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A study of the impact of DIP
payment reform on coronary
heart disease hospitalization
costs and equity

Yingying Tao, Keyi Shen, Yating Chen, Chengcheng Li, Dan Wu
and Xuehui Meng*

School of Humanities and Management, Zhejiang Chinese Medical University, Hangzhou, China

Background: To control the growth of healthcare costs, the Chinese
government introduced a diagnosis-intervention package (DIP)-based health
insurance payment reform. This study evaluated the impact of the DIP policy
on hospitalization costs, Length of Hospital Stay, and Out-of-Pocket Ratio for
patients with coronary heart disease (CHD).

Methods: Hospitalization claims data from 2020 to 2023 in City S, central China,
were selected and analyzed using interrupted time series (ITS), covering 264
hospitals with January 2022 as the intervention point.

Results: After the implementation of DIP, hospitalization costs decreased
from 8.81 to 8.57 for employee health insurance (UEBMI) (p < 0.001) and from
8.18 to 7.97 for resident health insurance (URRBMI) (p < 0.001), with even
greater decreases for primary and secondary hospitals. The number of days of
hospitalization decreased, from 8.82 to 7.78 (p < 0.001) for UEBMI and from 8.24
to 746 (p < 0.001) for URRBMI, with the largest decrease in primary hospitals. As
for out-of-pocket ratio, the URRBMI increased from 20.71 to 25.2% (p < 0.001),
and the UEBMI decreased from 28.67 to 23.57% (p < 0.001).

Conclusion: The DIP policy was effective in controlling hospitalization costs
and days, especially in primary and secondary hospitals. However, the out-of-
pocket ratio of URRBMI increased and UEBMI decreased, suggesting differential
impact of the policy. It is recommended that policy makers pay attention to
differences in health insurance types and hospital grades to optimize the fairness
and effectiveness of the policy.

KEYWORDS

DIP payment reform, interrupted time series analysis, types of health insurance,
healthcare cost control, healthcare equity

1 Introduction

Coronary heart disease (CHD) is a prevalent cardiovascular disease globally, characterized
by high morbidity and mortality rates, which pose significant threats to human health and life
safety (1). In China, the increasing prevalence of CHD is attributed to population aging and
widespread unhealthy lifestyles, resulting in a yearly rise in the number of affected individuals
(2). Hospitalization, which constitutes a substantial part of CHD treatment, entails high costs
that impose considerable financial burdens on patients and their families (3). This escalating
healthcare expenditure presents a formidable challenge to national healthcare systems (4),
prompting countries to seek methods for rationalizing healthcare costs (5), For instance,
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Germany’s German Diagnosis-Related Groups (G-DRG) System, the
Accountable Care Organizations (ACOs) model in the United States,
Japan’s Diagnosis Procedure Combination (DPC) System, and France’s
Tarification a lActivité (T2A) system, etc. These reforms have achieved
some success in controlling healthcare costs and improving healthcare
efficiency, yet they also give rise to certain problems and challenges,
such as the transfer of high - cost cases and a decline in healthcare
service quality (6-9). Australia also implemented the Activity-Based
Funding (ABF) payment system nationwide during the 2011-2012
fiscal year. Research shows that ABF has achieved some success in
controlling medical expenses. However, the implementation effects
vary across states and hospitals. Some hospitals, in a bid to optimize
fund allocation, have been selective in patient admission.
Subsequently, Australia also carried out several Diagnosis-Related
Groups (DRG) reforms to address the issues caused by the ongoing
refinement of DRG (10, 11). The UK’s Payment by Results (PbR)
system, which is based on DRG, also faces similar problems. Although
it has contributed to improving hospital efficiency, it has also raised
concerns about the potential impact on the quality of healthcare
services (12).

In China, Basic Medical Insurance (BMI) coverage expanded to
1.3 billion people by 2021, prompting reforms in healthcare payment
methods to address escalating healthcare costs (13). The traditional
fee-for-service (FFS) model is inadequate, leading to service
overutilization and heightened healthcare costs (14).

In 2019, the Chinese government initiated Diagnosis-Related
Group (DRG) payment reforms to balance cost containment and
healthcare efficiency. However, a one-year evaluation in pilot cities
revealed that although the DRG reform reduced healthcare spending,
it also increased patient hospitalization rates and neglected acutely ill
patients (15-17). Thus, the Chinese government has been consistently
exploring novel solutions, leading to the introduction of the
Diagnosis-Intervention Packet (DIP) payment system, which categor
patientsizes based on specific cases (18). The theoretical framework of
the system originates from the “risk selection theory” of Germany’s
DRG reform and the “institutional response hypothesis” of the ACO
model in the US (19, 20). Compared with the “hospital - grading
exemption mechanism” of Japan’s DPC system and the “global budget
buffer design” of France’s T2A system, the particularity of China’s DIP
reform lies in that it achieves a balance between total control of
medical insurance funds and the autonomy of medical institutions
through “dynamic adjustment of case - based scores” (21). China
currently has a dual - track system of DRG and DIP payment methods.
The DIP payment system is now being piloted in 71 cities (22). The
DIP categorizes patients using ICD-10 and ICD-9-CM3 codes to form
a disease portfolio, focusing on major disease diagnoses and treatment
modalities (23).

The implementation of the DIP system in China demonstrates
that DIP offers advantages over DRG in comprehensively covering
healthcare services. DIP payments foster internal competition and
stringent control among providers through the establishment of
payment coeflicients and “health insurance fund pools” (21). However,
the effectiveness of DIP varies by region, depending on historical cost
data to determine disease group weights, which leads to variations in
implementation across regions.

The effectiveness of implementing DIP reforms varies across
regions and types of healthcare organizations. Some studies have
shown that DIP reforms significantly reduced average hospitalization
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and drug costs per patient in economically developed regions, but did
not achieve the desired effect in other regions, and even led to an
increase in patient healthcare costs in the short term (24, 25). Previous
studies have examined the impact of payment reforms on other
chronic conditions, but fewer have focused on coronary heart disease.

While emphasizing innovative payment methods, Chinese
policymakers and researchers have also prioritized health equity.
Within China’s health insurance system, UEBMI and URRBMI
constitute the two primary components. Studies have demonstrated
that disparities in population coverage, financing mechanisms, and
reimbursement policies between these two health insurance systems
can lead to health inequities among patients. Since DIP is a reform
targeting healthcare providers, initial considerations did not include
whether residents with different health insurance types are affected by
health equity. Due to differences in contributions, benefit coverage,
and medical expenditures between Chinas UEBMI and URRBM]I,
budget caps were set based on health insurance types. At the time of
DIP implementation, UEBMI had a sufficient budget, while URRBMI
faced budget constraints. Consequently, whether innovative payment
methods impact healthcare equity for patients with different health
insurance types remains an important question for exploration (4).

In this study, a pilot city sample was selected from S city in central
China, one of the initial pilot areas. UEBMI and URRBMI CHD
patients in S city were selected to assess the impact of DIP policy
implementation across various healthcare institutions on patients with
both insurance types. This study aims to provide a deeper
understanding of the practical application effects of the DIP payment
method reform in different healthcare systems, offer a scientific basis
for optimizing healthcare policies, enhance the efficiency of healthcare
fund utilization, alleviate the economic burden on patients, and
promote the rational allocation of healthcare resources.

2 Methods
2.1 Study design

City S, situated in Hubei Province in central China, was among
the first cities in China to fully implement the DIP payment
methodology across all healthcare organizations. Owing to the
successful implementation of this pilot, City S has been designated as
a model unit by the National Health Security Bureau. Given its
pioneering and prominent status, this study utilizes data from the
Medical Protection Bureau of City S to conduct the empirical analysis.

City S comprises 10 urban districts and 59 rural districts, with a
resident population of 3.15 million and a 2023 GDP per capita of
73,489.10 RMB. These statistics indicate that the City S is at a medium
level of economic and social development and is representative of a
typical prefecture-level city in China. City S, as one of 71 pilot cities
undergoing DIP reform, has a designated DIP disease catalog that
includes 5,393 core diseases and 928 comprehensive diseases.
Regarding health insurance, the city has 545,400 UEBMI participants
and 2,459,100 URRBMI participants, with a social insurance coverage
rate of 95.3%.

In January 2022, the local Medicare authority in City S formally
implemented DIP payments for all providers in the city. To ensure the
validity of this study, we conducted a comprehensive review of
published literature and relevant policies to identify and consider any
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potential confounding policies that might affect hospital inpatient
service behaviors. We selected interrupted time series (ITS) analysis
as our research methodology. The main reason for using an
interrupted time - series (ITS) design in this study is its unique policy
evaluation advantages. First, the policy was city - wide and lacked a
natural control group. Second, ITS models trends before and after
intervention, distinguishing policy effects from time - related
confounders like seasonal fluctuations and long - term trends. Lastly,
ITS is widely used in payment reform evaluation and proven effective
in health policy research (26-28). Based on the relevant policy
documents, we used January 2022 as the intervention point for this
study and employed an interrupted time series design to assess the
impact of DIP payment reforms on hospital services for differently
insured patients at all levels of hospitalization in City S. This provides
insights into whether DIP reforms are likely to affect health equity
between UEBMI and URRBMI hospitalized patients.

2.2 Data sources and samples

City S did not experience a major outbreak during the COVID-19
epidemic, thus its healthcare activities were minimally impacted,
facilitating time series analysis. The data utilized in this study were
sourced from the city’s Medicare information platform, which collated
monthly Medicare claims data from January 2020 to December 2023
and anonymized the data to safeguard patient privacy. Each claims
data record primarily included details such as the patient’s gender,
type of health insurance, occupational status, length of hospitalization,
discharge information, diagnosis, amount of Medicare reimbursement,
and the hospital level in question. During the data cleaning phase,
datasets with missing entries, irregular hospitalization or discharge
lengths, and unusual expenditure figures were excluded. The final
dataset used for our analysis comprised a total of 107,714 participants.

2.2.1 Coronary heart disease

Coronary atherosclerosis (CHD) is a prevalent cardiovascular
disease characterized by lipid deposition and plaque formation on the
inner lining of coronary arteries, resulting in the narrowing or
blockage of blood vessels. CHD is currently the leading cause of
death globally.

Treatment for CHD primarily involves lifestyle modification, drug
therapy, and, for patients with poor drug therapy outcomes,
percutaneous coronary intervention or coronary artery bypass
grafting. CHD has a substantial patient population and is less
influenced by environmental factors such as seasons. Previous studies
have conducted limited research on individual diseases. Therefore,
this paper selects data coded as 125 in the ICD-10 disease codes and
compiles it into a dataset following data cleansing.

2.2.2 Types of health insurance

After the upgrade of China’s medical insurance system to an
integrated level, the primary insurance types are UEBMI and
URRBMI. UEBMI is medical insurance for urban employees, with
premiums paid jointly by the organization and the individual. It
primarily covers outpatient and hospitalization costs and is mandatory
for all workers with regular employment. URRBMI, conversely, is
medical insurance for urban and rural residents, encompassing both
urban and rural populations. It is government-led, with voluntary
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individual participation, and primarily covers hospitalization costs
and some outpatient expenses.

2.2.3 Hospital level

In China, hospitals are categorized into three levels based on their
functions, facilities, and technical capabilities: primary hospitals,
secondary hospitals, and tertiary hospitals.

Primary hospitals are primary care hospitals or health clinics,
mainly providing basic medical, preventive, rehabilitation, and health
care services to communities. They are relatively small in scale, with
fewer than 100 beds, and are primarily responsible for the initial
diagnosis and treatment of common and frequently occurring
diseases, as well as referring difficult and severe cases to higher-
level hospitals.

Secondary hospitals are regional hospitals, usually county-level,
district-level, or city-level hospitals, with bed numbers ranging from
101 to 500. They offer more comprehensive medical services, including
specialized treatments and advanced surgeries. Secondary hospitals
not only accept referrals from primary hospitals but also undertake
certain teaching and research tasks.

Tertiary hospitals are large comprehensive hospitals, with more
than 501 beds, providing high-level specialized medical services.
Tertiary hospitals possess comprehensive capabilities in medical care,
teaching, and research, are able to handle critical and difficult cases,
and accept referrals from secondary hospitals.

2.3 Measurement variables

This study aims to examine the impact and differences of the DIP
reform on healthcare expenditures, quality, and treatment for
inpatients with two types of social health insurance across different
hospital levels. To this end, the study employs three variables:
hospitalization costs, hospital days, and out-of-pocket ratios, to
conduct the necessary assessments. To account for the impact of
inflation and other factors on hospitalization costs, we standardized
hospitalization costs using China’s annual Consumer Price Index
(CPI) with 2020 as the base year, ensuring that our findings reflect
actual changes in healthcare costs. Given the typically skewed
distribution of healthcare expenditure costs, we log-transformed the
total healthcare costs per hospitalized patient. This transformation
stabilizes the variance, facilitating statistical analysis and highlighting
trends and outliers in healthcare spending more effectively. The
number of hospitalization days was determined by calculating the
variance between the patient’s admission and discharge dates. To
ensure the accuracy of our statistical analyses, hospital days data
following a normal distribution were appropriately processed. Out-of-
pocket ratios were calculated on a cost-standardized basis, with total
costs as the denominator and out-of-pocket costs as the numerator, to
reflect the level of treatment for different health insurance types.

2.4 Statistical analysis

In this study, SPSS 24.0 software was used, with continuous
variables presented as means * standard deviations and categorical
variables expressed as percentages. To analyze the impact of DIP
policy implementation on patient characteristics and outcome

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1567838
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Tao et al.

variables in the sample, we performed t-tests and chi-square tests
before and after the DIP reform, considering the effects of health
insurance category and hospital level variables. Additionally, to assess
the impact of the DIP policy intervention on patients’ total healthcare
costs, hospital days, and out-of-pocket ratios, we employed a
segmented regression model from interrupted time series analysis,
with January 2021 designated as the intervention point. The general
form of our ITS regression model is shown below:

Yt = BO + ﬁth + BzDIPt + B3DIPtTt +&¢

In the interrupted time series analysis conducted in this study, the
outcome variable Yt represents the outcome at a specific time point t.
0 estimates the baseline level of the outcome variable at the study’s
inception. B1 represents the monthly slope of the outcome variable
before the DIP policy intervention. 2 represents the immediate
change in the outcome variable at the moment of the DIP reforms.
Furthermore, B3 indicates the post-intervention change in the
outcome variable compared to the expected trend change based on the
pre-intervention period. The combination of 1 and B3 reflects the
post-intervention trend. The time variable Tt spans from the study’s
initiation to its conclusion, while DIPt is a binary variable indicating
the occurrence of the DIP policy intervention (0 before the
intervention and 1 after the intervention). Meanwhile, DIPtTt
represents another time variable from the initiation of the DIP
intervention to the study’s conclusion. Finally, et represents the
random error estimator at time t. To address potential autocorrelation
in the model, we initially employed the Newey-West estimator with
zero lags to fit an ordinary least squares (OLS) model. We subsequently
tested for autocorrelation using the ‘actest’ command. If first-order
autocorrelation is detected, the regression is re-estimated using the
Prais-Winston method, and the validity of adjusting for
autocorrelation is assessed using Durbin-Watson (DW) values. For
second-order and higher-order autocorrelation, the Newey-West
method was applied to adjust, specifying the necessary number of lags.
For statistical significance tests, we used two - sided tests in the
segmented regression model and set & =0.05 as the significance
threshold. All analyses were performed using STATA17.0.

3 Results
3.1 Sample characteristics

In this study, data pertaining to CHD patients with various
insurance types in City S from 2020 to 2023 were selected. The data
for employee health insurance were 9,955 before and 8,207 after the
reform, and the data for URRBMI were 47,870 before and 41,682 after
the reform. The table also presents the male-to-female ratio of the two
insured populations, along with the number and percentage of visits
to hospitals at all levels.

Supplementary Table 1 also presents the changes in medical costs,
hospitalization days, and out-of-pocket ratio for insured UEBMI and
URRBMI before and after the DIP reform, with significant differences
observed in these variables before and after the reform. Specifically, the
average hospitalization cost for patients enrolled in UEBMI decreased
from 8.81 to 8.57, and for those enrolled in URRBM]I, it decreased from
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8.18 to 7.97. The average hospitalization time for patients enrolled in
UEBMI decreased from 8.82 days to 7.78 days, and for those enrolled
in URRBMLI, it decreased from 8.24 days before the reform to 7.46 days
after the reform. Regarding the out-of-pocket ratio, it decreased from
28.67 to 23.57% for patients enrolled in the UEBMI program, while it
increased from 20.71 to 25.2% for those enrolled in the URRBMI.

3.2 Total cost of hospitalization

The cost trend of healthcare expenditures for CHD patients
enrolled in URRBMI and UEBMI in City S before and after the DIP
reform is illustrated in Figure la and Supplementary Table 2. The
initial levels of URRBMI and UEBMI were significantly different, and
both experienced a decrease in overall costs after the reform. URRBMI
hospitalization costs were initially at 8.196 before the DIP reform, with
a non-significant decrease of 0.06 per month before the reform, and a
significant decrease of 0.008 per month after the implementation of
the DIP reform compared to the pre-intervention level. UEBMI
hospitalization costs were initially at 8.783 before the DIP reform, with
a non-significant decrease of 0.067 per year before the reform. After
the implementation of the DIP reform, costs decreased significantly
by 0.016 per month from the pre-intervention level.

Figures la—c and Supplementary Table 2 illustrate the cost trend
of healthcare expenditures before and after the DIP reform for CHD
patients enrolled in URRBMI and UEBMI in City S across hospitals
of different levels. In primary hospitals, the initial level of URRBMI
inpatient costs was 7.64, and the changes before and after the reform
were not significant, but both were on a downward trend, with a
greater decrease after the reform than before. In primary hospitals, the
initial level of hospitalization costs for UEBMI was 7.89; the changes
before and after the reform were not significant, but both were on a
downward trend, with a greater decline after the reform than before.

In secondary hospitals, the initial level of hospitalization costs for
patients enrolled in URRBMI was 8.699, which decreased significantly
in the first month after the implementation of the DIP reform, and
showed a more pronounced downward trend in subsequent years
compared to the pre-implementation trend, although not significant.
The initial level of hospitalization costs for patients using UEBMI was
8.709, with costs trending downward but not significantly both before
and after the DIP reform, decreasing by 0.005 per month after the DIP
reform compared to the pre-reform trend.

In tertiary hospitals, the initial level of hospitalization costs for
URRBMI was 8.825, with a significant increase of 0.01 per month before
the DIP reform, and a significant decrease of 0.02 per month after the
implementation of the DIP reform compared to the pre-reform level. The
initial level of hospitalization costs for UEBMI was 9.210, with a
non-significant increase of 0.002 per month in hospitalization costs
before the implementation of DIP, and a significant decrease of 0.013 per
month in hospitalization costs after the implementation of the DIP
compared to the pre-reform level. Costs decreased significantly by a
margin of 0.013 per month from the pre-reform level.

3.3 Average length of hospitalization

The trend of the average length of hospitalization before and after
the DIP reform for CHD patients enrolled in URRBMI and UEBMI
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(a) Monthly trends in adjusted total cost per case for inpatients with UEBMI and URRBMI in all hospitals of City S; (b) Monthly trends in adjusted total
cost per case for inpatients with UEBMI and URRBMI in primary hospitals of City S; (c) Monthly trends in adjusted total cost per case for inpatients with
UEBMI and URRBMI in secondary hospitals of City S; (d) Monthly trends in adjusted total cost per case for inpatients with UEBMI and URRBMI in tertiary
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in City S is illustrated in Figure 2a and Supplementary
Table 3. The initial mean difference in hospitalization days between
URRBMI and UEBMI was not significant, and the two were not
significantly different before the DIP reform. However, in terms of
trends, both experienced a decrease in overall length of stay after the
DIP reform. The average number of total hospitalization days for
URRBMI was 8.413 days before the DIP reform, with a non-significant
decrease of 0.215 days per month in hospitalization days before the
reform. After the implementation of the DIP reform, the number of
hospitalization days did not change significantly from the pre-reform
period, but showed an overall downward trend. UEBMI hospitalization
days averaged 9.072 days before the DIP reform, with a non-significant
monthly decrease of 0.341 days per month before the reform. After
the implementation of the DIP reform, the number of hospitalization
days did not change significantly from the pre-reform period, but
showed an overall downward trend.

Figures 2b-d and Supplementary Table 3 illustrate the trend of
hospitalization lengths for CHD patients enrolled in URRBMI and
UEBMI in City S before and after the DIP reform across hospitals of
different levels. The initial level of hospitalization days in primary
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hospitals using URRBMI was 7.922 days, and hospitalization days
decreased before and after the implementation of the DIP reform, with
a greater decrease after the implementation of the DIP reform. The
initial level of inpatient days for primary hospitals using UEBMI was
9.651 days, showing a non-significant decrease by 0.06 days per
month before the DIP reforms, and still showing a decreasing trend
after the implementation of the DIP reforms, but at a slower rate than
before the reforms.

The initial average length of hospitalization for URRBMI among
cases attending secondary hospitals was 9.108 days, with a
non-significant decrease in the length of hospitalization by 0.019 days
per month before the implementation of the DIP reform, and an even
greater decrease after the implementation of the DIP reform compared
to the pre-reform period, with an additional decrease of 0.011 days per
month. The initial average length of hospitalization for UEBMI was
9.336 days, with a slow non-significant upward trend in the length of
hospitalization for UEBMI patients prior to the implementation of the
DIP reform, and after the implementation of the reform, the length of
hospitalization declined by a trend of 0.038 days per month less than
prior to the implementation of the reform.
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FIGURE 2
(a) Monthly trends in inpatient days for URRBMI and UEBMI inpatients in all hospitals of City S; (b) Monthly trends in inpatient days for URRBMI and
UEBMI inpatients in primary hospitals of City S; (c) Monthly trends in inpatient days for URRBMI and UEBMI inpatients in secondary hospitals of City S;
(d) Monthly trends in inpatient days for URRBMI and UEBMI inpatients in tertiary hospitals of City S.

In tertiary hospitals, the initial average length of stay for URRBMI
was 7.922 days, and before the DIP reform, the number of
hospitalization days was decreasing significantly with a trend of about
0.05 days per month, and after the implementation of DIP, the number
of hospitalization days, although decreasing, decreased more slowly
than before the implementation of DIP. The initial average number of
hospitalization days for UEBMI was 8.01 days, and before the DIP
reform, the number of hospitalization days was decreasing with a trend
of about 0.02 days per month, and after the implementation of the DIP,
the number of hospitalization days, although decreasing, decreased
with a slower trend compared to the pre-implementation period.

3.4 Out-of-pocket ratio

As shown in Figure 3a and Supplementary Table 4, the trend of the
average out-of-pocket ratio of CHD patients enrolled in URRBMI and
UEBMI in City S before and after the DIP reform is demonstrated. The
difference in the initial average between the URRBMI and UEBMI out-of-
pocket ratios was significant, as was the difference in the pre-reform
period. The difference remained significant in the first month of DIP
reform implementation. The average out-of-pocket ratio for URRBMI was
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20.16% before the DIP reform, and the change in the out-of-pocket ratio
from month to month was not significant before the reform. In the year of
implementation of the DIP reform, the out-of-pocket ratio increased by
5.02%, and then decreased by an average of 0.15% per year from the
pre-reform trend. The average out-of-pocket ratio of UEBMI was 30.74%
before the DIP reform, declining at a rate of 0.18% per month before the
reform, and increasing slowly by 0.16% per month after the
implementation of the DIP reform over the pre-reform out-of-pocket ratio.
Figures 3a—c and Supplementary Table 4 demonstrate the trend of
out-of-pocket ratio for CHD patients enrolled in URRBMI and
UEBMI in City S before and after the DIP reform across hospitals of
different levels. In primary hospitals, the initial level of out-of-pocket
ratio for URRBMI was 12.54%, and the out-of-pocket ratio showed a
significant monthly increase in the pre-implementation period, with
an increase of 4.92% in the month of implementation of the DIP
reform, and the overall out-of-pocket ratio in subsequent months was
higher than the pre-implementation period. Cases increased, but
showed a certain downward trend. The out-of-pocket expense ratio
for UEBMI in primary hospitals was initially 21.13%, decreasing by
5.53% immediately after the implementation of DIP, and the overall
out-of-pocket expense ratio decreased in subsequent years compared
to the pre-implementation level, but showed a certain upward trend.
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FIGURE 3
(a) Monthly trends in the proportion of out-of-pocket payments for inpatients with URRBMI and UEBMI in all hospitals of City S; (b) Monthly trends in
the proportion of out-of-pocket payments for inpatients with URRBMI and UEBMI in primary hospitals of City S; (c) Monthly trends in the proportion of
out-of-pocket payments for inpatients with URRBMI and UEBMI in secondary hospitals of City S; (d) Monthly trends in the proportion of out-of-pocket
payments for inpatients with URRBMI and UEBMI in tertiary hospitals of City S.

In secondary hospitals, the initial level of out-of-pocket ratio for
URRBMI was 25.54%, increasing significantly by 0.02% per month
before the implementation of the reform, and increasing significantly
by about 6.3% in the first month of the implementation of the DIP
reform, with the general trend in the subsequent months of the
implementation of the reform not significant compared to the
pre-initial level, and the overall upward trend slowed down. The initial
level of out-of-pocket expenses for UEBMI was 28.7%, decreasing
significantly by 0.23% per month before the implementation of the
reform, and the overall trend after the implementation of the DIP
reform was the same as before the reform, with a greater decrease than
before the implementation.

In tertiary hospitals, the initial level of the URRBMI out-of-pocket
ratio was 35.36%, with a significant increase of about 7.3% in the first
month of implementation of the DIP reform, and a non-significant
monthly increase of 0.08% in the ongoing phase of implementation.
The initial level of out-of-pocket ratio for UEBMI was 37.56%, showing
a significant and gradual decrease in the pre-implementation level; in
the first month of the implementation of the DIP reform, the out-of-
pocket ratio decreased significantly by about 4.8%, and in the
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continuation phase of the program, the out-of-pocket ratio showed a
slow increase, significantly different from the pre-implementation trend.

3.5 Robustness tests

Supplementary Tables 1-3 in the additional file show the results
of the test using September 2021 as the intervention point to test the
stability of the experiment. Among the results against the changes
before and after the reform show that the results are insignificant,
proving the reliability of the experiment and verifying the robustness
of the experiment. Some of the results for the pre-intervention period
show significant changes, which may be due to related policies such as
the price adjustment of medical services.

4 Discussion

In this study, data pertaining to patients with CHD in City S from
2020 to 2023 were selected, encompassing two types of enrollment:
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employee health insurance (UEBMI) and resident health insurance
(URRBMI). The data results indicate that hospitalization costs and
hospitalization days in both UEBMI and URRBMI have declined
compared with the pre-reform period, and the DIP reform has
achieved significant results in controlling healthcare costs and
hospitalization days. This finding echoes the “payment - method -
insurance - type interaction effect” seen in France’s T2A reform.
However, Chinas DIP reform has led to a larger drop in costs, which
may be related to hospitals adjusting their behavior due to the pressure
of total control over medical insurance funds (29, 30). However, as in
Australia’s ABF reform, DIP reform may also lead to hospitals
selectively accepting patients, requiring further attention and study
(11). However, in terms of out-of-pocket ratios, the performance of
different health insurance types varies.

The DIP reform has demonstrated significant results in controlling
treatment costs, consistent with the effects of previous DRG
implementations (31, 32). The hospitalization costs of both URRBMI
and UEBMI patients decreased after the reform, with a larger decrease
in hospitalization costs for UEBMI, which may be related to both
hospital choice and patient choice. In terms of the nature of the
insurance itself, Chinas URRBMI is primarily funded by the
government and individuals, and is a universal bottom-up health
insurance. Therefore, the amount of health insurance premiums paid
is low, and the corresponding treatment is lower than that of those
who pay the UEBMI (33). Hospital treatment costs are lower due to
the low budget and large number of URRBMI patients. After the DIP
reform, hospitals have to bear the excess due to the low cost of
treatment and medication (34). The health insurance premiums for
UEBMI are higher, so hospitals tend to choose more expensive
treatments due to short-term income and other factors to make higher
profits and obtain higher points in the next year’s point calculation (4).
This choice will, to a certain extent, cause inequality in health among
populations (35). Secondly, on the subjective side, the UEBMI
population may also have higher budgets for expected treatment costs
due to better treatment, resulting in treatment costs being at a higher
level (36, 37). Regarding the difference between the cost of residential
health insurance and that of UEBMI, some studies have shown that
although the integration of residential health insurance reforms has
promoted health equity, the impact on different regions and income
groups varies, and the low-income group still suffers from more
serious health inequalities (38). This phenomenon resembles the
“high - cost case transfer” in Germany’s DRG reform and the divergent
evolution of commercial and national health insurance under Japan’s
DPC system (39). It is recommended to refer to the risk - adjustment
mechanism in the US ACO model and apply weight correction based
on the Charlson Comorbidity Index for URRBMI patients admitted
to hospitals (40).Previous studies on DRG have also mentioned the
existence of reforms that have reduced drug costs but increased overall
treatment costs for chronic conditions. Since the research on DIP in
this study is biased toward its short-term effects, it is possible to
conduct a long-term follow-up study to examine the total cost of
treatment for chronic conditions over multiple years (41). The
downward trend in hospitalization costs is reflected in different levels
of hospitals. These results suggest that the DIP reform has been
effective in curbing the increase in hospitalization costs in different
levels of hospitals, especially in primary and secondary hospitals.
Long - term studies on Japan’s DPC and Germany’s DRG reform show
a 3 to 5-year lag between payment reform and healthcare - quality
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changes, indicating that our three year study may be limited by an
“effect-observation window period” (7, 39).The fact that primary and
secondary hospitals have better cost containment results than tertiary
hospitals can be attributed to several factors. Previous studies have
shown that DRG has different cost-control effects on different levels
of hospitals (42, 43), Primary and secondary hospitals are more
advantageous in terms of cost control due to their simple cost
structure, single type of disease treated, and more standardized
treatment protocols. Compared to DRG, hospitals have more initiative
in payment coefficients during the DIP reform, and primary and
secondary hospitals can adjust payment coefficients by optimizing
historical data to reduce inpatient costs. Tertiary hospitals, on the
other hand, are less effective in controlling costs due to the complexity
of patients’ illnesses, the volume of historical data, and the complicated
cost structure. However, studies have also shown that tertiary hospitals
are able to avoid sacrificing profitability by lowering the price of
services to attract patients in the competition due to their better cost
control ability (44).

The results on length of stay before and after the DIP reform also
provide some evidence for the corresponding view on hospitalization
costs described above. The average length of stay for both residents’
and UEBMI declined after the reform, and the declining trend was
reflected in different levels of hospitals. Specifically, the decline in
hospital days was more pronounced for UEBMI patients than for
URRBMI patients. This result is somewhat inconsistent with previous
studies (4, 45, 46), which may be related to factors such as the study’s
regional and demographic and health resource allocations (47), but
both reflect good cost control in DIP. The reason for the larger
decrease in hospital days for UEBMI patients than for URRBMI
patients after the implementation of the DIP payment method may
be related to several factors. First, the post-payment price of UEBMI
is usually higher than that of URRBMI, which incentivizes hospitals
to be more motivated to improve efficiency by reducing the number
of inpatient days in treating UEBMI patients, thus reducing the use of
healthcare resources without compromising the quality of treatment.
Second, from the patient’s perspective, employee patients are mostly
active workers, relatively young, and usually have milder conditions,
so it is easier to achieve a reduction in the number of hospitalization
days under the DIP payment method. URRBMI patients, on the other
hand, include the unemployed, farmers, and the older adult. These
groups may have more complex conditions and require longer
hospitalization. In addition, hospitals may prefer UEBMI patients in
resource allocation due to the higher post-payment price of UEBMI,
which may result in less significant reductions in hospital days for
URRBMI patients than for employee patients (4), These factors
together resulted in a greater decrease in hospital days for UEBMI
patients after the implementation of the DIP payment method. The
data on length of stay in different levels of hospitals showed a high
degree of consistency with the reduction in hospitalization costs. From
previous studies related to DRG, it was found that hospitals may
increase the number of hospitalizations to obtain additional subsidies
(16, 48). In this study, because readmission rates were not included in
the study variables, it was not possible to ensure whether any hospitals
obtained corresponding benefits by disaggregating hospitalizations.

The DIP reform showed different effects in terms of out-of-pocket
expenses. The out-of-pocket ratio for URRBMI increased after the
reform, while the out-of-pocket ratio for UEBMI decreased after the
reform. Specifically, the out-of-pocket ratio for URRBMI was 20.16%
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before the DIP reform, rose by 5.02% after the reform, and
subsequently declined by an average of 0.15% per year from the
pre-reform trend. The out-of-pocket ratio for UEBMI was 30.74%
before the DIP reform, and has been rising slowly by 0.16% per month
since the reform compared to the pre-reform out-of-pocket ratio. The
increase in the out-of-pocket ratio of the URRBMI may be related to
the corresponding policy of the health insurance pool. Previous
studies have pointed out that a single health care provider can
sometimes lead to an increase in out-of-pocket medical expenses or
an increase in other medical expenditures (49, 50). The lack of a
comprehensive and rational policy mechanism may also lead hospitals
to cut reimbursement budgets to cope with the risk (51). Because the
aging of Chinese society has led to the expansion of the URRBMI
group, in order to ensure the sustainability of the health insurance
fund, some regions have made certain policy adjustments, such as
raising the starting line and lowering the reimbursement rate to cope
with the risk of bottoming out the fund (52), and these adjustments
may directly lead to an increase in the out-of-pocket expenses of the
URRBMI. However, when linked to the overall cost trend of URRBMI,
the out-of-pocket costs have still decreased compared to the
pre-reform period. The increase in out-of-pocket expenses may also
be related to the characteristics of the population enrolled in the
URRBMI, which has a higher probability of suffering from other
chronic and basic diseases due to its older age on average, while the
persistence of medication for basic diseases and the adjustments of
some drug catalogs may also lead to a certain degree of increase in the
out-of-pocket expenses. Among different levels of hospitals, the
changes in the out-of-pocket ratios of URRBMI patients and UEBMI
patients in level 1 hospitals and level 2 hospitals are basically the same
as the overall. The out-of-pocket ratios for URRBMI in tertiary
hospitals, on the other hand, showed a trend of increasing in the
month after the reform and then decreasing on a monthly basis.
Previous studies have shown that the risk adjustment mechanism
established will be more compatible with the payment standards of
tertiary hospitals, thus providing more reasonable treatment and
services to patients while alleviating the pressure of cost control (53),
a finding consistent with the results of this study. The decrease in
out-of-pocket ratios for URRBMI patients in tertiary hospitals after
the implementation of DIP is also attributed to the fact that tertiary
hospitals usually have a higher institutional factor in the DIP reform
and are able to receive more financial support for Medicare payments.
The health insurance department has also given certain policy support
and fund tilts to tertiary hospitals to encourage them to admit and
treat critically ill patients and difficult cases, and this support has
enabled tertiary hospitals to obtain more funds in health insurance
payments, thus reducing the out-of-pocket proportion of patients.
This study has its strengths. First, the data covered all hospitalization
claims from January 2020 to December 2023 for all patients with
coronary artery disease in the city. This ensured the adequacy of the
assessment data. Second, all data were obtained from the hospitalization
claims records of the S. City Health Protection Bureau, which ensured
the quality of the data. Third, ITSA of the corresponding outcome
variables for UEBMI and URRBMI hospitalized patients allowed for a
more effective investigation of the respective impacts before and after
the DIP reform. This study also has its limitations. First, it was obtained
from only one city, a single source. Second, it lacks its own control
group to make its own comparison. Third, because the variables are
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more crude, it may ignore the influence of other factors and cannot find
the influence mechanism of more potential factors.

5 Conclusion

The DIP reform has achieved significant results in controlling
hospitalization costs and hospital days, especially in Primary and
secondary hospitals. The decline in hospitalization costs and hospital
days reflects the short-term and more favorable cost-control effects of
the DIP reform. The DIP reform has performed differently in terms of
out-of-pocket ratios. Out-of-pocket ratios for URRBMI increased
after the reform, while those for UEBMI decreased. Among the
different levels of hospitals, Primary and secondary hospitals
experienced larger declines in hospitalization costs and length of stay,
which were attributed to their simple cost structures, standardized
treatment protocols, and cost-control incentives under the DIP
payment methodology. The downward trend in the length of stay in
Tertiary hospitals slowed down after the reform, but the out-of-pocket
ratio of URRBMI patients instead declined after the reform, which was
mainly attributed to the fact that Tertiary hospitals had higher
institutional coefficients under the DIP reform and were able to obtain
more financial support for health insurance payments, while the
policy support and fund tilting of health insurance departments
toward Tertiary hospitals also lowered the out-of-pocket ratio
of patients.

Overall, the DIP reform has effectively reduced the financial
burden for patients and enhanced the operational efficiency of
hospitals. When further promoting the DIP reform, policymakers
should consider the fairness of medical treatment for patients with
different types of health insurance and other circumstances, and seek
the optimal solution whereby patients with different types of health
insurance can receive good medical services, so as to optimize the
provision of medical services while ensuring the universality and
fairness of medical treatment. Future research can combine clinical -
quality metrics, like 30 - day readmission rates, to build a DIP
composite - performance index. It can also apply mixed - methods to
explore how payers and patients adapt to payment rules.

Data availability statement

The datasets presented in this article are not readily available
because it is from a public institution, institutional review is required.
Requests to access the datasets should be directed to Yingying Tao,
15168340102@163.com.

Ethics statement

The data for this study were obtained from the Hubei Provincial
Healthcare Security Information Platform, covering hospitalization
claims records in S City, Hubei Province, from January 1, 2020, to
December 31, 2023. Patients’ information was fully anonymized, with
only unique identifiers retained for analysis purposes. The data were
accessed on June 10, 2024, after obtaining approval from the Ethics
Committee of Zhejiang University of Traditional Chinese Medicine

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1567838
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
mailto:15168340102@163.com

Tao et al.

(Approval Number: 20240516-3).The authors had no access to any
personally identifiable information during or after the study. The
Bureau of Medical Security authorized the use of the anonymized
dataset for research purposes. The requirement for individual
informed consent was waived due to the retrospective nature of the
study. This study adhered strictly to the ethical principles outlined in
the Declaration of Helsinki, and all data processing methods complied
with relevant legal and ethical standards.

Author contributions

YT: Data curation, Writing - original draft. KS: Formal analysis,
Writing - original draft. YC: Writing - review & editing. CL: Writing -
review & editing. DW: Writing - review & editing. XM: Formal
analysis, Supervision, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This study was supported
by the Medical Science and Technology Project of Zhejiang Province
(Grant No. 2024KY1190) and the Zhejiang Provincial Xinmiao Talent
Program (Grant No. 2024R410A053). We gratefully acknowledge the
support provided by these funding organizations, which made this
research possible.

References

1. Wang L, Ai D, Zhang N. Exercise benefits coronary heart disease In: ] Xiao, editor.
Exercise for cardiovascular disease prevention and treatment: From molecular to
clinical, part 2. Singapore: Springer Singapore (2017). 3-7.

2. LiuL, Xu Y, YuJ, Man X, Jiang Y, Zhao L, et al. The impact of comprehensive public
hospital reforms on the direct medical cost of inpatients with coronary heart disease.
Front Public Health. (2022) 10:891186. doi: 10.3389/fpubh.2022.891186

3. Yan ], Shi Y, Zhang J, Chen S, Huo X, Shen Y, et al. Impact of capitation prepayment
on the medical expenses and health service utilization of patients with coronary heart
disease: a community policy intervention program in a county in China. BMC Public
Health. (2023) 23:2224. doi: 10.1186/s12889-023-17161-x

4. Lin K, Li Y, Yao Y, Xiong Y, Xiang L. The impact of an innovative payment method
on medical expenditure, efficiency, and quality for inpatients with different types of
medical insurance: evidence from a pilot city, China. Int | Equity Health. (2024) 23:115.
doi: 10.1186/s12939-024-02196-2

5. Wang H, Gao C, Dantona C, Hull B, Sun J. DRG-LLaMA: tuning LLaMA model to
predict diagnosis-related group for hospitalized patients. Npj Digi Med. (2024) 7:16. doi:
10.1038/541746-023-00989-3

6. Yasunaga H, Ide H, Imamura T, Ohe K. Impact of the japanese diagnosis procedure
combination-based payment system on cardiovascular medicine-related costs. Int Heart
J. (2005) 46:855-66. doi: 10.1536/ihj.46.855

7. Wang K, Li P, Chen L, Kato K, Kobayashi M, Yamauchi K. Impact of the japanese
diagnosis procedure combination-based payment system in Japan. ] Med Syst. (2010)
34:95-100. doi: 10.1007/s10916-008-9220-2

8. Strehl R. Gesundheitsreform 2000 - auswirkungen auf die stationére versorgung.
Chirurg. (2000) 71:417-21. doi: 10.1007/s001040051074

9. Quentin W, Stephani V, Berenson RA, Bilde L, Grasic K, Sikkut R, et al. How
Denmark, England, Estonia, France, Germany, and the USA pay for variable, specialized
and low volume care: a cross-country comparison of in-patient payment systems. Int |
Health Policy Manag. (2022) 11:2940-50. doi: 10.34172/ijhpm.2022.6536

10. Dimitropoulos V, Yeend T, Zhou Q, McAlister S, Navakatikyan M, Hoyle P, et al.
A new clinical complexity model for the australian refined diagnosis related groups.
Health Policy. (2019) 123:1049-52. doi: 10.1016/j.healthpol.2019.08.012

11. Jackson T, Dimitropoulos V, Madden R, Gillett S. Australian diagnosis related
groups: drivers of complexity adjustment. Health Policy. (2015) 119:1433-41. doi:
10.1016/j.healthpol.2015.09.011

Frontiers in Public Health

10.3389/fpubh.2025.1567838

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Gen Al was used in the creation of
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1567838/
full#supplementary-material

12. Charlton V. NICE and fair? Health technology assessment policy under the UK’s
National Institute for health and care excellence, 1999-2018. Health Care Anal. (2020)
28:193-227. doi: 10.1007/s10728-019-00381-x

13.Li X, Zhang Y, Zhang X, Li X, Lin X, Han Y. Effects of fee-for-service, diagnosis-
related-group, and mixed payment systems on physicians’ medical service behavior:
experimental evidence. BMC Health Serv Res. (2022) 22:870. doi:
10.1186/s12913-022-08218-5

14. Gao C, Xu E, Liu GG. Payment reform and changes in health care in China. Soc Sci
Med. (2014) 111:10-6. doi: 10.1016/j.socscimed.2014.03.035

15.Jian W, Lu M, Liu G, Chan KY, Poon AN. Beijings diagnosis-related group
payment reform pilot: impact on quality of acute myocardial infarction care. Soc Sci
Med. (2019) 243:112590. doi: 10.1016/j.s0cscimed.2019.112590

16. Kutz A, Gut L, Ebrahimi F, Wagner U, Schuetz P, Mueller B. Association of the
swiss diagnosis-related group reimbursement system with length of stay, mortality, and
readmission rates in hospitalized adult patients. JAMA Netw Open. (2019) 2:e188332.
doi: 10.1001/jamanetworkopen.2018.8332

17. Yuan S, Liu W, Wei F, Zhang H, Wang S, Zhu W, et al. Impacts of hospital payment
based on diagnosis related groups (DRGs) with global budget on resource use and
quality of care: a case study in China. IJPH. (2019). doi: 10.18502/ijph.v48i2.818

18. Cao Z, Liu X, Wang X, Guo M, Guan Z. Impacts of DRG-based prepayment reform
on the cost and quality of patients with neurologic disorders: evidence from a quasi-
experimental analysis in Beijing, China. Risk Manag Healthc Policy. (2024) 17:1547-60.
doi: 10.2147/RMHP.§458005

19. Schreyogg ], Stargardt T, Tiemann O, Busse R. Methods to determine
reimbursement rates for diagnosis related groups (DRG): a comparison of nine european
countries. Health Care Manag Sci. (2006) 9:215-23. doi: 10.1007/s10729-006-9040-1

20. Fernandez-Alonso V, Gil-Prieto R, Amado-Anton-Pacheco M, Herndndez-Barrera
V, Gil-De-Miguel A. Hospitalization burden associated with anus and penis neoplasm
in Spain (2016-2020). Hum Vaccin Immunother. (2024) 20:2334001. doi:
10.1080/21645515.2024.2334001

21.Xie H, Cui X, Ying X, Hu X, Xuan J, Xu S. Development of a novel hospital
payment system - big data diagnosis & intervention packet. Health Policy OPEN. (2022)
3:100066. doi: 10.1016/j.hpopen.2022.100066

22. Policy and regulations of the National Medical Insurance Administration: Notice
from the Office of the National Medical Insurance Administration on the issuance of the

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1567838
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1567838/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1567838/full#supplementary-material
https://doi.org/10.3389/fpubh.2022.891186
https://doi.org/10.1186/s12889-023-17161-x
https://doi.org/10.1186/s12939-024-02196-2
https://doi.org/10.1038/s41746-023-00989-3
https://doi.org/10.1536/ihj.46.855
https://doi.org/10.1007/s10916-008-9220-2
https://doi.org/10.1007/s001040051074
https://doi.org/10.34172/ijhpm.2022.6536
https://doi.org/10.1016/j.healthpol.2019.08.012
https://doi.org/10.1016/j.healthpol.2015.09.011
https://doi.org/10.1007/s10728-019-00381-x
https://doi.org/10.1186/s12913-022-08218-5
https://doi.org/10.1016/j.socscimed.2014.03.035
https://doi.org/10.1016/j.socscimed.2019.112590
https://doi.org/10.1001/jamanetworkopen.2018.8332
https://doi.org/10.18502/ijph.v48i2.818
https://doi.org/10.2147/RMHP.S458005
https://doi.org/10.1007/s10729-006-9040-1
https://doi.org/10.1080/21645515.2024.2334001
https://doi.org/10.1016/j.hpopen.2022.100066

Tao et al.

list of pilot cities for regional point-based Total budget and diagnosis-related group
payment. Available online at: https://www.nhsa.gov.cn/art/2020/11/4/art_37_3812.htm]
(Accessed January 20, 2025).

23.Lai Y, FuH, Li L, Yip W. Hospital response to a case-based payment scheme under
regional global budget: the case of Guangzhou in China. Soc Sci Med. (2022) 292:114601.
doi: 10.1016/j.s0cscimed.2021.114601

24.Hong D, Lv D, Wu J, Li X, Zhao Q, Lu X, et al. The influence of diagnosis
intervention packet policy intervention on medication structure and drug cost of elderly
hypertensive inpatients in China: a multicenter interrupted time-series analysis. Risk
Manag Healthc Policy. (2023) 16:1781-90. doi: 10.2147/RMHP.S418541

25. Tang X, Zhang X, Chen Y, Yan J, Qian M, Ying X. Variations in the impact of the
new case-based payment reform on medical costs, length of stay, and quality across
different hospitals in China: an interrupted time series analysis. BMC Health Serv Res.
(2023) 23:568-10. doi: 10.1186/s12913-023-09553-x

26. Bernal JL, Cummins S, Gasparrini A. Corrigendum to: interrupted time series
regression for the evaluation of public health interventions: a tutorial. Int ] Epidemiol.
(2020) 49:1414. doi: 10.1093/ije/dyaal18

27. Hategeka C, Ruton H, Karamouzian M, Lynd LD, Law MR. Use of interrupted time
series methods in the evaluation of health system quality improvement interventions: a
methodological systematic review. BMJ Glob Health. (2020) 5:e003567. doi:
10.1136/bmjgh-2020-003567

28.Xiong X, Huo Z, Zhou S, Bai G, He S, Zhou Y, et al. Short- and long-term impacts
of the national essential medicines policy on drug availability, price, and usage in a
deprived rural county in southwestern China: an interrupted time series analysis across
8 years. Front Public Health. (2024) 12:1355239. doi: 10.3389/fpubh.2024.1355239

29. Quentin W, Scheller-Kreinsen D, Geissler A, Busse RGroup on behalf of the E.
Appendectomy and diagnosis-related groups (DRGs): patient classification and hospital
reimbursement in 11 european countries. Langenbeck’s Arch Surg. (2011) 397:317-26.
doi: 10.1007/s00423-011-0877-5

30. Gaughan J, Kobel C. Coronary artery bypass grafts and diagnosis related groups:
patient classification and hospital reimbursement in 10 european countries. Health Econ
Rev. (2014) 4:4. doi: 10.1186/s13561-014-0004-8

31.Ma W, Qu J, Han H, Jiang Z, Chen T, Lu X, et al. Statistical insight into China’s
indigenous diagnosis-related-group system evolution. Health Care. (2023) 11:2965. doi:
10.3390/healthcare11222965

32.Li Q Fan X, Jian W. Impact of diagnosis-related-group (DRG) payment on
variation in hospitalization expenditure: evidence from China. BMC Health Serv Res.
(2023) 23:688. doi: 10.1186/s12913-023-09686-z

33. Yang Y, Nicholas S, Maitland E, Huang Z, Chen X, Ma Y, et al. An equity evaluation
in stroke inpatients in regard to medical costs in China: a nationwide study. BMC Health
Serv Res. (2021) 21:425. doi: 10.1186/s12913-021-06436-x

34. Yashi LI, Wenlong ZHANG, Zhang YUAN, Jianguo LI. Analysis on the equity of
benefits of medical insurance between employees and residents ——evidence from
China Famliy panel studies. Health Economics Research. (2022) 39:13-7. doi:
10.14055/j.cnki.33-1056/£.2022.03.004

35.Chandra A, Cutler D, Song Z. “Chapter six - who ordered that? The economics
of treatment choices in medical care”, In: MV Pauly, TG Mcguire and PP Barros,
editors. Handbook of health economics. Elsevier (2011). 397-432. doi:
10.1016/B978-0-444-53592-4.00006-2

36. Zhou T, Gao Y, Zuo X. On the benefit equity of basic medical insurance under the
background of common prosperity:empirical evidence from CHARLS data. ] East China
Normal University. (2024) 56:182. doi: 10.16382/j.cnki.1000-5579.2024.02.014

37. Gu X, Hui W. A study on universal health care coverage and equity in health care
utilization: an analysis based on multiple rounds of data from the China household
tracking survey. ] Soochow Univ. (2024) 45:28-38. doi: 10.19563/j.cnki.sdzs.2024.05.004

Frontiers in Public Health

11

10.3389/fpubh.2025.1567838

38. Meng Y, Yu R, Bai H, Han J. Evidence from the China family panel studies survey
on the effect of integrating the basic medical insurance system for urban and rural
residents on the health equity of residents: difference-in-differences analysis. JMIR
Public Health Surveillance. (2024) 10:e50622. doi: 10.2196/50622

39. Messerle R, Schreyogg J. Country-level effects of diagnosis-related groups:
evidence from Germany’s comprehensive reform of hospital payments. Eur ] Health
Econ. (2023) 25:1013-30. doi: 10.1007/s10198-023-01645-z

40.Lin M-Y, Hanchate AD, Frakt AB, Burgess JF, Carey K. Do accountable care
organizations differ according to physician-hospital integration? A retrospective
observational study. Medicine. (2021) 100:25231. doi:
10.1097/MD.0000000000025231

41. Wang H, Xiang X. Evaluating the effect of health insurance reform on health equity
and financial protection for elderly in low- and middle-income countries: evidences
from China. Glob Health. (2024) 20:57. doi: 10.1186/s12992-024-01062-8

42.Meng Z, Ma Y, Song S, Li Y, Wang D, Si Y, et al. Economic implications of Chinese
diagnosis-related group-based payment Systems for Critically ill Patients in ICUs. Crit
Care Med. (2020) 48:¢565-73. doi: 10.1097/CCM.0000000000004355

43. Hu W-Y, Yeh C-FE, Shiao A-S, Tu T-Y. Effects of diagnosis-related group payment
on health-care provider behaviors: a consecutive three-period study. J Chin Med Assoc.
(2015) 78:678-85. doi: 10.1016/j.jcma.2015.06.012

44. Tan H, Zhang X, Bi S, Chen Y, Guo D. How significant is cost-shifting behavior under
the diagnosis intervention packet payment reform? Evidence from the coronary heart disease
market. Front Public Health. (2024) 12:1431991. doi: 10.3389/fpubh.2024.1431991

45.Qin Z, Liu S, Zhou M, Chen L, Huang W, Shen L. Impacts of unifying urban and
rural residents’ medical insurance on the hospitalisation expenses of rural patients in
eastern China: an interrupted time series analysis. BMJ Open. (2023) 13:¢067198. doi:
10.1136/bmjopen-2022-067198

46. Lin X, Cai M, Tao H, Liu E, Cheng Z, Xu C, et al. Insurance status, inhospital
mortality and length of stay in hospitalised patients in Shanxi, China: a cross-sectional
study. BMJ Open. (2017) 7:e015884. doi: 10.1136/bmjopen-2017-015884

47.Dai G, Li R, Ma S. Research on the equity of health resource allocation
in TCM hospitals in China based on the Gini coefficient and agglomeration
degree:  2009-2018. Int ] Equity Health. (2022) 21:145-14. doi:
10.1186/512939-022-01749-7

48. Vuagnat A, Yilmaz E, Roussot A, Rodwin V, Gadreau M, Bernard A, et al. Did
case-based payment influence surgical readmission rates in France? A retrospective
study. BMJ Open. (2018) 8:¢018164. doi: 10.1136/bmjopen-2017-018164

49.Dong Y, Chen J, Jing X, Shi X, Chen Y, Deng X, et al. Impact of
capitation on outpatient expenses among patients with diabetes mellitus in Tianjin,
China: a natural experiment. BMJ Open. (2019) 9:€024807. doi: 10.1136/bmjopen-
2018-024807

50. Yan J, Lin H-H, Zhao D, Hu Y, Shao R. China’s new policy for healthcare cost-
control based on global budget: a survey of 110 clinicians in hospitals. BMC Health Serv
Res. (2019) 19:84. doi: 10.1186/s12913-019-3921-8

51. He R, Miao Y, Zhang L, Yang ], Li Z, Li B. Effects of expanding outpatient benefit
package on the rationality of medical service utilisation of patients with hypertension:
a quasi-experimental trial in rural China. BMJ Open. (2019) 9:¢025254. doi:
10.1136/bmjopen-2018-025254

52.Tao X, Zeng Y, Jiao W. The impact of medical insurance and old-age security on
the utilization of medical services by the older population with disabilities. BMC Health
Serv Res. (2024) 24:892. doi: 10.1186/s12913-024-11323-2

53. Ding Y, Yin ], Zheng C, Dixon S, Sun Q. The impacts of diagnosis-intervention packet
payment on the providers behavior of inpatient care—evidence from a national
pilot city in China. Front Public Health. (2023) 11:1069131. doi: 10.3389/fpubh.2023.
1069131

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1567838
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.nhsa.gov.cn/art/2020/11/4/art_37_3812.html
https://doi.org/10.1016/j.socscimed.2021.114601
https://doi.org/10.2147/RMHP.S418541
https://doi.org/10.1186/s12913-023-09553-x
https://doi.org/10.1093/ije/dyaa118
https://doi.org/10.1136/bmjgh-2020-003567
https://doi.org/10.3389/fpubh.2024.1355239
https://doi.org/10.1007/s00423-011-0877-5
https://doi.org/10.1186/s13561-014-0004-8
https://doi.org/10.3390/healthcare11222965
https://doi.org/10.1186/s12913-023-09686-z
https://doi.org/10.1186/s12913-021-06436-x
https://doi.org/10.14055/j.cnki.33-1056/f.2022.03.004
https://doi.org/10.1016/B978-0-444-53592-4.00006-2
https://doi.org/10.16382/j.cnki.1000-5579.2024.02.014
https://doi.org/10.19563/j.cnki.sdzs.2024.05.004
https://doi.org/10.2196/50622
https://doi.org/10.1007/s10198-023-01645-z
https://doi.org/10.1097/MD.0000000000025231
https://doi.org/10.1186/s12992-024-01062-8
https://doi.org/10.1097/CCM.0000000000004355
https://doi.org/10.1016/j.jcma.2015.06.012
https://doi.org/10.3389/fpubh.2024.1431991
https://doi.org/10.1136/bmjopen-2022-067198
https://doi.org/10.1136/bmjopen-2017-015884
https://doi.org/10.1186/s12939-022-01749-7
https://doi.org/10.1136/bmjopen-2017-018164
https://doi.org/10.1136/bmjopen-2018-024807
https://doi.org/10.1136/bmjopen-2018-024807
https://doi.org/10.1186/s12913-019-3921-8
https://doi.org/10.1136/bmjopen-2018-025254
https://doi.org/10.1186/s12913-024-11323-2
https://doi.org/10.3389/fpubh.2023.1069131
https://doi.org/10.3389/fpubh.2023.1069131

	A study of the impact of DIP payment reform on coronary heart disease hospitalization costs and equity
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Data sources and samples
	2.2.1 Coronary heart disease
	2.2.2 Types of health insurance
	2.2.3 Hospital level
	2.3 Measurement variables
	2.4 Statistical analysis

	3 Results
	3.1 Sample characteristics
	3.2 Total cost of hospitalization
	3.3 Average length of hospitalization
	3.4 Out-of-pocket ratio
	3.5 Robustness tests

	4 Discussion
	5 Conclusion

	References

