The payment reform only applied to individuals covered by Wuhan Municipal Medical Insurance, so 
the treatment group consists of patients insured by this plan, with other patients serving as the control group.

Results In this study, 279 patients were included in the analysis, their average treatment duration was 692.79 days. 
We found the DRG payment implementation could effectively reduce the total medical expenditure, total inpatient 
expenditure, and inpatient expenditure per hospitalization by 28636.03RMB (P < 0.01), 22035.03 RMB (P < 0.01) 
and 2448.00 RMB (P < 0.05). We also found a reduction in inpatient frequency and inpatient length of stays per 
hospitalization by 1.32 and 2.63 days with significance. The spillover effects of the DRG payment on outpatient and 
OOP expenditure were statistically insignificant.
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Introduction
Tuberculosis (TB) remains the second leading cause 
of mortality from a single infectious agent, only behind 
COVID-19, causing nearly twice as many deaths as HIV/
AIDS [1]. Of particular concern is the 410,000 cases of 
drug-resistant tuberculosis (DR-TB) reported globally in 
2022. DR-TB presents limited treatment options and has 
historically been associated with poor outcomes [2]. This 
challenges the World Health Organization’s (WHO) End 
TB Strategy [3]. China faces a significant TB burden [4, 
5], with an estimated 748,000 new cases in 2022, making 
it the third highest among 30 high-burden countries [1], 
ending TB in China and globally requires robust control 
strategies [6].

Beyond its impact on health, TB is also directly linked 
to the Sustainable Development Goal (SDG) of ending 
poverty [7]. The financial burden faced by patients seek-
ing TB diagnosis and treatment remains a global impedi-
ment, with numerous studies indicating that DR-TB 
patients incur higher medical expenditures compared 
to those with drug-susceptible TB, placing a heavier 
financial burden on them [8, 9], especially in developing 
countries [10–13]. This disproportionately affects eco-
nomically and socially disadvantaged individuals [14, 15]. 
The high economic burden can hinder access and adher-
ence to treatment, negatively impact health outcomes, 
and ultimately increase the risk of disease transmission 
[16, 17]. Consequently, the End TB approach must incor-
porate socioeconomic support and cost-reduction initia-
tives, such as financing, reimbursement, and payment 
methods [18–20]. The Diagnosis-related group (DRG) 
payment system, a case group payment scheme classi-
fied by medical resource consumption, has been adopted 
by many countries. By establishing a fixed payment rate 
for each case, the DRG payment system aims to reduce 
unnecessary medical services by altering provider incen-
tives. China plans to implement DRG nationwide to 
replace fee-for-service (FFS) by 2024 after piloting in 30 
cities in 2019.

Theoretically, the DRG payment system has the poten-
tial to incentivize healthcare providers to control expen-
diture and increase treatment efficiency by reducing 
unnecessary health service utilization [16, 21–23]. How-
ever, since DRG payment system applies only to inpa-
tient care, some researchers have suggested that DRG 
may lead to a shift in the delivery of care towards less 
expensive settings [24], such as transfer of inpatients to 

unnecessary outpatient services to reduce incurred inpa-
tient expenditures [25–27]. Moreover, many studies have 
shown that under DRG payment, issues such as frag-
mented hospitalizations and increased readmission rates 
may arise [28–30]. Some research have also found the 
negative impact of the DRG payment method on quality 
[31–33].

There are some unaddressed issues. First, research 
on the implications of the medical insurance payment 
methods for TB patients is limited. Previous studies were 
focused on financing and medical security [17, 34–38]. 
Second, no studies investigated the effect of the recently 
implemented DRG payment methods on TB patients, 
only some studies examined the implementation of case-
based payment during the early phase of the program. 
Studies on combining increased reimbursement rates 
with case-based payment showed improved equity in 
TB service accessibility but increased inequality in out-
of-pocket (OOP) [39, 40]cost. Outpatient costs also rose 
significantly with case-based payment [41]. A capitation 
reform for TB patients with a full period of treatment led 
to a notable reduction in medical expenses [42]. Third, 
the causal inference of impact of the DRG payment 
model on medical expenditure and treatment efficiency 
among TB patients remains unclear, these innovative 
payment methods have only been piloted on a small scale 
with a relatively short implementation period. Finally, 
the current understanding of the spillover effects of DRG 
payment on TB patients remains unclear.

In this study, we applied a quasi-experimental 
approach, difference-in-difference (DID) design, to inves-
tigate the impact of DRG payment reform on the medical 
expenditure and treatment efficiency of DR-TB patients 
with a full period of treatment. Additionally, we also 
investigated the spillover effect of DRG payment reform 
on outpatient costs, service utilization, and OOP expen-
ditures, which could be potentially incentivized by DRG 
reform.

Methods
Study site
This study selected Wuhan as the study site, which is a 
city situated in the central region that could be a repre-
sentative city in China. Wuhan formally implemented 
the DRG payment scheme in January 2021, the pay-
ment reform was only applicable to individuals covered 

Conclusions The DRG payment method can effectively control the increase of DR-TB patients’ medical expenditure 
and improve treatment efficiency with the guarantee of care quality. Furthermore, there was no evidence of spillover 
effects of DRG payment on outpatient and out-of-pocket expenditures.
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by the Wuhan Municipal Medical insurance, while other 
patients were still paid under the FFS scheme.

Study design
In this retrospective study, we used the DID analysis to 
investigate the changes in medical expenditure and treat-
ment efficiency after the implementation of the DRG 
payment. The baseline period is from January 2016 to 
December 2020, before the DRG payment reform. And 
the treatment period is from January 2021 to December 
2022. According to the DRG policy, in the DID model, 
the treatment group includes patients insured by Wuhan 
municipal medical insurance, while the control group 
includes other patients not insured by Wuhan munici-
pal medical insurance [43, 44]. In our study, the study 
population is the DR-TB patients with a full period of 
treatment.

Data sources and sample selection
Wuhan Pulmonary Hospital serves as the sole treatment 
center for DR-TB in the city. In this study, we used data 
from the digitized Hospital Information System (HIS) 
of Wuhan Pulmonary Hospital and the TB Information 
Management System (TBIMS) spanning 2016 to 2022, 
encompassing 1303 DR-TB patients. These patients 
all received standardized treatment specified by the 
National TB Program (NTP) in Wuhan Pulmonary Hos-
pital, the initial regimen usually lasts 24 months, and 
some patients take short-term chemotherapy regimens of 
6 to 12 months. With this data source, this article only 
evaluates direct medical expenditure.

Patients completing the full treatment course dur-
ing this period were selected. Exclusions were made for 
those with treatment outcomes categorized as “refusal” 
or “interruption” which could underestimate medi-
cal expenditure and treatment efficiency. According to 
WHO guidelines, both “cured” and “treatment com-
pleted” are considered successful outcomes for DR-TB 
treatment [45]. Hence, DR-TB patients with a full period 
of treatment in our study were defined as those whose 
treatment initiation and completion fell between 2016 
and 2022, and whose treatment outcome was “cured” or 
“treatment completed”, excluding patients whose treat-
ment spanned both before and after the DRG timepoint.

The reasons for selecting DR-TB patients with a full 
period of treatment was from the following aspects. 
First, while previous articles on the impact of the DRG 
payment system have indicated positive effects on costs 
and efficiency, many studies have shown that under DRG 
payment, issues such as fragmented hospitalizations and 
increased readmission rates may arise [28–30]. More-
over, compared to other diseases, DR-TB has a longer 
course and requires multiple hospitalizations. Since the 
DRG payment method only sets payment caps for single 

hospitalizations, healthcare institutions may increase the 
number of hospitalizations or extend treatment duration 
to gain more revenue. Therefore, the impact of the DRG 
payment method on the medical expenditure and treat-
ment efficiency of DR-TB during the full period of treat-
ment is highly significant.

Additionally, prior research indicates that the DRG 
payment may negatively affect service quality [31–33]. 
Thus, although this study focuses on medical expenditure 
and treatment efficiency, we are also concerned about 
whether the DRG payment method negatively affects 
service quality, specifically the treatment outcomes of 
DR-TB patients. Therefore, we selected only those DR-TB 
patients who successfully completed the full treatment 
course, ensuring that our study results are of high quality.

A total of 1303 DR-TB patients were registered at 
TBIMS in Wuhan. The study refined the cohort by 
excluding mismatches between HIS and TBIMS records 
and patients who did not complete treatment. Patients 
spanning the implementation point were excluded, 
resulting in a final sample of 279 patients (219 from 2016 
to 2020, 60 from 2021 to 2022). The full process of sample 
selection is specified in Fig. 1.

Since each DR-TB patient with a full period of treat-
ment has multiple outpatient and inpatient experiences, 
we integrated a summary database, included 279 patients’ 
demographic information, total medical expenditure, 
total inpatient expenditure, total outpatient expenditure, 
inpatient frequency, outpatient frequency, and treatment 
duration. Two separate databases for inpatient and out-
patient records were integrated to analyze the impact of 
DRG payment on the inpatient expenditure, outpatient 
expenditure, and inpatient length of stay (LOS) on the 
case-level to supplement the main results, totaling 751 
inpatient admissions and 6553 outpatient visits.

Variables
To assess the impact of DRG payment on medical expen-
diture, we selected three dependent variables from the 
database: total medical expenditure per patient, total 
inpatient expenditure per patient, and inpatient expen-
diture per hospitalization. Adjustments for inflation to 
2016 were made using Wuhan’s annual consumer price 
index. Treatment efficiency was evaluated through three 
additional dependent variables: inpatient frequency, 
treatment duration, and inpatient LOS per hospitaliza-
tion. We also analyzed total outpatient expenditure per 
patient, outpatient visit frequency, outpatient expendi-
ture per visit, and total inpatient OOP expenditure per 
patient to examine potential spillover effects of DRG 
payment on outpatient and OOP expenditure. The inde-
pendent variable was DRG payment implementation, 
represented by a dummy variable indicating whether the 
patient is in the DRG payment scheme. Control variables 
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included age, sex, marriage status, living area, occupa-
tion, drug resistance type, and the Charlson Comorbid-
ity Index (CCI) selected based on the behavior model 
of health service utilization [46–48]. Definitions for all 
the variables are detailed in eTable 1 (supplementary 
materials).

Statistical analyses
We used the DID model to evaluate the effect of the DRG 
payment on inpatient expenditure and treatment effi-
ciency among DR-TB patients with a full period of treat-
ment. The model is as follows:

 Yit = β 0 + β 1DRGit + β 2Xit + ϵ it

The dependent variable Yit denotes the outcome vari-
ables of patient i receiving treatment in year t. In this DID 
model, the key explanatory variable is DRGit, which 
denotes a dummy variable for the status of DRG imple-
mentation in Wuhan. It equals one if a patient from the 
treatment group and the time of discharge is after Janu-
ary 2021, otherwise, it equals zero. The coefficient β 1 is 
the core coefficient concerned in this study, which repre-
sents the average treatment effect of the DRG on a series 
of outcome variables. Xit is a set of covariates, which are 
mentioned in the variables sector, and ϵ it is a random 
error term.

We further performed validity tests and robustness 
checks to examine the reliability and sensitivity of our 
analytical results. First, the prerequisite for the applica-
tion of DID is that the outcome variables of the treatment 

Fig. 1 Sample selection
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group and control group have a similar time trend before 
the DRG payment implementation. So, we applied an 
event study to check the common trend assumption, we 
added interactions between indicators for months rela-
tive to the DRG payment implementation and an indica-
tor of treatment group instead of using the DRG payment 
implementation status in the model. The second concern 
on the validity of the results is that the DRG payment 
may have spillover effects on outpatient expenditure or 
OOP expenditure. Thus, we chose four variables in the 
database, total outpatient expenditure per patient, out-
patient expenditure per visit, outpatient frequency, and 
total inpatient OOP expenditure per patient. We exam-
ined the impacts of the DRG payment on these variables 
to test whether the spillover effects exist.

We conducted two robustness checks. First, to miti-
gate selection bias and ensure comparability between 
treatment and control groups [49], we employed pro-
pensity score matching (PSM) combined with DID, fol-
lowing prior research [50, 51]. Control variables were 
used in logit regression to weight the propensity scores, 
reflecting the likelihood of a sample being in the treat-
ment group. Nearest-neighbor matching was then used 
to select a comparable control group. After matching, 
propensity score distributions and kernel density curves 
(eFigure 1) demonstrated improved similarity between 
groups. We subsequently performed PSM-DID analysis 
under common support conditions to validate our DID 
findings. Second, acknowledging potential COVID-19 
confounding effects during our study period in Wuhan 
[52–54], we excluded data from the pandemic’s peak 
(December 2019 to May 2020). We then re-assessed the 
impacts of DRG payment on medical expenditure and 
treatment efficiency among eligible patients.

Results
Overview of study
The final sample consisted of 279 DR-TB patients with 
full period treatment. Table 1 presents the summary sta-
tistics for patients from the treatment and control group. 
The number of patients in the treatment group and con-
trol group before and after the DRG payment implemen-
tation was 167, 52, 34 and 26, respectively.

Medical expenditures
Table 2 shows the estimated effects of the DRG payment 
on medical expenditures. Compared with patients reim-
bursed under the FFS scheme, total medical expenditure 
was significantly reduced by 28636.03RMB (P < 0.01) in 
patients reimbursed under the DRG payment scheme 
after the DRG implementation. And the DRG pay-
ment implementation is significantly associated with a 
decrease in total inpatient expenditure (DID=-22035.03, 
P < 0.01). Moreover, we used the inpatient database to 

evaluate the effect of the DRG payment on inpatient 
expenditure for a single admission. We found the DRG 
payment implementation could effectively reduce the 
inpatient expenditure per hospitalization, which could 
be reduced by 2448.00RMB (P < 0.05) per hospitalization 
compared with those not insured by Wuhan municipal 
medical insurance.

Treatment efficiency
Table 3 presents the estimated results for the treatment 
efficiency. The results show that after the DRG payment 
implementation, the inpatient frequency of full period 
treatment was significantly decreased by 1.32. We also 
found a reduction in treatment duration by 25.84 days, 
but this effect was statistically insignificant. In addi-
tion, the DRG payment implementation could effectively 
reduce the inpatient LOS per hospitalization, which 
could be reduced by 2.63 (P < 0.05) days per hospitaliza-
tion compared with those not insured by Wuhan munici-
pal medical insurance.

Test for spillover effects
We used the patient-level data from the summary data-
base and case-level data from the outpatient database to 
test whether the DRG payment has spillover effects on 
outpatient and OOP expenditure. The results are pre-
sented in Table  4. All estimates of medical expenditure 
are statistically insignificant, suggesting no evidence of 
spillover effects on outpatient and OOP expenditures. 
Furthermore, we found a reduction in outpatient visit 
frequency by 4.31 with significance, which suggested that 
the DRG payment may improve the efficiency of outpa-
tient treatment to some extent.

Tests for pre-trends
As it was mentioned before, we chose the variables of 
inpatient expenditure per hospitalization and inpatient 
LOS in the inpatient database to examine the pre-trends 
with the event study framework. eFigure 2 reports the 
results of the tests for pre-trends. The results show that 
no pre-existing differential change in outcomes between 
the treatment and control group, which suggests the esti-
mated effects are not attributable to a continuation of 
pre-existing trends. These pieces of evidence reinforce 
our findings that the DRG payment is responsible for the 
changes in medical expenditure and treatment efficiency 
per hospitalization.

Robustness checks
eTable 2 in supplementary materials reports the results 
of PSM-DID, the effect of the DRG payment on medi-
cal expenditure and treatment efficiency after matching 
is similar to the results before matching. As expected, 
the results show that total medical expenditure and 
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total inpatient expenditure were significantly reduced 
by 23688.42RMB and 18877.39RMB, respectively. We 
also found a reduction in inpatient frequency and treat-
ment duration by 1.12 and 38.60 days, respectively, but 
the negative effect was statistically insignificant. eTable 3 
and eTable 4 in supplementary materials show the results 
of the impacts of the DRG payment on medical expen-
diture and treatment efficiency excluding the potential 
confounding effect of COVID-19. The results are almost 

consistent with the main results. The results of the 
robustness check suggested the reliability and sensitivity 
of the main analysis results.

Discussion
The present study investigated the impact of the DRG 
payment reform, implemented by the Chinese govern-
ment in 2021, on medical expenditure and treatment 
efficiency among DR-TB patients who completed a full 

Table 1 Descriptive statistics of variables on patient-level
Variables Before DRG After DRG

Treatment Control Treatment Control
Patient characteristics
Observations, No. 167 52 34 26
Age, mean (SD) 47.10 (14.39) 44.27 (12.73) 45.41 (17.59) 41.15

(16.14)
Sex, No. (%)
 Male 107 (64.07) 28 (53.85) 20 (58.82) 15 (57.69)
 Female 60 (35.93) 24 (46.15) 14 (41.18) 11 (42.31)
Marriage status, No. (%)
 Unmarried 22 (13.17) 3 (5.77) 7 (20.59) 6 (23.08)
 Married 126 (75.45) 40 (76.92) 26 (76.47) 18 (69.23)
 Divorced, widowed 19 (11.38) 9 (17.31) 1 (2.94) 2 (7.69)
Living area, No. (%)
 Inside Wuhan 163 (97.60) 13 (25.00) 33 (97.06) 9 (34.62)
 Outside Wuhan 4 (2.40) 39 (75.00) 1 (2.94) 17 (65.38)
Occupation, No. (%)
 Students 7 (4.19) 1 (1.92) 1 (2.94) 3 (11.54)
 Employed 23 (13.77) 2 (3.85) 19 (55.88) 19 (73.08)
 Farmers 13 (7.78) 9 (17.31) 0 (0) 1 (3.85)
 Unemployed 83 (49.70) 30 (57.69) 1 (2.94) 0 (0)
 Retired 12 (49.70) 2 (3.85) 6 (17.65) 1 (3.85)
 Others 29 (17.37) 8 (15.38) 7 (20.59) 2 (7.69)
Drug resistance type, No. (%)
 HR-TB 4 (2.40) 1 (1.92) 5 (14.71) 2 (7.69)
 RR-TB 5 (2.99) 9 (17.31) 12 (35.29) 12 (46.15)
 MDR-TB 158 (94.61) 42 (80.77) 17 (50.00) 12 (46.15)
CCI, mean (SD) 0.36

(0.71)
0.27
(0.60)

0.65
(0.98)

0.77
(1.27)

Outcomes
Total medical expenditure per patient, mean (SD), RMB 53381.57 (23940.91) 49629.35

(38173.51)
44485.78 (30518.44) 68365.97 (47601.53)

Total inpatient expenditure per patient, mean (SD), RMB 17682.89
(20316.92)

34795.14
(39907.91)

18514.91
(15205.11)

54682.13
(41976.48)

Inpatient frequency, mean (SD) 2.03
(2.20)

3.83
(2.77)

2.26
(1.69)

5.23
(3.87)

Treatment duration per patient, mean (SD), day 700.74
(116.13)

667.29
(175.34)

552.07
(101.35)

544.51
(116.00)

Total outpatient expenditure per patient, mean (SD), RMB 35698.68 (16631.80) 14834.20 (12304.35) 25970.87 (23005.94) 13683.83 (17497.35)
Outpatient frequency, mean (SD) 29.60

(8.56)
18.25
(8.71)

13.32
(7.65)

7.96
(5.46)

Total inpatient OOP expenditure per patient, mean (SD), RMB 6736.12
(7512.43)

24334.43
(27640.64)

7139.85
(4916.05)

27741.28
(20908.67)

SD Standard deviation; RMB Chinese Yuan; Before the DRG payment implementation: 2016–2020; After the DRG payment implementation: 2021–2022

DRG: Diagnosis-related group; HR-TB: isoniazid resistant tuberculosis; RR-TB: rifampicin resistant tuberculosis; MDR-TB: multiple drug-resistant tuberculosis; CCI: 
Charlson Comorbidity Index; OOP: Out-of-pocket
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course of treatment. The findings revealed that the imple-
mentation of this policy was associated with significant 
reductions in total medical expenditure, total inpatient 
expenditure, and inpatient expenditure per hospitaliza-
tion. Moreover, the policy implementation led to sub-
stantial decreases in both inpatient frequency and LOS. 
The implementation of this policy was not found to be 
associated with adverse consequences, such as cost shift-
ing to outpatient or OOP expenditure.

The DRG policy aimed to standardize the clinical path-
way and control the medical expenditure by improv-
ing treatment efficiency. Results reveal its effectiveness 
in controlling total medical expenditure, total inpatient 
expenditure and the inpatient expenditure per hospital-
ization in DR-TB patients, consistent with previous stud-
ies [16, 22, 55, 56]. DRG payment establishes payment 
standards based on disease classification. Institutions can 
retain surpluses from efficient practices but cover deficits 
if costs exceed standards. Consequently, institutions stra-
tegically manage expenses to increase revenues. More-
over, China has issued documents such as the National 
Guidelines for Performance Assessment of Tier-III Public 

Hospitals, and Guidelines for High-Quality Development 
of Public Hospitals, the inpatient expenditure per hospi-
talization of public hospitals is included in the regulatory 
and assessment indicators system, so it has been effec-
tively controlled.

Implementation of DRG has demonstrated a signifi-
cant decrease of 1.32 inpatient frequencies alongside 
the reduction in inpatient LOS in DR-TB patients. This 
trend is noteworthy as DRG is known to reduce only 
one of them in prior research. A cross-sectional study 
in Hong Kong, China, has associated the introduction of 
DRG with shorter hospital stays and increased inpatient 
rates [29]. Due to DR-TB’s airborne nature and trans-
mission risk during hospitalization [57], physicians pri-
oritize treatment efficiency to mitigate transmission risks 
associated with prolonged stays. Furthermore, Wuhan’s 
DRG payment scheme emphasizes incentive alignment 
and constraints on medical insurance payment methods, 
discouraging unnecessary hospitalizations. Designated 
institutions must implement internal assessment systems 
tailored to DRG, standardizing healthcare professionals’ 
practices.

Table 2 Impacts of the DRG payment on medical expenditures among DR-TB patients
Total medical expenditure per patient Total inpatient expenditure per patient Inpatient 

expenditure 
per hospi-
talization

DID (RMB, Yuan) -28636.03***
(9622.04)

-22035.03***
(8369.80)

-2448.00**
(1202.59)

Control variables YES YES YES
Observations 279 279 751
Standard errors are shown in parentheses. The significance levels of 1%, 5%, and 10% are denoted by ***, **, and *, respectively. All regressions controlled individual 
fixed effects, year fixed effects, and covariates. Covariates include age, sex, marriage status, living area, occupation, drug resistance type, and CCI

DRG: Diagnosis-related group; DID: difference-in-differences; DR-TB: drug-resistant tuberculosis

Table 3 Impacts of the DRG payment on treatment efficiency among DR-TB patients
Inpatient frequency Inpatient LOS per hospitalization Treatment duration per patient

DID -1.32*
(0.75)

-2.63 days**
(1.06)

-25.84 days
(39.82)

Control variables YES YES YES
Observations 279 751 279
Standard errors are shown in parentheses. The significance levels of 5%, and 10% are denoted by **, and *, respectively. All regressions controlled individual fixed 
effects, year fixed effects, and covariates. Covariates include age, sex, marriage status, living area, occupation, drug resistance type, and CCI

DRG: Diagnosis-related group; DID: difference-in-differences; DR-TB: drug-resistant tuberculosis; LOS: length of stay

Table 4 Testing spillover effects of the DRG payment on outpatient and OOP expenditure
Total outpatient expenditure per patient Outpatient expenditure per visit Outpatient

frequency
Total inpatient OOP expenditure

DID -6601.00
(5119.17)

-199.35
(210.58)

-4.31*
(2.45)

-3980.10
(4577.85)

Control variables YES YES YES YES
Observations 279 6553 279 279
Standard errors are shown in parentheses. The significance levels of 10% are denoted by *. All regressions control for individual fixed effects, year fixed effects, and 
covariates. Covariates include age, sex, marriage status, living area, occupation, drug resistance type, and CCI

DRG: Diagnosis-related group; DID: difference-in-differences; DR-TB: drug-resistant tuberculosis; OOP: out-of-pocket
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Previous studies on DRG indicated a cost-minimi-
zation behavior by shifting care from inpatient to out-
patient or OOP settings. Encouragingly, there were no 
significant changes in these indicators among DR-TB 
patients covered by the Wuhan municipal medical insur-
ance after the implementation of DRG, compared to 
non-Wuhan municipal medical insurance patients. Addi-
tionally, outpatient visits have significantly decreased 
by 4.31, contrary to previous findings [25, 39, 41, 56]. 
The standardization of outpatient clinical pathways 
for TB patients has been emphasized worldwide [58]. 
The Chinese Society for Tuberculosis, Chinese Medi-
cal Association released the Chinese expert consensus on 
multidrug-resistant tuberculosis and Rifampicin-resistant 
tuberculosis treatment in 2019 [59], based on the WHO’s 
consolidated guidelines on drug-resistant tuberculosis 
treatment, which standardizes the diagnostic and treat-
ment pathways for DR-TB. The implementation of case-
based payment can make service provision more aligned 
with clinical pathways [40], thus effectively reduce 
unnecessary outpatient service utilization and control the 
individual payments. Additionally, DR-TB has contagious 
negative externalities compared to other diseases. Under 
the DRG payment system, the shift of patients to outpa-
tient services increases the likelihood of transmission. 
Moreover, after the COVID-19 pandemic, the manage-
ment of respiratory infectious diseases has been further 
standardized [60], leading to a decrease in the number of 
outpatient visits for DR-TB patients under the DRG pay-
ment system.

To the best of our knowledge, this study is the first to 
investigate changes in medical expenditure and treat-
ment efficiency among Chinese DR-TB patients follow-
ing the implementation of DRG payment. Additionally, 
we examined the spillover effects of DRG payment on TB 
patients. A further strength of our study is that it includes 
only patients who completed treatment or were cured, 
ensuring that all analyses are based on quality-assured 
data.

Limitations
The study has several limitations. First, only one DRG 
pilot city in central China was considered as the sample 
area, there is a lack of horizontal comparative analysis 
among different pilot regions. Future studies are encour-
aged to acquire horizon data to extend to a compara-
tive study among different pilot regions. Secondly, the 
relatively short duration post-reform has resulted in a 
limited sample size, necessitating further long-term fol-
low-up studies to validate findings conclusively. Thirdly, 
this study solely investigates changes in total expendi-
ture after the DRG payment reform, details of medi-
cal expenditure such as drug expenses and diagnostic 
expenses need to be explored in future studies. Moreover, 

this article only evaluates direct medical expenditure, 
the indirect medical expenditure and indirect medical 
expenditure were not analyzed because of data cannot be 
obtained.

Conclusions
The DRG payment reform can effectively control the 
increase of medical expenditures for DR-TB patients 
with a full period of treatment, achieved by regulating 
the inpatient expenditure per hospitalization, and the 
frequency and duration of inpatient service utilization, 
without adverse consequences of cost shifting towards 
outpatient or OOP expenditures. This study provides 
crucial empirical evidence on the impact of DRG pay-
ment on medical expenditures and treatment efficiency 
for DR-TB, offering valuable insights for China and other 
countries in providing TB care and implementing pay-
ment reform strategies.
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