
Edited by  

Kevin Lu, Gang Lv and Jing Yuan

Published in  

Frontiers in Public Health 

Frontiers in Health Services

Innovative value-based 
medicine: lessons from 
China’s healthcare 
evolution

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/research-topics/69298/innovative-value-based-medicine-lessons-from-chinas-healthcare-evolution
https://www.frontiersin.org/research-topics/69298/innovative-value-based-medicine-lessons-from-chinas-healthcare-evolution
https://www.frontiersin.org/research-topics/69298/innovative-value-based-medicine-lessons-from-chinas-healthcare-evolution
https://www.frontiersin.org/research-topics/69298/innovative-value-based-medicine-lessons-from-chinas-healthcare-evolution
https://www.frontiersin.org/journals/health-services


February 2026

Frontiers in Public Health 1 frontiersin.org

About Frontiers

Frontiers is more than just an open access publisher of scholarly articles: it is 

a pioneering approach to the world of academia, radically improving the way 

scholarly research is managed. The grand vision of Frontiers is a world where 

all people have an equal opportunity to seek, share and generate knowledge. 

Frontiers provides immediate and permanent online open access to all its 

publications, but this alone is not enough to realize our grand goals.

Frontiers journal series

The Frontiers journal series is a multi-tier and interdisciplinary set of open-

access, online journals, promising a paradigm shift from the current review, 

selection and dissemination processes in academic publishing. All Frontiers 

journals are driven by researchers for researchers; therefore, they constitute 

a service to the scholarly community. At the same time, the Frontiers journal 

series operates on a revolutionary invention, the tiered publishing system, 

initially addressing specific communities of scholars, and gradually climbing 

up to broader public understanding, thus serving the interests of the lay 

society, too.

Dedication to quality

Each Frontiers article is a landmark of the highest quality, thanks to genuinely 

collaborative interactions between authors and review editors, who include 

some of the world’s best academicians. Research must be certified by peers 

before entering a stream of knowledge that may eventually reach the public - 

and shape society; therefore, Frontiers only applies the most rigorous and 

unbiased reviews. Frontiers revolutionizes research publishing by freely 

delivering the most outstanding research, evaluated with no bias from both 

the academic and social point of view. By applying the most advanced 

information technologies, Frontiers is catapulting scholarly publishing into  

a new generation.

What are Frontiers Research Topics? 

Frontiers Research Topics are very popular trademarks of the Frontiers 

journals series: they are collections of at least ten articles, all centered  

on a particular subject. With their unique mix of varied contributions from  

Original Research to Review Articles, Frontiers Research Topics unify the 

most influential researchers, the latest key findings and historical advances  

in a hot research area.

Find out more on how to host your own Frontiers Research Topic or 

contribute to one as an author by contacting the Frontiers editorial office: 

frontiersin.org/about/contact

FRONTIERS EBOOK COPYRIGHT STATEMENT

The copyright in the text of individual 
articles in this ebook is the property 
of their respective authors or their 
respective institutions or funders.
The copyright in graphics and images 
within each article may be subject 
to copyright of other parties. In both 
cases this is subject to a license 
granted to Frontiers. 

The compilation of articles constituting 
this ebook is the property of Frontiers. 

Each article within this ebook, and the 
ebook itself, are published under the 
most recent version of the Creative 
Commons CC-BY licence. The version 
current at the date of publication of 
this ebook is CC-BY 4.0. If the CC-BY 
licence is updated, the licence granted 
by Frontiers is automatically updated 
to the new version. 

When exercising any right under  
the CC-BY licence, Frontiers must be 
attributed as the original publisher  
of the article or ebook, as applicable. 

Authors have the responsibility of 
ensuring that any graphics or other 
materials which are the property of 
others may be included in the CC-BY 
licence, but this should be checked 
before relying on the CC-BY licence 
to reproduce those materials. Any 
copyright notices relating to those 
materials must be complied with. 

Copyright and source 
acknowledgement notices may not  
be removed and must be displayed 
in any copy, derivative work or partial 
copy which includes the elements  
in question. 

All copyright, and all rights therein,  
are protected by national and 
international copyright laws. The 
above represents a summary only. 
For further information please read 
Frontiers’ Conditions for Website Use 
and Copyright Statement, and the 
applicable CC-BY licence.

ISSN 1664-8714 
ISBN 978-2-8325-7479-9 
DOI 10.3389/978-2-8325-7479-9

Generative AI statement
Any alternative text (Alt text) provided 
alongside figures in the articles in 
this ebook has been generated by 
Frontiers with the support of artificial 
intelligence and reasonable efforts 
have been made to ensure accuracy, 
including review by the authors 
wherever possible. If you identify any 
issues, please contact us.

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/
https://www.frontiersin.org/about/contact
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


February 2026

Frontiers in Public Health 2 frontiersin.org

Innovative value-based medicine: 
lessons from China’s healthcare 
evolution

Topic editors

Kevin Lu — University of South Carolina, United States

Gang Lv — People’s Liberation Army General Hospital, China

Jing Yuan — Fudan University, China

Citation

Lu, K., Lv, G., Yuan, J., eds. (2026). Innovative value-based medicine: lessons 

from China’s healthcare evolution. Lausanne: Frontiers Media SA. 

doi: 10.3389/978-2-8325-7479-9

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/
http://doi.org/10.3389/978-2-8325-7479-9


February 2026

Frontiers in Public Health 3 frontiersin.org

05	 Editorial: Innovative value-based medicine: lessons from 
China’s healthcare evolution
Gang Lv, Xiangxiang Jiang, Jing Yuan and Z. Kevin Lu

09	 The impacts of diagnosis-intervention packet payment on 
inpatient medical costs for hematologic malignancies and 
solid tumors: evidence from a retrospective study in China
Huiping Xu, Qunqing She, Beibei Zhang, Shaogui Zhang and 
Linjun Xie

18	 Cost-effectiveness analysis of Toripalimab regimen for 
extensive-stage small-cell lung cancer in China and America
Jing Yang, Fang Chen, Junlin Li, Yujie Zhou, Hao Wang and 
Yunchun Long

31	 The impact of digital economy on the supply chain resilience 
of cross-border healthcare e-commerce
Jianyu Liu, Siyi Mao, Lin Lu, Yuan Jing, Xiangjun Yang, Hejiang Xu and 
Yuelin Ren

47	 Cost-effectiveness analysis of rezvilutamide versus 
bicalutamide and androgen-deprivation therapy in patients 
with high-volume, metastatic, hormone-sensitive prostate 
cancer: a Markov’s model-based evaluation
Juan Hong, Xiaohui Zeng, Wenjun Chen, Ziyuan Zhou, Yuming He, 
Jun Meng and Lihui Ouyang

55	 Facilitators and barriers to the implementation of DIP 
payment methodology reform in a public hospital in 
Guangzhou: a qualitative study based on the implementation 
of the meta-framework for research (CFIR) framework
Jinghui Chang, Siyi Chen, Anqi Li, Xixi Yang, Hualian Luo, 
Maidina Yilamu, Bingqian Fu, Nuoyan Xu, Jing Liu and Huishu Tian

67	 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

78	 Can the Marketing Authorisation Holder system improve the 
ESG performance of pharmaceutical manufacturers?
Jiajing Li

93	 Evaluating and enhancing the service capacity of secondary 
public hospitals in urban China: a multi-method empirical 
analysis based on Guangzhou (2019–2023)
Baoling Wu, Wenbo Wu, Xi Wang, Weizhang Huang, Zhenni Luo and 
Jifeng Li

106	 A multi-stakeholder multicriteria decision analysis for 
implantable medical devices assessment in China
Yizhou Xu, Junjie Wan, Bin Wan and Haixia Ding

Table of
contents

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/


February 2026

Frontiers in Public Health 4 frontiersin.org

115	 Cost-effectiveness analysis of Chinese patent medicines for 
the treatment of postmenopausal osteoporosis in China
Cong Wang, Xihan Lin, Jinyu Liu, Yu Zhang and Ruxu You

126	 Impact of China’s National Volume-Based Procurement 
policy exclusively for insulin on the volume, expenditure and 
price: an interrupted time series analysis in Guangdong 
Province
Changsong Jiang, Manling Nie, Yun Lu, Ting Jiang, Dan Guo, 
Peng Qi, Na Li and Feng Chang

135	 A queuing game theory approach to strategies for 
supplementing medical alliances with internet hospitals
Xin Zhang, Yue Meng and Jiachun Li

148	 Unpacking the cost implications of diagnosis-related groups 
reform for lumbar disc herniation patients in Chinese 
medicine: a closer look at evidence from China
Meng-en Chen, Yu-han Wang, Jing Yu, Shi-ji Xia, Xiao-xi Zhang, 
Yan Wang, You-shu Yuan, Xuan Jia, He-nong Sun, Guo-ping Wu, 
Jia-yi Wang, Tian-zhen Cong, Fan-xin Kong, Hao-jia Hou, 
Jing-yu Yang and Zhi-wei Wang

165	 Durvalumab consolidation therapy in patients with stage III 
small cell lung cancer after concurrent chemoradiation: a 
China-based cost-effectiveness analysis
Hui Zhang, Yuhang Liu, Bikun Cai, Mengyi Wang, Haonan Li and 
Hong Wang

177	 Determinants of primary care physicians’ intention to provide 
breast cancer screening services for rural women: a 
structural equation model based on the theory of planned 
behavior
Yinren Zhao, Zixuan Zhang, Yubai He, Zixin Gu, Fan Yang, Zhiqing Hu 
and Yuan He

188	 Study on the relationship between buyer market power, 
spatial spillover effect, and profit in China’s pharmaceutical 
industry
Yu Guanyi, Wu Lei, Chen Heng and Ding Zhengliang

203	 Characteristics of hospitalization patterns and expenditures 
in cross-border medical tourism: a knee replacement surgery 
cohort study
Shiya Zuo and Ling Lin

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/


TYPE Editorial

PUBLISHED 26 January 2026

DOI 10.3389/fpubh.2026.1783125

OPEN ACCESS

EDITED AND REVIEWED BY

Xiaozhen Lai,

Peking University, China

*CORRESPONDENCE

Jing Yuan

jingyuan@um.edu.mo

Z. Kevin Lu

lu32@email.sc.edu

RECEIVED 07 January 2026

ACCEPTED 12 January 2026

PUBLISHED 26 January 2026

CITATION

Lv G, Jiang X, Yuan J and Lu ZK (2026)

Editorial: Innovative value-based medicine:

lessons from China’s healthcare evolution.

Front. Public Health 14:1783125.

doi: 10.3389/fpubh.2026.1783125

COPYRIGHT

© 2026 Lv, Jiang, Yuan and Lu. This is an

open-access article distributed under the

terms of the Creative Commons Attribution

License (CC BY). The use, distribution or

reproduction in other forums is permitted,

provided the original author(s) and the

copyright owner(s) are credited and that the

original publication in this journal is cited, in

accordance with accepted academic practice.

No use, distribution or reproduction is

permitted which does not comply with these

terms.

Editorial: Innovative value-based
medicine: lessons from China’s
healthcare evolution

Gang Lv1, Xiangxiang Jiang2, Jing Yuan3* and Z. Kevin Lu2*

1Department of General Surgery, The First Medical Center of Chinese PLA General Hospital, Beijing,

China, 2Department of Clinical Pharmacy and Outcomes Sciences, College of Pharmacy, University of

South Carolina, Columbia, SC, United States, 3Institute of Chinese Medical Sciences, University of

Macau, Taipa, Macau, China

KEYWORDS

China, cost-e�ectiveness, health policy, health system reform, value-based medicine

Editorial on the Research Topic

Innovative value-based medicine: lessons from China’s

healthcare evolution

Healthcare systems face a dual challenge of ensuring access to innovations while

preserving financial sustainability, giving rise to value-based medicine (VBM), which

balances clinical benefit and cost to optimize population health outcomes (1). Additionally,

VBM aligns incentives among payers, providers, and patients by emphasizing outcomes,

efficiency, and sustainability (1).

China offers a compelling case study in the global evolution of VBM (Table 1). Over

the past decade, China has piloted strategies to balance innovation with sustainable

financing, including reforms in hospital governance (2), introduction of novel drug

payment mechanisms (2), and broader adoption of big data and artificial intelligence

(AI) for monitoring costs and clinical outcomes. (3) These reforms highlight how large

health systems apply VBM under demographic change, chronic disease growth, and

equity demands.

A central element of China’s VBM is transparent drug pricing and reimbursement

negotiations. Through the National Reimbursement Drug List (NRDL) (4), bulk

purchasing has made high-cost drugs more accessible. Simultaneously, payment reforms

such as the Diagnosis-Intervention Packet (DIP) system (5) bundle payments to limit

unnecessary use and improve efficiency. These reforms reflect a shift away from

volume-based incentives and toward structures that prioritize clinical effectiveness

and sustainability.

Another frontier of innovation in VBM is the incorporation of technology-driven

insights. China’s experience with electronic health records, big data, and AI illustrates the

potential of digital infrastructure to support outcome measurement, identify inefficiencies,

and forecast future healthcare needs. These tools enable more precise, equitable, and

sustainable care. For instance, AI-powered models can stratify patients by risk and guide

resource allocation, ensuring that interventions generate the greatest health return per unit

cost (3).

China’s experience reflects global debates on sustainable healthcare financing: high-

income countries face the rising costs of biologics and gene therapies, while low- and

middle-income nations struggle to expand access without straining budgets. Value-based

approaches offer a common framework by linking innovation, outcomes, and affordability.
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TABLE 1 Summary of studies on value-based medicine (VBM) in China.

Study Focus Study design Main findings VBM implications

Zuo et al. Hospitalization patterns and costs

in cross-border medical tourism

for knee replacement

Retrospective cohort study

using inpatient record data

(2023–2024)

Cross-border patients had shorter

length of stay and lower

hospitalization costs; length of

stay fully mediated cost

differences, indicating higher care

efficiency

Cross-border care integration may

enhance value-based care by improving

efficiency, reducing unnecessary

resource use, and optimizing costs

without compromising outcomes

Guanyi et al. Relationship between buyer

market power, spatial spillover

effects, and pharmaceutical

industry profitability in China

Empirical analysis using a

spatial Durbin model on

industry data (2001–2021)

Local buyer market power reduces

local pharmaceutical firm

profitability and exerts weak

negative spillover effects on

neighboring regions; supplier

counter-power and firm size

mitigate some impacts

The VBM policies should align

purchasing power with

performance-based pricing to sustain

efficiency, competition, and long-term

value creation

Zhao et al. Determinants of primary care

physicians’ intention to provide

breast cancer screening services

for rural women

Cross-sectional survey of

1,101 primary care

physicians using an extended

theory of planned behavior

model

Subjective norms most strongly

predicted intention to provide

screening, followed by attitudes

and perceived behavioral control;

screening knowledge and past

behavior also influenced

intentions indirectly

Supporting primary care physicians

through training, social norms, and

enabling resources can increase

preventive screening uptake and

improve value-based outcomes in

underserved populations

Zhang H. et al. Cost-effectiveness of durvalumab

consolidation therapy after

chemoradiation for stage III

small-cell lung cancer in China

Markov model cost-utility

analysis using data from the

Phase III trial

Durvalumab improved survival

but was not cost-effective at

current prices in China, with

ICER far above WTP thresholds;

sensitivity emphasized drug price

as key driver of economics

Balancing clinical benefit with price and

reimbursement strategies is crucial to

deliver high-value cancer care and

ensure innovative therapies provide

both health and economic value

Chen et al. DRG payment reform and costs of

lumbar disc herniation

Quasi-experimental

(pre-post comparison)

design using hospital

inpatient records

(2017–2022)

The DRG reform is associated

with lower hospitalization costs

and reduced costs for both

Chinese medicine and Western

medicine

True VBM in TCM hospitals requires

linking payments to outcomes and

tailoring reimbursement models to

TCM’s unique treatment characteristics

Zhang X. et al. The optimal strategies for

supplementing MAs with

Internet-based healthcare

A two-stage queuing

game-theoretic model

Supplementing MAs with internet

hospitals can increase downward

referral volume and provider

effort under favorable cost, arrival

rate, and revenue-sharing

conditions, especially within

tightly integrated alliances

Integrating digital health platforms into

alliance networks can enhance

value-based care by improving flow

efficiency and resource allocation

Jiang et al. The effect of China’s NVBP policy

exclusively for insulin

An interrupted time series

analysis using procurement

data (2020–2024)

NVBP policy significantly reduced

insulin expenditure while

improving treatment accessibility

and affordability for insulin

NVBP advances VBM by reducing

insulin costs and improving access while

encouraging the use of cost-effective,

higher-value therapies

Wang et al. Cost-effectiveness of Xianling

Gubao Capsules compared to

Jintiange Capsules and

non-treatment for

postmenopausal osteoporosis

Markov model-based

cost-effectiveness analysis

using data from a network

meta-analysis

The ICERs for the Jintiange

capsule compared to the Xianling

Gubao capsule ranged from

$11,955 per QALY at age 55 to

$9,711 per QALY at age 74

Integrating Chinese patent medicines

supports VBM by emphasizing

cost-effective treatments that improve

patient outcomes and optimize

healthcare resource use

Xu Y. et al. Developing a standardized

MCDA framework tailored for

implantable medical devices in

China

A mixed-methods design

combining a discrete choice

experiment and MCDA

Clinical safety (35.45%) and cost

(27.94%) are the top-ranked

criteria for implantable medical

devices

Using MCDA framework can help guide

implantable medical device evaluations

toward transparent, evidence-driven,

and outcome-oriented resource

allocation decisions

Wu et al. Service capacity of secondary

hospitals in Guangzhou

Multi-method empirical

design

Capacity improved overall, but

disparities widened; shift to

bimodal distribution

Governance and resource allocation

must address efficiency and equity

across tiers

Li MAH system and ESG of

pharmaceutical firms

Difference-in-differences

using panel data (2012–2019)

MAH enhanced ESG via R&D,

pay equity, supply chain; strongest

in non-SOEs

Institutional innovation can align

corporate behavior with sustainable

health goals

Tao et al. DIP reform and coronary heart

disease costs

Interrupted time series

analysis using claims data

(2020–2023)

Costs and LOS declined, but

divergent OOP effects by

insurance type

Payment reforms improve efficiency but

must be tailored to protect equity

(Continued)
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TABLE 1 (Continued)

Study Focus Study design Main findings VBM implications

Chang et al. Barriers/facilitators in DIP reform

implementation

Qualitative case study using

the CFIR framework, based

on semi-structured

interviews

Leadership and guidelines

facilitated reform; staff resistance

and resource strain hindered

Organizational readiness and adaptive

capacity are essential for reform success

Hong et al. Cost-effectiveness of

rezvilutamide in prostate cancer

Markov model-based

cost-effectiveness analysis

using data from the CHART

phase III clinical trial

Rezvilutamide added QALYs but

not cost-effective at current

pricing; would be cost-effective if

priced below∼$705

Pricing strategies must align innovation

with affordability

Liu et al. Digital economy and cross-border

supply chain resilience

Observational provincial

panel analysis (2013–2022)

Digitalization strengthened

resilience via diversification and

reduced concentration; strongest

in west

Digital infrastructure supports resilience

and sustainable access

Yang et al. Cost-effectiveness of toripalimab

in ES-SCLC

Partitioned survival model

using data from the phase III

EXTENTORCH trial

Cost-effective in China

($29k/QALY) but not in US

($916k/QALY)

Cost-effectiveness is context-specific,

requiring alignment with local

thresholds

Xu H. et al. DIP reform and cancer costs

(hematologic vs solid tumors)

Retrospective, single-center

observational study

Costs declined post-reform, but

hematology care exceeded

reimbursement, causing deficits

Payment standards must reflect clinical

complexity to ensure sustainability

VBM, value-basedmedicine; ICER, incremental cost-effectiveness ratio;WTP, willingness-to-pay; DRG, Diagnosis-Related Groups; TCM, Traditional ChineseMedicine;MAs: medical alliances;

NVBP, National Volume-Based Procurement; QALY, quality-adjusted life year; MCDA: multicriteria decision analysis; DIP, diagnosis-intervention packet; CHD, coronary heart disease; CFIR,

Consolidated Framework for Implementation Research; MAH, Marketing Authorisation Holder; ESG, environmental, social, and governance; SOE, state-owned enterprise; LOS, length of stay;

ES-SCLC, extensive-stage small-cell lung cancer.

This Research Topic adds valuable evidence from China,

spanning hospital governance, drug pricing, supply chains, and

oncology cost-effectiveness, highlighting both the promise and

complexity of implementing VBM. Collectively, these studies

provide a roadmap for policymakers and clinicians to balance

innovation and sustainability in China and beyond.

Zhao et al. examined determinants of physicians’ willingness to

provide preventive services and found that intentions are shaped

by norms and capacity, implying that supportive environments

and digital technologies can strengthen sustainable, value-based

health systems.

Chen et al. analyzed Diagnosis-Related Groups (DRG) reform

effects on lumbar disc herniation patients, and found reduced

hospitalization and drug costs. This study suggests that to

advance VBM, payment reforms must better align with Traditional

Chinese Medicine (TCM) treatment characteristics and outcome-

based incentives.

Jiang et al. used interrupted time series analysis of Guangdong’s

insulin procurement data and found that China’s National

Volume-Based Procurement (NVBP) policy significantly increased

insulin use while reducing total spending and unit costs. These

results suggest that centralized procurement can enhance VBM

by improving affordability and access without compromising

treatment availability.

Xu Y. et al. established a multicriteria decision analysis

framework for evaluating implantable medical devices in China,

and they found that clinical safety and cost were the most

influential criteria, highlighting the framework’s potential to

promote transparent, VBM allocation.

Wu et al. assessed the service capacity of public hospitals

and found that while overall service capacity improved, disparities

between hospitals widened, mainly due to inter-group differences.

The authors suggest strengthening coordination, optimizing

resource allocation, and improving performance evaluation to

promote more balanced, value-based hospital development.

Li found that China’s Marketing Authorization Holder system

significantly improved pharmaceutical firms’ environmental, social,

and corporate governance performance by boosting investment

and reducing internal inequality, supporting more sustainable,

value-based industry development.

Tao et al. analyzed data from 264 hospitals and

found that China’s DIP reform significantly reduced

hospitalization costs and length of stay for coronary

heart disease patients. However, differences in out-of-

pocket ratios between insurance types highlight the need

to balance efficiency gains with equity in value-based

payment reforms.

Chang et al. conducted qualitative interviews and found

leadership support and clear guidelines that facilitated

DIP reform, while resource constraints and staff resistance

hindered their adoption. The study recommends strengthening

internal management, communication, and staff training,

underscoring that successful VBM reform requires

organizational readiness and adaptive capacity alongside

policy design.

Liu et al. assessed the digital economy’s impact on

resilience and found that digitalization strengthens resilience

by reducing trade dependence, increasing export complexity,

and lowering concentration. The study illustrates how digital

infrastructure supports continuity of care and economic

stability, extending VBM to the domain of global supply

chain sustainability.

Xu H. et al. evaluated DIP reform’s impact on costs for

hematologic malignancies (HM). While overall costs decreased,

HM treatments remained above reimbursement standards. This

underscores the need to refine payment standards to reflect clinical
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complexity and resource intensity, ensuring departments remain

financially viable.

Additionally, Zhang H. et al., Wang et al., Hong et al., and

Yang et al. conducted cost-effectiveness analyses of oncology,

immunotherapy, and pharmaceutical interventions, showing that

clinical benefits often depend on price levels and reimbursement

thresholds, underscoring the importance of price negotiation for

realizing value. Zuo et al. demonstrated that cross-border knee

replacement care achieved lower costs through shorter length

of stay, highlighting efficiency gains from system integration.

Guanyi et al. found that excessive buyer market power may

suppress pharmaceutical profitability, suggesting the need to

balance affordability with innovation incentives. Zhang X.

et al. showed that integrating internet hospitals into medical

alliances can improve referral efficiency and stakeholder value

under appropriate cost-sharing arrangements, supporting value-

based care by optimizing resource allocation and access across

healthcare tiers.

Conclusion

These studies show how China’s healthcare reforms

serve as laboratories for value-based models and illustrate

the diverse domains where VBM principles apply. Key

lessons include the need for equity-sensitive design, the

role of technology in resilience, and the importance of

aligning pricing and reimbursement with clinical and

economic realities.

As health systems worldwide face rising costs and unequal

access, these findings stress that value-based medicine is

not monolithic but a flexible, context-sensitive paradigm.

Integrating lessons from China with global best practices

can help build systems that are innovative, equitable,

and sustainable.
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The impacts of 
diagnosis-intervention packet 
payment on inpatient medical 
costs for hematologic 
malignancies and solid tumors: 
evidence from a retrospective 
study in China
Huiping Xu 1†, Qunqing She 1†, Beibei Zhang 1, Shaogui Zhang 1* 
and Linjun Xie 1,2*
1 The First Hospital of Putian City, Putian, China, 2 The School of Clinical Medicine, Fujian Medical 
University, Fuzhou, China

Background: This study aims to analyze and compare the impact of the 
diagnosis-intervention packet (DIP) payment on inpatient medical costs for 
hematologic malignancies (HM) and solid tumors (ST) patients, and to explore 
its implications for hospital financial sustainability and payment reform.

Methods: Using a retrospective research design, this study focused on HM and 
ST patients treated before and after the implementation of the DIP payment at 
a large tertiary general hospital in A city, located in the eastern coastal area of 
China. Data were collected, organized, and analyzed to compare differences 
in inpatient medical costs between HM and ST patients and to examine their 
impact on the income of the department of hematology.

Results: The study included 5,115 cases from both before and after the DIP 
payment implementation. Post-implementation, the median inpatient medical 
costs per case decreased from 5,544.45 CNY to 5,169.66 CNY, with costs for 
both HM and ST hospitalizations showing a decline. Specifically, the inpatient 
medical costs per case for HM were 5,722.46 (4,471.08, 11,508.78) CNY, higher 
than those for ST at 4,779.28 (3,056.70, 7,152.64) CNY, and exceeding the DIP 
payment standard. Wilcoxon signed-rank test and regression analysis indicated 
that HM inpatient medical costs surpass the standard payments, resulting in 
financial losses. All findings were statistically significant (p < 0.05). These results 
suggest a structural mismatch between DIP reimbursement rates and the 
resource intensity of hematologic malignancy treatment, which may jeopardize 
the financial viability of hematology departments.

Conclusion: Despite a reduction in median inpatient medical costs following 
the implementation of the DIP payment, departments treating HM patients 
continue to experience financial losses due to costs exceeding the payment 
standard. These findings highlight the need to refine DIP payment standards 
to better account for clinical complexity and technological advancements. 
Future reforms should aim to improve alignment between payments and actual 
care needs to ensure financial sustainability and equity. However, this study is 
limited by its single-center design and lack of control for potential confounders. 
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Broader multi-center studies with more detailed clinical data are needed to 
validate and extend these findings.

KEYWORDS

diagnosis-intervention packet, hematologic malignancies, solid tumors, inpatient 
medical costs, China

1 Introduction

In recent years, as healthcare costs have risen and resource 
allocation has become more complex, diagnosis-related group 
(DRG) payment systems have gained increasing attention and 
widespread use globally (1). Initially proposed in the United States 
and subsequently implemented in many European and American 
countries, DRG systems have demonstrated significant effectiveness 
in controlling hospital costs, optimizing health insurance payments, 
and improving the efficiency of healthcare services (2, 3). To curb 
the rapid growth of healthcare expenditures, China introduced the 
diagnosis-intervention packet (DIP) payment system in 2020 (4). 
The DIP payment system, while similar to DRG system, 
distinguishes itself by emphasizing the integration of primary 
diagnoses and treatment methods through big data analysis. By 
establishing case combinations and payment standards, a unified 
standard system and resource allocation model were created to 
enhance the efficiency of health insurance fund utilization, 
rationally guide the allocation of healthcare resources, and ensure 
the basic medical needs of insured individuals. This innovative case-
based payment method aims to replace the traditional fee-for-
service model and address issues related to the DRG system’s 
coverage and demand behavior (5, 6).

After the implementation of the DIP payment system in China, 
research has shown that it effectively curbed the growth of healthcare 
expenditures, promoted the rational allocation of healthcare resources, 
and reduced unreasonable practices such as overtreatment and induced 
demand (7–9). However, the majority of these studies have 
concentrated on the system’s overall economic impact and operational 
feasibility, with limited attention paid to patient subgroups with rare or 
high-cost diseases. For instance, hematologic malignancies (HM) are 
a minority within the category of malignant tumors and are grouped 
together with the entire oncology population under the DIP payment 
system. The policy sets a standardized payment amount for patients 
with previously diagnosed malignant tumors undergoing maintenance 
chemotherapy, without differentiating between HM and solid tumors 
(ST) despite significant disparities in their pathophysiology, treatment 
regimens, and inpatient medical costs (10, 11). This raises important 
concerns about fairness in health financing under the DIP payment 
system. The existing literature has not adequately explored whether the 
“averaging effect” inherent in big-data-driven payment systems may 
unintentionally disadvantage vulnerable populations such as 
HM patients.

In this context, this study selects a large tertiary general hospital 
(referred to as Hospital A) in A City, a pilot city for DIP payment 
reform in the eastern coastal area of China, as a case study. The aim is 
to investigate the trends and differences in inpatient medical costs for 
HM and ST patients under the DIP payment system and to analyze its 
impact on the revenue of the department of hematology. The findings 

intend to inform more equitable payment reforms that better align 
reimbursement standards with clinical realities and patient needs.

2 Methods

2.1 Study design

This study adopted a retrospective design based on inpatient data 
from Hospital A. Hospital A is a Class A tertiary hospital with over 
1,500 beds and comprehensive clinical departments, including a well-
established hematology unit with a high volume of HM cases. As one 
of the early pilot institutions for the DIP payment reform, Hospital A 
was selected due to its policy representativeness and the availability of 
complete and continuous DIP payment data both before and after the 
policy implementation, which allowed for a longitudinal assessment 
of its impact. Leveraging this dataset, the study focused on comparing 
inpatient medical costs between patients with HM and those with ST 
under the DIP payment system, and further explored the financial 
implications for the hematology department.

2.2 Data sources

This study utilized hospital admission records from Hospital A for 
HM and ST patients treated between 2021 and 2023, encompassing 
patient characteristics, hospitalization duration, diagnoses, and 
inpatient costs. 2022 marked the DIP implementation transition; 2021 
and 2023 data served as pre- and post-implementation samples, 
respectively (note: some HM cases originated from departments 
outside hematology). The study also analyzed 2023 revenue details of 
Hospital A’s hematology department under the DIP payment system.

2.3 Sample selection

Inclusion criteria for this study were as follows: (1) Patients 
diagnosed with HM or ST, with HM types including acute leukemia 
(AL), lymphoma, and multiple myeloma (MM); (2) Primary diagnosis 
on the first page of the medical record indicating maintenance 
chemotherapy for malignant tumors (Z51.103), tumor chemotherapy 
course (Z51.100), malignant tumor immunotherapy (Z51.800), or 
targeted therapy for malignant tumors (Z51.801); (3) Availability of 
complete clinical records and treatment documentation. Exclusion 
criteria included: (1) Discharge within 24 h without complete clinical 
data; (2) Presence of severe chronic diseases or complications resulting 
in hospital stays exceeding 45 days; (3) Single hospitalization costs 
exceeding CNY 180,000; (4) Cases requiring intensive care or 
multidisciplinary treatment.
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2.4 Statistical analysis

Data processing utilized Python version 3.12 with pandas and 
SciPy libraries. Categorical data were summarized with counts and 
percentages, analyzed using chi-square tests. Normally distributed 
continuous data were presented as mean ± standard deviation and 
compared using independent or paired t-tests. Non-normally 
distributed continuous data were expressed as median (Q1, Q3) and 
analyzed with Mann–Whitney U or Wilcoxon signed-rank tests. 
Matplotlib and seaborn libraries facilitated data visualization. 
Statistical significance was defined as p < 0.05.

2.5 Ethical considerations

Patient privacy and confidentiality were paramount throughout 
this study. All patient information was de-identified and securely 
managed. Access to data was restricted to authorized personnel only, 
and electronic medical records were stored on a password-protected 
secure server. Data analysis was conducted in aggregate form to 
prevent the identification of individual patients.

3 Results

3.1 Overall trends in hospitalization days 
and costs pre- and post-DIP payment 
implementation

This study included 2,247 cases before and 2,868 cases after the 
implementation of DIP payment in the city A. There were no 
significant differences in gender and age between the two groups, with 
a median hospitalization duration of 5 days for both groups. The 
median inpatient medical costs per case decreased from 5,544.45 
(3,449.39, 8,960.18) CNY in 2021 to 5,169.66 (3,184.57, 7,657.74) 
CNY in 2023, representing a statistically significant 6.76% reduction 
(p  < 0.001). Regarding the cost structure, medical service and 
consumables costs increased, while treatment, western medicine, and 

other costs decreased (p < 0.001). Detailed breakdown and changes in 
cost structure for both groups are shown in Table 1.

3.2 Subgroup comparison between HM 
and ST groups

The two groups of patients were divided into HM and ST groups, 
with 246 cases in the HM group and 2,001 cases in the ST group 
before the implementation of DIP payment. After implementation, 
there were 606 cases in the HM group and 2,262 cases in the ST group. 
Implementation of DIP payment led to statistically significant 
reductions in both inpatient medical and western medicine costs for 
both the HM and ST groups compared to pre-implementation levels 
(p < 0.05). Additionally, it can be observed that the cost distribution 
in the HM group exhibits a distinct bimodal pattern compared to the 
ST group (Figures 1A–D).

Before and after the implementation of the DIP payment system, 
there were no significant differences in gender and age characteristics 
between HM and ST patients. In 2021, patients in the HM group had a 
median hospitalization duration of 7 days and median inpatient 
medical costs of 8,459.62 CNY, both significantly higher than those in 
the ST group (p < 0.001). The median western medicine cost per case 
for HM patients was also notably higher, at 4,951.32 CNY (p < 0.001). 
By 2023, the median hospitalization duration for the HM group had 
decreased to 3 days, shorter than that of the ST group. Median inpatient 
medical costs per case declined to 5,722.46 CNY, while western 
medicine costs slightly increased to 4,966.32 CNY. Despite the overall 
reductions in hospitalization duration and total inpatient costs, western 
medicine costs for HM patients remained significantly higher than 
those in the ST group (p < 0.001). Detailed data are presented in Table 2.

3.3 Subgroup comparison within the HM 
group

Before and after the implementation of the DIP payment system, 
both the inpatient medical costs and western medicine costs per case 

TABLE 1  Trend analysis of inpatient medical costs per case and structural changes pre- and post-DIP payment implementation (costs in CNY).

Characteristics Pre-DIP payment 
(2021)

Post-DIP payment 
(2023)

Difference p

Female (%) 1,018 (45.30%) 1,311 (45.71%) – 0.794

Age (years) 62.30 ± 11.38 62.53 ± 11.19 – 0.455

Hospitalization days 5.00 (3.00, 8.00) 5.00 (2.00, 8.00) – –

Medical service costs 340.00 (166.75, 525.50) 447.50 (199.38, 865.08) 31.62% <0.001

Diagnostic costs 893.00 (549.50, 1800.50) 900.75 (508.00, 1840.38) 0.87% 0.366

Treatment costs 186.10 (89.20, 320.35) 0.00 (0.00, 123.78) −100.00% <0.001

Western medicine costs 3082.57 (1504.26, 6189.44) 2591.12 (1218.99, 5176.36) −15.94% <0.001

Traditional Chinese medicine costs 0.00 (0.00, 55.50) 0.00 (0.00, 0.00) – –

Blood products costs 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) – –

Consumables costs 40.76 (0.00, 260.66) 68.12 (29.01, 123.14) 67.14% <0.001

Other costs 126.00 (72.00, 227.13) 0.00 (0.00, 72.00) −100.00% <0.001

Inpatient medical costs (Total costs) 5544.45 (3449.39, 8960.18) 5169.66 (3184.57, 7657.74) −6.76% <0.001

11

https://doi.org/10.3389/fpubh.2025.1453367
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Xu et al.� 10.3389/fpubh.2025.1453367

Frontiers in Public Health 04 frontiersin.org

for the HM group decreased, with Mann–Whitney U test analysis 
indicating statistically significant differences. Analysis of case 
composition within the HM group in 2023 revealed a notable increase 
in MM cases, accompanied by a rise in both median inpatient medical 
and western medicine costs. However, these differences were not 
statistically significant. Conversely, lymphoma cases showed a 
decrease in both inpatient medical and western medicine costs 
(p < 0.05). Detailed data can be found in Table 3.

3.4 Analysis of the relationship between 
costs, hospitalization days, and age in the 
HM group, and intra-group differences

Analysis of scatter plots and fitted lines for inpatient medical and 
western medicine costs within the HM group in 2021 and 2023 
(Figures 2A–D) revealed a positive correlation with hospitalization 

days, although the slopes differed between years. Notably, there was an 
increase in MM cases in 2023, concentrated among individuals aged 
40–60. While no overall age trend was observed, specifically, lymphoma 
costs in 2021 showed a positive correlation with age, while MM costs 
in 2023 exhibited a negative correlation with age (Figures 2C,D, p < 
0.05). Further analysis within the HM group demonstrated statistically 
significant differences in inpatient medical and western medicine costs 
across different subtypes of HM (Figures 2E,F).

3.5 Analysis of the 2023 financial balance in 
the department of hematology under the 
DIP payment system

In 2023, a total of 1,429 cases from the Department of Hematology 
were included in the analysis, with total inpatient medical costs 
reaching 8,935,167.84 CNY and corresponding DIP standard 

FIGURE 1

(A–D) Violin plots of inpatient medical and western medicine costs per case for HM and ST groups in 2021 and 2023.

TABLE 2  Comparison of hospitalization days and inpatient medical costs per case between HM and ST groups pre- and post-DIP payment 
implementation (costs in CNY).

Pre-DIP payment (2021) Post-DIP payment (2023)

HM ST p HM ST p

Female (%) 105 (42.68%) 913 (45.63%) 0.419 285 (47.03%) 1,026 (45.36%) 0.492

Age (years) 61.28 ± 13.27 62.42 ± 11.12 0.136 63.06 ± 11.62 62.39 ± 11.07 0.191

Hospitalization days 7.00 (4.00, 9.00) 5.00 (3.00, 8.00) <0.001 3.00 (1.00, 7.00) 5.00 (2.00, 8.00) <0.001

Inpatient medical costs
8459.62 (4291.66, 

15211.18)

5379.33 (3350.56, 

8379.23)
<0.001

5722.46 (4471.08, 

11508.78)

4779.28 (3056.70, 

7152.64)
<0.001

Western medicine costs
4951.32 (2515.50, 

12091.61)

2899.93 (1403.14, 

5836.70)
<0.001

4966.32 (2383.89, 

9490.56)

2278.44 (1044.07, 

4496.58)
<0.001
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payments amounting to 8,398,670.79 CNY. This resulted in an overall 
departmental deficit of 536,497.05 CNY, among which 529 cases were 
attributed to the HM group (Figure 3A). For the HM group, total 
inpatient medical costs were 3,827,303.52 CNY, while DIP standard 
payments amounted to 3,363,359.22 CNY, leading to a deficit of 
463,944.30 CNY—accounting for 86.48% of the department’s total loss.

At the case level, the median inpatient medical cost per HM case 
was 5,540.46 CNY (4,350.89, 10,198.37), compared to a median DIP 
standard payment of 6,300.00 CNY (3,560.37, 8,250.00). Although the 
median standard payment was marginally higher, the wider 
interquartile range suggests that actual inpatient costs often exceeded 
reimbursement. The Shapiro–Wilk test indicated a non-normal 
distribution of cost differences, which was further supported by a 
statistically significant result from the Wilcoxon signed-rank test 
(Figure 3B).

A scatter plot illustrating inpatient medical costs versus standard 
payments revealed a negatively sloped fitted line, suggesting that 
higher inpatient expenditures were associated with greater financial 
deficits (Figure  3C, p < 0.05). Notably, the bimodal distribution 
observed in the HM group’s cost structure may be a contributing 
factor to this imbalance.

4 Discussion

President Xi Jinping has pointed out, “The principal 
contradiction in Chinese society has evolved into the contradiction 
between the people’s ever-growing needs for a better life and 
unbalanced and inadequate development (12).” This perspective is 
also reflected in medical diagnosis and treatment. The increasing 
demand for novel and efficient treatment methods by patients has 
resulted in a significant gap between the allocation of medical 
resources and the pace of technological advancements (13, 14). In 
“Contradiction Theory,” Comrade Mao Zedong emphasized that 
contradictions are ubiquitous and serve as the fundamental 
driving force for development. In recent years, China has 
significantly increased healthcare expenditure, expanded 
healthcare coverage, and established special funds to pay for high-
value drugs and innovative medicines (15). Additionally, national 
centralized drug procurement and price negotiations have 

substantially reduced drug prices, gradually alleviating the 
financial burden on patients during treatment (16). Moreover, DIP 
payments have leveraged the characteristics of China’s medical 
resources. Through big data analysis and intelligent algorithms, 
DIP payments achieve precise classification of diseases and 
optimized allocation of resources, showing great potential in 
promoting the rational use of medical resources and enhancing 
service levels (17).

City A was chosen as a pilot city for the total budget model, 
utilizing regional point methods and DIP payments, beginning trial 
implementation in 2022. Our research demonstrates that after the 
implementation of the policy, both the inpatient medical and western 
medicine costs at Hospital A have decreased, while medical service 
fees have increased, consistent with reports from other studies in 
China (7, 8). Zhang et al. (18) also examined the impact of the DIP 
payment policy on hospitalization costs for cancer patients, reporting 
a significant reduction in total inpatient expenses, particularly in 
drug-related costs. At the same time, expenditures on technical 
medical services increased, suggesting a gradual shift toward value-
based healthcare. These findings align with our results, indicating that 
the DIP model may effectively curb irrational drug use and incentivize 
hospitals to reallocate resources toward professional service provision. 
Similarly, Liu et al. (19) found that the DRG-based payment reform in 
China contributed to shorter average lengths of stay and lower 
hospitalization costs, demonstrating comparable cost-containment 
outcomes under different payment models. However, the emergence 
of similar results across diverse regions and reform types raises 
concerns about potential unintended consequences, such as cost-
shifting behaviors or selective admission practices (20, 21). This 
highlights the importance of enhancing the dynamic adjustment of 
point-value standards and reinforcing supervision mechanisms to 
ensure that payment reforms lead to sustainable and equitable 
improvements in healthcare delivery.

Unlike most existing studies that primarily assess the overall 
impact of DIP reform at the hospital or regional level, this study 
innovatively focuses on disease-specific cost disparities, particularly 
between HM and ST patients, which have received limited attention 
in prior research. Our analysis found that while inpatient medical and 
Western medicine costs for the HM group have decreased compared 
to previous periods, they remain significantly higher than those for 

TABLE 3  General information of cases in HM group (costs in CNY).

Pre-DIP payment (2021) Post-DIP payment (2023) p

AL

Cases 39 (15.85%) 46 (7.59%) –

Inpatient medical costs 6034.18 (3251.88, 8154.86) 6015.36 (4876.62, 8164.05) 0.182

Western medicine costs 4164.89 (1967.29, 4994.85) 4007.58 (2893.49, 5188.91) 0.390

Lymphoma

Cases 170 (69.11%) 220 (36.30%) –

Inpatient medical costs 13264.41 (5949.89, 16462.09) 11319.76 (5974.81, 13834.43) 0.002

Western medicine costs 11146.55 (2657.63, 13105.66) 9632.50 (3844.62, 12003.49) 0.046

MM

Cases 37 (15.04%) 340 (56.11%) –

Inpatient medical costs 4016.11 (3430.16, 6281.97) 5215.74 (3012.97, 5957.96) 0.107

Western medicine costs 3217.52 (2343.36, 4553.01) 4201.37 (1609.64, 5154.28) 0.061

Total
Inpatient medical costs 8459.62 (4291.66, 15211.18) 5722.46 (4471.08, 11508.78) <0.001

Western medicine costs 4951.32 (2515.50, 12091.61) 4966.32 (2383.89, 9490.56) 0.015

13

https://doi.org/10.3389/fpubh.2025.1453367
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Xu et al.� 10.3389/fpubh.2025.1453367

Frontiers in Public Health 06 frontiersin.org

the ST group. The treatment methods for ST are relatively mature, 
leading to more stable cost growth, whereas the diagnosis and 
treatment of HM have progressed rapidly (11). The swift advancement 
in targeted and immunotherapeutic strategies has markedly 
augmented personalized treatments for HM, leading to impressive 
improvements. Innovations such as CAR-T cell therapy and cutting-
edge targeted medications, including Bruton’s tyrosine kinase 
inhibitors, Bcl-2 inhibitors, and CD38 monoclonal antibodies, have 
the potential to significantly boost survival rates and the quality of life 
for patients (22–25). Nonetheless, these pioneering treatments tend to 
be costly, precipitating a sharp increase in the expenses associated with 
HM treatment. It is noteworthy that, despite a reduction in expenses 
for other cancer types such as AL and lymphoma, there has been a 
notable escalation in the number of MM instances, along with the 
median costs. This trend could be attributed to an increased prevalence 

of MM, updates in treatment regimens, and the introduction of new 
pharmaceuticals (26, 27). While the advent of these novel therapeutic 
options and drugs enhances treatment efficacy, it concurrently 
escalates the treatment expenditure.

The DIP payment system utilizes a total budget model, assigning 
a point value to each medical institution based on annual medical 
insurance payments, insurance payment ratios, and overall case 
scores. This system establishes standardized payments per case. 
Currently, this policy determines scores and makes DIP standard 
payments for the maintenance treatment of various types of 
malignant tumors based solely on different treatment methods. 
However, payment standards based solely on historical costs may 
not adequately account for the rapid advancements in HM 
treatments, potentially resulting in underpayments (28). Our study 
corroborated this concern. In 2023, after the implementation of the 

FIGURE 2

(A–D) Scatter plots and fitted lines for hospitalization days, age, and inpatient medical costs per case in the HM group for 2021 and 2023 (Mann–Whitney U 
test: ns no statistical significance; * p < 0.05; ** p < 0.01; *** p < 0.001). (E,F) Box plots of inpatient medical costs and western medicine costs for different 
types of HM in 2023, with Mann–Whitney U test indicating significant differences between each subgroup (denoted by abc, p < 0.05).
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DIP payment system, the hematology department of Hospital A 
experienced a loss of 463,944.3 yuan in the HM group, accounting 
for 86.48% of the total loss. If this situation persists, the actual costs 
of medical services cannot be effectively compensated, which may 
demotivate frontline medical staff and affect the quality of medical 
services, as well as the sustainable development of the deficit 
department. Ensuring fair reimbursement for these two types of 
tumors within the DIP payment framework has become a pressing 
issue that needs to be addressed.

Contradictions exhibit both universality and particularity. The 
unique clinical and economic challenges associated with the 
treatment of HM, in contrast to ST, are clearly reflected in the 
substantial financial losses faced by hematology departments under 
the current DIP system. To address this specific issue, it is essential 
to adjust medical insurance payment standards accordingly. In this 
regard, international DRG-based payment systems offer valuable 
lessons. For example, Germany’s G-DRG system incorporates 
patient clinical complexity levels that account for comorbidities and 
complications, allowing for differentiated reimbursement even 
within the same diagnosis group (29). For advanced therapies like 
CAR-T and allo-HSCT, DRG-based reimbursement varies 
considerably, and the use of comorbidity indices such as the 
Charlson Comorbidity Index improves the assessment of clinical 
complexity, length of stay, and total treatment costs (30). These 
mature systems demonstrate that incorporating severity and 
treatment complexity indicators is critical to achieving both 

payment fairness and efficiency. In contrast, China’s DIP system still 
lacks sufficient risk adjustment mechanisms, which may result in 
undercompensation for resource-intensive subgroups like 
HM patients.

Therefore, future reforms should focus on refining DIP 
grouping and scoring rules by integrating indicators of clinical 
severity, treatment intensity, drug specificity, and supplementary 
scores based on tumor characteristics (e.g., secondary diagnoses). 
This would improve the alignment between reimbursement levels 
and actual resource consumption. Such reforms would help capture 
evolving clinical practices more accurately, promote rational 
resource allocation, and better support the delivery of high-
quality care.

This study relied solely on data from a single tertiary hospital due 
to limitations in data access. This single-center design presents 
several challenges, including limited sample representativeness, a 
restricted study period, potential concerns about data integrity and 
quality, and an insufficient exploration of diverse treatment 
approaches. In addition, the study lacked control for potential 
confounding factors, such as variations in disease severity, treatment 
regimens, or patient socioeconomic status, which may have 
influenced cost outcomes. These limitations may affect the 
generalizability and reliability of the findings. Future research should 
address these issues by incorporating data from multiple centers, 
extending the study duration, applying multivariable analytical 
approaches to control for confounders, and enhancing data quality. 

FIGURE 3

Comparison of inpatient medical costs and DIP standard payments per case in the HM group. (A) Distribution plot; (B) Box plot showing the median 
and interquartile range, with the Wilcoxon signed-rank test indicating statistically significant differences between groups. (C) Scatter plot with fitted line 
showing the trend.
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Such improvements will provide a more robust foundation for 
evidence-based medical decision-making.

5 Conclusion

This study offers a comprehensive analysis of the effects of DIP 
payments on inpatient medical costs across different tumor types and 
the financial outcomes within the hematology department at Hospital 
A. Our findings reveal that although DIP payments have successfully 
lowered the overall inpatient medical costs and expenses related to 
western medicine, the treatment expenses for the HM group remain 
substantially higher compared to those for the ST group, resulting in 
financial losses for the department. The study highlights the financial 
losses incurred by minority groups due to the averaging effect of big 
data, emphasizing the need for policy adjustments. Future initiatives 
should concentrate on refining precision payment methods for various 
tumors, alongside broadening health care reforms and optimizing 
policy measures, to guarantee the fair and sustainable distribution of 
medical resources. This approach aims to fulfill the patients’ demands 
for high-quality medical services. However, this study has several 
limitations, including the reliance on data and sample size from a 
single hospital and the lack of control for potential confounding 
factors. Future investigations need to expand the scope of samples, 
apply multivariable methods, and delve into the diversity of treatment 
protocols to enhance the generalizability and credibility of 
these findings.
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Objectives: Toripalimab combined with chemotherapy is a clinically valuable and

important regimen in the treatment of extensive−stage small−cell lung cancer

(ES-SCLC). However, there are no studies on the cost-effectiveness of this

regimen, so this study was designed to evaluate the cost-effectiveness of

Toripalimab regimen for the treatment of ES-SCLC from the perspectives of

the Chinese health system and the U.S. health system, respectively.

Methods: A partitioned survival model was developed to simulate the clinical

progression and cost consumption of ES-SCLC using the results of the

EXTENTORCH study as a source of survival data and incorporating direct

medical costs. Model output metrics included incremental cost-effectiveness

ratio (ICER), quality-adjusted life-years (QALYs), incremental QALYs, total costs,

and incremental costs. The cost-effectiveness of the Toripalimab scheme was

judged by comparing the ICER with the willingness to pay (WTP). The robustness

of the model was verified by sensitivity analysis and scenario analysis.

Results: The results of the basic analysis showed that from the perspective of the

Chinese health system, the Toripalimab group gained 0.18 QALYs more at a cost

of $5,204, with an ICER of $29,139/QALY (<WTP). From the standpoint of the U.S.

health system, the Toripalimab group spent $156,923 more and also gained 0.17

QALYs more, but the ICER ($915,965/QALY) was much higher than the WTP.

Sensitivity and scenario analyses showed the model to be generally stable.

Conclusions: Compared with chemotherapy, the Toripalimab regimen for the

treatment of ES-SCLC is cost-effective from the perspective of the Chinese

health system, but not from the perspective of the US health system.
KEYWORDS

cost-effectiveness analysis, extensive-stage small-cell lung cancer, Toripalimab,
chemotherapy, EXTENTORCH study
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1 Introduction

Global cancer statistics show that in 2022, there were 2.48

million new cases of lung cancer, accounting for 12.4% of the total

number of new cancer cases, and 1.8 million new lung cancer

deaths, accounting for 18.7% of the total cancer deaths, which

makes lung cancer the malignant tumor with the highest

morbidity and mortality rate in the world (1). In China, lung

cancer is also the top malignant tumor in terms of incidence and

mortality (1, 2). In the US, lung cancer is the third most common

cancer and the first in terms of mortality (1). Small-cell lung

cancer (SCLC) is a highly aggressive subtype of lung cancer,

accounting for 15%-17% of the total incidence of lung cancer (3,

4). SCLC exhibits rapid growth, a high degree of malignancy, and

a propensity for metastasis. Nearly 70% of patients are in extensive

stage when diagnosed, and are identified as having extensive-stage

small-cell lung cancer (ES-SCLC), with a 5-year survival rate of

less than 7% (5–7).

Before 2019, platinum-based DNA cross-linking agents

(such as cisplatin or carboplatin) in combination with

topoisomerase inhibitors (such as etoposide or irinotecan) is

the preferred chemotherapy regimens for ES-SCLC (5).

Although the short-term efficacy of this combination therapy

is remarkable, due to the biological characteristics of SCLC,

patients are highly susceptible to drug resistance leading to

tumor recurrence, with a median overall survival (mOS) of 9–

11 months (6, 8, 9). In recent years, the role of immunotherapy

in the treatment of ES-SCLC has become increasingly

prominent. Several studies have shown that immunotherapy

represented by programmed death-1 (PD-1) inhibitor and

programmed death- ligand 1 (PD-L1) inhibitors significantly

prolonged the mOS and median progression-free survival

(mPFS) of ES-SCLC patients (10–13). Toripalimab is a PD-1

inhibitor developed in China and approved for marketing in

China in December 2018 and in the US in October 2023. The

EXTENTORCH study compared the efficacy and safety of

Toripalimab combined with chemotherapy (Etoposide +

Carboplatin/Cisplatin, EC) versus chemotherapy in the

treatment of ES-SCLC (14). The results showed that compared

with chemotherapy, Toripalimab plus chemotherapy prolonged

the mOS (14.6 vs 13.3 months, hazard ratio [HR] = 0.8, 95%

confidence interval [CI] 0.65-0.98) and mPFS (5.8 vs 5.6 months,

HR = 0.67, 95%CI: 0.54-0.82), and the security is controllable.

Although Toripalimab combination chemotherapy extended

the survival time of ES-SCLC patients compared with

conventional chemotherapy, there is a lack of economic evidence

to support its use. Choosing a safe, effective and relatively

inexpensive drug not only reduces the economic burden on

patients but also facilitates the rational allocation of healthcare

resources. Therefore, this study is aims to evaluate the cost-

effectiveness of Toripalimab in combination with chemotherapy

in the field of first-line treatment of ES-SCLC based on the

perspective of the health system in China and the US.
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2 Methods

2.1 Study design

The study was designed and conducted in accordance with the

Consolidated Health Economic Evaluation Report Standards

(CHEERS) checklist (Supplementary Table S1) (15). Study data

were obtained from the EXTENTORCH study (ClinicalTrials.gov

Identifier: NCT04012606), the Menet (https://www.menet.com.cn/

), the Drug. price guide (https://www.drugs.com/price-guide/) and

published literature.

The target patients included in this study were consistent with

the EXTENTORCH study, that is, age ≥ 18 years and diagnosis of

ES-SCLC confirmed by pathology or histology, and more detailed

clinical characteristics of the patients are shown in Supplementary

Table S2 (14). The target patients received drug therapy in two

groups (1). Toripalimab group:first received 4 cycles (1 cycle = 3

weeks = 21 days) of Toripalimab (240mg, day1) + Etoposide

(100mg/m2, day1-day3) + Carboplatin (AUC=5mg/mL/min,

day1)/Cisplatin (75mg/m2, day1), followed by Toripalimab

(240mg, day1) until disease progression (2); EC group: first

received 4 cycles of Placebo (day1) + Etoposide (100mg/m2, day1-

day3) + Carboplatin (AUC=5mg/mL/min, day1)/Cisplatin (75mg/

m2, day1), followed by Placebo (day1) until disease progression. The

treatment plan after disease progression provided by the

EXTENTORCH study was not detailed, so Topotecan (1.25 mg/

m2/day, day1-day5) was chosen as the second-line treatment

according to the NCCN guideline and the CSCO guideline (16,

17). And best supportive care (BSC) was given to patients not

receiving Topotecan. All drugs were given by intravenous route.
2.2 Model overview

A partitioned survival model was developed to simulate the

progression of ES-SCLC by TreeAge Pro software (Version:2022).

The model starts from the progression-free survival (PFS) state, and

patients in the PFS state can transfer to the PFS state, progressive

disease (PD) or the death state, and patients in the PD state can also

transfer to the PD state or the death state. The model structure is

shown in Figure 1. Considering the survival of ES-SCLC patients

and the treatment cycle of the EXTENTORCH study, a time

horizon (TH) of 10 years with a 21-day modeling cycle was set in

this study. The model output metrics included incremental cost-

effectiveness ratio (ICER), quality-adjusted life-years (QALYs),

incremental QALYs, total cost, and incremental cost.
2.3 Survival estimate

The EXTENTORCH study provided survival-related data (14).

Firstly, survival information from PFS curves and OS curves in the

EXTENTORCH study was digitally extracted using Engauge
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Digitizer software. The individual data were then reconstructed

according to the method by Guyot P et al. (18). The survHE package

in R software (4.3.1) (https://www.r-project.org/) was then invoked

to fit the parameter distributions of the survival curves. The optimal

fitting model was selected by combining the visual inspection with

Akaike information criterion (AIC) and Bayesian information

criterion (BIC). Smaller values of AIC and BIC indicate better

fitting. Supplementary Table S3 shows the AIC and BIC values of

each model, and it can be seen that Log-logistic distribution is the

optimal fitting model for all curves. The relevant fitting parameters

are shown in Supplementary Table S4, and the fitting curve graphs

are shown in Supplementary Figure S1.
2.4 Cost and utility estimate

The perspective was the health system, so only direct healthcare

costs were considered, including drug costs, BSC costs, adverse

reactions (ADRs) handling costs, hospitalization costs and follow-

up costs. Drug cost information was obtained from the Menet and

Drug. price guide, and all other costs were obtained from the

relevant literature. ADRs treatment costs were only considered for

grade 3–4 ADRs with an incidence rate greater than 5%, and it was

assumed that ADRs treatment costs were one-time costs. To

calculate the drug cycle cost, it was assumed that the body weight

of the Chinese patient was 65Kg, the body surface area (BSA) was

1.72m2, and the creatinine clearance (CCR) was 70ml/min (19, 20);

American patients had a body weight of 70Kg, a BSA of 1.82m2, and

a CCR of 70ml/min (21, 22). Tables 1, 2 provide detailed

cost information.

The utility value information was extracted from an

international study, which showed that Chinese patients had a

utility value of 0.804 in the PFS stage and 0.321 in the PD stage,

whereas American patients had a utility value of 0.84 in the PFS

stage and 0.166 in the PD stage (23). The reduction in the utility

value due to ADRs was also obtained from the published literature,
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and the specific information on the utility value is shown in

Tables 1, 2.

When the TH is more than 1 year, the costs and health outputs

occurring in the future need to be discounted. The TH of this study

is 10 years, so an annual discount rate of 5% was taken for China

and 3% for the United States based on relevant guidelines and

literature recommendations (24, 25).
2.5 Basic analysis

The economy of Toripalimab regimen was judged by

comparing the ICER with the willingness to pay (WTP), if the

ICER is greater than the WTP, it is considered that Toripalimab

regimen does not have cost-effective advantage, and conversely, it is

cost-effective. According to the literature and guideline

recommendations, the WTP for China was set to be 3 times the

gross domestic product (GDP) per capita in 2023 (WTP = 3*GDP =

3*$12,291 = $36,874/QALY) for the basic analysis, whereas that for

the US was set to be $150,000/QALY (24, 26)
2.6 Sensitivity analysis

One-way sensitivity analysis (OWSA) was performed to

investigate the effect of single parameter changes on the model,

and the results was presented as a tornado plot. The Menet provides

a range of values for the cost parameter, published literature

provides a range of values for the utility value, the discount rate

is recommended to be set at 0-8% according to the guideline, and

the ranges of the other parameters are set at± 20% of their base

values (24, 26).

The effects of simultaneous changes in multiple parameters on

the model were examined by probabilistic sensitivity analysis (PSA),

and the results were presented as a cost-effectiveness scatterplot and

a cost-effectiveness acceptability curve (CEAC). Second-order

Monte Carlo simulations were used to perform PSA for 1,000

random repeated samples of parameters conforming to different

probability distributions. In this study, the costs obeyed the Gamma

distribution, and the utility values, the incidence of ADRs, and the

discount rate obeyed the Beta distribution.
2.7 Scenario analysis

Scenario Analysis 1:In order to explore the effect of different TH

on the results, the TH was set to 5 and 8 years for the scenario

analysis, respectively.

Scenario Analysis 2:Health utility values are often one of the

most important causes of variation in the results of

pharmacoeconomic evaluations (27). To assess the impact of

utility values on outcomes, Scenario Analysis 2 used the results of
FIGURE 1

Schematic of the model structure. PFS, Progression-free survival;
PD, Progressive disease.
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TABLE 1 Model parameters in China.

Variable Baseline value Range Distribution Source

Cost (US$)

Toripalimab per 240mg 261.2 208.96~313.44 Gamma *

Durvalumab per 500mg 2,488.03 1,990.43~2,985.64 Gamma *

Atezolizumab per 1,200mg 4,511.69 3,609.35~5,414.03 Gamma *

Etoposide per 100mg 19.55 1.07~61.9 Gamma *

Carboplatin per 100mg 7.59 7.1~12.63 Gamma *

Cisplatin per 30mg 2.78 2.63~3.85 Gamma *

Topotecan per 2mg 14.12 11.29~16.94 Gamma *

BSC per cycle 345.6 276.48~414.72 Gamma (26)

Follow-up per cycle 164.73 131.79~197.68 Gamma (39)

Hospitalization per cycle 61.57 49.25~73.88 Gamma (39)

Decreased platelet count 1,505.92 1,204.74~1,807.1 Gamma (40)

Decreased WBC count 115.01 92.01~138.01 Gamma (40)

Anemia 138.75 111~166.5 Gamma (40)

Decreased neutrophil count 115.01 92.01~138.01 Gamma (40)

Hyponatremia 0.29 0.232~0.348 Gamma (41)

Febrile neutropenia 115.01 92.01~138.01 Gamma (40)

Incidence of ADRs in Toripalimab group

Decreased platelet count 24.8% 19.84%~29.76% Beta (14)

Decreased WBC count 38.7% 30.96%~46.44% Beta (14)

Anemia 30.6% 24.48%~36.72% Beta (14)

Decreased neutrophil count 74.3% 59.44%~89.16% Beta (14)

Hyponatremia 6.3% 5.04%~7.56% Beta (14)

Incidence of ADRs in EC group

Decreased platelet count 34.3% 27.44%~41.16% Beta (14)

Decreased WBC count 44.9% 35.92%~53.88% Beta (14)

Anemia 34.7% 27.76%~41.64% Beta (14)

Decreased neutrophil count 75% 60%~90% Beta (14)

Hyponatremia 6.5% 5.2%~7.8% Beta (14)

Incidence of ADRs in DEC group

Decreased platelet count 6% 4.8%~7.2% Beta (13)

Febrile neutropenia 6% 4.8%~7.2% Beta (13)

Anemia 9% 7.2%~10.8% Beta (13)

Decreased neutrophil count 24% 19.2%~28.8% Beta (13)

Incidence of ADRs in AEC group

Decreased platelet count 10% 8%~12% Beta (29)

Decreased WBC count 5% 4%~6% Beta (29)

Anemia 14% 11.2%~16.8% Beta (29)

(Continued)
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TABLE 1 Continued

Variable Baseline value Range Distribution Source

Incidence of ADRs in AEC group

Decreased neutrophil count 23% 18.4%~27.6% Beta (29)

Utility value

PFS 0.804 0.536~0.84 Beta (23)

PD 0.321 0.05~0.473 Beta (23)

Disutility value

Decreased platelet count 0.05 0.04~0.06 Beta (40)

Decreased WBC count 0.2 0.16~0.24 Beta (23)

Anemia 0.073 0.059~0.089 Beta (23)

Decreased neutrophil count 0.2 0.16~0.24 Beta (23)

Hyponatremia 0.09 0.072~0.108 Beta (41)

Febrile neutropenia 0.2 0.16~0.24 Beta (23)

Proportion of patients receiving second-line treatment

Toripalimab group 55.2% 44.16%~66.24% Beta (14)

EC group 69.4% 55.52%~83.28% Beta (14)

Others

Discount rate 5% 0~8% Beta (24)

Weight 65 52~78 Normal (19, 20)

Body surface area 1.72 1.376~2.064 Normal (19, 20)

Creatinine clearance 70 56~84 Normal (19, 20)
F
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* refers to The Menet (https://www.menet.com.cn/).
BSC, Best supportive care; WBC, White blood cell; ADRs, Adverse reactions; PFS, Progression-free survival; PD, Progressive disease.
TABLE 2 Model parameters in the US.

Variable Baseline value Range Distribution Source

Cost (US$)

Toripalimab per 240mg 9,711.6 7,769.28~11,653.92 Gamma *

Durvalumab per 500mg 4,404.96 3,523.97~5,285.95 Gamma *

Atezolizumab per 1,200mg 11,756.14 9,404.91~14,107.37 Gamma *

Etoposide per 100mg 13.68 10.94~16.42 Gamma *

Carboplatin per 50mg 13.79 11.03~16.55 Gamma *

Cisplatin per 50mg 15.8 12.64~18.96 Gamma *

Topotecan per 4mg 80.17 64.14~96.2 Gamma *

BSC per cycle 1,447.79 1,158.23~1,737.35 Gamma (26)

Follow-up per cycle 241 192.8~289.2 Gamma (26)

Hospitalization per cycle 61.57 49.25~73.88 Gamma (39)

Decreased platelet count 13,105 10,484~15,726 Gamma (26)

Decreased WBC count 13,105 10,484~15,726 Gamma (26)

(Continued)
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TABLE 2 Continued

Variable Baseline value Range Distribution Source

Cost (US$)

Anemia 7,941 6,352.8~9,529.2 Gamma (26)

Decreased neutrophil count 13,656 10,924.8~16,387.2 Gamma (26)

Hyponatremia 0.29 0.232~0.348 Gamma (41)

Febrile neutropenia 13,656 10,924.8~16,387.2 Gamma (26)

Incidence of ADRs in Toripalimab group

Decreased platelet count 24.8% 19.84%~29.76% Beta (14)

Decreased WBC count 38.7% 30.96%~46.44% Beta (14)

Anemia 30.6% 24.48%~36.72% Beta (14)

Decreased neutrophil count 74.3% 59.44%~89.16% Beta (14)

Hyponatremia 6.3% 5.04%~7.56% Beta (14)

Incidence of ADRs in EC group

Decreased platelet count 34.3% 27.44%~41.16% Beta (14)

Decreased WBC count 44.9% 35.92%~53.88% Beta (14)

Anemia 34.7% 27.76%~41.64% Beta (14)

Decreased neutrophil count 75% 60%~90% Beta (14)

Hyponatremia 6.5% 5.2%~7.8% Beta (14)

Incidence of ADRs in DEC group

Decreased platelet count 6% 4.8%~7.2% Beta (13)

Febrile neutropenia 6% 4.8%~7.2% Beta (13)

Anemia 9% 7.2%~10.8% Beta (13)

Decreased neutrophil count 24% 19.2%~28.8% Beta (13)

Incidence of ADRs in AEC group

Decreased platelet count 10% 8%~12% Beta (29)

Decreased WBC count 5% 4%~6% Beta (29)

Anemia 14% 11.2%~16.8% Beta (29)

Decreased neutrophil count 23% 18.4%~27.6% Beta (29)

Utility value

PFS 0.84 0.536~0.84 Beta (23)

PD 0.166 0.05~0.473 Beta (23)

Disutility value

Decreased platelet count 0.05 0.04~0.06 Beta (40)

Decreased WBC count 0.2 0.16~0.24 Beta (23)

Anemia 0.073 0.059~0.089 Beta (23)

Decreased neutrophil count 0.2 0.16~0.24 Beta (23)

Hyponatremia 0.09 0.072~0.108 Beta (41)

Febrile neutropenia 0.2 0.16~0.24 Beta (23)

Proportion of patients receiving second-line treatment

(Continued)
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a real-world study for a cost-effectiveness analysis with utility values

of 0.7 for the PFS stage and 0.6 for the PD stage (28).
2.8 Exploratory analysis

The two internationally recognized first-line immunotherapy

regimens for ES-SCLC are Durvalumab plus EC (DEC) and

Atezolizumab plus EC (AEC). This exploratory analysis aims to

compare the cost-effectiveness of DEC/AEC vs Toripalimab

combined with EC (TEC) in the treatment of ES-SCLC. The

CASPIAN and IMpower133 trials provided therapeutic and

survival information for ES-SCLC patients (13, 29). Firstly, given

the absence of head-to-head clinical trials of DEC/AEC vs TEC, this

study designated TEC as the control group and employed network

meta-analysis (NMA) to construct a comparative framework. This

approach enabled the estimation of hazard ratios (HRs) of PFS and

OS for DEC/AEC vs TEC, and the detailed results are presented in

Supplementary Table S5. Subsequently, referencing the

methodology proposed by Hoyle et al. in the pharmacoeconomic

evaluation of advanced renal cancer, the following parametric

transformation formula was applied to adjust and calibrate the

survival data of DEC group and AEC group (30).

gcomparator drug =  gcontrol drug ,  lcomparison drug =  lcontrol drug* HR
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Finally, the costs of DEC group and AEC group were calculated

in accordance with the methodology outlined in Section 2.4 (“Cost

and Utility Estimate”). By integrating costs and survival information,

models can be established to perform a comprehensive cost-

effectiveness of TEC vs DEC/AEC in the treatment of ES-SCLC.
3 Results

3.1 Results of basic analysis

The results of the basic analysis showed that not only were the

total costs higher in the Toripalimab group than in the EC group,

both in China and in the US ($16,714 vs $11,510, $57,561 vs $

214,484), but the health outputs were also more than in the EC group

(0.93 QALYs vs 0.75 QALYs, 0.79 QALYs vs 0.62 QALYs).

Toripalimab regimen was cost-effective in China (ICER: $29,139/

QALY< WTP: $36,874/QALY) but not in the US (ICER: $915,965/

QALY >WTP: $150,000/QALY). See Table 3 for details of the results.
3.2 Results of sensitivity analysis

The results of OWSA are shown in Figure 2. As can be seen

from the tornado plot, in China, the utility value of the PFS stage
TABLE 2 Continued

Variable Baseline value Range Distribution Source

Proportion of patients receiving second-line treatment

Toripalimab group 55.2% 44.16%~66.24% Beta (14)

EC group 69.4% 55.52%~83.28% Beta (14)

Others

Discount rate 3% 0~8% Beta (25)

Weight 65 52~78 Normal (21, 22)

Body surface area 1.72 1.376~2.064 Normal (21, 22)

Creatinine clearance 70 56~84 Normal (21, 22)
* refers to The Drug. price guide (https://www.drugs.com/price-guide/).
BSC, Best supportive care; WBC, White blood cell; ADRs, Adverse reactions; PFS, Progression-free survival; PD, Progressive disease.
TABLE 3 Results of basic analysis.

Variable Cost ($)
Incremental
cost ($)

QALYs
Incremental
QALYs

ICER
($/QALY)

China

EC group 11,510 0.75

Toripalimab group 16,714 5,204 0.93 0.18 29,139

US

EC group 57,561 0.62

Toripalimab group 214,484 156,923 0.79 0.17 915,965
QALYs, Quality-adjusted life years; ICER, Incremental cost-effectiveness ratio.
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had the greatest impact on ICER, and the proportion of patients in

the EC group receiving second-line therapy, the cost of Toripalimab

and Etoposide, and the utility value of the PD stage also had a

moderate impact on ICER. In the US, the parameters that had the

greatest impact on ICER included the utility value of the PFS stage

and the cost of Toripalimab, and the other parameters had a small

impact on ICER.

The results of PSA are shown in Figures 2, 3, respectively. The

cost-effectiveness scatter plot for China shows that when WTP is set

to 1*GDP, 2*GDP and 3*GDP, the economic probabilities of

Toripalimab scheme are 0.7%, 29.7% and 77.1%, respectively.

However, the cost-effectiveness scatter plot for America shows that

Toripalimab is unlikely to be economical even if WTP is set at the

current high value ($150,000/QALY). The CEAC chart demonstrates

that the Toripalimab regimen begins to demonstrate potential

economic advantage (probability = 0.1%) at a WTP threshold of

$6,667/QALY in the Chinese healthcare context. Conversely, in the
Frontiers in Immunology 0825
U.S. healthcare system, a significantly higher WTP threshold of

$540,000/QALY is required for the Toripalimab regimen to

demonstrate comparable economic viability. In China, the

Toripalimab regimen attains a 50.5% probability of cost-

effectiveness at a WTP threshold of $28,400/QALY, thereby

surpassing conventional chemotherapy in economic efficiency. By

contrast, within the US healthcare paradigm, the Toripalimab

regimen necessitates an exceptionally high WTP threshold

($867,000/QALY) to achieve equivalent cost-effectiveness

probability (50%) relative to conventional chemotherapy approaches.
3.3 Results of scenario analysis

Table 4 provides the results of the detailed scenario analysis.

Scenario analysis 1 shows that the Toripalimab regimen is

economical in China, but not in the US, regardless of whether the
FIGURE 2

Tornado Diagram. (A) China: Tornado Diagram. (B) America: Tornado Diagram. PFS, Progression-free survival; PD, Progressive disease; ICER,
Incremental cost-effectiveness ratio; EV, Expected value; WTP, Willingness to pay; WBC, White blood cell.
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TH is 5 or 8 years. Scenario analysis 2 shows that after changing the

utility value, the ICER decreases to $28,199/QALY (<WTP) in

China and to $850,350/QALY (> WTP) in the US.
3.4 Results of exploratory analysis

The exploratory analysis (Table 2) indicates that TEC

demonstrates cost-effectiveness for ES-SCLC treatment compared

with DEC/AEC within the Chinese healthcare system (ICERDEC vs

TEC: $1,368,881/QALY, ICERAEC vs TEC: $1,808,957/QALY),

whereas it fails to demonstrate economic viability in the US

context (ICERDEC vs TEC: $$12,928/QALY, ICERAEC vs TEC:

$125,496/QALY).
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4 Discussion

Recent years have witnessed significant advancements in the

clinical application of immunotherapy for ES-SCLC. Currently,

DEC and AEC regimens have been established as internationally

recognized first-line immunotherapy standards for ES-SCLC. On

the one hand, comparative pricing analysis reveals that Toripalimab

demonstrates cost advantages over both Durvalumab and

Atezolizumab in pharmaceutical markets across China and the

US. T The cost of Toripalimab ($261.20/cycle) was significantly

lower than that of Atezolizumab ($4,511.69/cycle) and Durvalumab

($7,464.10/cycle) in the Chinese market. Similarly, Toripalimab

($9,711.60/cycle) also offers a price advantage over Atezolizumab

($11,756.14/cycle) and Durvalumab ($13,214.88/cycle) in the U.S.
FIGURE 3

Cost-effectiveness scatter plot. (A) China: Cost-effectiveness scatter plot. (B) America: Cost-effectiveness scatter plot. WTP, Willingness to pay; GDP,
gross domestic product; QALY, Quality-adjusted life year.
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market. On the other hand, the EXTENTORCH trial demonstrated

survival benefits with Toripalimab regimen compared to

chemotherapy alone. This combination of clinical efficacy and

price advantage strongly suggests that Toripalimab regimen may

have a unique cost-effectiveness advantage. Existing studies have
Frontiers in Immunology 1027
consistently demonstrated the AEC and DEC regimens are not cost-

effective in the treatment of ES-SCLC in China and the US (31–34).

However, no study has evaluated the cost-effectiveness of TEC

regimen in the treatment of ES-SCLC. Considering the price

advantage and clinical benefits of Toripalimab, a systematic
TABLE 4 Results of scenario analysis and exploratory analysis.

Variable Cost ($) Incremental cost ($) QALYs Incremental QALYs ICER($/QALY)

Scenario Analysis 1: TH = 5 years

China

EC group 11,186 0.73

Toripalimab group 16,018 4,831 0.89 0.16 30,341

US

EC group 56,802 0.61

Toripalimab group 211,082 154,281 0.77 0.16 983,320

Scenario Analysis 1: TH = 8 years

China

EC group 11,439 0.75

Toripalimab group 16,552 5,113 0.92 0.17 29,403

US

EC group 57,395 0.62

Toripalimab group 213,703 156,308 0.79 0.17 931,041

Scenario Analysis 2

China

EC group 11,510 0.96

Toripalimab group 16,714 5,204 1.14 0.18 28,199

US

EC group 57,561 0.96

Toripalimab group 214,484 156,923 1.14 0.18 850,350

Exploratory Analysis

China:DEC VS TEC

TEC group 16,714 0.93

DEC group 111,159 94,445 1.00 0.07 1,368,881

China:AEC VS TEC

TEC group 16,714 0.93

AEC group 82,674 65,960 0.96 0.04 1,808,957

US:DEC VS TEC

TEC group 214,484 0.79

DEC group 215,910 1,426 0.90 0.11 12,928

US:AEC VS TEC

TEC group 214,484 0.79

AEC group 226,134 11,650 0.88 0.09 125,496
QALYs, Quality-adjusted life years; ICER, Incremental cost-effectiveness ratio.
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pharmacoeconomic assessment of Toripalimab regimen carries

important clinical and policy implications. Therefore, this study

evaluated the cost-effectiveness of TEC regimen for ES-SCLC from

the perspective of health systems in China and the US. The results

showed that Toripalimab regimen was economical in China and

uneconomical in the US when compared with either chemotherapy

or AEC/DEC regimen.

OWSA showed that the health utility value at the PFS stage was

the parameter that had the greatest impact on ICER in both the

Chinese and American perspectives. The utility value directly affects

the calculation of QALY, which is a key indicator for assessing the

effectiveness of medical interventions. The utility value expresses

the quality of life between full health and death, and the QALY

allows the conversion of life years of different interventions into

equivalent years of health status, thus facilitating the comparison of

costs and effects between different treatment options. In the cost-

effectiveness analysis, too high utility value leads to a relatively low

ICER. Conversely, if the utility value is underestimated, the ICER

will be higher. Therefore, choosing an appropriate utility value is

crucial for calculating ICER. Unfortunately, the EXTENTORCH

study did not report the utility value data, and there is a lack of

research on the quality of life (i.e., utility value) of patients with

SCLC. For the basic analysis, this study referred to published studies

and chose to use the results of a large international study on the

utility value in non-small cell lung cancer as an alternative to the

utility value for SCLC (31, 32). But in scenario analysis 2, this study

also changed the health utility values for PFS stage and PD stage

based on the results of a study on the quality of life of SCLC patients

(28). Considering the small sample size included in that real-world

study, the results may not be representative enough to be analyzed

as a special scenario only. Fortunately, scenario analysis 2 was

consistent with the findings of the basic analysis.

PSA not only elucidated the economic disparities of the

Toripalimab regimen across different geographical contexts, but

also provided a quantifiable comparison basis for cross-regional

investigations through specific WTP thresholds and corresponding

economic probab i l i t i e s . The Ch ina Gu ide l ine s fo r

Pharmacoeconomic Evaluation (2020) recommend using 1~3 times

the national GDP per capita as the WTP (24). When performing

PSA, this study setsWTP to 1*GDP, 2*GDP, and 3*GDP respectively.

The analytical outcomes revealed that across 1,000 simulations, he

Toripalimab regimen demonstrated cost-effectiveness probabilities of

0.7%, 29.7%, and 77.1%, respectively, under these progressive WTP

thresholds, thereby indicating substantial sensitivity of the regimen’s

economic viability to WTP parameters within the Chinese healthcare

context. From the perspective of the US healthcare system, where

cost-effectiveness evaluations for oncological interventions typically

employ WTP thresholds ranging from $100,000 to $150,000/QALY

(35). In this study, the Toripalimab regimen failed to demonstrate

economic viability even at a high WTP of $150,000/QALY gained.

This observation potentially reflects an incongruity between the

pricing structure of Toripalimab and its corresponding clinical

benefit profile within the US healthcare framework.
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Given that TH also has a significant impact on ICER, scenario

analysis 1 calculated ICER under different TH (36). Typically, the TH

for pharmacoeconomic evaluation should be sufficiently long to

obtain the full impact of the intervention measures on the costs

and health outcomes of the subjects (24, 37). When fitting and

extrapolating the survival curves, we found that the mortality rate in

the Toripalimab group reached 99% when the TH was set to 10 years,

so a TH of 10 years was chosen for the basic analysis. We also found

that the mortality rate in the EC group had reached 99% when the TH

= 8 years, so the ICER at TH = 8 years was also calculated in scenario

analysis 1. Considering that the ES-SCLC is extremely malignant and

the 5-year survival rate of patients receiving EC therapy is also low, so

a TH of 5 years was also set. Previously Kim et al. found that the ICER

decreases with increasing TH in most of the pharmacoeconomically

evaluated studies (36). Scenario analysis 1 also showed that

incremental costs and incremental QALYs increase with increasing

TH, but the advantage of increasing incremental QALYs is sufficient

to compensate for the disadvantage of increasing incremental costs,

so it leads to smaller ICER, which confirms the findings of Kim et al.

The costs of immunotherapy are mostly incurred in the short term,

but because of the “delayed effect” of immunosuppressants, it takes a

relatively long time for their health benefits to be realized (36, 38).

Therefore, the longer the TH, the more QALYs are captured, leading

to a reduction in ICER.

There are also some limitations of this study (1). There are some

inevitable biases when survival curves fitting and extrapolation

methods are used to obtain survival information beyond the

observation period (2). Due to the lack of studies on health utility

values in ES-SCLC patients, the use of alternative utility values may

have slightly affected the results (3). Given the limited treatment

pathway details reported in the EXTENTORCH trial, this study

unified subsequent anticancer therapy, which may be different from

clinical practice (4). The data utilized for this exploratory analysis were

not derived from “head-to-head” clinical trials. Despite the

implementation of methodologically rigorous NMA to adjust and

calibrate survival data, the indirect nature of these comparisons

introduces inherent methodological uncertainties (5). The enrollment

population of the EXTENTORCH study did not include U.S. ES-SCLC

patients, whichmay be somewhat different from the actual survival rate

of U.S. ES-SCLC. Despite these limitations, this study also verified the

stability of the model through sensitivity and scenario analyses, so the

results of the study can still provide economic references for policy

makers, clinicians and patients.
5 Conclusions

This study conducted a comprehensive cost-effectiveness analysis

comparing Toripalimab plus chemotherapy versus chemotherapy

alone as first-line treatment for ES-SCLC from the dual

perspectives of Chinese and US healthcare systems through a

modeling approach using data from a phase III clinical trial, and

validated the stability of the model through a sensitivity analysis with
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a series of scenario analyses. The findings demonstrated Toripalimab

combination chemotherapy was economic in China when compared

to chemotherapy alone, while was uneconomic in the US.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding authors.
Author contributions

JY: Conceptualization, Data curation, Formal Analysis,

Methodology, Project administration, Software, Validation,

Visualization, Writing – original draft, Writing – review & editing.

FC: Conceptualization, Data curation, Formal Analysis, Funding

acquisition, Methodology, Software, Validation, Visualization,

Writing – original draft, Writing – review & editing. JL: Formal

Analysis, Methodology, Validation, Visualization, Software, Writing –

review & editing. YZ: Formal Analysis, Supervision, Validation,

Visualization, Writing – original draft, Writing – review & editing.

HW: Conceptualization, Methodology, Supervision, Validation,

Visualization, Writing – original draft, Writing – review & editing.

YL: Conceptualization, Formal Analysis, Methodology, Project

administration, Resources, Software, Supervision, Validation,

Visualization, Writing – original draft, Writing – review & editing.
Funding

The author(s) declare that financial support was received for the

research and/or publication of this article. This research is
Frontiers in Immunology 1229
supported by the Natural Science Foundation of Fujian Province

(number: 2024J011357).
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 AI statement

The author(s) declare that no Generative AI 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/fimmu.2025.

1556100/full#supplementary-material
References
1. Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram I, et al. Global
cancer statistics 2022: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin. (2024) 74:229–63. doi: 10.3322/
caac.21834

2. Han B, Zheng R, Zeng H, Wang S, Sun K, Chen R, et al. Cancer incidence and
mortality in China, 2022. J Natl Cancer Cent. (2024) 4:47–53. doi: 10.1016/
j.jncc.2024.01.006

3. Oronsky B, Reid TR, Oronsky A, Carter CA. What’s new in SCLC? A review.
Neoplasia. (2017) 19:842–47. doi: 10.1016/j.neo.2017.07.007

4. Wang S, Tang J, Sun T, Zheng X, Li J, Sun H, et al. Survival changes in patients
with small cell lung cancer and disparities between different sexes, socioeconomic
statuses and ages. Sci Rep. (2017) 7:1339. doi: 10.1038/s41598-017-01571-0

5. Megyesfalvi Z, Gay CM, Popper H, Pirker R, Ostoros G, Heeke S, et al. Clinical
insights into small cell lung cancer: Tumor heterogeneity, diagnosis, therapy, and future
directions. CA Cancer J Clin. (2023) 73:620–52. doi: 10.3322/caac.21785

6. Semenova EA, Nagel R, Berns A. Origins, genetic landscape, and emerging
therapies of small cell lung cancer. Genes Dev. (2015) 29:1447–62. doi: 10.1101/
gad.263145.115

7. Byers LA, Rudin CM. Small cell lung cancer: where do we go from here? Cancer.
(2015) 121:664–72. doi: 10.1002/cncr.29098
8. Farago AF, Keane FK. Current standards for clinical management of small cell lung
cancer. Transl Lung Cancer Res. (2018) 7:69–79. doi: 10.21037/tlcr.2018.01.16

9. Demedts IK, Vermaelen KY, van Meerbeeck JP. Treatment of extensive-stage
small cell lung carcinoma: current status and future prospects. Eur Respir J. (2010)
35:202–15. doi: 10.1183/09031936.00105009

10. Cheng Y, Han L, Wu L, Chen J, Sun H, Wen G, et al. Effect of first-line
serplulimab vs placebo added to chemotherapy on survival in patients with extensive-
stage small cell lung cancer: the ASTRUM-005 randomized clinical trial. Jama. (2022)
328:1223–32. doi: 10.1001/jama.2022.16464

11. Cheng Y, Chen J, Zhang W, Xie C, Hu Q, Zhou N, et al. Benmelstobart, anlotinib
and chemotherapy in extensive-stage small-cell lung cancer: a randomized phase 3 trial.
Nat Med. (2024) 30:2967–76. doi: 10.1038/s41591-024-03132-1

12. Wang J, Zhou C, YaoW, Wang Q, Min X, Chen G, et al. Adebrelimab or placebo
plus carboplatin and etoposide as first-line treatment for extensive-stage small-cell lung
cancer (CAPSTONE-1): a multicentre, randomised, double-blind, placebo-controlled,
phase 3 trial. Lancet Oncol. (2022) 23:739–47. doi: 10.1016/s1470-2045(22)00224-8

13. Paz-Ares L, Chen Y, Reinmuth N, Hotta K, Trukhin D, Statsenko G, et al.
Durvalumab, with or without tremelimumab, plus platinum-etoposide in first-line
treatment of extensive-stage small-cell lung cancer: 3-year overall survival update from
CASPIAN. ESMO Open. (2022) 7:100408. doi: 10.1016/j.esmoop.2022.100408
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fimmu.2025.1556100/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1556100/full#supplementary-material
https://doi.org/10.3322/caac.21834
https://doi.org/10.3322/caac.21834
https://doi.org/10.1016/j.jncc.2024.01.006
https://doi.org/10.1016/j.jncc.2024.01.006
https://doi.org/10.1016/j.neo.2017.07.007
https://doi.org/10.1038/s41598-017-01571-0
https://doi.org/10.3322/caac.21785
https://doi.org/10.1101/gad.263145.115
https://doi.org/10.1101/gad.263145.115
https://doi.org/10.1002/cncr.29098
https://doi.org/10.21037/tlcr.2018.01.16
https://doi.org/10.1183/09031936.00105009
https://doi.org/10.1001/jama.2022.16464
https://doi.org/10.1038/s41591-024-03132-1
https://doi.org/10.1016/s1470-2045(22)00224-8
https://doi.org/10.1016/j.esmoop.2022.100408
https://doi.org/10.3389/fimmu.2025.1556100
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Yang et al. 10.3389/fimmu.2025.1556100
14. Cheng Y, Zhang W, Wu L, Zhou C, Wang D, Xia B, et al. Toripalimab plus
chemotherapy as a first-line therapy for extensive-stage small cell lung cancer: the
phase 3 EXTENTORCH randomized clinical trial. JAMA Oncol. (2024) 11:16–25.
doi: 10.1001/jamaoncol.2024.5019

15. Husereau D, Drummond M, Augustovski F, de Bekker-Grob E, Briggs AH,
Carswell C, et al. Consolidated health economic evaluation reporting standards 2022
(CHEERS 2022) statement: updated reporting guidance for health economic
evaluations. Value Health. (2022) 25:3–9. doi: 10.1016/j.jval.2021.11.1351

16. Ganti AKP, Loo BW, Bassetti M, Blakely C, Chiang A, D’Amico TA, et al. Small
cell lung cancer, version 2.2022, NCCN clinical practice guidelines in oncology. J Natl
Compr Canc Netw. (2021) 19:1441–64. doi: 10.6004/jnccn.2021.0058

17. Health Commission Of The People’s Republic Of China N. National guidelines
for diagnosis and treatment of lung cancer 2022 in China (English version). Chin J
Cancer Res. (2022) 34:176–206. doi: 10.21147/j.issn.1000-9604.2022.03.03

18. Guyot P, Ades AE, Ouwens MJ, Welton NJ. Enhanced secondary analysis of
survival data: reconstructing the data from published Kaplan-Meier survival curves.
BMC Med Res Methodol. (2012) 12:9. doi: 10.1186/1471-2288-12-9

19. Qiao L, Zhou Z, Zeng X, Tan C. Cost-effectiveness of domestic PD-1 inhibitor
camrelizumab combined with chemotherapy in the first-line treatment of advanced
nonsquamous non-small-cell lung cancer in China. Front Pharmacol. (2021)
12:728440. doi: 10.3389/fphar.2021.728440

20. Luo X, Zhou Z, Zeng X, Liu Q. The cost-effectiveness of tislelizumab plus
chemotherapy for locally advanced or metastatic nonsquamous non-small cell lung
cancer. Front Pharmacol. (2022) 13:935581. doi: 10.3389/fphar.2022.935581

21. Lin S, Luo S, Gu D, Li M, Rao X, Wang C, et al. First-line durvalumab in addition
to etoposide and platinum for extensive-stage small cell lung cancer: A U.S.-based cost-
effectiveness analysis. Oncologist. (2021) 26:e2013–e20. doi: 10.1002/onco.13954

22. Wan X, Luo X, Tan C, Zeng X, Zhang Y, Peng L. First-line atezolizumab in
addition to bevacizumab plus chemotherapy for metastatic, nonsquamous non-small
cell lung cancer: A United States-based cost-effectiveness analysis. Cancer. (2019)
125:3526–34. doi: 10.1002/cncr.32368

23. Nafees B, Lloyd AJ, Dewilde S, Rajan N, Lorenzo M. Health state utilities in non-
small cell lung cancer: An international study. Asia Pac J Clin Oncol. (2017) 13:e195–
203. doi: 10.1111/ajco.12477

24. Association CP. China guidelines for pharmacoeconomic evaluations (2020).
Available online at: https://www.cpa.org.cn/cpadmn/attached/file/20201203/
1606977380634185.pdf (Accessed December 31, 2025).

25. Su D, Wu B, Shi L. Cost-effectiveness of atezolizumab plus bevacizumab vs
sorafenib as first-line treatment of unresectable hepatocellular carcinoma. JAMA Netw
Open. (2021) 4:e210037. doi: 10.1001/jamanetworkopen.2021.0037

26. Shao T, Zhao M, Liang L, Tang W. Serplulimab plus chemotherapy vs
chemotherapy for treatment of US and chinese patients with extensive-stage small-
cell lung cancer: A cost-effectiveness analysis to inform drug pricing. BioDrugs. (2023)
37:421–32. doi: 10.1007/s40259-023-00586-6

27. Hatswell AJ, Bullement A, Schlichting M, Bharmal M. What is the impact of the
analysis method used for health state utility values on QALYs in oncology? A
simulation study comparing progression-based and time-to-death approaches. Appl
Health Econ Health Policy. (2021) 19:389–401. doi: 10.1007/s40258-020-00620-6
Frontiers in Immunology 1330
28. Vedadi A, Shakik S, Brown MC, Lok BH, Shepherd FA, Leighl NB, et al. The
impact of symptoms and comorbidity on health utility scores and health-related quality
of life in small cell lung cancer using real world data. Qual Life Res. (2021) 30:445–54.
doi: 10.1007/s11136-020-02615-1

29. Horn L, Mansfield AS, Szczęsna A, Havel L, Krzakowski M, Hochmair MJ, et al.
First-line atezolizumab plus chemotherapy in extensive-stage small-cell lung cancer. N
Engl J Med. (2018) 379:2220–29. doi: 10.1056/NEJMoa1809064

30. Hoyle M, Green C, Thompson-Coon J, Liu Z, Welch K, Moxham T, et al. Cost-
effectiveness of temsirolimus for first line treatment of advanced renal cell carcinoma.
Value Health. (2010) 13:61–8. doi: 10.1111/j.1524-4733.2009.00617.x

31. Ding D, Hu H, Li S, Zhu Y, Shi Y, Liao M, et al. Cost-effectiveness analysis of
durvalumab plus chemotherapy in the first-line treatment of extensive-stage small cell
lung cancer. J Natl Compr Canc Netw. (2021) 19:1141–47. doi: 10.6004/jnccn.2020.7796

32. Zhou K, Zhou J, Huang J, Zhang N, Bai L, Yang Y, et al. Cost-effectiveness
analysis of atezolizumab plus chemotherapy in the first-line treatment of extensive-
stage small-cell lung cancer. Lung Cancer. (2019) 130:1–4. doi: 10.1016/
j.lungcan.2019.01.019

33. Li LY, Wang H, Chen X, Li WQ, Cui JW. First-line atezolizumab plus
chemotherapy in treatment of extensive small cell lung cancer: a cost-effectiveness
analysis from China. Chin Med J (Engl). (2019) 132:2790–94. doi: 10.1097/
cm9.000000000000053

34. Liu G, Kang S. Cost-effectiveness of adding durvalumab to first-line
chemotherapy for extensive-stage small-cell lung cancer in China. Expert Rev
Pharmacoecon Outcomes Res. (2022) 22:85–91. doi: 10.1080/14737167.2021.1888717

35. Bae YH, Mullins CD. Do value thresholds for oncology drugs differ from
nononcology drugs? J Manag Care Spec Pharm. (2014) 20:1086–92. doi: 10.18553/
jmcp.2014.20.11.1086

36. Kim DD, Wilkinson CL, Pope EF, Chambers JD, Cohen JT, Neumann PJ. The
influence of time horizon on results of cost-effectiveness analyses. Expert Rev
Pharmacoecon Outcomes Res. (2017) 17:615–23. doi: 10.1080/14737167.2017.1331432

37. Ramsey SD, Willke RJ, Glick H, Reed SD, Augustovski F, Jonsson B, et al. Cost-
effectiveness analysis alongside clinical trials II-An ISPOR Good Research Practices
Task Force report. Value Health. (2015) 18:161–72. doi: 10.1016/j.jval.2015.02.001

38. Adunlin G, Ferreri SP, Dong J, Freeman MK. Immuno-oncology medicines:
policy implications and economic considerations. Innov Pharm. (2019) 10(3):10.24926/
iip.v10i3.1799. doi: 10.24926/iip.v10i3.1799

39. Long Y, Wang H, Xie X, Li J, Xu Y, Zhou Y. Updated cost-effectiveness analysis
of adebrelimab plus chemotherapy for extensive-stage small cell lung cancer in China.
BMJ Open. (2024) 14:e077090. doi: 10.1136/bmjopen-2023-077090

40. Rui M, Fei Z, Wang Y, Zhang X, Ma A, Sun H, et al. Cost-effectiveness analysis of
sintilimab + chemotherapy versus camrelizumab + chemotherapy for the treatment of
first-line locally advanced or metastatic nonsquamous NSCLC in China. J Med Econ.
(2022) 25:618–29. doi: 10.1080/13696998.2022.2071066

41. Yi L, Zhou Z, Zeng X, Tan C, Liu Q. First-line treatments for extensive-stage
small-cell lung cancer with immune checkpoint inhibitors plus chemotherapy: a China-
based cost-effectiveness analysis. Front Immunol. (2024) 15:1408928. doi: 10.3389/
fimmu.2024.1408928
frontiersin.org

https://doi.org/10.1001/jamaoncol.2024.5019
https://doi.org/10.1016/j.jval.2021.11.1351
https://doi.org/10.6004/jnccn.2021.0058
https://doi.org/10.21147/j.issn.1000-9604.2022.03.03
https://doi.org/10.1186/1471-2288-12-9
https://doi.org/10.3389/fphar.2021.728440
https://doi.org/10.3389/fphar.2022.935581
https://doi.org/10.1002/onco.13954
https://doi.org/10.1002/cncr.32368
https://doi.org/10.1111/ajco.12477
https://www.cpa.org.cn/cpadmn/attached/file/20201203/1606977380634185.pdf
https://www.cpa.org.cn/cpadmn/attached/file/20201203/1606977380634185.pdf
https://doi.org/10.1001/jamanetworkopen.2021.0037
https://doi.org/10.1007/s40259-023-00586-6
https://doi.org/10.1007/s40258-020-00620-6
https://doi.org/10.1007/s11136-020-02615-1
https://doi.org/10.1056/NEJMoa1809064
https://doi.org/10.1111/j.1524-4733.2009.00617.x
https://doi.org/10.6004/jnccn.2020.7796
https://doi.org/10.1016/j.lungcan.2019.01.019
https://doi.org/10.1016/j.lungcan.2019.01.019
https://doi.org/10.1097/cm9.000000000000053
https://doi.org/10.1097/cm9.000000000000053
https://doi.org/10.1080/14737167.2021.1888717
https://doi.org/10.18553/jmcp.2014.20.11.1086
https://doi.org/10.18553/jmcp.2014.20.11.1086
https://doi.org/10.1080/14737167.2017.1331432
https://doi.org/10.1016/j.jval.2015.02.001
https://doi.org/10.24926/iip.v10i3.1799
https://doi.org/10.1136/bmjopen-2023-077090
https://doi.org/10.1080/13696998.2022.2071066
https://doi.org/10.3389/fimmu.2024.1408928
https://doi.org/10.3389/fimmu.2024.1408928
https://doi.org/10.3389/fimmu.2025.1556100
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Frontiers in Public Health 01 frontiersin.org

The impact of digital economy on 
the supply chain resilience of 
cross-border healthcare 
e-commerce
Jianyu Liu 1,2†, Siyi Mao 1*†, Lin Lu 1,3*†, Yuan Jing 1*, Xiangjun Yang 1, 
Hejiang Xu 1 and Yuelin Ren 1

1 School of Economics and Management, Guangxi Normal University, Guilin, China, 2 Jinan Liangong 
Testing Technology Co., Ltd, Jinan, China, 3 Key Laboratory of Digital Empowerment Economic 
Development, Guangxi Normal University, Guilin, China

The healthcare industry plays a crucial role in global economic development and 
public health, but the healthcare cross-border e-commerce supply chain often 
faces numerous risks due to various disruptive events. We employ panel data 
from 2013 to 2022 for provincial-level regions in China to investigate the impact 
mechanisms of the digital economy on supply chain resilience in cross-border 
healthcare e-commerce. The results indicate that the digital economy significantly 
enhance supply chain resilience, with reduced reliance on foreign trade, increased 
export technology complexity, and decreased export concentration being key 
pathways for this improvement. The impact of the digital economy is stronger in 
the western regions than in central and eastern areas, and the establishment of 
comprehensive cross-border e-commerce pilot zones can further empower the 
supply chain. These findings offer valuable insights for the sustainable development 
of healthcare cross-border e-commerce supply chain resilience and the digital 
economy.

KEYWORDS

digital economy, healthcare industry, cross-border e-commerce, supply chain 
resilience, impact mechanisms

1 Introduction

The advent of digital technologies has fundamentally reconfigured conventional 
production, manufacturing, and operational paradigms, engendering the evolution of 
emergent industrial ecosystems and innovative development frameworks. The digital economy 
relies on the integration of data resources and digital technologies to promote economic 
development and enhance construction efficiency. The cross-border e-commerce supply chain 
in healthcare is an important application of the digital economy in the medical field, playing 
a vital role in global health initiatives. As digital technology and e-commerce continue to 
develop, the digital economy and healthcare cross-border e-commerce supply chain will 
further deepen and expand, injecting new vitality and momentum into global health efforts.

However, the instability and uncertainty of the VUCA environment pose challenges to the 
management of cross-border e-commerce supply chains. For example, the COVID-19 
pandemic has revealed the vulnerability of supply chains due to shortages of medical supplies, 
highlighting the urgent need for improved management to achieve sustainable development. 
Although cross-border e-commerce supply chains are similar to traditional supply chains, they 
display diverse and decentralized characteristics influenced by the unique aspects of 
international trade.
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As attention to supply chain resilience and risk management 
increases, researchers and practitioners are gradually focusing more 
on healthcare supply chains. Studies have explored resilience 
mechanisms from various perspectives, including the digital 
transformation of healthcare enterprises (1, 2) and lean management 
(3). However, there is still a lack of specific applications and theoretical 
research concerning the healthcare cross-border e-commerce supply 
chain. The complexity of the healthcare cross-border e-commerce 
supply chain and its significance in public health crises emphasize the 
necessity for further exploration and practical application.

This study centers on the core proposition of cross-border 
e-commerce development in the healthcare industry during the digital 
economy era, systematically addressing the critical scientific question 
of “how to develop adaptive mechanisms driven by digital technologies 
to enhance the resilience of cross-border medical supply chains.” 
Grounded in industrial and regional economics perspectives, the 
research deconstructs the multidimensional impact mechanisms of 
the digital economy on cross-border healthcare supply chains—
encompassing three structural dimensions: foreign trade dependence, 
export technological sophistication, and export trade concentration—
to establish an integrated analytical framework of “digital 
technologies–economic structures–supply chain synergies.” The 
potential contributions and innovations of this study are as follows: 
First, existing research primarily focuses on the impact of digital 
economy development on the socio-economic landscape, with an 
emphasis on its effects on domestic economic circulation. However, 
we focus on the resilience of healthcare cross-border e-commerce 
supply chains and explore the enabling mechanisms of the digital 
economy on external economic circulation. This approach will help to 
provide a more comprehensive assessment of the multidimensional 
impact of the digital economy on economic development. Second, this 
research is the first to establish an evaluation system for the resilience 
of healthcare cross-border e-commerce supply chains, contributing to 
the comprehensive theoretical framework related to supply chain 
resilience in the healthcare and cross-border e-commerce industries. 
Third, by analyzing the impact mechanisms of digital economy 
development on the resilience of healthcare cross-border e-commerce 
supply chains at the provincial level, this study can uncover the 
relational mechanisms between the digital economy and supply chain 
management. This enriches the theoretical research in both the digital 
economy and supply chain management fields and has significant 
practical and economic implications for promoting the development 
of the digital economy and the healthcare industry across 
different regions.

2 Literature review

2.1 Research of digital economy

2.1.1 Definition of digital economy
The digital economy emerged as a new engine for global 

economic development in the 1990s. During this period, the rise 
of internet technology gave birth to e-commerce, with the 
emergence of industry giants like Amazon and eBay marking the 
embryonic form of the digital economy. Initially, the definition of 
the digital economy was confined to output related to the 
Information and Communication Technology (ICT) industry, 

representing the earliest narrow conception of the digital 
economy. As internet technologies became widely adopted across 
economic and social spheres, the U.S. Department of Commerce 
and OECD defined the digital economy as an integrated system 
encompassing IT production, application industries, and 
e-commerce. However, with the continuous advancement of 
new-generation information technologies, the essence and scope 
of the digital economy have been progressively expanding. Kling 
and Lamb (4) defined digital economic activities from the 
perspective of digital technology applications in the production, 
distribution, and exchange of products or services. Knickrehm 
and Daugherty (5) suggested that the portion of new additional 
output resulting from investments in information technology is 
termed the digital economy.

2.1.2 Integration of digital economy and 
cross-border e-commerce

The digital economy has transcended traditional business models, 
inevitably impacting economic and social structures as well as 
enterprise operational paradigms (6, 7). Cross-border e-commerce, a 
novel application of international trade integrating information and 
communication technologies with internet technologies, has garnered 
significant attention globally. From the perspective of cross-border 
e-commerce supply chains, the digital economy also drives 
digitalization in supply chain management. Nunez-Merino et al. (8) 
emphasized the importance of enterprises leveraging digital 
technologies for continuous optimization and innovation in supply 
chain management within the context of the digital economy. Modern 
digital technologies enhance the capabilities for information sharing 
and collaboration in supply chains (9, 10), increase supply chain 
integration (11), and reduce negative value processes in supply chain 
economic activities (12). Numerous scholars have studied the role of 
digital technologies in empowering supply chains (13):suggested that 
the adoption of digital tools such as big data analytics can enhance the 
flexibility of product flows, thereby improving supply chain 
performance and resilience; Hazen et al. (14) and argued that big data 
analytics can enhance supply chain performance and drive innovation; 
Matthias et al. (15) also suggested that big data analytics can lower 
overall supply chain costs, enabling better decision-making and 
product and service offerings.

2.2 Research of supply chain resilience

2.2.1 Definition of supply chain resilience
Rice and Caniato were among the first to propose the concept of 

supply chain resilience. Christopher and Peck (16) defined “supply 
chain resilience” as “the ability of a supply chain to recover to its 
original state or a more ideal state after being disrupted.” This concept 
has also been employed by many scholars to investigate supply chain 
security management at the enterprise level.

Some scholars have elevated the enhancement of supply chain 
resilience to the level of national economic strategy, defining it as the 
ability to flexibly respond to new crises and rapidly recover (17). 
Currently, most scholars tend to define supply chain resilience from 
the perspective of dynamic capabilities. According to Larin et al. (18), 
supply chain development strategies should ensure that each link can 
efficiently respond to adverse factors. Furthermore, supply chain 
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resilience places greater emphasis on the ability to respond promptly 
and continuously improve when facing uncertainty and risks (19).

2.2.2 Influencing factors and measurement of 
supply chain resilience

Research on the factors influencing supply chain resilience has 
been conducted extensively by scholars, focusing on both internal 
and external factors. External factors encompass political, social, 
economic, and environmental aspects. Globalization has driven 
supply chain resilience to become a national strategy, with social 
systems and political regimes between countries potentially 
impacting the flow of capital, information, and logistics within supply 
chains (20). Wieland (21) noted that uncontrollable factors such as 
social culture and public opinion have also emerged as major sources 
of supply chain risk. Compared to external factors, internal factors 
influencing supply chain resilience are more complex and encompass 
a broader range of research areas. From an organizational perspective, 
integration capability (22), collaborative cooperation (23), and 
communication (24)all positively influence supply chain resilience. 
From a technological perspective, big data analytics (13) and digital 
technologies (25) enhance the predictive and management 
capabilities of supply chains, thereby playing a crucial role in supply 
chain resilience.

For cross-border e-commerce supply chain resilience, 
environmental uncertainties—including geopolitical conflicts (e.g., 
China-U.S. trade frictions), natural disasters (26), and global public 
health crises (27)—constitute critical disruption factors. Cross-border 
logistics delays and tariff fluctuations further exacerbate emerging 
markets’ vulnerability, thereby significantly compromising supply chain 
resilience. Structurally, supplier diversification (28) enhances resilience 
through risk dispersion. At the organizational level, joint contingency 
protocols (29)and cross-cultural management competencies (30)serve 
as pivotal soft enablers for resilience augmentation.

Existing scholars have primarily constructed supply chain 
resilience indicators around five main dimensions: prediction, 
adaptation, response, recovery, and learning, with distinctions made 
in the sub-dimensions of these five capabilities (31). In terms of 
research methodologies, many validated and widely applied scales 
have been used to measure supply chain resilience. However, these 
scales often rely on subjective assessments and micro-level expressions.

2.3 Research of healthcare supply chain

Most existing research on the healthcare industry primarily 
focuses on technological perspectives, with fewer scholars approaching 
it from a management science viewpoint. Considering the 
characteristics of the healthcare industry, it is known for being 
technology-intensive, knowledge-intensive, patent-dependent, and 
globally innovative. Consequently, many countries classify the 
healthcare industry as a strategic emerging industry (32). As a 
knowledge-intensive industry, the healthcare industry is typically 
patent-dependent, encompassing pharmaceutical manufacturing, 
medical technology, and biotechnology. It is characterized by high 
investment, high risk, high return, and long cycles (33). The majority 
of current research on the healthcare industry primarily adopts a 
technological perspective, focusing on cutting-edge fields such as new 
drug development (34), medical device innovation (35), and 

breakthroughs in diagnostic and therapeutic technologies (36). 
However, a limited number of studies have analyzed the healthcare 
industry from a management standpoint. For instance, Alotaibi and 
Wilson (37)explored the factors influencing the digital competencies 
of healthcare professionals, while Ahmed and Hamdan (38) 
investigated the resilience and digital transformation strategies of 
healthcare supply chain in emerging economies. These studies provide 
valuable insights for our subsequent research.

The healthcare supply chain involves numerous participants, 
particularly in the pharmaceutical supply chain, making its structure 
relatively complex. Current research on healthcare supply chains 
primarily focuses on pricing and profit coordination decisions. 
Zandkarimkhani et  al. (39)investigated the design of a perishable 
pharmaceutical supply chain network under uncertainty. Similarly, 
Zahiri et al. (40) studied the design of pharmaceutical supply chain 
networks under uncertainty, considering product perishability and 
substitutability within the context of sustainable and resilient supply 
chains. Settanni et al. (41)proposed an improved interactive multi-
objective fuzzy programming method to establish and optimize a 
multi-period, multi-objective pharmaceutical supply chain model, 
enriching the healthcare system. Benneyan et  al. (42) developed 
optimization strategies for healthcare supply chains and 
pre-positioning storage locations to address the demand of home 
healthcare patients experiencing periodic interruptions. Ma et al. (43) 
examined the quality of work in healthcare supply chains from the 
perspective of patient benefits and suggested that optimizing quality 
work can enhance supply chain profitability.

2.4 Research commentary

Existing literature indicates that research on the digital economy 
has achieved significant breadth and depth, systematically exploring 
its integration with cross-border e-commerce, including business 
models, development promotion, and supply chain digital 
transformation. It provides a theoretical foundation for this study.

However, existing studies predominantly adopt a “technology-
economy” dualistic analytical framework, failing to adequately reveal 
the differentiated mechanisms of digital economy in specialized 
industries like healthcare. A tripartite analytical model integrating 
industrial characteristics, digital economy, and regional development 
remains notably absent. Supply chain resilience has emerged as a key 
research focus in supply chain management, with scholars examining 
its influencing factors and evaluation systems from multiple 
perspectives. Nevertheless, current research—particularly on 
manufacturing enterprises—overwhelmingly emphasizes firm-level 
analyses, focusing on organizational and operational models while 
neglecting macro-industrial dimensions and external economic 
circulation. In healthcare industry research, the predominance of 
technological perspectives and case-study methodologies has led to 
excessive focus on individual institutions’ operational optimization. 
This approach lacks systematic consideration of regional or industry-
wide healthcare supply chain resilience, revealing critical gaps in both 
theoretical frameworks and practical applications.

Therefore, we  innovatively develop a supply chain resilience 
evaluation system for cross-border e-commerce in the healthcare 
sector from macro-industrial and regional economic perspectives. 
Methodologically, it enriches healthcare industry research by 
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integrating industrial characteristics, digital economy development, 
and regional coordination into a unified analytical framework to 
examine their impacts and mechanisms on supply chain resilience. 
These theoretical breakthroughs not only expand the application 
boundaries of cross-border e-commerce supply chain resilience 
theory, but also provide critical policy implications for the global 
deployment of healthcare industries in the post-pandemic era.

3 Theoretical basis and research 
hypothesis

3.1 Digital economy and resilience of 
cross-border e-commerce supply chains in 
healthcare

Driven by the new wave of technological revolution, the digital 
economy has emerged as a novel economic paradigm characterized 
by digital technologies (e.g., internet, big data, and artificial 
intelligence) as its core driver and data as its key production factor. As 
a product of deep integration between information technology and 
traditional economies, it fundamentally restructures production, 
distribution, and consumption patterns through digital 
transformation. This paradigm significantly influences supply chain 
operations and production efficiency while creating new opportunities 
for value generation in supply chain (44). Supply chain resilience 
emphasizes a system’s ability to rapidly adapt, recover, and 
continuously optimize in response to internal and external 
disruptions. Its essence lies in enabling supply chain to achieve higher 
levels of equilibrium and competitiveness amid uncertainty. The most 
direct impact of the digital economy on healthcare cross-border 
e-commerce supply chain manifests in the application of digital 
technologies, which enhance resilience across four key dimensions: 
risk early warning, operational flexibility, collaborative efficiency, and 
compliance management.

From the perspective of risk early warning, big data analytics 
enables organizations to process vast operational datasets, effectively 
identifying and assessing risks. This capability improves planning 
timeliness and facilitates risk mitigation (45, 46). By efficiently 
integrating and processing information data, digital technologies can 
help enterprises obtain rapidly changing customer demand 
information and supplier inventory status information, significantly 
improving the visibility (47) and traceability (48) of the supply chain. 
This facilitates precise demand–supply matching and enables dynamic 
optimization of resource allocation. In addition to integrating 
information, digital technologies can also facilitate experiential 
learning from data. Technologies such as blockchain and artificial 
intelligence enable the digitization and standardization of existing 
knowledge and experience, providing supply chain members with 
information, knowledge, and experience to handle disruptive events, 
thereby enhancing their resilience (49, 50)and enhancing operational 
management efficiency.

From the perspective of collaborative efficiency, the high 
innovation, strong penetration, and wide coverage of the digital 
economy have profoundly changed the total factor productivity at 
various levels of the real economy (51), driving the development of 
digital platforms and digital infrastructure. This can overcome the 
limitations of resource scarcity and homogeneity within cross-border 

e-commerce and cross-border logistics enterprises (52), accelerate the 
flow of resources and information between cross-border e-commerce 
and cross-border logistics, reduce information asymmetry, and 
significantly improve inefficiencies and unnecessary resource wastage 
in the supply–demand matching process, thereby lowering the 
coordination costs between them (53). From a compliance 
management perspective, the unique regulatory requirements of 
healthcare products make certification and supervision a critical 
component in cross-border e-commerce supply chain. The deep 
integration of digital technologies has significantly enhanced 
intelligent regulatory capabilities: AI-powered certification engines 
automatically align products with target market regulations, reducing 
compliance review cycles and improving audit efficiency; blockchain-
based traceability systems enable end-to-end monitoring from raw 
material procurement to final sales, ensuring each healthcare product 
meets the quality standards and regulatory requirements of destination 
markets. This digital regulatory framework not only mitigates 
compliance risks but also transforms safety control from reactive 
responses to proactive prevention. By establishing a robust quality 
assurance mechanism, it provides a foundational safeguard for the 
sustainable development of healthcare cross-border e-commerce. 
Therefore, the following hypothesis is proposed:

Hypothesis 1: The development of the digital economy can 
enhance the resilience of the cross-border e-commerce supply 
chain in healthcare.

3.2 Digital economy, foreign trade 
dependence, and resilience of 
cross-border e-commerce supply chains in 
healthcare

Foreign trade dependence on typically refers to the degree to which 
a country or region’s national economy relies on international trade, 
reflecting both the depth of its participation in global division of labor 
and its level of economic openness. From the perspective of the broader 
developmental environment, China’s marginal contribution of foreign 
trade to GDP is diminishing, with the growth rate of dependence on 
foreign trade gradually slowing down, and even showing a downward 
trend (54). Foreign trade dependence is influenced by multiple factors, 
including the stage of economic development, industrial structure 
characteristics, market size, and policy orientation. However, the digital 
economy era is driving transformative changes: digital technologies are 
reshaping the traditional mechanisms behind foreign trade dependence 
by enhancing domestic industrial chain coordination efficiency and 
accelerating the digital transformation of trade in services. The impact 
of the digital economy on foreign trade dependence is primarily 
manifested in two aspects: traditional trade patterns and domestic 
market influences. Firstly, concerning traditional trade patterns, the 
digital economy has propelled the development of service trade, 
whereby digital technologies enable the provision of globalized services 
across borders. By developing service trade, nations can reduce reliance 
on goods trade and mitigate risks associated with foreign trade. 
Simultaneously, through technologies such as the internet, big data, and 
artificial intelligence, enterprises can achieve intelligent management of 
supply chains, thereby becoming more independent in production and 
supply, and reducing reliance on external supply chains. For the 
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domestic market, the permeability, integration, and synergy of the 
digital economy continuously enhance the digitization level of China’s 
information and communication industry, which facilitating the 
domestic circulation. Concurrently, through the digital transformation 
of industries, it increases the output and efficiency of traditional 
industries and the real economy, thereby enhancing domestic 
enterprises’ supply capacity and their ability to accurately match market 
demand. Additionally, the digital economy has given rise to new 
consumer formats such as platform economy and sharing economy, 
creating new consumption patterns and driving continuous expansion 
in domestic demand (55).

The Resource Dependence Theory posits that organizations must 
acquire critical resources from external environments to sustain 
operations, with such dependence creating power dynamics among 
entities—where the criticality and scarcity of resources determine the 
bargaining advantage of external actors (56). To mitigate dependency 
risks, firms adopt strategies like supply diversification, vertical 
integration, and strategic alliances to reconfigure their resource networks. 
From the perspective of this theory, lower foreign trade dependence 
essentially reflects a regional economic system’s deep embeddedness in 
internal resource endowments and market structures. This inward-
oriented resource acquisition pattern drives cross-border e-commerce 
enterprises in the healthcare sector to construct localized resource pools, 
thereby reducing reliance on external critical resource providers.

Specifically, in the dimension of resource acquisition, cultivating 
local supplier ecosystems creates alternative resource nodes, enabling 
medical cross-border e-commerce firms to overcome the “resource 
dependence dilemma” (56) by establishing polycentric supply networks 
to disperse operational risks arising from environmental uncertainty. 
Secondly, in terms of power balancing, an evenly distributed supply 
chain structure diminishes the bargaining leverage of suppliers from 
specific (external) regions, allowing these firms to dynamically adjust 
procurement strategies based on resource importance and 
substitutability, thereby achieving a rebalancing of resource control. 
Finally, regarding organizational adaptability, the implementation of 
localized management systems essentially responds to the need for 
“boundary-spanning” (57). Through on-site supply chain teams and 
infrastructure, healthcare cross-border e-commerce enterprises can 
more effectively absorb and translate local market knowledge, 
enhancing their agile responsiveness to fluctuations in cross-border 
demand. This organizational restructuring, rooted in deepening local 
resource integration, not only reduces information asymmetry costs 
in cross-border transactions but also establishes an institutional buffer 
mechanism for emergencies, ultimately leading to a structural 
enhancement in the resilience of medical cross-border e-commerce 
supply chain. Hence, the following hypothesis is proposed:

Hypothesis 2: The digital economy enhances the resilience of 
medical cross-border e-commerce supply chains by reducing 
foreign trade dependence.

3.3 Digital economy, export technological 
complexity, and resilience of cross-border 
e-commerce supply chains in healthcare

Global Value Chain (GVC) theory serves as a critical analytical 
framework for examining the division of labor and cooperation in the 

global economy, with its core focus on deconstructing and 
coordinating the entire process—from conceptual design to final 
consumption—of products or services across different countries and 
firms. From the perspective of GVC theory, export technological 
sophistication not only reflects, to some extent, the technological 
content and production efficiency of exported goods (58), but also 
indicates a country’s or firm’s position and competitiveness within the 
GVC division of labor. Some scholars further regard it as a key 
measure of trade structure optimization (59). A higher level of export 
technological sophistication indicates that firms within a country are 
better positioned to occupy strategic, high-value-added segments of 
the global value chain (GVC), such as R&D and design. The digital 
economy can significantly enhance the efficiency of information 
flows and coordination capabilities across GVC segments by 
reshaping the operational dynamics of global value chains. 
Specifically, digital technologies break down the spatial and temporal 
barriers inherent in traditional GVC, reducing information 
asymmetry and coordination costs for firms engaged in global 
production networks. This facilitates the cross-border integration of 
innovation factors across R&D, production, and logistics, thereby 
driving the technological upgrading of export products (60). 
Furthermore, the development of the digital economy has facilitated 
deeper integration in global technology markets. Through digital 
platforms, firms can more efficiently access cutting-edge international 
technological knowledge, which stimulates their R&D activities and 
increases investment in innovation (61), thereby enhancing their 
competitive advantage in global value chain. The construction of new 
digital infrastructure not only reduces communication, transaction, 
and information search costs but also drives trade upgrading through 
technology spillover effects (62), helping firms break free from the 
“low-end lock-in” dilemma and achieve upward mobility in 
GVC. Beyond technological capability, infrastructure, and trade 
costs, the digital economy also strengthens firms’ absorptive capacity 
for advanced GVC technologies by improving the digital skills of 
human capital, providing sustained talent support for the continuous 
advancement of export technological sophistication.

While high technological complexity may pose challenges in 
supply chain management, in the healthcare industry, mastery of 
highly complex export technologies contributes to enhancing product 
quality and safety. In the global value chain of the healthcare industry, 
products with high technological sophistication typically correspond 
to core control segments of the value chain. Such products must 
comply with stringent international certification standards (e.g., FDA, 
GMP), and their manufacturing processes involve complex technical 
procedures and quality control systems. By enhancing export 
technological sophistication, firms can better meet these international 
standards, ensuring consistent product quality across all GVC stages—
from R&D to final consumption. Particularly in cross-border logistics, 
the application of advanced temperature-control technologies and 
digital traceability systems enables firms to monitor product flows in 
real time throughout the GVC, allowing timely responses to potential 
quality risks. This capability strengthens the overall resilience and 
reliability of the value chain. Hence, the following hypothesis 
is proposed:

Hypothesis 3: The digital economy enhances the resilience of 
healthcare cross-border e-commerce supply chains by elevating 
export technological complexity.
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3.4 Digital economy, export trade 
concentration, and resilience of 
cross-border e-commerce supply chains in 
healthcare

Export trade concentration reflects the degree of agglomeration 
in export commodities or target markets across product categories 
and geographical dimensions. This concept encompasses two 
dimensions: product concentration, which measures the extent to 
which export earnings are concentrated in a limited number of 
commodity categories; and market concentration, which characterizes 
the dispersion level of export destinations. High concentration is often 
associated with comparative advantages in resource endowments or 
specialized division of labor, while low concentration reflects a 
diversification strategy. The digital transformation serves as a crucial 
driving force for enhancing the diversification of enterprise exports 
(63). External risks contribute to the highly dynamic and complex 
nature of the international market, making adaptability to new 
environments a critical capability for enterprises in responding to 
external dynamic changes. Under the advancement of the digital 
economy, digital technologies enable organizations to swiftly and 
accurately capture changes in the external environment (64). By 
influencing internal organization, production methods, management 
costs, information dissemination methods, etc., digital technologies 
endow organizations with acute international market insights and 
robust resource acquisition capabilities (65), thereby providing 
favorable conditions for expanding the diversity of international 
markets. The reduction of trade costs facilitates the formation of new 
trade connections, thereby lowering the concentration of exports and 
enhancing the level of export diversification (66). Specifically, the 
application of digital financial technologies can streamline cross-
border trade payment and settlement processes, reducing transaction 
costs. This enables small enterprises and emerging market countries 
to more easily participate in international trade, thereby promoting 
export diversification.

The core proposition of portfolio theory posits that by allocating 
capital across diversified assets with low return correlations, investors 
can either minimize risk at a given return level or maximize returns 
at an acceptable risk threshold. This theoretical framework 
demonstrates that investment diversification reduces unsystematic 
risk due to heterogeneous responses of different assets to market 
shocks. When transposed to international trade, this financial 
paradigm suggests that export structures essentially constitute “trade 
portfolios”: export product categories function as distinct assets, while 
target markets represent alternative investment channels. Excessive 
concentration in either export products or markets (analogous to 
“overweight positions” in financial portfolios) may engender export 
instability (67, 68), exposing trade flows to idiosyncratic risks 
including demand volatility, technological substitution, or policy 
barriers that could trigger significant export earnings fluctuations. 
Conversely, diversification across products and markets has been 
empirically shown to mitigate export volatility (69), effectively 
constructing an “efficient trade portfolio” that employs risk-hedging 
mechanisms to cushion external shocks—when returns from certain 
products/markets decline, the stable performance of others creates 
compensatory effects.

For cross-border e-commerce healthcare supply chain, regional 
diversity in healthcare medical products functions analogously to an 

investment portfolio holding stocks across different sectors. When 
specific product categories encounter technical barriers or regulatory 
scrutiny, other product lines can maintain stable cash flows. This 
approach not only mitigates market risks but also reduces dependency 
on particular products or markets. In the event of external shocks 
affecting certain healthcare products, the performance of alternative 
export commodities can compensate for losses, thereby enhancing 
supply chain stability and risk resilience. Moreover, greater export 
product diversity reflects stronger regional market competitiveness 
and contributes to sustainable regional development.

Therefore, the following hypothesis is proposed:

Hypothesis 4: The development of the digital economy enhances 
the resilience of healthcare cross-border e-commerce supply 
chains by reducing export concentration.

Based on the aforementioned theoretical analysis and research 
hypotheses, the theoretical model diagram of this study is shown in 
Figure 1.

4 Research design

4.1 Model assumptions

To examine the impact of the digital economy on the resilience of 
healthcare cross-border e-commerce supply chains, we  set the 
following baseline model (Equation 1):

	
α β β µ γ ε= + + + + +∑1it it j it i t it

j
Revl Digde Control

	 (1)

Where: the subscripts i and t  represent provinces and years, 
respectively; Revl denotes the level of resilience of medical cross-
border e-commerce supply chains; Digde  represents the level of 
development of the digital economy; Control  represents the control 
variable group; iì  and tã  represent province fixed effects and time fixed 
effects, respectively; itå  is the random error term. If the regression 
coefficient jâ  is significantly positive, it indicates a direct positive and 
significant impact of digital economy development on the resilience 
of healthcare cross-border e-commerce supply chains.

4.2 Variables description

4.2.1 Dependent variable: the level of resilience 
of healthcare cross-border e-commerce supply 
chains (Revl)

Currently, the construction of resilience indicators for supply 
chains typically includes dimensions such as prediction, adaptation, 
recovery, response, and innovation capabilities. In light of this, this 
study measures the resilience level of healthcare cross-border 
e-commerce supply chains primarily from four dimensions: 
responsiveness, adaptability, recovery, and learning and innovation 
capabilities, based on the dynamic capability theory. Responsiveness, 
adaptability, and recovery capabilities mainly refer to the ability of the 
supply chain to respond to disturbances, while learning and 
innovation capability pertains to the ability of the supply chain to 
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adapt after disturbances. Corresponding indicators are selected for 
measurement in each dimension, and principal component analysis is 
employed to calculate the resilience level of healthcare cross-border 
e-commerce supply chains for each province and time period.

Recovery capability, as referenced by WEI et al. (65), is primarily 
reflected by the rate of change in healthcare exports. The numerical 
fluctuations and trend variations in healthcare exports essentially 
serve as a “barometer” of the synergistic efficacy across supply chain 
segments, with their data dynamics precisely capturing the entire 
process from localized disruptions to systemic recovery within the 
supply chain. When the fluctuation rate of export volume is low, it 
indicates that the supply chain can quickly adjust and recover in the 
face of external shocks or emergencies, demonstrating 
strong resilience.

Supply chain resistance refers to the ability of the supply chain 
system to effectively withstand and maintain normal operation when 
facing external shocks, risks, or changes. The cargo capacity and 
transportation capability of a region reflect its logistical distribution 
competence and overall regulatory capacity, which indirectly 
demonstrates the development level of regional supply chain and their 
“resilience redundancy” when facing supply chain disruptions. From 
an ecosystem perspective, the quantitative scale of healthcare 
enterprises within a region directly determines the nodal density of 
the supply chain network. This density effect inherently possesses risk 
dispersion characteristics and innovation multiplier effects, thereby 
enhancing supply chain flexibility.

Responsiveness refers to the supply chain system’s ability to 
quickly respond and adjust to changes in market demand, external 
environmental factors, and emergencies. Inventory functions as an 
“emergency response reserve pool,” where strategic inventory 
deployment plays a crucial role in providing operational buffers for 
supply chain systems. Given the high-value and time-sensitive nature 
of healthcare products, inventory management must achieve 
“precision redundancy”—avoiding expiration losses from 
overstocking while ensuring rapid response during emergencies. This 
balancing capability serves as a key metric for evaluating supply chain 
responsiveness. Consequently, the inventory turnover rate of regional 
healthcare industries reflects the response capacity of cross-border 
e-commerce healthcare supply chain. Furthermore, a diversified 
network of collaborative partners establishes “distributed response 
hubs.” A broader base of partners provides cross-border e-commerce 
operations with increased resources and alternatives. In scenarios of 

sudden demand surges or regional supply chain disruptions, the 
ability to quickly activate alternative partners enables production 
capacity substitution and logistics channel switching. This mechanism 
significantly enhances the flexibility and stability of the supply chain.

Learning and innovation capability reflects the strength and 
endurance of supply chain organizations. Higher levels of innovation 
indicate stronger technical support for cross-border e-commerce 
supply chains, as well as more innovation resources and talent in the 
region. Additionally, it can promote information sharing and 
collaboration. The development level and innovation capacity of the 
technological market most directly reflect the knowledge flow and 
innovation synergy effects within a region. Consequently, we will 
employ these two dimensions—technological market development 
and innovation performance—as metrics to evaluate the learning and 
innovation capabilities of cross-border e-commerce healthcare supply 
chain. Specific indicators are detailed in Table 1.

4.2.2 Core explanatory variable: level of digital 
economy development (Digde)

Drawing on the measurement methods proposed by Wang et al. 
(70) and Zhao et  al. (71), a comprehensive evaluation system 
comprising four primary dimensions—digital infrastructure, digital 
industrialization, industrial digitalization, and digital innovation 
capability—and 10 secondary dimensions, totaling 21 detailed 
indicators, was constructed as shown in Table 2 below. The entropy 
weight method (entropy value method) was then employed to 
calculate the level of digital economy development for each 
time period.

Digital infrastructure, as a fundamental indicator, incorporates 
hard metrics such as internet broadband access and mobile 
communication coverage (e.g., port capacity, base station density). 
These parameters directly determine data flow efficiency and 
connectivity breadth, serving as the physical foundation for digital 
economy operations. Digital industrialization focuses on scale 
indicators of the information and communication technology (ICT) 
sector (e.g., software revenue share, total telecom services), which 
objectively quantify the maturity and economic contribution of core 
digital industries. Industrial digitalization is measured through 
enterprise digital penetration rates (e.g., e-commerce transaction 
ratio, computer utilization density), reflecting the practical outcomes 
of traditional industry transformation and revealing the depth of 
digital technology’s empowerment in the real economy. Digital 

FIGURE 1

Theoretical model.
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innovation capability employs R&D intensity indicators (e.g., R&D 
expenditure, full-time equivalent research personnel), as these directly 
represent sustainable drivers of technological iteration and constitute 
core elements for assessing long-term digital economy competitiveness.

The entropy weight method is an objective quantitative approach 
that automatically calculates indicator weights based on data 
dispersion characteristics. Compared with subjective methods like 
expert scoring, it effectively avoids weighting biases. In this study, 
we first applied range standardization to eliminate dimensional effects. 
Since all indicators are positively oriented, we  standardized them 
using the Equation 2:
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Let ijx  represent the value of the j-th indicator for the i-th sample.
Subsequently, we calculate the proportion of each indicator, see 

Equation 3 for details:
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Where ijp Z  ∈ (0,1), and ∑ =1ijp ;
Subsequently, the entropy value for each indicator is determined 

using the information entropy formula, see Equation 4 for details:
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Where: k = 1/ln(n) serves as the normalization constant;
Finally, the objective weight for each indicator is derived through 

the weighting formula, followed by a weighted calculation of the 
composite score, refer to Equation 5:

	 ( )=

−
=

−∑ 1

1

1

j
j m

jj

e
w

e
	

(5)

4.2.3 Mediating variables
This study focuses on healthcare exports as the research subject, 

and therefore selects foreign trade dependence (Ftrd), export 
technological complexity (Expt), and export trade concentration 

(Dexp) as the mediating variables. Foreign trade dependence (Ftrd) is 
represented by the ratio of the total import and export volume of a 
province to the GDP of that province.

The export technological complexity (Expt) is measured following 
the approach of Hausmann et  al. (72), calculating the export 
technological complexity at the provincial level. Firstly, the export 
technological complexity at the product level for a given year ( pPrody )  
is calculated as the Equation 6:
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Where pPrody  represents the technological complexity of export 
product p, mY  denotes the per capita GDP of region m, and mpX  and 
mX  represent the export value of product p and the total export value 

of all products from country m, respectively. Based on this, the export 
technological complexity at the provincial level in China is further 
constructed by considering the export structure of each province. The 
detailed calculation procedure is shown in Equation 7:
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Where itExpt  represents the export technological complexity of 
province i in year t , iptX  denotes the export value of product p from 
province i in year t , and itX  represents the total export value of 
province i in year t .

Export diversification and export trade concentration (Dexp) is 
measured using the Herfindahl–Hirschman Index (HHI). This index 
reflects the distribution characteristics of the proportions of traded 
products and can indirectly indicate the degree of diversification. 
Consequently, it is utilized by the economics community and 
government management departments as a measure of diversification. 
The Herfindahl–Hirschman Index (HHI) is defined as the sum of the 
squares of the percentages of the total export value for various products 
relative to the total export value, reflecting the concentration of import 
and export trade. The specific calculation formula is as the Equation 8:
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TABLE 1  Evaluation indicators for the resilience of healthcare cross-border e-commerce supply chains.

Primary Indicators Secondary Indicators Description of Indicators

Recovery Capability Fluctuation degree of healthcare product export volume Absolute value of export volume change rate

Resistance Capability Regional goods carrying capacity Goods turnover volume

Scale of cross-border healthcare e-commerce enterprises Number of cross-border healthcare e-commerce enterprises

Regional transportation capacity Freight volume

Responsiveness Regional healthcare product inventory turnover rate Sales amount/Average inventory

Supplier network relationships Number of bilateral trade partnerships

Learning and Innovation Capability Level of technological market development Total value of technology contracts

Level of innovation Logarithm of patent applications
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Where ijts  represents the proportion of the export value of product 
i from province j  in period t  to the total export value of province j ; 
ijtx  denotes the export value of product i from province j  in period t , 

and gitx  represents the total export value of province j  in period t . The 
HHI index ranges between 0 and 1, with a smaller index indicating 
lower export concentration, i.e., greater export diversification. It 
serves as an inverse indicator of export diversification.

4.2.4 Control variables
Drawing from existing literature and the availability of data, the 

specific control variables selected for this study include: Human 
capital level (HC): represented by the average years of education; Level 
of transportation infrastructure (Inft): represented by the logarithm 
of highway mileage and the logarithm of total freight volume; Labor 
level (Labor): represented by the natural logarithm of the number of 
employed persons; Level of industrial structure upgrading (Inds): 
represented by the logarithm of the ratio of the value added of the 
tertiary industry to the secondary industry; Government fiscal 
expenditure (Gov): represented by general government expenditure; 
Level of industrialization (Indu): represented by the ratio of industrial 
output value to regional total output value.

4.3 Data source

Data pertaining to export transactions are sourced from the 
customs database, which comprises complete sample data from 

customs ports, covering detailed information from all export regions. 
Export technological complexity and the resilience of the cross-border 
healthcare e-commerce supply chain, calculated using customs data, 
are considered highly reliable. Given the focus of this study on the 
healthcare industry, which mainly encompasses pharmaceutical 
manufacturing and medical devices, export product inquiries 
primarily involve selected products from these two categories. Other 
indicators related to the development of the digital economy and 
resilience assessments are primarily sourced from the “China 
Statistical Yearbook” and various provincial and local statistical 
yearbooks. As pharmaceutical manufacturing and medical devices are 
part of China’s high-tech industries, some data are also obtained from 
the “China High-Tech Industry Statistical Yearbook.” For the limited 
missing data, interpolation methods were employed for imputation, 
while logarithmic transformations were applied to specific variables 
(e.g., Human capital level) to normalize distributions.

5 Empirical analysis

5.1 Benchmark regression

Table 3 presents the benchmark regression results for the levels 
of digital economy and resilience of the healthcare cross-border 
e-commerce supply chain. Column (1) reports the regression results 
of the univariate relationship between the digital economy and the 
resilience of the healthcare cross-border e-commerce supply chain 

TABLE 2  Composite index of digital economy development.

Primary 
Indicators

Secondary Indicators Description of Indicators

Digital infrastructure Level of internet penetration Number of internet broadband access ports

Number of internet broadband access users

Number of internet domain names

Level of mobile phone penetration Density of mobile phone base stations

Mobile phone penetration rate

Breadth of information transmission Length of long-distance optical cables per unit area

Digital 

industrialization

Software and information technology 

services industry

Proportion of software business revenue to GDP

Number of employees in the information transmission, software, and information technology services industry

Development level of the electronic 

information manufacturing industry

Proportion of information technology service revenue to GDP

Proportion of total telecommunications business to GDP

Per capita total telecommunications business

Development level of the postal and 

telecommunications industry

Per capita total postal business

Volume of express delivery

E-commerce transaction value of enterprises

Industrial 

digitalization

Degree of enterprise digitalization Proportion of enterprises engaged in e-commerce activities

Number of computers used per 100 employees in enterprises

Number of websites owned per 100 enterprises

Digital inclusive finance Digital inclusive finance index

Digital innovation 

capability

Level of research and experimental 

development

Full-time equivalent of R&D personnel in industrial enterprises above designated size

R&D expenditure of industrial enterprises above designated size

Number of R&D projects (topics) in industrial enterprises above designated size
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after controlling for bidirectional fixed effects. Columns (2) and (3) 
display the regression results after including control variables and 
alternatively incorporating time fixed effects and provincial fixed 
effects. Column (4) reports the regression results after including 
control variables and simultaneously incorporating both fixed 
effects. The results indicate that in Column (4), the coefficient for 
digital economy development (Digde) is 4.818 and statistically 
significant at the 1% level. This suggests that digital economy 
development significantly positively influences the resilience of the 
healthcare cross-border e-commerce supply chain. Moreover, 
coefficients in Columns (1) to (4) are all positively significant at the 
1% level, confirming Hypothesis 1. The variation in the coefficient 
of digital economy development across Columns (1) to (4) indicates 
that the extent to which the digital economy promotes the resilience 
of the healthcare cross-border e-commerce supply chain is 
influenced by the year and province. This variability may 
be attributed to policy differences among provinces and external 
shocks in different years, but overall, it does not affect the 
significance of the results.

5.2 Robustness tests

We examined the robustness of the research results using five 
methods: replacing the core explanatory variable, adding control 
variables, lagging one period, GMM model test and conducting 
endogeneity tests.

5.2.1 Replacing the core explanatory variable, 
adding control variables and lagging one period

Since this paper uses the entropy method to measure the level of 
digital economic development, the principal component analysis 
(PCA) method will be  employed in this section to reassess the 
development level of the digital economy. First, data standardization 
preprocessing is required to transform the original indicators with 
different units into standard scores with a mean of 0 and a standard 
deviation of 1, thereby eliminating the impact of unit differences on 

the analysis results. The second step involves constructing a correlation 
coefficient matrix. By calculating the degree of correlation between 
each indicator, highly correlated indicator groups are identified. The 
third step is eigenvalue decomposition, where the eigenvalues and 
eigenvectors of the correlation coefficient matrix are solved. The size 
of the eigenvalues represents the ability of each principal component 
to explain the variation in the original data. The fourth step determines 
the number of principal components. We select the first few principal 
components with eigenvalues greater than 1 and a cumulative variance 
contribution rate exceeding 85%, which significantly reduces 
dimensionality while retaining most of the effective information. 
Finally, the comprehensive score is calculated by performing a 
weighted summation of the standardized data based on the variance 
contribution rate of each principal component. The recalculated 
digital economy development levels of each province are denoted as 
Digde_new.

And the added control variable is the level of economic 
development (Eco). Additionally, we  lagged the level of digital 
economy development by one period (L. Digde). The results are 
presented in Table 4, which shows that the coefficients for the level of 
digital economy development are consistent with the benchmark 
regression results, passing the robustness test.

5.2.2 GMM model test
To eliminate the impact of endogeneity, the basic panel model 

was transformed into a system GMM model for re-estimation. In this 
model, we treated the dependent variable lagged by 1–2 periods as 
endogenous variables, while the independent variables lagged by one 
period and all control variables were treated as exogenous variables. 
The regression results of the GMM model are shown in Table 5. The 
regression coefficient of “Digde” remains significantly positive at the 
1% level, consistent with the results of the basic panel model. 
Moreover, the AR2 is greater than 0.05, failing to reject the null 
hypothesis of no second-order autocorrelation in the residuals, and 
the Hansen value is also greater than 0.1, failing to reject the null 
hypothesis of valid instrumental variables. This indicates that the 
GMM model is valid, and the earlier analysis results remain robust.

TABLE 3  Benchmark regression results.

Variables (1) (2) (3) (4)

Revl Revl Revl Revl

Digde 4.818*** (10.00) 1.466*** (3.13) 3.669*** (6.68) 2.842*** (4.99)

HC 1.865*** (3.00) 2.043*** (3.06) 0.801 (0.93)

Inft 1.257*** (9.53) 1.169*** (9.62) 1.298*** (8.92)

Labor −0.204 (−0.84) 0.037 (0.23) −0.197 (−0.73)

Inds −0.002 (−0.24) 0.000 (0.02) 0.001 (0.07)

Gov 0.000*** (5.20) 0.000*** (3.66) 0.000*** (3.88)

Indu 0.346 (0.78) 0.244 (0.57) −0.002 (−0.00)

_cons 2.177*** (38.14) −15.218*** (−5.72) −16.428*** (−8.85) −13.262*** (−4.80)

FE Yes No Yes Yes

TE Yes Yes No Yes

N 300 300 300 300

R2 0.700 0.764 0.7872 0.793

*, **, and *** denote significance levels at 10, 5, and 1%, respectively. Values in parentheses represent t-statistics. The same applies to the subsequent tables.
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5.2.3 Endogeneity test
To avoid biases in the estimated results due to endogeneity, 

we followed the approach of HUANG et al. (73) and Zhao et al. (71) 
by selecting the interaction term of the total volume of postal and 
telecommunications services in 1984 and the internet usage rate in 
each province from the previous year as the instrumental variable, 
denoted as Iv. The specific regression results are shown in Table 6. The 
Anderson canonical correlation LM statistic p-value for the 
instrumental variable Iv is significant at the 1% level, rejecting the 

null hypothesis of insufficient identification of the instrumental 
variable. The Cragg-Donald Wald F statistic is greater than the critical 
value for the Stock-Yogo test at the 1% significance level, thus also 
rejecting the null hypothesis of weak instruments. The endogenous 
variables correspond one-to-one with the instrumental variables, so 
there is no issue of over-identification of the instrumental variable.

6 Mechanism tests

We will further examine the underlying mechanism through 
which the digital economy influences the resilience of the healthcare 
cross-border e-commerce supply chain, and analyze the impact 
pathways of different dimensions of the digital economy on the 
resilience of the healthcare cross-border e-commerce supply chain. 
Specifically, we will first examine the impact of the digital economy 
development level on foreign trade dependence, export technological 
complexity, and export diversification. Then, we  will separately 
examine the impact of these three dimensions on the resilience of the 
healthcare cross-border e-commerce supply chain. Finally, all 
dimensions and the level of digital economy development will 
be included in the regression model to examine the changes in the 
coefficient and significance of the impact of the digital economy 
development level on supply chain resilience. The specific model is 
as follows:

	
α β β µ γ ε= + + + + +∑1it it j it i t it

j
Revl Digde Control

	
(9)

	
α β β µ γ ε= + + + + +∑1it it j it i t it

j
med Digde Control

	
(10)

TABLE 4  Robustness test results.

Variables (1) (2) (3)

Replacement of the Core 
Explanatory Variable

Addition of Control Variable Lagging by One Period

Digde _new 0.432*** (5.25)

Digde 2.899*** (5.07)

L. Digde 2.533*** (3.89)

HC 0.689 (0.81) 0.751 (0.87) −0.121 (−0.13)

Inft 1.235*** (8.52) 1.297*** (8.91) 1.321*** (8.22)

Labor −0.067 (−0.25) −0.218 (−0.80) −0.134 (−0.46)

Inds 0.001 (0.13) 0.001 (0.08) −0.002 (−0.27)

Gov 0.000*** (7.56) 0.000*** (3.70) 0.000*** (3.44)

Indu 0.018 (0.04) 0.176 (0.37) −0.236 (−0.47)

Eco 0.093 (1.06)

_cons −13.532*** (−4.92) −14.034*** (−4.91) −11.900*** (−3.86)

FE Yes Yes Yes

TE Yes Yes Yes

N 300 300 270

R2 0.795 0.794 0.768

TABLE 5  GMM model test results.

Variables (1)
Revl

L. Revl 0.593*** (5.13)

Digde 3.453*** (3.83)

HC 0.233 (0.32)

Inft 0.374* (1.78)

Labor 0.024 (0.12)

Inds 0.009 (0.94)

Gov 0.000 (0.68)

Indu 0.516 (0.74)

Constant −4.761 (−1.60)

FE Yes

TE Yes

AR1 0.000

AR2 0.225

Hansen 0.137
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(11)

Model 9 investigates the relationship between the digital economy 
and the resilience of the healthcare cross-border e-commerce supply 
chain. Model 10 considers the relationship between the mediator 
variable and the digital economy. Model 11 examines the joint effects 
of the digital economy and the mediator variable on the resilience of 
the cross-border medical e-commerce supply chain. “med” represents 
the mediator variable, which includes foreign trade dependence 
(Ftrd), export technological complexity (Expt), and export 
diversification (Dexp).

6.1 Mediation mechanism test

The regression results are shown in Table 7. Columns (1), (2), and 
(3) of Table 7 indicate that the estimated coefficients are significantly 
correlated, and the signs of the coefficients suggest that the 
development of the digital economy can reduce dependence on 
foreign trade, ultimately enhancing the resilience of the healthcare 
cross-border e-commerce supply chain. These results indicate that 
reducing dependence on foreign trade is one of the mediating 
channels through which the digital economy influences the resilience 
of the healthcare cross-border e-commerce supply chain, thereby 
validating Hypothesis 2.

Columns (1), (6), and (7) of Table  7 show that the estimated 
coefficients are significant at the 1% level. The signs of these 
coefficients imply that the development of the digital economy can 
reduce the concentration of export products, thereby increasing 
export diversity, which ultimately enhances the resilience of the 
healthcare cross-border e-commerce supply chain. These findings 
indicate that export product concentration is one of the mediating 
channels through which the digital economy contributes to the 

resilience of the healthcare cross-border e-commerce supply chain, 
validating Hypothesis 4.

Results from Columns (4) and (5) of Table 7 demonstrate that 
after introducing the mediating variables, the coefficient of the core 
explanatory variable increases, and the coefficient of the mediating 
variable is inversely related to that of the core explanatory variable. 
According to the explanation by WEN and YE (74), this situation can 
be attributed to a certain degree of masking effect. Specifically, export 
technology complexity plays a masking role between the level of 
digital economy development and the resilience of the healthcare 
cross-border e-commerce supply chain, obscuring the direct impact 
of digital economy development on the resilience of the healthcare 
cross-border e-commerce supply chain. However, whether it is a 
mediating effect or a masking effect, it indicates an indirect effect 
exists between export technology complexity, the digital economy, and 
the resilience of the healthcare cross-border e-commerce supply chain. 
In other words, the development of the digital economy can promote 
the resilience of the healthcare cross-border e-commerce supply chain 
by enhancing export technology complexity, thus validating 
Hypothesis 3.

6.2 Sobel test and bootstrap test

To strengthen the verification of the mediation mechanism, 
we conducted further tests: the Sobel test and the Bootstrap test. 
As shown in Table 8, the Sobel test results indicate that the Sobel 
statistic for the mediation path of Mediating Mechanism 1 (“digital 
economy—foreign trade dependence—healthcare cross-border 
e-commerce supply chain resilience”) is not significant at any 
conventional level. In contrast, the Sobel statistics for the other two 
mediation paths are significant at the 10% level. This suggests that 
Hypothesis 2 is not supported by the Sobel test, which deviates 
from the earlier three-step mediation test results. The Sobel test 
assumes that the sampling distribution of the mediation effect 
approximates normality. However, in practice—especially in small 
samples—the distribution of the product term is often skewed, 
which can lead to biased test results. Therefore, the Bootstrap 
method provides greater accuracy and robustness in assessing 
mediation effects.

As shown in Table  9, the Bootstrap test results indicate that 
neither the direct nor indirect effects of the three mediation 
mechanisms include zero within the 95% confidence interval, rejecting 
the null hypothesis at valid significance levels. This confirms the 
existence of mediation (or suppression) effects, providing further 
support for Hypotheses 2, 3, and 4. Based on both the Sobel and 
Bootstrap test results, the following conclusions can be drawn: foreign 
trade dependence mediates the relationship between the digital 
economy and healthcare cross-border e-commerce supply chain 
resilience, accounting for 17.11% of the total effect; export 
technological complexity exhibits a suppression effect (as the signs of 
the indirect and direct effects are opposite), with the suppression effect 
amounting to 10.91% (the absolute value of the ratio of the indirect 
effect to the direct effect); export product concentration mediates the 
relationship between the digital economy and healthcare cross-border 
e-commerce supply chain resilience, explaining 12.12% of the 
total effect.

TABLE 6  Endogeneity test results.

Variables (1)
First Stage 

Digde

(2)
Second Stage 

Revl

Digde 2.7136** (2.10)

LnIv −0.1191*** (−7.08)

Constant 1.9200*** (5.09) −12.2514*** (−4.86)

Controls Yes Yes

FE Yes Yes

TE Yes Yes

Anderson canon. corr. 

LM statistic

49.449***

Cragg-Donald Wald F 

statistic

50.129 [16.38]

Observations 300 300

R-squared 0.987

*, **, and *** denote significance levels at 10, 5, and 1%, respectively. Values in parentheses 
are t-statistics. Values within curly brackets are critical values for significance levels of the 
Stock-Yogo test.
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7 Heterogeneity analysis

7.1 Regional heterogeneity

Geographical location can influence the economic development 
of a region. Areas located at transportation hubs or rich in resources 
are generally more favourable for economic development, attracting 
investment and commercial activities. This study divides the full 
sample into eastern and central regions versus the western region for 
analysis. The results are shown in Columns (1) and (2) of Table 10: the 
impact coefficient of the digital economy on the resilience of the 
healthcare cross-border e-commerce supply chain in the western 
region (3.979) is greater than that in the eastern and central regions 
(2.021), indicating a more pronounced positive enabling effect of the 
digital economy in the western region.

China’s eastern and central regions are situated at the nation’s 
economic centre, which facilitate logistics and the movement of 
people, featuring developed transportation networks and 
convenient transportation conditions. Additionally, these regions 
are densely populated, offering vast potential for commercial and 
market development. These inherent conditions have allowed the 
digital economy in China’s eastern and central regions to start 
earlier and develop to a relatively higher level, significantly 
enhancing the positive promotive effects of the digital economy. In 
recent years, China has been vigorously implementing the “Western 
Development” strategy. Compared to the relatively saturated state 
of digital economy development in the eastern and central regions, 
the western region is still in the stage of increasing marginal returns 
from digital economy development. Therefore, the western region 
can more significantly absorb the positive impact of the digital 

TABLE 7  Mechanism test results.

Variables (1) (2) (3) (4) (5) (6) (7)

Revl Ftrd Revl lnExpt Revl Dexp Revl

Digde 2.842*** (4.99) −0.977*** (−7.17) 2.356*** (3.79) −0.205** (−2.50) 3.184*** (5.68) −0.444*** (−3.10) 2.535*** (4.43)

Ftrd −0.498* (−1.91)

lnExpt 1.672*** (3.95)

Dexp −0.692*** (−2.81)

_cons −13.262*** (−4.80) 1.579** (2.39) −12.476*** (−4.49) 8.404*** (21.09) −27.311*** (−6.13) −0.547 (−0.79) −13.641*** (−5.00)

Controls Yes Yes Yes Yes Yes Yes Yes

FE Yes Yes Yes Yes Yes Yes Yes

TE Yes Yes Yes Yes Yes Yes Yes

N 300 300 300 300 300 300 300

R2 0.793 0.433 0.796 0.980 0.805 0.122 0.799

TABLE 8  Sobel test results.

Measurement items Mediating Mechanism 1 Mediating Mechanism 2 Mediating Mechanism 3

Sobel Value 0.486 (1.843) −0.348* (−2.150) 0.307* (2.082)

Mediating Effect Coefficient 0.486 (1.843) −0.348* (−2.150) 0.307* (2.082)

Direct Effect Coefficient 2.356*** (3.791) 3.190*** (5.6984) 2.535*** (4.428)

Total Effect 2.842*** (4.990) 2.842*** (5.004) 2.842*** (3.791)

Mediation Effect Ratio 17.109% −10.914% 12.120%

*, **, and *** denote significance levels at 10, 5, and 1%, respectively. Values in parentheses are t-statistics.

TABLE 9  Bootstrap test results.

Mechanisms Effect 
category

Observed 
coefficient

Bias Bootstrap std. err. [95% conf. interval]

Mediating Mechanism 

1

Indirect 0.4861913 −0.0647742 0.25446265 (0.0531118, 1.16549)

Direct 2.355598 −0.038791 0.84588663 (0 0.6913589,4.035667)

Mediating Mechanism 

2

Indirect −0.34247298 −0.003599 0.18389279 (−0.8521886, −0.0719047)

Direct 3.1842618 −0.0020825 0.85674249 (1.5771,4.889731)

Mediating Mechanism 

3

Indirect 0.30720395 −0.0096761 0.15284604 (0.093417,0.7069903)

Direct 2.5345849 −0.000544 0.87673567 (0.8889207,4.353372)
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economy on the resilience of the healthcare cross-border 
e-commerce supply chain.

7.2 Policy heterogeneity

Since 2015, China has established comprehensive pilot zones for 
cross-border e-commerce. These zones serve as pioneering areas 
aimed at exploring the technical standards, business processes, 
regulatory models, and informatization construction of various 
aspects of cross-border e-commerce. To assess the effectiveness of 
these comprehensive pilot zones, this study regards 2015 as a 
watershed year and divides the sample into periods before and after 
the implementation of policies. The results, as shown in Columns (3) 
and (4) of Table 10, indicate that the impact of the digital economy 
on the resilience of the healthcare cross-border e-commerce supply 
chain was not statistically significant before the establishment of 
comprehensive pilot zones for cross-border e-commerce. However, 
after the establishment of these zones, the digital economy 
significantly promotes the resilience of the healthcare cross-border 
e-commerce supply chain. This suggests that the establishment of 
comprehensive pilot zones for cross-border e-commerce has 
facilitated the role of the digital economy in enhancing the resilience 
of the healthcare cross-border e-commerce supply chain, providing 
strong support and impetus for the development of the healthcare 
cross-border e-commerce industry.

8 Conclusions and policy 
recommendations

This study utilizes provincial-level panel data from China to 
investigate the impact of the digital economy on the resilience of the 
cross-border e-commerce supply chain in the healthcare industry and 
its underlying mechanisms. Research demonstrates that digital 
economy development significantly enhances the resilience of 
healthcare cross-border e-commerce supply chain through three key 
mechanisms: reducing foreign trade dependence, increasing export 
technology complexity, and optimizing export concentration. This 
effect is particularly pronounced in western regions, with cross-
border e-commerce comprehensive pilot zones further amplifying 
the impact. Policy recommendations focus on four dimensions: 
Industrial integration calls for government policies supporting big 

data and AI applications in supply chain optimization, along with 
establishing industry-academia-research platforms for digital 
solutions. Trade optimization advocates implementing the “dual-
circulation” strategy with tax incentives and R&D subsidies to 
stimulate innovation, complemented by export credit insurance to 
mitigate risks. Regional coordination emphasizes prioritizing digital 
infrastructure in western China and establishing east–west 
collaboration mechanisms for global value chain integration. 
Institutional innovation recommends replicating successful pilot 
zone experiences, advancing “single-window” systems for streamlined 
customs, and encouraging policy experimentation. These measures 
will effectively foster synergistic development between the digital 
economy and healthcare cross-border e-commerce.
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Cost-effectiveness analysis of 
rezvilutamide versus bicalutamide 
and androgen-deprivation 
therapy in patients with 
high-volume, metastatic, 
hormone-sensitive prostate 
cancer: a Markov’s model-based 
evaluation
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Xiangya Hospital of Central South University, Changsha, China, 3 School of Pharmacy, Guangdong 
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Objectives: Rezvilutamide, an androgen-receptor inhibitor, has been approved 
by the Chinese National Medical Products Administration as a first-line treatment 
for high-volume metastatic hormone-sensitive prostate cancer (mHSPC). This 
study aims to assess the cost-effectiveness of rezvilutamide plus androgen-
deprivation therapy (ADT) compared to bicalutamide plus ADT for the first-line 
treatment of high-volume mHSPC in China.

Methods: A Markov model with three health states was developed to evaluate 
the health and economic outcomes of first-line treatment for high-volume 
mHSPC. Efficacy data were sourced from the CHART trial. Quality-adjusted life-
years (QALYs) and incremental cost-effectiveness ratios (ICERs) were calculated. 
To address modeling uncertainties, one-way sensitivity analysis and probabilistic 
sensitivity analysis were performed.

Results: Compared with bicalutamide plus ADT, rezvilutamide plus ADT resulted 
in an additional 2.16 QALYs, with an ICER of $39,122.16/QALY. At a willingness-
to-pay (WTP) threshold of three times the gross domestic product per capita 
in China for 2023 ($37,256.3/QALY), the probability of cost-effectiveness for 
rezvilutamide plus ADT was 30%. One-way sensitivity analysis revealed that 
the results were most sensitive to the cost of rezvilutamide. Scenario analysis 
indicated that rezvilutamide could be considered cost-effective if priced below 
$705.46 per cycle.

Conclusion: From the perspective of Chinese payers, rezvilutamide plus ADT 
appears to be a less cost-effective strategy compared to bicalutamide plus ADT 
for the first-line treatment of high-volume mHSPC in China.
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Introduction

Prostate cancer is a prevalent genitourinary malignancy, 
particularly among older men. According to the Global Cancer 
Statistics 2022, prostate cancer is the second most frequently 
diagnosed malignancy in men worldwide and the fifth leading cause 
of cancer-related deaths among men (1). In China, it accounts for 
13.42% of male cancer incidence and 4.75% of cancer-related deaths 
(2). Although the 5-year survival rate for clinically localized prostate 
cancer in China increased from 53.8% to 66.4% between 2003 and 
2015, it remained significantly lower compared to developed countries 
such as the United States, where the survival rate was close to 100% 
(3). However, only 30% of cases are diagnosed at an early stage, while 
the majority of prostate cancer cases in China are diagnosed in the 
intermediate to advanced stages (3). The prognosis for metastatic 
prostate cancer is generally poor, with a 5-year survival rate of 
approximately 36.6% (4, 5). As a result, innovative therapeutic 
approaches are critically needed to improve survival outcomes for 
patients with metastatic prostate cancer.

For many years, androgen deprivation therapy (ADT), which 
includes both surgical and chemical castration, has been the standard 
of care for advanced prostate cancer (6). However, most patients with 
metastatic hormone-sensitive prostate cancer (mHSPC) who received 
ADT alone are at risk of developing metastatic castration-resistant 
prostate cancer (mCRPC) within 2 years (7). Recent advances have 
revealed the considerable potential of combining docetaxel with 
ADT. This combination therapy has demonstrated remarkable 
superiority over ADT alone (8–10). Bicalutamide, a first-generation 
androgen receptor (AR) inhibitor approved in the United States in 
1995, has been commonly used for metastatic prostate cancer. 
However, first-generation AR inhibitors exhibit weak affinity for the 
AR, leading to limited efficacy in blocking AR activity and potential 
drug resistance due to AR overexpression or mutation (11). 
Consequently, first-generation AR inhibitors in combination with 
ADT, as well as ADT alone, were not recommended as standard 
treatment options for mHSPC in the 2021 European Association of 
Urology Guidelines (12). Second-generation AR inhibitors, such as 
enzalutamide (approved in the US in 2012), apalutamide (approved in 
2018), and darolutamide (approved in 2019), have been shown to 
effectively delay the onset of castration resistance and improve overall 
survival for patients (13–16). In June 2022, the Chinese National 
Medical Products Administration (NMPA) approved rezvilutamide 
for the treatment of high-volume mHSPC. This treatment approach is 
also recommended by the Chinese Society of Clinical Oncology 
(CSCO) diagnosis and treatment of prostate cancer guideline (17).

The clinical efficacy of rezvilutamide in combination with ADT was 
evaluated in the CHART study (18). CHART was a randomized, open-
label, phase 3 study conducted across 72 hospitals in China, Poland, the 
Czech Republic, and Bulgaria. The study aimed to assess the efficacy and 
safety of rezvilutamide plus ADT as a first-line therapy for patients with 
high-volume mHSPC who had not previously received chemotherapy 
or other localized treatments. Total of 654 patients were eligible and 
randomly assigned to either the rezvilutamide group (240 mg orally once 
daily in a 4-week cycle; n = 326) or the bicalutamide group (50 mg orally 
once daily in a 4-week cycle; n = 326). All patients received background 
therapy with either surgical ADT or luteinizing hormone-releasing 
hormone (LHRH) agonists or antagonists, in accordance with the 
package insert, throughout the study period. The co-primary endpoints 

of the study were radiographic progression-free survival (rPFS) and 
overall survival (OS). The results showed that the rezvilutamide group 
significantly improved rPFS compared with the bicalutamide group [not 
reached vs. 25.1 months; hazard ratio = 0.44, 95% confidence interval 
(CI) 0.33–0.58, p < 0.0001]. Furthermore, rezvilutamide significantly 
improved OS compared to bicalutamide (not reached vs. not reached; 
hazard ratio = 0.58, 95% CI 0.44–0.77, p < 0.0001).

The findings of the CHART trial formed the basis for the regulatory 
approval of rezvilutamide in combination with ADT for the treatment 
of high-volume mHSPC in China. However, clinical treatment 
decisions and national health policy require evidence of cost-
effectiveness. Since existing economics assessment studies have used 
partitioned survival model and reached controversial conclusions (19, 
20). The objective of this study conducted a Markov model to evaluate 
the cost-effectiveness of rezvilutamide plus ADT versus bicalutamide 
plus ADT for high-volume mHSPC, based on the data from the 
CHART trial, from the perspective of the Chinese healthcare system.

Methods

Model overview

This study adhered to the Consolidated Health Economic 
Evaluation Reporting Standards (CHEERS) reporting guidelines (21, 
22). A Markov model was developed to simulate the costs and health 
benefits associated with the treatment of high-volume mHSPC using 
rezvilutamide plus ADT versus bicalutamide plus ADT. The model 
included three distinct health states: progression-free survival (PFS), 
progressive disease (PD), and death (Figure 1). The cycle length of 
the Markov model was set to 28 days, aligning with the treatment 
periods. The average life expectancy in China in 2020 was 77.93 years 
(23). Given that the median age of patients in the CHART study was 
69.2 years (range: 64–74 years), a 13-year time horizon was selected 
to better represent long-term survival of patients. All patients began 
in the PFS state and transitioned to either the PD state or death. 
Patients in the PD state could remain there or transition to death. 
The model’s outcomes included life years, quality-adjusted life years 
(QALYs), and costs. According to Chinese pharmacoeconomic 
evaluation guidelines, both costs and QALYs were discounted at an 
annual rate of 5%. Incremental cost-effectiveness ratios (ICERs) 
were calculated to represent the cost per additional QALY gained. 
The cost-effectiveness threshold in China was defined as $37,256.3, 
equivalent to three times the per capita gross domestic product 
(GDP) of China in 2023 (24, 25).

Clinical efficacy

Survival parameters were primarily derived from the Kaplan–
Meier (KM) curve of the CHART trial (18). We used the Engauge 
Digitizer software to extract digitized data points from the PFS and 
OS KM curves of the CHART study. Individual patient data were then 
reconstructed using standard statistical methods as outlined by Guyot 
et  al. (26). Several parametric survival functions were evaluated, 
including the Exponential, Weibull, Log-logistic, Gompertz, and 
Log-normal distributions. The model selection was based on the 
Akaike information criterion (AIC), Bayesian information criterion 
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(BIC), and visual inspection of the parametric extrapolation and long-
term survival estimates. The distribution with the lowest AIC or BIC 
values was chosen as the best-fit model (27).

Cost estimates

This analysis focused solely on direct medical costs, which 
included drug costs, costs for managing treatment-related adverse 
events (AEs), subsequent treatment costs, and disease management 
costs (outpatient visits, supportive care, nursing, laboratory tests). 
Drug costs were estimated based on patient dosing schedules and 
unit prices, calculated per treatment cycle. Unit drug costs were 
sourced from Hunan Public Resources Trading Service Platform 
(28). Costs associated with subsequent treatments, AE management, 
and end-of-life care were either estimated or referenced from 
published literature (29–31). For AE management costs, only grade 
≥ 3 events from the CHART trials were included (18). According to 
the CHART study, the incidence of treatment-emergent AEs was 7% 
for hypertension and 2% for hypertriglyceridemia in the 
rezvilutamide plus ADT group, compared to 8% and 7%, respectively, 
in the bicalutamide plus ADT group. Upon disease progression, 27 
and 62% of patients received subsequent treatments, including 
hormonal therapy, abiraterone acetate, enzalutamide, and docetaxel; 
the others received supportive care. All costs were adjusted to US 
dollars for 2024. Chinese Yuan was converted to US dollars using the 
exchange rate formula: 1 US $ = 7.1954 CNY (32). Key costs are 
shown in Table 1.

Utility estimates

Quality-adjusted life-years were estimated by adjusting 
survival time with health-related quality of life. Separate health 
state utility (HSU) values were applied for patients in the PFS and 
PD states. The HSU values for these different health states in the 
CHART trial population were derived from published literature 
(33). The values and sources for HSU were detailed in Table 1.

Sensitivity analysis

The robustness of the results was tested with a series of one-way 
sensitivity analysis on several parameters. In the one-way sensitivity 
analysis, the cost parameters ranged between −20% and +20% and the 
utility parameters were variable at 10% efficiency, as detailed in 
Table 1. The results of the one-way sensitivity analysis are presented 
as tornado diagrams. Moreover, probabilistic sensitivity analysis were 
conducted using Monte Carlo simulations with 10,000 replicated 
outcomes. The results of these are presented as cost-effectiveness 
acceptability curves. For the model, different distribution types were 
applied to each parameter: Gamma distributions for cost inputs and 
Beta distributions for utility values.

Results

Base-case analysis

The results of the deterministic analysis are showed in Table 2. In 
patients with high-volume mHSPC, compared to bicalutamide plus ADT, 
rezvilutamide plus ADT yielded an additional 2.16 QALYs (5.46 QALYs 
vs. 3.31 QALYs), corresponding to an incremental cost of $84,417.48. The 
calculated ICER was $39,122.16/QALY gained, which exceeded the WTP 
threshold of three times the GDP per capita in China.

Sensitivity analysis

According to the one-way deterministic sensitivity analysis 
(DSA), the model was most sensitive to the cost of rezvilutamide 
(Figure 2). In the probabilistic sensitivity analysis (PSA), the cost-
effectiveness plane illustrated the results of 10,000 Monte Carlo 
simulations (Figure 3). 

Comparing rezvilutamide plus ADT with bicalutamide plus ADT 
the cost-effectiveness acceptability curve indicated a nearly 30% 
probability of cost-effectiveness at the WTP threshold of $37,256.30, 
consistent with the base-case analysis results (Figure 4).

FIGURE 1

The Markov state transition model.
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Discussion

The introduction of second-generation AR inhibitors has brought a 
new ray of hope to the treatment of high-volume mHSPC. The 
combination of AR inhibitors with ADT has been recommended as a 
first-line treatment in the guideline of the CSCO for prostate cancer (17). 
The recommended first-line treatment for patients with high-volume 
mHSPC includes ADT combined with an antiandrogen, such as 
bicalutamide, rezvilutamide, abiraterone, enzalutamide, or apalutamide. 
Despite these positive developments, many of these second-generation 
AR inhibitors were imported medications, and the clinical studies that 

have been registered primarily focused on Western populations. The 
CHART trial demonstrated that rezvilutamide, in combination with 
ADT, significantly improved the prognosis of patients with high-volume 
mHSPC when compared with bicalutamide plus ADT (18).

The purpose of this study, which employed a Markov model, 
was to assess the cost-effectiveness of rezvilutamide plus ADT 
compared with bicalutamide plus ADT in the treatment of high-
volume mHSPC. The results suggest that, compared with 
bicalutamide plus ADT, rezvilutamide plus ADT was associated 
with an incremental survival of 2.16 QALYs and an incremental cost 
of $84,417.28. The calculated ICER was $39,122.16 per QALY. The 

TABLE 1  Model parameters of clinical data, costs and utilities: baseline values, ranges, and distributions.

Unit Baseline value (range) Distribution Source

Survival model for rezvilutamide

  PFS AIC = −111.95, BIC = −109.12 Log-normal Estimated

  OS AIC = −268.95, BIC = −263.40 Log-normal Estimated

Survival model for bicalutamide

  PFS AIC = −80.94, BIC = −77.96 Log-normal Estimated

  OS AIC = −329.31, BIC = −323.51 Log-normal Estimated

  Rezvilutamide 823.03(658.42–987.63) Gamma Local database

  Bicalutamide 120.75(96.60–144.90) Gamma Local database

  Goserelin 149.23(119.38–179.07) Gamma Local database

  Leuprolide 176.86(141.49–212.23) Gamma Local database

  Triptorelin 163.90(131.12–196.68) Gamma Local database

  Degarelix 104.23(83.39–125.08) Gamma Local database

  Average 148.55(118.84–178.26) Gamma Estimated

Subsequent antitumor therapy

  Abiraterone 177.89(142.31–213.47) Gamma Local database

  Enzalutamide 1083.36(866.69–1300.03) Gamma Local database

  Docetaxel 815.74(652.59–978.89) Gamma Local database

  Prednisone 0.49(0.39–0.59) Gamma Local database

  Apalutamide 917.25(733.80–1100.70) Gamma Local database

  Darolutamide 1044.00(835.20–1252.80) Gamma Local database

  Surgical ADT 1389.78(1111.82–1667.73) Gamma Estimated

  Cost of routine treatment and Checklist per unit 642.89(514.32–771.47) Gamma Estimated

  Testosterone concentrations 4.17(3.34–5.00) Gamma Estimated

  Prostate specific antigen 16.68(13.34–20.01) Gamma Estimated

  CT 27.80(22.24–33.35) Gamma Estimated

  Cost of supportive care per cycle 117.1(93.68–140.52) Gamma (28)

  Routine follow-up of patients per unit 51.5(41.2–61.8) Gamma Estimated

AE

  Hypertension 12.15(9.72–14.58) Gamma (8)

  Hypertriglyceridemia 13.23(10.58–15.88) Gamma (8)

  Health state utility

  PFS 0.76(0.684–0.836) Beta (31)

  PD 0.68(0.612–0.748) Beta (31)

Discount rate 0.05(0.00–0.08) Beta (22)

AIC, Akaike information criterion; BIC, Bayesian information criterion; OS, overall survival; PFS, progression-free survival. ADT, androgen deprivation therapy; AE, adverse event.
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cost-effectiveness acceptability curve revealed that rezvilutamide 
plus ADT was not cost-effective when the WTP threshold was set 
at $37,256.3 per QALY. However, these findings should not be used 
as a basis for limiting the use of rezvilutamide, as this may result in 
missed opportunities for beneficial treatment options. Instead, they 

should be regarded as economic considerations for informing the 
implementation of China’s national pricing negotiation policies. To 
address the issue of high drug prices, promote patient access, and 
ensure the sustainability of the medical insurance fund, China 
formally launched national reimbursement-linked price 

TABLE 2  Summary of results of the base-case analysis.

Regimens Costs ($) Incremental  
Cost ($)

QALYs Incremental 
QALYs*

ICER*

Rezvilutamide 126510.14 84417.48 5.46 2.15 39122.16

Bicalutamide 42092.66 NA 3.31 NA NA

QALYs, Quality-adjusted life years; ICER, Incremental cost-effectiveness ratio.

FIGURE 2

Tornado plot generated in the one-way deterministic sensitivity analysis. Only the top 9 most influential parameters are presented. PFS, progression-
free survival; PS, progression survival; ADT, androgen deprivation therapy; WTP, willingness-to-pay; QALY, quality-adjusted life-year; ICER incremental 
cost-effectiveness ratio; EV, expect value.

FIGURE 3

Cost-effectiveness plane generated in the probabilistic sensitivity analysis. WTP, willingness to pay; RA, rezvilutamide; BA, bicalutamide. Red: ICER value 
greater than WTP. Green: ICER value less than WTP.
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negotiations in 2017 (34, 35). Such a policy could significantly 
improve the cost-effectiveness of rezvilutamide.

The results of the one-way sensitivity analysis showed that the cost 
of rezvilutamide was the most sensitive factor affecting the ICER. The 
analysis revealed that the cost-effectiveness of rezvilutamide plus ADT 
compared to bicalutamide plus ADT could be influenced by the price 
of rezvilutamide. Rezvilutamide can be considered cost-effective only 
when priced below $705.46 per cycle at a WTP threshold of $37,256.3 
per QALY. The results of both the one-way sensitivity analysis and 
probabilistic sensitivity analysis demonstrate the robustness of these 
findings. These results provide important insights for China’s health 
insurance policymakers when determining the price of rezvilutamide 
following its launch.

Several studies have assessed the cost-effectiveness of first-
line treatments for high-volume mHSPC, including two Chinese 
studies focusing on the cost-effectiveness of rezvilutamide. As a 
novel therapy, rezvilutamide was associated with a high economic 
burden, highlighting the need for pharmacoeconomic research 
based on the CHART trial to evaluate its cost-effectiveness (19, 
20, 36, 37). Ding et al. (20) previously conducted a partitioned 
survival model to evaluate the cost-effectiveness of rezvilutamide 
combined with ADT for high-volume mHSPC in China. Their 
study demonstrated that rezvilutamide plus ADT was more cost-
effective compared to bicalutamide plus ADT as the first-line 
treatment for high-volume mHSPC from the perspective of the 
Chinese healthcare system (20). In contrast, Wu et  al. (19) 
conducted a similar study using a partitioned survival model and 
concluded that rezvilutamide plus ADT is unlikely to be  cost-
effective for most adults when compared to bicalutamide plus 
ADT, considering a WTP threshold of $38,223.3 per QALY from 
the perspective of the Chinese healthcare system. However, they 
suggested that a promising economic advantage could be achieved 
if rezvilutamide were included in the National Reimbursement 
Drug List (NRDL) with a 10% price reduction (19). Due to the 
discrepancies between the findings of these two studies, 
we constructed a Markov model to assess the cost-effectiveness of 
rezvilutamide plus ADT versus bicalutamide plus ADT as a first-
line treatment for high-volume mHSPC from the perspective of 
the Chinese healthcare system. Our results indicated that 
rezvilutamide treatment regimen would be  considered cost-
effective only when priced below $705.46 per cycle at a WTP 

threshold of $37,256.3 per QALY, yielding findings consistent with 
those of Wu et al. (19). This provided new evidence to inform 
clinical decision-making regarding antiandrogen drugs for 
Chinese patients with high-volume mHSPC based a Markov 
model cost-effectiveness comparison.

The present study has several limitations. First, the 
pharmacoeconomic evaluation was based on the CHART trial, which 
unfortunately had a limited follow-up period. As a result, we obtained 
progression-free survival PFS and OS data by fitting parameter 
distributions. Although extrapolation could obtain relevant data 
outside the follow-up period of the CHART trial, this would increase 
model uncertainty. To mitigate this, we  conducted a comparative 
analysis using the Akaike Information Criterion (AIC) and Bayesian 
Information Criterion (BIC) to select the best-fitting distribution, and 
performed sensitivity analysis to assess the robustness of the model 
results. Second, the study only focused on the two most serious AEs 
related to treatment, neglecting other potential AEs. As a result, there 
may be some degree of bias between the calculated costs and those in 
real-world settings. Third, several key parameters in the analysis, 
including utility scores, were obtained from the literature. However, a 
comprehensive search of existing studies did not identify utility scores 
specific to the Chinese population, which may impact the accuracy of 
the model results. Finally, this analysis was conducted while 
Rezvilutamide was still under patent protection. The pricing of generic 
equivalents may influence the cost-effectiveness analysis in 
future studies.

Conclusion

In conclusion, our analysis indicates that rezvilutamide plus ADT 
is not cost-effective at the current price compared to bicalutamide plus 
ADT. However, it becomes cost-effective if the price of rezvilutamide 
is reduced by 14.29%.
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Facilitators and barriers to the 
implementation of DIP payment 
methodology reform in a public 
hospital in Guangzhou: a 
qualitative study based on the 
implementation of the 
meta-framework for research 
(CFIR) framework
Jinghui Chang 1†, Siyi Chen 1†, Anqi Li 1, Xixi Yang 1, Hualian Luo 1, 
Maidina Yilamu 1, Bingqian Fu 1, Nuoyan Xu 1, Jing Liu 2 and 
Huishu Tian 2*
1 School of Health Management, Southern Medical University, Guangzhou, China, 2 Guangzhou First 
People’s Hospital, Guangzhou, China

Background: The Diagnosis-Intervention Packet (DIP), a medical insurance 
payment management system utilizing big data, has been piloted in 12 cities by the 
National Healthcare Security Administration in China starting in 2021. Guangzhou 
is one of the pilot cities, and it has demonstrated significant success in the DIP 
payment reform, with its practical experience being affirmed and promoted by 
the National Health Department. In this study, researchers conducted field visits 
to a public hospital in Guangzhou to understand the internal responses to the 
DIP reform and the cognitive attitudes of relevant personnel. The analysis of the 
positive and negative factors affecting the implementation of the reform and 
the proposed measures to optimize internal hospital management are expected 
to provide practical evidence for the implementation of DIP payment reform in 
other public hospitals.

Methods: This study develops an interview guide based on the Consolidated 
Framework for Implementation Research (CFIR) and conducts one-on-one 
semi-structured interviews offline with personnel from a Grade A tertiary public 
hospital in Guangzhou. Employing rapid qualitative analysis techniques and 
utilizing NVivo 14.0 for coding CFIR-structured texts related to implementation, 
the study integrates five dimensions: innovation, inner and outer context, 
individuals, and the implementation process. It identifies factors that facilitate 
and hinder the implementation of the Diagnosis-Intervention Packet (DIP) 
payment reform, thereby proposing optimized internal management strategies 
for public hospitals to cope with DIP payment reforms.

Discussion: This study will provide significant insights for optimizing the internal 
management of public hospitals in the context of DIP payment reform. It offers 
a reference for optimizing internal management in tertiary public hospitals in 
China, aiming to achieve standardized, healthy, collaborative, and high-quality 
development.
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Background

The stable and efficient operation of medical insurance funds is 
crucial for as well as. Changes significantly on allocating and 
coordinating medical resources and services, and changes in medical 
insurance payment methods significantly impact the efficiency of 
medical insurance fund utilization (1) Therefore, the reform of 
medical insurance payment methods occupies an important position 
in the medical reform process (2). Since 2009, China has been 
exploring the implementation of Diagnosis Related Group (DRG) 
payment reform, progressively eliminating the excessive medical 
practices associated with the traditional fee-for-service model (3). In 
2019, the National Health Department, in collaboration, issued the 
technical specifications and grouping schemes for DRG pilot 
programs, designating 30 cities as national pilot cities for DRG 
payment (4).

China’s exploration of localized medical cost containment 
strategies began in 2018, based on authentic domestic data. It 
objectively summarized the characteristics of various diseases and 
their treatment paradigms and, from these common features, 
established a Diagnosis-Intervention Packet (DIP) system that aligns 
with the current state of medical services in China. Gradually, a 
medical payment framework was constructed that supports a “total 
budget for normal growth; disease category points to guide rational 
treatment, payment reflects incentive mechanisms, and intelligent 
monitoring to strengthen process management” (5). Consequently, in 
2020, the National Medical Insurance Administration issued the 
“Regional Point Method Total Budget and DIP Pilot Work Plan,” 
officially launching DIP pilot programs in 71 cities nationwide. To 
date, the National Medical Insurance Administration has published 
seven policy documents, emphasizing from the national health 
strategy level the construction of a “practical and efficient medical 
insurance payment mechanism” adapted to the national conditions.

In 2021, the National Healthcare Security Administration, guided 
by developmental objectives, comprehensively and concurrently 
advanced DRG/DIP payment methodologies reform, issuing the 
“Three-Year Action Plan for DRG/DIP Payment Method Reform” (6, 
7). It proposed that by 2022–2024, the reform tasks for DRG/DIP 
payment methods would be fully completed, thereby promoting high-
quality development in medical insurance. By the end of 2024, all 
regions under the unified management had initiated the reform of 
DRG/DIP payment methodologies (8). By the end of 2025, the DRG/
DIP payment method is expected to cover all eligible medical 
institutions providing inpatient services nationwide, achieving 
comprehensive coverage across four aspects: unified regions, medical 
institutions, disease groupings, and medical insurance funds (9).

By the strategic planning of the National Healthcare Security 
Administration, regions are advancing medical insurance payment 
reforms in a phased and batched manner, implementing them 
steadily through a combination of national unified deployment and 
local practice. Observations from the practices in various provinces 
and cities indicate that the DRG/DIP payment system has achieved 
certain effects. By the end of 2021, it had entered the actual 

payment phase, which can essentially ensure that medical 
institutions retain a certain surplus (10). Taking Zhejiang Province, 
which entered the actual payment phase earlier, as an example, the 
province has included inpatient costs across the entire province, 
encompassing all demographics and aspects of diagnosis and 
treatment within the scope of DRG payment reform (11). The DIP 
reform has also yielded preliminary results: in pilot cities of 
Guangdong, Jiangsu, Fujian, and Shandong provinces, there has 
been a significant reduction in the growth rate of medical expenses 
and average inpatient costs, with the growth rate of medical 
insurance payments for inpatient costs decreasing by up to 4.8%, 
thereby alleviating the pressure on fund expenditures to a certain 
extent (12).

Guangzhou, with the richest medical resources in southern China, 
with the number of top-tier hospitals ranking only after Beijing and 
Shanghai nationwide. As one of the first pilot cities for the Diagnosis-
Intervention Packet (DIP) payment reform, since January 2018, it has 
fully implemented a big data-based case-based payment system, 
covered 334 medical institutions and saved 1.1 billion yuan in medical 
insurance costs in that year alone, establishing an integrated payment 
supervision mechanism of “retaining surpluses and sharing deficits” 
(13). In 2020, as a national advanced pilot for DIP, the National 
Healthcare Security Administration promoted the “Guangzhou 
Experience” to the national level. By 2023, the average inpatient cost 
and out-of-pocket expenses in Guangzhou had decreased by over 
10%, reducing unnecessary hospitalizations by 56,000 person-times 
annually, and the average number of hospital stays per patient declined 
by 5.8%. This effectively controlled the irrational increase in medical 
expenses and promoted the rational allocation of medical resources 
(14). The DIP payment reform in Guangzhou, Guangdong Province, 
has covered all designated inpatient hospitals, benefiting 14 million 
insured individuals in the city.

The effectiveness of the Diagnosis-Intervention Packet (DIP) 
payment reform has garnered widespread attention, as it not only 
meets the basic medical needs of the population but also alleviates 
the financial burden on medical institutions (15). Many scholars 
believe that DIP payment, as an indigenous innovation in the 
management model of medical insurance funds, will effectively 
address issues such as excessive medical treatment and the extensive 
development of hospitals (16). A bundled pricing approach achieves 
precise pricing and reasonable compensation for medical services, 
playing a positive role in controlling the irrational increase in medical 
expenses (17). However, the implementation of DIP still faces certain 
obstacles. The shift in payment methods and the management 
pressure due to overly detailed categorization have increased the 
operational burden on hospitals. Under the pressure of reform targets 
(18), profit-driven behaviors such as patient referral and conservative 
treatment are hard to avoid. Weak support from electronic medical 
record platforms, benefit disparities between disease categories, and 
insufficient awareness among medical staff and patients constrain the 
promotion and implementation of DIP (19). Profit-driven behaviors 
such as patient referral and conservative treatment are hard to avoid. 
Weak support from electronic medical record platforms, benefit 
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disparities between disease categories, and insufficient awareness 
among medical staff and patients constrain the promotion and 
implementation of DIP.

Against the backdrop of medical reform, scholars often begin their 
investigation with the operational effects of the Diagnosis-Intervention 
Packet (DIP) reform on medical institutions, examining its impact on 
aspects such as medical quality, medical expenses, and hospital stay 
duration. From a research perspective, domestic and international 
scholars focus on policy orientation, system construction, and multi-
stakeholder collaboration (20), emphasizing macro-level policy 
analysis. In contrast, studies on individual policy cognition and 
evaluation at the implementers’ level are relatively scarce (21). However, 
the in-depth implementation of DIP requires a combined qualitative 
approach from both macro and individual perspectives to better explore 
how health policies can be effectively implemented within hospitals.

The Consolidated Framework for Implementation Research 
(CFIR), initially introduced in 2009, comprises five dimensions and 
39 domains that influence the implementation process and outcomes 
(22). After a decade and a half of application and evolution, in 2022, 
the CFIR development team updated the framework in response to 
feedback from research scholars, resulting in CFIR 2.0. This updated 
version expanded the framework by adding 21 new constructs and 19 
secondary constructs. It refined some of the existing constructs and 
their definitions (23, 24), enhancing their utility and applicability. 
Worldwide, in the assessment of healthcare service quality, the CFIR 
framework is extensively applied in practical investigations across 
various fields such as nursing implementation, screening interventions, 
clinical decision-making, medical platform evaluation, and health 
analytics, promoting a more profound integration of implementation 
science theory with empirical research (25, 26).

The CFIR used in this study provides a theoretical and 
methodological basis for analyzing DIP payment reform. Compared to 
frameworks such as RE-AIM or PARIHS, CFIR provides a more 
structured approach to assessing the contextual, behavioral, and 
organizational dynamics that influence implementation outcomes (22, 
27). When involving multiple levels of participants in the policy, 
institutional, and clinical arenas, CFIR is better suited than the 
Theoretical Domains Framework (TDF) to study complex policy 
reforms, capturing the interplay between policy characteristics, 
institutional context, and individual behaviors that are critical to 
understanding the real-world challenges of healthcare system reforms 
(28) CFIR’s five-domain structural design allows for a better layered 
understanding of how reforms are perceived (innovations), experienced 
at the institutional and inter-institutional levels (internal and external 
environments), implemented by individuals, and how the adaptation 
process takes shape - dimensions that are highly relevant to the context 
of top-down policy diffusion and local adaptation in China. In 
addition, CFIR has been successfully applied to implementation studies 
of DRG-based payment reforms in multiple countries, enhancing its 
cross-country and cross-system applicability. For example, in South 
Korea, Kim et al. (29) used CFIR to assess how hospitals are responding 
to bundled DRG-based payments, identifying organizational leadership 
and system infrastructure as key enablers. In Germany, Linn et al. (30) 
utilized CFIR to explore the implementation of digital health in a DRG 
environment. Similarly, in France, Dufour et al. (31) used CFIR to 
examine behavioral responses to performance-based hospital grants.

By adopting CFIR in the context of China’s DIP reforms, this 
study can serve to fill a comparative gap in how developing health 

systems respond to complex payment reforms. CFIR’s cross-country 
relevance and its flexibility in integrating micro- and macro-
implementation determinants strengthen its applicability in this study.

Although there has been a great deal of research on the institutional 
design and macro-effectiveness (e.g., cost control, efficiency 
improvement) of the DIP payment reform, most of the literature focuses 
on the macro-policy level or the analysis of quantitative economic 
indicators, and there is a lack of qualitative research on the complexity 
of the healthcare reform in the process of hospitalization, the resistance 
and adaptive mechanism of the implementation of the healthcare 
reform, especially from the perspectives of the main actors of the 
implementation -- hospital administrators and clinical staff. However, 
most of the literature focuses on the macro policy level or quantitative 
economic indicators to analyze the complexity, resistance and adaptation 
mechanism of the implementation of the reform in the frontline of 
hospitals, especially from the perspective of the implementation 
subjects - hospital administrators and clinical staff. This “implementation 
gap” limits our in-depth understanding of the actual operation 
mechanism of DIP reform and is not conducive to the identification and 
optimization of system adaptation problems at the micro level.

Therefore, using CFIR as a theoretical framework, researchers 
conducted semi-structured interviews with administrators, clinical 
department heads, and clinical technicians. Unlike studies that rely on 
large samples of data or disease-specific analyses, this type of holistic 
frame analysis and coding comparison for a single sample of 
healthcare organizations can reveal facilitators and major barriers to 
policy implementation in hospitals. In contrast to questionnaires and 
quantitative data analysis methods, interviews can provide insights 
into the perceptions and feedback of hospital insiders on the current 
status of DIP payment reform, and further explore the major issues 
faced by this tertiary care public hospital in the implementation of 
DIP payment reform.

This study focuses on the internal implementation process of DIP 
reform in a public tertiary hospital, aiming to answer the following 
core research questions:

	•	 How do medical staff and administrators perceive and adapt to 
the DIP payment reform?

	•	 What are the organizational, process, and individual challenges 
and facilitators faced by hospitals in the implementation of 
DIP reform?

	•	 How can recommendations be made to optimize the path of 
reform implementation from the perspective of the implementers?

Through semi-structured interviews and framework-oriented 
coding analysis, this research attempts to fill the gap of the lack of 
micro-mechanisms explored in existing studies at the implementer 
level and provides empirical insights and strategic references for the 
policy implementation of DIP reform and the continuous optimization 
of the health insurance payment system.

Methods

Research design

This study employs the five-dimensional structure of the 
Consolidated Framework for Implementation Research (CFIR), which 
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includes Innovation, Outer setting, Inner setting, Roles, 
Characteristics, and Process, to guide future implementation and 
evaluation. This comprehensive framework facilitates a structured and 
systematic approach to guiding and assessing policy execution, and it 
actively assists in identifying potential and actual factors that influence 
the progress and outcomes of implementation (23). By integrating a 
hierarchical exploration from the macro (senior hospital management) 
to meso (department and unit managers) to micro (medical, technical 
personnel, individual implementers) levels, we  can gain a clearer 
understanding of how the DIP system disseminates information and 
develops signals to affect internal hospital decision-making and 
direction, thereby influencing operational models and reward and 
punishment mechanisms, ultimately manifesting in the policy 
cognition, strategic thinking, and medical behaviors of 
healthcare professionals.

Researchers collected perceptions and evaluations of 
implementing the Diagnosis-Intervention Packet (DIP) through semi-
structured interviews with participants. By inductively coding the 
viewpoints of each interviewee across the five dimensions, 
we synthesized the interactions at different levels, elucidating how 
medical institutions implement policies and objectives through 
internal adjustments and coordination. We also explored individuals’ 
reactions and implementation status at the micro-level to management 
at the meso-level. From the acquisition and organization of this 
information, we  identified the barriers and facilitators to the 
implementation of DIP.

Study setting

In the study, we selected a large public hospital in Guangzhou, one 
of the first batch of tertiary-level hospitals in Guangdong Province, 
with a history of operation spanning over a century, making it 
representative. The research team conducted in-depth investigations 
within the medical institution, carrying out on-site field interviews 
with nine participants. Before the implementation of the field 
investigation, the team leader organized the division of labor among 
team members to collect and organize background information on the 
case hospital. The supervising instructor provided interview training 
for all personnel, standardizing the interview execution criteria and 
working group assignments.

The selection of interview subjects is based on the relevant 
departmental sections implementing DIP as a clue, combining the 
background of the hospital system, on-site tracking, and literature 
search. Full consideration was given to the work content of the 
personnel in different departments, the balance of their backgrounds, 
and the personal wishes of the respondents.

Data collection

Between November 17 and November 30, 2023, 16 separate semi-
structured qualitative interviews were conducted. To increase 
methodological rigor, this study used purposeful theoretical sampling 
to select interviewees from administrative and clinical departments 
directly related to DIP reform. Interviews were continued until 
theoretical saturation was reached, i.e., three consecutive interviews 
in which no new themes emerged. Two interviewers were assigned to 

one interview unit, and each interview lasted 45–60 min while being 
audio-recorded and transcribed offline. Electronic interview 
transcripts were backed up and transcribed in groups. A total of 16 
valid interview texts were collected and organized, integrating one 
copy of each hospital background collection material and the DIP 
interview research guidebook.

Data analysis

The 16 valid interview texts were cross-checked and cleaned by the 
four groups of interview unit staff and imported into NVivo.14.0 
software by four data coders for manual organization and coding. In 
terms of coding consistency, two researchers with qualitative research 
backgrounds independently carried out the initial coding, and consensus 
was reached on the divergent parts through discussion and guided 
review by qualitative research experts to ensure the stability of the coding 
results. The coding process used CFIR as the main coding framework to 
summarize and arrange the qualitative texts by five dimensions and 36 
domains. This enabled the researchers to take the qualitative, stand-alone 
texts and build them into a salient structure of positive and negative 
contributing factors to policy implementation. The distribution and 
frequency of the key domains were statistically analyzed as a reference 
point for comparison, and the factors were hierarchically categorized in 
conjunction with affective words and attitudes in the textual content. 
Triangulation was also used in this study to enhance reliability and 
validity. Interviews were cross-checked with relevant hospital documents 
and information (e.g., performance notices, implementation rules, etc.), 
and interviews with key informants were confirmed, thus strengthening 
the reliability and robustness of data interpretation.

The coding process identified 27 parent nodes and 83 child nodes 
across the five dimensions of CFIR 2.0. Parent nodes corresponded to 
core constructs (e.g., 5–6 nodes under Innovation, such as 
“Comparative Advantage” and “Complexity”), while child nodes were 
derived through granular thematic analysis (e.g., “Theoretical 
Complexity” and “Clinical Adaptability” under “Complexity”). Node 
density analysis revealed the highest concentration in *Inner Setting* 
(32%, primarily reflecting departmental collaboration [IC01] and 
resource allocation [H01]) and *Innovation* (28%, aligned with DIP 
policy design discussions [Ge01, CM01]). Inter-coder reliability was 
confirmed with Cohen’s κ = 0.78 (95%CI 0.72–0.84) based on dual 
independent coding of 30% transcripts.

Ethical considerations

Ethical approval for this research was obtained from the First 
People’s Hospital of Guangzhou, with the approval number (K-2024-
099-01). Before the interviews, the researchers assured the 
interviewees of the anonymization of their personal information.

Results

Summary of interviewees

We conducted semi-structured interviews with implementers of 
the in-hospital DIP medical payment reform in a locally representative 
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public hospital, covering eight clinical medical departments (joint 
surgery, neurology, hematology, obstetrics, traditional Chinese 
medicine, pediatrics, geriatrics, and obstetrics, and gynecology) as 
well as six administrative functions (medical insurance office, medical 
record department, quality control department, economic 
management department, complaint management department, 
information center) covered a total of 16 implementers. Their basic 
information is described and organized in Table 1.

Facilitators and barriers

The study was coded using the dimensions and corresponding 
domains of the Comprehensive Framework for Implementation 
Research (CFIR) as a reference, it analyzed the interview texts, 
distilling the five thematic results and disaggregating the facilitators 
and impediments to the implementation of DIP reform policies. The 
interview texts were analyzed, the five thematic results were distilled, 
and the facilitators and impediments to the implementation of DIP 
reform policies were disaggregated based on the qualitative textual 
results. The disaggregated results can be seen in Table 2.

Domain 1: Innovation

The dimension of innovation lies in exploring the differences 
between the Diagnosis-Intervention Packet (DIP) and previous 
medical insurance payment systems. Respondents assess the execution 
status of regarding effectiveness, comparative advantage, adaptability, 
applicability, and complexity. A positive factor is that respondents 
generally agree that the DIP reform policy is the most important 
policy at the current stage of the hospital in terms of medical 
insurance. Recognizing the policy’s importance leads to higher 
compliance and trust among implementers. The comparative 
advantage of DIP lies in controlling overall medical expenses to 
improve medical efficiency and resource utilization while also 
strengthening medical standards. Still, there are also concerns about 
its limitations on high-end medical care. The DIP reform still 
faces issues, such as the need for rational optimization of 
disease groupings.

The interviewees’ policy implementation assessments and 
opinions are coded, starting with the English abbreviation of the 
department or section, followed by 01 for department managers and 
02 for medical staff.

	•	 Ge01: The impact of DIP payments on clinical care is currently 
evident and is arguably one of the most important factors. There is 
no doubt that DIP payments are dominant and that they play the 
role of the baton in clinical work.

	•	 CM01: DIP is in line with clinical needs and use. It was originally 
designed to maximize savings at the national level and minimize 
unneeded tests and treatments.

	•	 EM01: We  are increasingly facing insurance reform, which is 
becoming increasingly significant. As a source of funding, this 
affects everything. Hospital management needs to be  more 
sophisticated; managers face greater operational management costs 
and pressures.

	•	 MR01: The DIP payment reform is a kind of innovation; the 
process of reform is more tortuous, but in the other, process of 
reform is more tortuous, but from another perspective, it is a 
forward and progressive.

	•	 COM01: Medical insurance reform is reform and the most 
important policy at this stage. The most important aspect of 
medical insurance is ensuring basic coverage. Early preventive care 
and early intervention are also very important but rarely mentioned.

Domain 2: Outer setting

Outer setting factors pertain to the external impact events and 
societal collaborative relationships (policies, legal environment, 
public attitudes) that the DIP reform encounters. Regarding the 
facilitation of DIP reform implementation, there has been an 
intensified supervision and review of medical institutions by higher 
authorities following the policy’s enactment. For hospitals, this has 
led to heightened demands for refined management, necessitating 
adjustments in their management approaches to align with the 
standardized requirements of the DIP system regarding diagnosis, 
treatment, and cost control. Regarding collaborative facilitation, 
hospitals engage in feedback with higher medical insurance 

TABLE 1  Interviewed departments and interviewees included in November 2023.

Interview subject Departments/Interviewees (%)

Departments (n = 14)

Administrative departments

(Economic Management, Medical Records, Quality Control, Complaints 

Management, Information Center)

6(43)

Clinical departments

(Hematology, Geriatrics, Pediatrics, Obstetrics, Chinese Medicine, Neurology, Joint 

Surgery, Gynecology)

8 (57)

Individuals (n = 16)

Responsibility

Managerial staff 12 (75)

Operational staff 4 (25)

Roles

Administrative Staff 6 (38)

Clinical staff 10 (62)
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departments and share reform experiences with peer institutions. 
The resulting hindrances include increased operational management 
costs and pressures for hospitals, exacerbating the operational 
burden and leading to inefficiencies in policy execution at the 
departmental level.

	•	 MI02: The oversight and evaluation of DIP are primarily conducted 
through two methods: supervision by higher authorities and self-
inspection; performance is assessed mainly by the hospital’s 

economic management department, with regulatory scrutiny 
becoming increasingly stringent.

	•	 IC01: Our information center mainly provides active support for 
policy implementation, studying policy changes in conjunction with 
the construction and renovation of information systems, and 
engages in training and exchange activities with higher authorities.

	•	 H01: Departments within the hospital report to the medical 
insurance department, which then feeds back to higher authorities; 
the timeliness of issue resolution depends on the specific 

TABLE 2  Factors that promote and hinder the implementation of DIP payment.

CFIR construct CFIR domain Determinants facilitator/Barrie/Mixed

Innovation

Effectiveness Mixed

Comparative advantage Facilitator

Trust Facilitator

Applicability Mixed

Complexity Barrier

Supporting policies Facilitator

Outer setting

Important events (outer pressure) Barrier

Outer attitudes Mixed

Local policy conditions Mixed

Collaborative relationships Facilitator

Policy and Laws Mixed

Outer incentives (financial aid) Facilitator

Inner setting

Team structure Mixed

Collaboration within the hospital Facilitator

Information sharing Facilitator

Culture Mixed

Urgency of reform Facilitator

Compatibility Mixed

Relative priority Facilitator

Incentive system Barrier

Goal alignment Mixed

Available Resources Barrier

Accessibility of knowledge and information Facilitator

Individuals

Roles

Leaders, team members, supporters Mixed

Individual’s adaptability to reform Barrier

Individual abilities Mixed

Characteristics
Scope of individual power (available resources) Barrier

Individual motivation Barrier

Implementation process

Teamwork Facilitator

Needs assessment Barrier

Environmental assessment Mixed

Planning Facilitator

Adjust strategy Facilitator

Mobilization Barrier

Execute Mixed

Reflection and evaluation Facilitator

Facilitators to implementation were predominantly high (39%), with 22% barriers to implementation.
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circumstances. The degree of response to the reform and the 
pressure faced by different departments varies, which is related to 
the characteristics of their business operations.

Domain 3: Inner setting

Inner setting factors emphasize the conduction and feedback 
mechanisms within hospital management, detailing how strategies are 
deployed, and policies are implemented at every level. Although the 
DIP payment reform has altered the payment method, it remains 
consistent with the hospital’s overall operational objectives. 
Respondents have indicated that the DIP reform acts as a “conductor’s 
baton” within the hospital, with internal adjustments made in response 
to policy learning, thereby promoting dynamic implementation. The 
hospital’s medical insurance department primarily handles policy 
training (combining online and offline approaches) and collecting 
feedback. Personnel performance and reward, and punishment 
systems are adjusted with DIP requirements and medical insurance 
funds. Implementation hindrances are reflected in the varying 
completion rates of DIP reform indicators across different departments 
and sections, due to real differences in disease categorization and 
diagnostic behaviors. This leads to significant differences in the 
adaptability of various departments to the reform.

Differences in the completion rates of the DIP indicators in 
different departments actually reflected the essential differences in 
their patient composition and treatment controllability. The interviews 
revealed that the hematology and geriatrics departments often faced 
greater challenges in implementing DIP indicators and insufficient 
DIP balances due to the complexity of patients’ conditions, the 
combination of multiple chronic diseases, and more uncontrollable 
treatment pathways, while joint surgery and Chinese medicine 
departments had better DIP matching and better implementation due 
to the relative stability of their disease types and the standardization 
of their treatment pathways. Furthermore, the DIP indicators are 
linked to personnel performance, departments with lower completion 
rates exhibit more pronounced emotional responses to the policy and, 
thus, are more prone to inefficiencies in execution.

	•	 CM01: Poor performance will lead to financial penalties. The 
prospect of deductions by medical insurance serves as the most 
primal motivation for us. Previously, the hospital primarily relied 
on a reward system, which led to a more cursory approach to work; 
now, there is increased attention to cost control and adherence 
to protocols.

	•	 MR01: The hospital has appointed medical insurance specialists, 
also known as medical insurance administrators, in each 
department. These specialists form small teams with department 
heads to implement relevant policies. When conducting a detailed 
analysis of the operational status of departments, we employ a 
variety of management tools. For instance, when analyzing disease 
types, we  utilize the Pareto Principle, Alpha Analysis, and the 
Boston Matrix, along with various information systems.

	•	 EM01: The performance assessment for our hospital staff has not 
changed significantly; it has been adjusted to accommodate and 
align with the existing performance and medical insurance 
cost systems.

	•	 Ge01: The operational goals of the departments have not seen a 
drastic shift, but there is a greater emphasis on addressing the 
primary contradictions, moving away from the previous approach 
of conducting comprehensive examinations and treatments. This 
means that when facing patients with multiple coexisting 
conditions, the focus may be on resolving the most severe issue 
rather than managing all conditions simultaneously.

	•	 MR01: The medical insurance office first understands the policies 
before arranging training for personnel in various departments. 
They regularly visit clinical departments to address queries. Our 
hospital conducts two to three internal audits per year, and they 
adopt multiple formats to train frontline staff.

Domain 4: Individuals

The individual dimension is bifurcated into the sub-dimensions 
of roles and characteristics. On the roles sub-dimension, emphasis is 
placed on the role of middle and senior managers within the 
organization. In the implementation of DIP, hospital administrators 
recognize its benefits as being closely intertwined with the hospital’s 
operational management, thereby leading and facilitating the 
execution of policies as opinion leaders. In the characteristics 
sub-dimension, the focus is on the adaptability and motivation of 
individual implementation units. The role of individual factors in 
promoting the implementation of DIP lies in enhancing the 
implementation personnel’s emphasis on disease diagnosis grouping 
and the completion of medical records. Interviewees involved in the 
DIP implementation widely accept that DIP reform is a process of 
gradual adaptation. Concurrently, regarding individual performance, 
different departments face varying pressures, with some interviewees 
indicating that the reform has increased the burden of clinical work, 
effectively hindering the implementation of individuals’ proactivity 
and the mobilization of individual available resources.

	•	 EN01: Our department staff always discuss whether DIP will 
restrict the development of new clinical technologies in clinical 
practice. Some departments have this concern because, in terms 
of business development, they employ new technologies, 
especially new materials, but are constrained by the impact of 
DIP payment.

	•	 Ge01: The incentive direction of the reform may lead to polarization 
among physicians. When dealing with patients whose conditions 
are neither severe nor mild, medical staff may be  reluctant to 
provide comprehensive medical services and consider the point 
value when choosing the primary diagnosis. This could lead to an 
inaccurate grasp of the patient’s actual condition, affecting 
treatment outcomes and patient satisfaction due to unmet medical 
needs. Medical staff can submit their opinions and suggestions 
through specific channels. However, the lack of a concrete 
mechanism to handle this feedback and advice on improvement 
measures is challenging.

	•	 MR01: Our approach is primarily one of cooperation and support. 
But work pressure increases, and we can only go with the flow and 
enhance our capabilities.

	•	 H01: The DIP reform has added a significant amount of extra 
workload to our department. Our department frequently 
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encounters issues with cost settlements exceeding budgets, thus 
increasing the workload. Everyone can only do their best, but if the 
policies are too restrictive and cannot be met, doctors will have 
grievances. We  believe that special cases should be  resolved 
according to the actual situation. For example, it is not reasonable 
to deduct money from doctors for patients who can afford to pay 
for their medication out-of-pocket.

	•	 N01: When clinical medical staff encounter unreasonable 
situations, such as uncontrollable, excessive-cost patients, apart 
from feeding back opinions to the department head and the medical 
insurance office, we can only choose to compromise and cooperate, 
adjusting our medical practices to follow the policy. The channels 
for feedback are few and singular.

Domain 5: Implementation process

Research on the implementation process serves to holistically 
delineate the execution and propagation pathways of the DIP 
policy (32). The implementation of the DIP reform is led primarily 
by the hospital’s medical insurance department, with 
administrative personnel responsible for oversight and self-
auditing. Various departments within the hospital are tasked with 
policy implementation and upward feedback. The hospital 
integrates the DIP implementation framework into constructing 
its information systems to advance cost estimation, monitoring, 
and quality control. Adjustments to the reform’s implementation 
are made through the aggregation of departmental feedback and 
regular self-audits. This collaboration has effectively facilitated 
the control of medical insurance costs and the maintenance of 
financial balance. However, impeding factors are not to 
be  overlooked, including inefficient execution due to unclear 
policies and undefined responsibilities within the hospital 
departments, and inaccurate needs assessment of implementing 
individuals, leading to some personnel failing to adjust promptly.

	•	 MI02: The medical insurance Bureau’s settlement is based on the 
whole hospital as a unit, the settlement of medical expenses, the 
balance of the hospital, and the amount of excess fees. The hospital’s 
management is subdivided into various departments.

	•	 EN01: DIP reform has a neutral effect on hospital efficiency, 
depending on how the hospital is managed. Management in place 
will benefit the hospital, which means we must pay more attention 
to improving medical quality.

	•	 IC01: Some of the medical insurance department’s requirements for 
the information system are not practical, such as the requirement 
that the system be improved in 5 days. In fact, the system cannot 
be changed in 20 days, and the change is more complicated. People 
who make policies do not understand information technology, often 
leading to unrealistic information requirements.

	•	 JS01: In the early days, the hospital staff faced many problems 
and disagreements regarding DIP. Later, we  gradually 
adapted and cooperated with the policy, improved the 
compliance degree of medical records, and progressively 
standardized them.

	•	 COM01: The effect of policy implementation is also closely related 
to the understanding of patients and medical staff to the policy, and 

the actual change is not significant with the reform of medical 
insurance settlement.

	•	 QC01: There are differences in implementation standards between 
departments. The medical insurance management department 
manages from the perspective of funds, and the medical 
management department considers the overall medical quality and 
medical process. There are some data differences in the process of 
implementing clinical pathways.

Discussion

Under the safeguarding impetus of national policy and 
platform construction, the reform of the DIP payment method is 
advancing steadily. Its leverage effect has effectively prompted 
medical institutions to gradually shift from extensive, 
expansionary operations to refined cost control and internal 
optimization (33). To date, the reform of medical payment 
methods has essentially achieved full coverage, and initial success 
is being seen in local practices. The next planning phase involves 
conducting practices with a more systematic and comprehensive 
depth and breadth (34).

Compared to most domestic and international scholars who 
focus on quantitative studies surrounding medical costs or 
hospital operational efficiency when researching the DIP payment 
reform, this study conducts a qualitative investigation into the 
internal response of a representative public tertiary hospital in the 
region to explore the status and challenges of the reform’s 
implementation in hospital operations. In contrast to previous 
studies, this research places greater emphasis on the responses of 
hospital staff to the DIP payment reform and its impact on 
policy implementation.

The synthesis of qualitative interview results indicates that, in 
the dimension of innovation, positive factors include the 
comparative advantages of the policy, its credibility, and 
supporting policies. In contrast, the complexity of the policy 
tends to hinder its implementation. Among outer setting factors, 
collaborative relationships and external incentives play a 
facilitating role, and significant events, as external pressure 
factors, impede policy implementation to some extent. From the 
inner setting dimension, active internal collaboration, 
information sharing, the urgency of reform, relative priority, and 
access to information and knowledge are conducive to 
implementing DIP innovation but also reveal a lack of internal 
incentive systems and available resources within the hospital. 
From an individual perspective, the adaptability of the 
implementing units to reform and their access to resources and 
scope of authority are somewhat limiting in policy 
implementation. In terms of the overall dimension of the 
implementation process, the effective execution of teamwork, 
planning, strategy adjustment, feedback, and evaluation is 
beneficial in demonstrating positive policy outcomes. However, 
there is still a need to pay attention to assessing individual needs 
and mobilization.

The DIP payment is an innovative measure in payment 
reform; its innovative design and empirical basis are crucial to the 
success of its implementation (35). Observations from field 
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investigations indicate that external environmental factors such as 
policy, economy, and patient demand influence the 
implementation of the DIP payment method. Internal factors 
within the hospital, including organizational culture, resources, 
and system management, significantly impact the acceptance and 
enforcement of the DIP payment method (36). At the level of 
individual roles and characteristics, the cognition, capabilities, 
and attitudes of medical staff toward the reform affect the actual 
effectiveness of policy advancement. The overall implementation 
process, encompassing planning, strategy development, execution, 
and confirmation, requires the active participation of hospital 
management and medical personnel.

Overall, implementing the DIP reform has achieved positive 
effects in reducing the medical burden on the population, guiding the 
allocation of medical resources, and standardizing diagnostic and 
treatment practices (37). The reform of the DIP payment method in 
public hospitals, supported and supervised by national policies, is 
progressing gradually but still faces multifaceted challenges. Through 
analysis using the CFIR framework, hospital administrators and 
policy researchers can more systematically identify and address these 
challenges, facilitating the smooth implementation of the DIP 
payment reform.

The findings of this study echo the international experience 
with the implementation of value-oriented payment models such 
as disease-based payment (DRG) or packaged payment. Since the 
implementation of the G-DRG system in Germany in 2004, it has 
been noted that while controlling healthcare costs, the system has 
triggered controversies about limited clinical autonomy, especially 
in departments with diverse treatment modalities and complex 
patient conditions (38). France’s performance-oriented inpatient 
payment reform, while improving efficiency, also faced problems 
with “diagnostic upcoding” behavior and insufficient attention to 
patients with slow and complex diseases (39). Similarly, in the 
United  States, the BPCI-A (Bundled Payments for Care 
Improvement-Advanced) program, while effective in reducing 
healthcare expenditures in some departments (orthopedics, 
cardiology, etc.), has also reduced the focus on access to care for 
high-risk patients (40).

Although China’s DIP reform is a homegrown original payment 
model, its core challenges are highly common to the countries 
mentioned above. DIP’s classification of disease groups based on 
cost homogeneity may be insufficient to adequately reflect clinical 
complexity, which, in turn, may lead to physicians’ tendency to 
engage in harm avoidance behaviors. These responses may affect the 
quality of patient-centered care, especially for the older adults, 
multimorbid coexisting individuals, and lower socioeconomic 
groups (41).

From an ethical perspective, payment reforms such as DIP 
need to strike a balance between cost efficiency and equity of 
access. International experience suggests that one-size-fits-all cost 
containment may exacerbate inequalities in access to healthcare if 
there is a lack of contextual flexibility. Therefore, policymakers 
should consider introducing approaches such as “risk adjustment 
mechanisms,” “high-complexity elasticity bands,” and patient-
reported outcomes (PROs) to improve the system’s responsiveness 
to patients’ actual needs (42). Some regions in China have already 
begun to pilot reforms - for example, Zhejiang Province’s 2024 
DIP reform program has included PRO data in 10% of the 

payment score, reflecting an initial exploration of DIP fairness 
calibration (43).

Faced with the tension between cost containment and clinical 
autonomy, DIP should increase its flexibility. The French T2A system can 
be modeled on the “clinical exception clause” that protects physicians’ 
professional judgment, while Germany requires the recording of patient-
physician shared decision-making in the G-DRG system (44).

To address the identified challenges and support the long-term 
implementation of DIP payment reform, the following multi-tiered 
strategies are proposed, structured around three levels: hospital-based 
adaptation, payment system refinement, and national strategy integration.

Hospital management optimization 
recommendations (short term, 1–3 years)

Optimize performance incentives:

Interviews showed that the implementation of the DIP payment 
reform may lead to behavioral adjustments when doctors face 
complex cases (Domain 3 CM01), affecting the quality of treatment. 
It is recommended that a “fault tolerance zone” be introduced into 
the performance appraisal to alleviate the subjective pressure on 
doctors and improve the acceptability and efficiency of the policy.

Implementing differentiated assessment weights:

There are differences in the adaptability of different departments 
in the DIP payment reform, and uniform assessment standards 
may lead to greater pressure on certain departments. Thus, 
Differentiated assessment weights should be  implemented 
according to the actual situation, and flexible thresholds (e.g., 
±15%) should be  adopted for special departments such as 
geriatrics and oncology to avoid “one size fits all.

Suggestions for improving the medical 
reform system (medium-term 3–5 years)

Dynamic adjustment mechanism for disease grouping:

Jointly establish expert committees on DIP grouping at the level 
of diagnostic and treatment institutions at all levels with clinical, 
medical insurance, and case departments to review and adjust 
disease groupings on a regular basis in order to gradually optimize 
the rationality of the groupings.

Strengthening financial support for information 
technology construction:

The effective operation of the DIP payment system relies on high-
quality medical data and information systems. However, medical 
institutions are under both financial and technological pressure to 
build informatization (Domain 5IC01 Policymakers do not 
understand informatization needs) It is recommended that the 
government increase financial investment in hospital 
informatization construction to improve data collection and 
disease identification capabilities.
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National strategy-oriented 
recommendations (long-term more than 
5 years)

DRG/DIP synergistic development:

Given that DRG is applicable to acute diseases and short-term 
hospitalization, and DIP is applicable to chronic diseases and 
multiple treatments, it is recommended to establish a 
“categorized and segmented payment mechanism,” adopting 
DRG in the acute stage and DIP for chronic disease 
management, so as to adapt to the needs of different service 
pathways and payment efficiencies.

Enhancing patient participation:

The current DIP assessment mechanism is dominated by the 
medical service provider, and it is recommended to introduce 
patient cost satisfaction survey data as a payment correction 
factor, and to explore the doctor-patient balance sharing 
mechanism to enhance the public acceptance of the policy and the 
sense of fairness.

Limitations

This study also has its limitations. Firstly, the research was 
conducted solely within one medical institution without the 
introduction of a control group. Thus, it is not possible to rule out the 
possibility that certain specific factors may alter the behavior of 
patients and the hospital. Secondly, due to the inherent limitations of 
qualitative research, the number of subjects is small, which includes 
the potential risk of selection bias. The subjective responses of the 
subjects may not accurately reflect the true situation. Thirdly, this 
study did not involve patient visits, and patient feedback on the 
reform, which is the ultimate indicator of implementation 
effectiveness, was not included. Additionally, there may be a degree of 
social desirability bias among the administrative and clinical staff 
interviewed when talking about sensitive or performance-related 
issues such as health care reform, and some of the interviewees may 
be inclined to express “positive attitudes” consistent with the policy 
rather than fully revealing the reality of the difficulties or their 
realities. To a certain extent, this limits the insights of this study on the 
individual dimension. Future research may consider combining 
anonymous questionnaires and third-party observation to reduce 
such bias. Meanwhile, the study population on which the conclusions 
of this paper are based is a tertiary public hospital in Guangzhou City, 
and its results still need to be treated with caution when generalized 
to other regions or different levels of healthcare institutions.

However, the results of this study are still representative and 
reliable; the management case of DIP in public hospitals and the 
interview data formed can reflect the internal response strategies and 
transmission pathways within the hospital, still providing a multi-
dimensional perspective for exploring subsequent optimization of the 
reform. As the reform process deepens and policies are updated, 
further assessment of the long-term impact and overall effectiveness 
of DIP will be needed in the future.

Conclusion

Our results highlight the key facilitators of the implementation of 
DIP payment in hospitals: the emphasis placed on DIP reform by 
hospital leadership, high compliance among implementing personnel, 
smooth communication with higher-level medical insurance 
departments and other hospitals, and the establishment of an 
information-based measurement and quality control system adapted 
to the DIP framework. The main obstacles to implementation include 
restrictions on high-end medical care, the need to optimize disease 
groupings, high demands for refined hospital management, and 
increased burden on clinical work. Additionally, due to the linkage of 
physician performance incentives to the surplus medical insurance 
funds, there is a significant variation in the adaptability of different 
departments within the hospital to the DIP reform. Currently, under 
the DIP payment reform, the hospital has been effective in controlling 
overall medical insurance costs, achieving a balance between income 
and expenditure.
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A study of the impact of DIP 
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heart disease hospitalization 
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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 7.46 (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 à l’Activité (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 coefficients 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 

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 China’s UEBMI and URRBMI, 
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 I25 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 

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 
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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:

	 =β +β +β +β + εt 0 1 2 3 tY Tt DIPt DIPtTt

In the interrupted time series analysis conducted in this study, the 
outcome variable Yt represents the outcome at a specific time point t. 
β0 estimates the baseline level of the outcome variable at the study’s 
inception. β1 represents the monthly slope of the outcome variable 
before the DIP policy intervention. β2 represents the immediate 
change in the outcome variable at the moment of the DIP reforms. 
Furthermore, β3 indicates the post-intervention change in the 
outcome variable compared to the expected trend change based on the 
pre-intervention period. The combination of β1 and β3 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, εt 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 α  = 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 URRBMI, it decreased from 

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 URRBMI, 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 1a 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 1a–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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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 

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.

FIGURE 1

(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 
hospitals of City S.
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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 

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.

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.
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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 

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: 

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.
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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, China’s 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, China’s 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 

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 

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.
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Can the Marketing Authorisation 
Holder system improve the ESG 
performance of pharmaceutical 
manufacturers?
Jiajing Li *

School of Public Economics and Administration, Shanghai University of Finance and Economics, 
Shanghai, China

Introduction: The Marketing Authorisation Holder (MAH) system is an advanced 
drug registration mechanism widely adopted globally Nevertheless, there is a 
scarcity of in-depth empirical investigations concerning MAH within the context 
of pharmaceutical manufacturing enterprises.

Methods: This research endeavors to investigate the influence of MAH on 
the environmental, social and corporate governance (ESG) performance of 
companies through the application of the difference-in-differences model, 
leveraging firm data from China’s A-share-listed pharmaceutical manufacturing 
sector spanning from 2012 to 2019.

Results: First, MAH markedly enhances the ESG performance of pharmaceutical 
manufacturing entities. Secondly, MAH impacts firms’ ESG performance 
via three pathways, namely, boosting research and development (R & D) 
investment, diminishing the internal pay disparity, and lowering supply chain 
concentration. Thirdly, the effect of MAH on firms’ ESG performance is more 
pronounced in non-state-owned firms, those with elevated management 
shareholding, and firms with enhanced internal control levels. Furthermore, this 
study ascertained that MAH exerted no influence on firm ESG variance and real 
earnings management.

Discussion: The results offer actionable policy recommendations for refining 
the MAH system and promoting the sustainable development of pharmaceutical 
manufacturing firms. This study not only expands the research boundary of the 
economic consequences of the MAH system, but also affirms the key role of 
institutional innovation in the sustainable development of enterprises.

KEYWORDS

Marketing Authorisation Holder system, ESG performance, R & D investment, internal 
pay gap, supply chain concentration

1 Introduction

Good health and medical conditions are fundamental to disease prevention, diagnosis, 
and treatment, playing a pivotal role in enhancing societal well-being. With the growing global 
population, aging population, and emphasis on health, the demand for medicines is increasing, 
especially innovative medicines. PrecedenceResearch data shows that innovative Active 
Pharmaceutical Ingredients (APIs) account for the largest share of the global active 
pharmaceutical ingredient market in 2022 (1). According to the data released by Frost and 
Sullivan, as of September 2024, the global innovative drug market has reached 1.7 trillion 
yuan. The COVID-19 pandemic underscored the critical importance of pharmaceutical 
innovation, reinforcing its role in addressing global health challenges.
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Despite this growing demand, pharmaceutical manufacturers 
face significant hurdles, particularly in innovation and research and 
development (R & D). One of the key problems is the lack of 
innovation and the high cost of R & D in pharmaceutical 
manufacturing companies, which leads to high selling prices. As a 
result, the social benefits of pharmaceutical innovation are not high 
enough to generate positive externalities. According to Evaluate 
Pharma data, global pharmaceutical R & D expenses grew from 
$168.4 billion in 2017 to $203.9 billion in 2024, a Compound Annual 
Growth Rate (CAGR) of about 2.7%. The cost of R & D for individual 
new drugs has been on a significant upward trend over the past few 
decades. High drug prices have distorted the significance of R & D, 
which has led pharmaceutical manufacturing companies to 
emphasize more on financial benefits than health benefits (2).

Beyond financial challenges, pharmaceutical R&D and production 
pose severe environmental and ecological risks. Advances in medical 
technology have escalated the generation of medical waste, which, if 
improperly managed, can lead to environmental contamination and 
biodiversity loss (3). For instance, the incineration of biomedical waste 
contains polycyclic aromatic hydrocarbons (PAH) and high levels of 
heavy metals, which generate unfavorable amounts of hazardous 
substances that contaminate surface and groundwater (4). Beigaite et al. 
(5) contend that the existence of pharmaceutical substances and their 
movement in aquatic ecosystems have a considerable environmental 
impact worldwide.

To address these issues, scholars have explored strategies to 
enhance innovation performance in pharmaceutical enterprises. 
Gridchyna et al. (6) contends that the French Diagnosis Related Groups 
(DRG) paid funding fails to keep up with the development of innovative 
technologies or the progress of costly innovative medicines. 
Schuhmacher et al. (7) asserts that companies need to strengthen their 
core competencies in drug discovery and development, and they need 
to establish connections with academic partners and service providers 
to construct external networks and guarantee sustainable investment 
in R & D to produce a continuous flow of innovative drugs. Niwash 
et al. (8), relying on data from Jordanian pharmaceutical and medical 
supply companies, discovered that knowledge elements boost firms’ 
competitive edge through mechanisms like business intelligence, 
innovation speed, and innovation quality, and that high levels of human 
capital, relational capital, and structural capital. Li and Xu (9) discover 
that the policy of centralized volume-based drug procurement compels 
pharmaceutical firms to increase innovation inputs and enhances the 
quality of innovation outputs by exerting existential pressure on them.

In this context, China’s Marketing Authorization Holder (MAH) 
system represents a significant institutional innovation. Piloted in 10 
provinces in November 2015 and implemented nationwide in 
December 2019, MAH decouples drug marketing authorization from 
production authorization. Before the implementation of MAH, China 
linked the marketing authorisation of medicines with the production 
authorisation, and the approval number of a medicine was only 
granted to the medicine manufacturer. Under this system, drug 
developers lacking their own production capacity had to either 
cooperate with a production-qualified company or transfer their R & 
D results to a manufacturing company. This hindered developers from 
obtaining the full value of their innovations. Correspondingly, the 
manufacturing company bore full responsibility for the quality of the 
drug, resulting in inadequate attention being given to the quality and 
safety of the drug in the R & D process. The binding of registration 
and production has caused overcapacity in some large-scale 

production firms. At the same time, some small innovative firms have 
difficulty in converting their R & D results into actual products due to 
their inability to obtain production licenses. The implementation of 
the MAH system aims to break through these constraints and facilitate 
the innovative development of the pharmaceutical industry.

This study investigates whether China’s MAH system enhances 
the Environmental, Social, and Governance (ESG) performance of 
pharmaceutical manufacturers.

This study is driven by the following aspects. First, as the world’s 
second-most populous nation with a rapidly aging demographic, 
China’s pharmaceutical sector sustainability is critical to global health. 
The annual total number of deaths in China is approximately 10 
million, and in 2023, China’s pharmaceutical market sales exceed $2 
trillion. If MAH is effective, it will contribute significantly to improving 
the health security of approximately 17.4 percent of the world’s 
population and provide a reference experience for many more 
countries. Secondly, in China, institutional problems are one of the key 
reasons for the dilemma of drug innovation (10), which are similar to 
those in many countries. China’s previous drug review and approval 
process was cumbersome and time - consuming. If China can promote 
R & D innovation and ESG performance of Chinese pharmaceutical 
manufacturing companies through institutional innovation, it will 
furnish guidelines for emerging economies across the globe. Thirdly, 
China’s pilot execution of MAH in 10 provinces from 2015 to 2019 
furnishes us with a splendid research opportunity. We employ it as a 
quasi-natural experiment to probe into the effect of the MAH system 
on the ESG performance of pharmaceutical manufacturing firms 
through the difference-in-differences (DID) model.

Leveraging panel data from Chinese A-share listed 
pharmaceutical firms, we employ a difference-in-differences (DID) 
model to assess MAH’s impact on ESG performance and its 
underlying mechanisms. Our study has three main contributions. 
First, we concentrate on investigating the influence of MAH on the 
ESG performance of Chinese pharmaceutical manufacturing 
enterprises, augmenting the pertinent research on the efficacy of 
MAH. China’s MAH was rolled out nationwide in 2020, over 4 years 
ago, yet empirical evidence regarding its effectiveness remains 
scant. Presently, there is merely a limited amount of literature that 
examines the function of MAH on R & D innovation via empirical 
tests (11, 12), and we  broaden the discourse on its impact. 
We  discover that MAH propels pharmaceutical manufacturing 
firms in the pilot region to enhance their ESG performance.

Second, we decipher the ‘black box’ of the connection between 
MAH and firms’ ESG performance from the viewpoints of R & D, 
remuneration, and supply chain management, and probe into the 
impact mechanism, which enables us to gain a more lucid 
comprehension of the policy logic behind the positive impacts of 
MAH, and assists us in putting forward relevant insights for firm 
management. Our findings imply that MAH spurs pharmaceutical 
manufacturing firms to augment R & D investment, narrow internal 
pay disparities, and decrease customer concentration, but the effect on 
supplier concentration is not significant.

Third, based on a series of findings, we provide not only insights 
for pharmaceutical manufacturing firm managers, but also 
recommendations for policy  - makers. Although these 
recommendations come from the Chinese scenario, as we mentioned 
earlier, China, as the second - largest country in terms of population 
and a representative emerging country, these recommendations may 
be relevant for many countries.
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2 Literature review and hypothesis

2.1 Literature review

2.1.1 Research on MAH
The MAH system represents a more comprehensive drug 

registration framework compared to traditional models that bundle 
marketing and manufacturing licenses. Central to the MAH system is 
the separation of these licenses, granting greater independence to 
holders of marketing authorizations (13).

The MAH system has been widely promoted globally, especially 
in European countries such as Germany, Italy, and Israel (14–18). 
However, its implementation has revealed variations in regulatory 
compliance and effectiveness. For instance, Handa et al. (19) found 
that while MAH in Japan mandated adverse event (AE) reporting, 
communication of these events to healthcare providers was often 
inadequate. Conversely, Alsaleh and Alshammari (20) asserted that 
MAH in Saudi  Arabia distributed direct healthcare professional 
communication (DHPC) letters to guidelines with a satisfactory level 
of compliance.

In 2015, China initiated a pilot program for the MAH system, 
prompting scholarly exploration of its implications. China’s MAH will 
bring great changes and effects to the drug technology transfer system, 
drug commissioned production system, drug business licensing 
system, adverse drug reaction monitoring and pharmacovigilance 
system, drug damage liability system and other supporting regulatory 
systems (21). Based on the inter - provincial panel data of China’s 
pharmaceutical manufacturing industry, Liu et  al. (11) used the 
synthetic control method to detect that MAH has a remarkable 
positive influence on the quality of innovation in pilot provinces. 
Based on data from A - share pharmaceutical manufacturing listed 
companies, Wan et al. (12) used the DID model to ascertain that MAH 
significantly boosted innovation inputs and outputs of pharmaceutical 
companies. However, MAH in China still has some flaws in promoting 
new drug development. In particular, drugs in China’s MAH are 
mainly chemicals - based, with most dosage forms being tablets and 
injections, and the amount of drugs varies widely across provinces (22).

While existing research has established the theoretical relationship 
between MAH and pharmaceutical companies, empirical evidence 
remains limited. On the one hand, empirical researches on MAH are 
scarce in quantity, both for China and other countries. On the other 
hand, these scarce empirical studies have merely concentrated on the 
influence of MAH on pharmaceutical innovation. Therefore, more 
empirical evidence is required to investigate the various impacts of 
MAH on pharmaceutical manufacturing companies.

2.1.2 Research on ESG performance of 
pharmaceutical manufacturing firms

In recent years, firm ESG performance has garnered increasing 
attention from investors, prompting a growing body of scholarly 
research. The pharmaceutical manufacturing sector has numerous 
environmental, social and governance issues that pose challenges to 
its long-term sustainability (23), thus research on its ESG performance 
is of great significance.

The literature has approached this topic from two main 
perspectives. First, numerous studies have identified and analyzed the 
key dimensions of ESG performance in pharmaceutical 
manufacturing. Yu et al. (24) put forward a comprehensive MCDM 

framework for assessing the ESG sustainability performance of listed 
companies and discovered that the most crucial criteria in 
environmental, social, and governance aspects were pollution 
treatment, health and safety, and risk management. Lee et al. (25) 
carried out an online survey of 1,298 respondents. Two categories of 
firm social responsibility (CSR), promotion of public health and 
emergency disaster relief support, had the highest preference. Bae 
et  al. (26) found that pharmaceutical companies in South Korea 
complied with ethical, legal, and economic responsibilities only, but 
did not contribute enough beyond these, such as innovative 
drug development.

Second, empirical studies have substantiated the strategic 
importance of ESG performance for pharmaceutical manufacturers. 
Based on Fuzzy - set Qualitative Comparative Analysis (fsQCA) 
and Necessary Condition Analysis (NCA), Tan and Wei (27) found 
that pharmaceutical firms can improve their overall ESG 
performance by strategically allocating resources and capabilities 
while considering ESG performance and financial leverage, among 
other factors, to improve total factor productivity. Based on Chinese 
A - share listed pharmaceutical manufacturing data from 2012 to 
2021, Tan et al. (53) found that their firm ESG performance directly 
affects firm value.

Despite these valuable contributions, we identify an important gap 
in the literature. While existing research has established the 
importance of ESG performance and identified its key components, 
few studies have investigated concrete mechanisms for its 
improvement. Therefore, it is innovative and important for us to 
explore the effect of MAH on ESG performance of pharmaceutical 
manufacturing companies and its mechanism.

2.2 Policy background

In August 2015, China released the Opinions on Reforming the 
Review and Approval System for Drugs and Medical Devices, which for 
the first time suggested carrying out the pilot work of MAH (56). By 
November 2015, ten provinces and municipalities, Beijing, Tianjin, 
Hebei, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, 
and Sichuan, were selected for the three-year pilot program. In June 
2016, China issued the Notice on the Issuance of the Pilot Programme 
for the System of Holders of Listed Permits for Pharmaceuticals, which 
clarified the scope of the pilot medicines, the conditions, obligations, 
and liabilities of each subject (54). In October 2018, China determined 
to extend the three-year pilot period of MAH by 1 year. In 2019, China 
enacted the newly revised Drug Administration Law, which clearly 
states that the state implements MAH for the administration of 
drugs (11).

The MAH system is characterized by three key innovations. 
Firstly, MAH broadens the scope of subjects of commissioned 
production, while enhancing the production efficiency of firms. MAH 
allows more types of subjects to participate in drug production, 
including R & D organisations that are not drug manufacturers, etc., 
which solves the problem of the scope of subjects in traditional 
entrusted production. The authorisation holder is legally responsible 
for the commissioned production firm, which allows the firm to have 
greater scale and resources for drug R & D and production. Secondly, 
MAH offers better protection for the intellectual property rights of R 
& D institutions and personnel. Holders of drug approval numbers 
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can directly commission production to manufacturing enterprises that 
have obtained certification in line with the Good Manufacturing 
Practice (GMP) for pharmaceuticals. This measure provides R & D 
institutions with cutting - edge knowledge and technologies more 
room for development, enabling them to have greater control over the 
drug R & D and production processes. It also reduces intellectual 
property disputes arising from technology transfer. Third, MAH 
enhances the quality control of drug production. In contrast to the 
original system, MAH can alleviate the issue of information loss and 
distortion during the transmission process, thereby enhancing the 
quality and safety of drug production. Authorization holders are 
accountable for the entire supply chain and they have an incentive to 
guarantee the quality of their products. This also diminishes the 
ambiguity of risk and responsibility and boosts the effectiveness of 
quality management.

China has attained remarkable outcomes since the comprehensive 
implementation of the MAH system. According to the data from the 
China Pharmaceutical Innovation and Research Development 
Association,1 as of 30 November 2023, the number of B - license (Drug 
Manufacturing License Category B, which represents the holder of a 
marketing authorisation for commissioned production) firms in 
China had reached 1,172. With respect to regional distribution, aside 
from the ten centrally-administered provinces and municipalities 
where the pilot implementation was executed in 2015, Hainan, Hubei, 
Heilongjiang and other provinces have observed the most considerable 
increase in the number of B certificates.

2.3 Hypothetical development

Stakeholder theory states that business managers should 
understand and respect all individuals who are closely involved in the 
organization’s actions and outcomes, and try to balance and satisfy 
their interests as comprehensively as possible, rather than focusing 
only on the accumulation of shareholder wealth. According to this 
theory, the inclusion of various stakeholders in organizational 
decision  - making is both a strategic resource and an ethical 
imperative, both of which contribute to the overall competitive 
advantage of the organization (28, 29).

The MAH builds a stakeholder system that includes listed 
company holders, contract  - manufacturing companies and drug 
supervision and management authorities. Firstly, MAH enables the 
range of drug - listing license holders to be extended to drug R&D 
institutions and researchers, which promotes R&D incentives. 
Secondly, MAH allows the holder to entrust part or all of the drug 
production to other drug manufacturers. Thirdly, the governmental 
subjects of interest involved in MAH include the drug regulatory 
agency where the holder is located, the drug regulatory agency where 
the entrusted firm is located, and the State Drug Administration.

Stakeholders in pharmaceutical enterprises are concerned 
about environmental performance, such as the waste of raw 
materials and discarded packaging generated by the enterprises. 
A large amount of chemical waste generated during the production 
process of pharmaceutical enterprises, if discharged directly 

1  https://www.phirda.com/

without effective treatment, will lead to the deterioration of the 
surrounding ecological environment, affect the quality of life of 
residents, and increase the cost of social environmental 
governance (30). Therefore, enterprises need to adopt green 
production technologies, enhance the utilization rate of raw 
materials, optimize packaging design, reduce waste generation, 
and achieve green and sustainable development to meet the 
expectations of the government and the public for 
environmental protection.

Stakeholders are concerned about the social performance of 
pharmaceutical enterprises. On the one hand, the public, as an 
important stakeholder, is highly concerned about whether enterprises 
can continuously innovate and provide innovative drugs that maintain 
social health (31). With the development of medical standards and 
changes in the disease spectrum, the public’s demand for innovative 
drugs is constantly increasing. Innovative drugs can bring better 
therapeutic effects to patients and improve the overall health level of 
society. On the other hand, as internal stakeholders of the enterprise, 
employees care about their own security during the process of drug 
research and development and production, including safety 
guarantees, salary guarantees, etc. (32). A safe working environment 
is the foundation for employees to work efficiently, and reasonable 
salary and benefits are the recognition of the value of employees’ labor, 
which directly affects their work enthusiasm and loyalty.

Stakeholders pay attention to the governance performance of 
pharmaceutical enterprises. Suppliers and customers, as stakeholders 
with close economic ties, expect to cooperate with enterprises that 
operate stably and have lasting competitiveness. A stable cooperative 
relationship is conducive to ensuring the smooth operation of the 
supply chain, reducing transaction costs, and achieving mutual benefit 
and win-win results. Investors and drug consumers will also make 
value judgments based on the financial performance and governance 
of enterprises, thereby influencing their investment decisions and 
consumption behaviors (33). A sound governance structure and 
financial status of an enterprise can enhance investor confidence and 
attract more funds to support its development.

Based on this, this study proposes the following hypotheses:

H1: MAH is conducive to promoting ESG performance in 
pharmaceutical manufacturing companies.

For the treatment of pharmaceutical pollution, it is better to 
strengthen front - end treatment than end - of - pipe treatment, as the 
removal of pharmaceuticals once they enter the environment will 
consume a lot of resources and present many technical difficulties. A 
more effective approach is to promote innovation in pharmaceutical 
production and to strengthen the management of pharmaceutical 
production, use and disposal. MAH protects the intellectual property 
rights of R & D organizations and personnel better, which helps to 
promote increased R & D investment by pharmaceutical 
manufacturing companies, reduce waste generation during the 
production of pharmaceuticals, and reduce the environmental 
pollution caused by pharmaceuticals during their use and disposal. 
Therefore, while MAH helps to reduce environmental pollution by 
promoting pharmaceutical innovation (34), it meets the regulatory 
needs of the government’s environmental protection department and 
responds positively to the concerns of international environmental 
organizations about environmental protection.
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The government calls for quality and innovation in 
pharmaceuticals. In response, MAH will promote deeper 
specialization in the division of labor among pharmaceutical 
manufacturing companies and enhance their innovation capacity. R 
& D organizations will invest more resources in drug innovation, 
and manufacturing companies will be more committed to improving 
production efficiency and quality. Management will have to give up 
some of its profits to increase the salaries of production managers 
and R & D staff, thereby strengthening the quality management and 
innovation capacity of the firms. MAH will help pharmaceutical 
manufacturing firms to narrow the internal pay gap, and will also 
enhance the sense of belonging of their employees, which will 
promote their motivation in production and R & D, and bring 
sustained competitive advantages and economic benefits to 
the firms.

Besides, MAH may have a positive impact on the supply chain 
management of pharmaceutical manufacturing firms. On the one 
hand, in the traditional model, pharmaceutical manufacturing firms 
are responsible for both R & D and production, and the entire supply 
of pharmaceuticals will be  seriously affected in the event of any 
problems in the firms, such as production equipment failure, quality 
control problems, and broken capital chain. MAH allows the holder 
to entrust different firms to produce. This provides pharmaceutical 
manufacturing firms with the possibility of reducing risks through 
supply chain management and promotes more efficient and safer 
pharmaceutical R & D and manufacturing. On the other hand, with 
the advancement of specialized division of labor and R & D 
innovation, pharmaceutical manufacturing firms in each segment will 
significantly improve their core competitiveness, increasing their 
competitive advantages in the face of suppliers and customers. This 
helps firms reduce the concentration of the supply chain and further 
diversify business risks (35).

H2: The channels through which MAH promotes ESG 
performance in pharmaceutical manufacturing firms are 
increasing R & D investment, reducing internal pay gaps, and 
reducing supply chain concentrations.

To verify these hypotheses, we constructed the DID model to 
implement the strategy of hypothesis testing. The acceptance or 
rejection of a hypothesis depends on the statistical significance and 
sign direction of the coefficients of the key variables in the model. All 
tests were conducted using two-sided tests, and the significance levels 
were set at 0.1, 0.05, and 0.01. The following text specifically describes 
the settings of the model and variables.

3 Methodology

3.1 Model and variables

We take China’s implementation of MAH in 10 pilot regions as an 
exogenous policy shock and employ the DID model to evaluate its 
influence on the ESG performance of pharmaceutical manufacturing 
firms. The DID model has been extensively utilized in the assessment 
of the impacts of the pilot policies, and it can effectively relieve the 
endogeneity problem in empirical studies (36). The benchmark 
regression equation is shown below:

	 α β γ δ µ ε+ = + × + + + +, 1 , ,i t t i i t i t i tESG Time Treat X 	 (1)

In Equation 1, i represents firms and t represents years. δ is an 
individual fixed effect, μ is a year fixed effect, and ε is a random 
disturbance term. We lag Treat×Time and all control variables by one 
period to further mitigate the effects of endogeneity.

Regarding ESG as an explanatory variable, referring to Li and 
Zhu (55), we first use ESG rating data from Bloomberg as a proxy 
variable. Bloomberg began to gradually establish an ESG rating 
system and conduct scoring since 2009. It covers thousands of listed 
enterprises worldwide, integrates data on environmental (E), social 
(S), and corporate governance (G) aspects, and assesses the ESG 
performance of enterprises through standardized scores (0–100), 
with higher scores indicating better performance. Its greatest 
advantage is that it takes into account the characteristics of the 
industry. For the pharmaceutical industry, it takes into account 
environmental aspects such as the traceability of raw materials by 
pharmaceutical enterprises and R&D investment to reduce the use of 
toxic reagents; social aspects such as the protection against exposure 
to high-risk chemicals by laboratories and production personnel; and 
corporate governance issues such as intellectual property rights and 
supply chains.

Besides, studies on ESG performance usually use ESG rating data 
from Sino-Securities Index Information Service (Shanghai) Co. Ltd. 
Later, we  use this ESG rating data as a proxy variable for the 
robustness test.

Treat × Time is the explanatory variable that calculates the average 
effect of MAH on the ESG performance of pharmaceutical 
manufacturing enterprises in the pilot area. And deem the pilot 
implementation of MAH in China as a quasi - natural experiment. 
Group dummy variable; it gets the value of 1 if the enterprise’s 
registration is in the pilot area of MAH, and 0 otherwise. Time 
dummy variable; it attains the value of 1 if the year is after the 
implementation of MAH, and 0 otherwise.

We set Time as a dummy variable based on the year around 
2016 for two reasons. First, the MAH pilot program was proposed 
only in November 2015, which was already the end of the year. 
Moreover, it usually takes some time for enterprises to carry out 
research and development and strategic challenges. Therefore, it is 
very likely that enterprises will start to adjust their strategies some 
time after the end of 2015. Secondly, in November 2015, China 
merely proposed to conduct a pilot program, but the implementation 
methods and key points were not clarified. It was not until June 
2016 that the relevant content was determined. Besides, our 
approach is also in line with that of many other scholars (37). 
Therefore, we take 2016 as the starting year for the implementation 
of the MAH pilot.

X denotes a set of control variables which might exert an influence 
on the ESG performance of firms. In order to regulate the impact of 
other firm - and region - specific traits on the ESG performance of 
firms, we introduce the following control variables, including the ltime 
(the number of years since listing), the size of the firm, financial 
leverage (lev), profitability level (roa), the number of board of directors 
(board), the independence of the board of directors (ind_r), 
shareholding concentration (top1), the nature of property rights (soe), 
regional economic level (grp), and regional industrial structure 
(industry) (38). The specific definitions are exhibited in Table 1.
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3.2 Data sources

We selected Chinese A - share - listed pharmaceutical companies 
from 2012 to 2019 for the study. Further, following the general 
practice, we  excluded sample data of companies with ST, ST* 
designations and a gearing ratio greater than 1. Eventually, this study 
obtained 81 sample companies with a total of 491 observations.

We chose 2012–2019 as our sample period because, first, MAH 
was fully implemented in China from 2020 onwards (11). On 1 
December 2019, China started to implement a revised version of the 
Drug Administration Law, which has a special chapter on ‘marketing 
authorisation holders of drugs’, and in January 2020, it reviewed and 
passed the Measures for the Administration of Drug Registration, 
which came into effect from July 2020 onwards. Second, starting in 
2020, China suffered the full brunt of COVID - 19. In 2020 and 
beyond, people’s health was under great threat, and there was a 
significant impact on pharmaceutical companies. By setting the end 
of the sample period in 2019, we were able to evade the impact of 
COVID - 19 on the study. Third, China’s MAH was implemented on 
a pilot basis from 2016, and we set the first period of the sample to 
2012, which ensures the symmetry of the sample period.

Data on firm ESG performance are from Bloomberg, and data on 
other financial indicators are from the CSMAR database. Data at the 
regional level are from the China Statistical Yearbook. We processed 
the data using STATA17.

4 Empirical analysis

4.1 Descriptive statistics

The descriptive statistics of the main variables are presented in 
Table  2. Throughout the sample period, the mean value of ESG 
performance for listed companies amounts to 30.013, with the standard 
deviation being 9.479, the minimum value standing at 10.744, and the 
maximum value reaching 67.206. This suggests that the ESG 
performance within the sample exhibits a relatively significant disparity, 
which holds value for its study. At the same time, the mean value of Treat 

× Time is 0.364, signifying that the pilot firms possess 36.4 per cent of 
observations subsequent to the implementation of the MAH system, 
making it highly appropriate for the application of the DID model.

4.2 Benchmark regression analysis

4.2.1 Parallel trend test
In order to verify whether the study satisfies the parallel trend 

assumption, we conducted a dynamic effects test (39), constructing 
the model as follows:

	 α β γ δ µ ε+ =
= + × + + + +∑2019

, 1 , ,2012i t t t i i t i t i ttESG T Treat X 	 (2)

In Equation 2, we substitute the dummy variable Time in model 
(1) with a series of dummy variables T representing each year from 
2012 to 2019. We take 2015, the year prior to the implementation of 

TABLE 2  Descriptive statistics.

Variable Obs Mean Std. 
Dev.

Min Max

ESG 491 30.013 9.479 10.744 67.206

Treat×Time 491 0.364 0.482 0 1

Treat 491 0.624 0.485 0 1

Time 491 0.566 0.496 0 1

ltime 491 2.334 0.764 0 3.258

size 491 22.591 0.84 20.185 25.056

lev 491 0.299 0.156 0.025 0.697

roa 491 0.088 0.066 −0.364 0.34

board 491 2.16 0.175 1.609 2.708

ind_r 491 0.37 0.05 0.25 0.625

top1 491 0.362 0.152 0.068 0.891

soe 491 0.321 0.467 0 1

grp 491 10.223 0.794 6.553 11.587

industry 491 0.407 0.092 0.162 0.563

TABLE 1  Variable definition.

Notation Name Measurement

ESG Firm ESG performance See 3.1

Treat×Time MAH system See 3.1

ltime Number of years listed Natural logarithm of the number of years since the firm was listed (ln)

size Firm size total assets (ln)

lev Financial leverage Total liabilities/total assets (%)

roa Profit level Net profit/total assets (%)

board Number of Board of Directors Natural logarithm of the number of board members (ln)

ind_r Board independence Number of independent directors/number of board of directors (%)

top1 Shareholding concentration Shareholding ratio of the largest shareholder (%)

soe Nature of property rights A value of 1 is assigned if the firm is state - owned, and 0 otherwise

grp Regional economic level Regional GDP (ln)

industry Regional industrial structure Percentage of GDP in the secondary sector (%)
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MAH, as the base period to examine whether there is a significant 
disparity between the experimental group and the control group in 
terms of ESG performance before and after 2016.

In Figure  1, we  mark the estimated coefficients of the dummy 
variables for each year as dots, and the dashed segments signify 95 per 
cent confidence intervals. The disparity in ESG performance between 
the pre - policy experimental group and the control group is insignificant, 
which implies that the study fulfills the parallel trend hypothesis. 
Meanwhile, we discover that the impact effect of the MAH regime is 
delayed by 1 year, which might be attributed to the long R & D cycle.

4.2.2 Regression results
Table 3 shows the baseline regression results. We discover that, 

upon controlling for year fixed effects and individual fixed effects, the 
coefficient on Treat × Time is significantly positive at the 1 per cent 
level, irrespective of whether control variables are incorporated. 
Moreover, pharmaceutical manufacturing firms in the pilot region 
improved on average by 4.7% after 2016 (2.957*0.482/30.013), which 
is highly economically significant. This suggests that the MAH system 
contributes to the significant improvement of ESG performance of 
pharmaceutical manufacturing companies by constructing a 
stakeholder system of listed company holders, trustee manufacturers, 
and drug regulatory authorities.

The impact of the MAH system on the ESG performance of 
pharmaceutical manufacturing enterprises is specific. In terms of the 
environment, it can be  reflected in the increased investment of 
enterprises in environmental protection measures. For instance, 
pharmaceutical enterprises can adopt more environmentally friendly 
raw materials and production technologies, reduce the generation and 
discharge of medical chemical waste, and increase investment in waste 
treatment facilities, thereby minimizing the impact on the surrounding 
ecological environment.

In terms of social performance, enterprises may invest more 
resources in research and development innovation, including 
increasing the recruitment and training of scientific researchers, 
establishing a more complete research and development incentive 
mechanism, and attracting more outstanding talents to participate 
in the research and development of innovative drugs. Meanwhile, 
enterprises pay more attention to the welfare and rights of R & D 
and production employees, increase salary and benefits, and 
improve the working environment to enhance employee satisfaction 
and loyalty.

In terms of corporate governance, enterprises may further 
improve their corporate governance structure and enhance the 
scientificity and fairness of decision-making. At the same time, 
enterprises may also enhance the transparency of information 
disclosure, promptly and accurately revealing their ESG performance 
and development strategies to investors and other stakeholders.

4.3 Robustness check

4.3.1 Placebo test
To prevent the impact of MAH on the ESG performance of 

pharmaceutical manufacturing firms from being influenced by 
unobservable omitted variables, we  carry out a placebo test (40). 
We repeated the aforementioned process 500 times. In each repetition, 
we randomly picked the same quantity of units as the treatment group 
in the total sample to constitute a dummy treatment group, and 
considered the remainder as the control group.

The outcomes are presented in Figure 2, in which the majority of 
the estimated coefficients of the placebo test cluster around 0 and are 
insignificant, and the genuine estimated coefficients are outliers. This 
implies that the robustness of the baseline regression results, which 

FIGURE 1

Dynamic effects plot.
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constitutes the baseline conclusion, cannot be acquired following the 
placebo test for the randomized treatment group.

4.3.2 Difference-in-Difference-in-Differences 
model test

Based on the DID model, we brought in a new set of experimental 
and control groups to build a Difference-in-Difference-in-Differences 
(DDD) model, which is beneficial for further removing the impact of 
potential confounding factors (41). The specific model is as follows:

	

α β θ
ρ σ

ϕ γ δ µ ε

+ = + × × +
× + × + ×
+ + + + +

, 1 ,
, ,

, , ,

i t t i i t t
i t i t i i t

i t i t i t i t

ESG Time Treat Medicine Time
Treat Time Medicine Treat Medicine
Medicine X 	 (3)

In Equation 3 medicine serves as a dummy variable indicating 
whether firm i pertains to the pharmaceutical manufacturing industry 

in year t. If it does, it is assigned 1; otherwise, it is 0. The outcomes are 
presented in column (1) of Table 4. The estimated coefficients of the 
interaction term Treat × Time × Medicine in the DDD model are 
significantly positive at the 1% level, which validates the robustness of 
the findings.

4.3.3 PSM-DID test
Taking into account potential biases between the treatment and 

control groups that might impact the study results, we employed the 
propensity score matching (PSM) method to modify the sample (42). 
Firstly, we  selected all control variables as matching variables. 
Secondly, we opted for the nearest - neighbor matching method to 
create a new dataset in two ratios of 1:2 and 1:4 respectively, in order 
to re  - evaluate the effect of MAH on the ESG performance of 
pharmaceutical manufacturing enterprises.

The outcomes, as presented in columns (2) and (3) of Table 4, 
demonstrate that the positive impact of MAH on the ESG performance 
of pharmaceutical manufacturing enterprises is significant at the 5 per 
cent level at both scales, which aligns with the estimation of the 
baseline regression model and validates the robustness of the findings.

4.3.4 Control the impact of the centralized drug 
purchasing pilot policy

When exploring the impact effect of a pilot policy, we usually need 
to consider the interference of the same type of policy. In December 
2018, China launched the ‘4 + 7’ Centralised Drug Purchasing Pilot 
Policy. The policy is similar in timing to the MAH, and the policy has 
had a huge impact on the production and operation of pharmaceutical 
companies (43). Therefore, we use the DID model to generate its proxy 
variable CDPPP and include it as a new control variable in model (1).

The outcomes, as presented in column (4) of Table 4, indicate that 
the positive influence of CDPPP on the ESG performance of 
pharmaceutical manufacturing enterprises is insignificant. Meanwhile, 
the positive impact of MAH on the ESG performance of 
pharmaceutical manufacturing enterprises remains significant at the 
1 per cent level, which further validates the robustness of the findings.

4.3.5 Replacement of measurement
To examine the sensitivity of the measurement approach of the 

benchmark results, this paper substitutes the measurement method 
of the explained variable with the comprehensive score of Sino-
Securities Index Information Service (Shanghai) Co. Ltd. ESG (44). 
As presented in column (5) of Table 4, following the replacement of 
the explained variable, the impact coefficient of the MAH on the 
ESG performance of pharmaceutical manufacturing enterprises 
remains significantly positive. This suggests that the benchmark 
conclusion is not susceptible to the measurement method of the 
explained variable.

4.3.6 Cluster analysis
We are concerned that the treatment of standard errors may have 

influenced the benchmark conclusions. Since the MAH was piloted 
and implemented at the provincial and municipal levels in China, 
we grouped the standard errors at the provincial level where the 
enterprises are situated for analysis. As presented in column (6) of 
Table 4, the impact coefficient of the MAH on the ESG performance 
of pharmaceutical manufacturing enterprises remains significantly 
positive, which further illustrates the robustness of the 
research findings.

TABLE 3  Baseline regression results.

Without Control 
Variables

With Control 
Variables

ESG ESG

Treat×Time 2.933*** 2.957***

(0.753) (0.746)

ltime −1.598

(1.011)

size −0.924

(0.848)

lev 0.591

(3.218)

roa 11.776***

(3.987)

board −0.863

(3.147)

ind_r −0.848

(8.915)

top1 2.951

(5.322)

soe 1.644

(1.337)

grp 4.546*

(2.723)

industry 11.019

(11.801)

_cons 28.996*** 2.006

(0.317) (32.326)

Year FE Yes Yes

Individual FE Yes Yes

N 491 491

R2 0.877 0.883

***, * indicate significant at the 1 per cent, 5 per cent and 10 per cent levels, with robust 
standard errors in parentheses.
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5 Expansion analysis

5.1 Mechanism testing

To test the three potential influencing mechanisms, we use the 
methods commonly employed in economic literature to construct the 
following model:

	 α β γ δ µ ε= + × + + + +, , ,i t t i i t i t i tMechanism Time Treat X 	 (4)

In Equation 4, “Mechanism” stands for the three mechanism 
variables. Firstly, the R&D expense ratio is utilized to gauge R&D 
investment (Innovation). Secondly, the disparity between the average 
salary of the top three senior executives and the average salary of 
employees is computed, and then this value is divided by total assets 
to measure the internal wage gap (Wage_gap). We also measure it 
(Wage_gap2) by the ratio of the average salary of the top three senior 
executives to the average salary of employees to enhance robustness. 
Thirdly, we measure the degree of supply chain concentration from 
two aspects: the proportion of the largest customer (Consume) and 
that of the largest supplier (Vendor).

Table 5 presents the outcomes of the mechanism test. The MAH 
markedly enhances the R&D expense ratio of firms, narrows the 
internal wage gap, and reduces the proportion of the largest customer. 
However, the negative impact of the MAH on the proportion of the 
largest supplier is not significant. A possible reason is that some 
leading firms have emerged among the upstream suppliers of Chinese 
pharmaceutical manufacturing firms. These leading firms have 
grasped most of the orders in the market, including raw material 
suppliers, intermediate and excipient suppliers, as well as production 
equipment suppliers. Therefore, the change in the proportion of 
suppliers is relatively small.

5.2 Heterogeneity analysis

5.2.1 Nature of property rights
We hold the view that the MAH system has a stronger ability to 

enhance the performance in terms of ESG of private enterprises as 
opposed to public enterprises. This is attributed to the fact that, on the 
one hand, private enterprises are more acutely responsive to the 
responses of the capital market. Consequently, they place greater 
emphasis on the performance in terms of ESG, which can yield 
substantial benefits from the capital market. On the other hand, in 
contrast to public enterprises that possess inherent advantages, private 
enterprises need to acquire enduring competitive edge through 
research and development innovation. Hence, the MAH system is 
more favorable for prompting private enterprises to enhance 
drug innovation.

As depicted in column (1) of Table  6, within the group of 
private enterprises, the estimated coefficient is markedly positive 
at the 1% level. As illustrated in column (2), in the group of public 
enterprises, the estimated coefficient is not significant. This 
validates our conjecture that the facilitating effect of MAH on the 
performance in terms of ESG of private enterprises is 
more evident.

5.2.2 Management ownership
We consider that management ownership might serve as an 

efficient means to magnify the influence of the MAH. Owing to the 
presence of the agency issue, management typically refrains from 
taking risks in firm innovation. The setback of innovation has the 
potential to harm the management’s standing in the market, which 
explains why they frequently withdraw when confronted with 
innovation prospects. On the contrary, if the management possesses 
a larger share of stocks, they will attach greater significance to the 

FIGURE 2

Placebo test.
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long-term growth of the enterprise and augment investment in 
research, development, and innovation.

As indicated in column (3) of Table 6, within the group where the 
management ownership ratio is below the median, the estimated 
coefficient is insignificant. As demonstrated in column (4), in the 
group with a management ownership ratio no less than the median, 
the estimated coefficient is notably positive at the 1% level. This 
implies that the method of management ownership can motivate 
pharmaceutical manufacturing companies to engage more actively in 
the MAH, thereby markedly enhancing their ESG performance.

5.2.3 Internal control
We hold the view that enhancing a company’s internal control 

could also be  one of the effective approaches to motivate the 
company to engage in the MAH system. The degree of internal 
control dictates a company’s operational and management 
effectiveness. Companies with a superior level of internal control 
are inclined to place more emphasis on the long-term benefits of the 
company. Consequently, a company’s internal control might exert 
an influence on its R&D strategy, salary allocation, and supply 
chain management.

TABLE 5  Mechanism testing.

R & D Investment Internal Pay Gap Supply Chain Concentrations

Innovation Wage_gap Wage_gap2 Consume Vendor

treat×time 0.011*** −0.006*** −0.835* −0.038*** −0.020

(0.003) (0.002) (0.433) (0.011) (0.017)

_cons −0.024 0.847*** −103.577*** 0.194 −1.426*

(0.142) (0.222) (18.651) (0.405) (0.827)

Controls Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes

Individual FE Yes Yes Yes Yes Yes

N 491 491 491 491 491

R2 0.759 0.756 0.629 0.775 0.705

***, and * represent significance levels of 0.01, 0.05, and 0.1, respectively. The values in parentheses are robust standard errors.

TABLE 4  Robustness tests.

DDD Model PSM-DID 1:2 PSM-DID 1:4 Control the 
CDPPP

Measurement Cluster 
Analysis

ESG ESG ESG ESG ESG2 ESG

Treat×Time×Medicine 2.825***

(0.796)

Treat×Time 0.179 4.924** 3.583** 2.920*** 0.201* 2.957**

(0.207) (2.226) (1.807) (0.785) (0.120) (1.057)

Time×Medicine −0.462

(0.546)

Treat×Medicine −5.823***

(1.721)

Medicine 2.285**

(1.092)

CDPPP 0.123

(0.930)

_cons 8.305 2.053 −23.894 2.115 −0.511 2.006

(6.049) (51.663) (48.982) (32.465) (4.772) (34.370)

Controls Yes Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes Yes

Individual FE Yes Yes Yes Yes Yes Yes

N 7,496 157 225 491 491 491

R2 0.855 0.928 0.909 0.883 0.705 0.883

***, **, and * represent significance levels of 0.01, 0.05, and 0.1, respectively. The values in parentheses in columns (1)–(5) are robust standard errors, and the value in parentheses in column 
(5) is the robust standard error clustered at the provincial level (53).
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We employ the firm internal control index from the DIB database 
as a metric. The greater the index, the higher the level of internal 
control (45). As depicted in column (5) of Table 6, within the group 
with a lower internal control level (below the median), the estimated 
coefficient is insignificant. As illustrated in column (6), in the group 
with a higher internal control level (not less than the median), the 
estimated coefficient is notably positive at the 1% level. This suggests 
that internal control profoundly impacts the strategic decisions of 
pharmaceutical manufacturing firms and affects the connection 
between MAH and firm ESG performance.

5.3 Additional tests

5.3.1 Variations in ESG performance
We investigated the effect of MAH on the disparities in ESG ratings 

among pharmaceutical manufacturing enterprises. Firstly, we computed 
the Bloomberg ESG2 and Sino-Securities Index Information Service 

2  https://www.bloombergchina.com/product/indices/

(Shanghai) Co. Ltd. ESG3 variations. This was achieved by deducting 
the sample mean from each ESG value and subsequently dividing by 
the standard deviation. The discrepancy between these two computed 
values was employed to gauge the variations in firm ESG ratings (46). 
As illustrated in column (1) of Table 7, it was discovered that MAH did 
not exert a substantial influence on the differences in ESG ratings of 
pharmaceutical manufacturing firms.

5.3.2 Real earnings management
Real earnings management reflects a company’s accounting 

information quality and earnings motivation. Generally speaking, when 
a company faces significant performance pressure, its management has 
a stronger incentive to implement real earnings management. Also, it is 
more likely to conduct impression management (the act of using false 
ESG disclosures to create a positive but potentially misleading image) 
through false ESG disclosures (47). As shown in column (2) of Table 7, 
we found that MAH also did not have a significant impact on the level 
of real earnings management of pharmaceutical manufacturing firms.

In recent years, there have been increasing doubts about companies 
using ESG for impression management (48). To address such concerns, 
we conducted the above two tests to explore whether the impact of 
MAH on the ESG performance of pharmaceutical manufacturing 
firms stems from impression management. The above results indicate 
that the firms affected by MAH do not have the motivation to conduct 
impression management through ESG disclosures.

6 Discussion

Compared with the existing research, the conclusion of this study 
shows unique theoretical value and practical significance. Regarding the 
impact of MAH on enterprises, previous studies have mostly focused 
on the single dimension of MAH on enterprise innovation or market 
performance. For instance, Liu et al. (11) pointed out that MAH has a 
significant positive impact on the innovation quality of the 
pharmaceutical manufacturing industry by increasing R&D investment. 
Wan et al. (12) found that the separation of marketing authorization 

3  https://www.chindices.com/

TABLE 6  Heterogeneity analysis.

Nature of property rights Management ownership Internal control

(1) non-SOEs (2) SOEs (3) less (4) more (5) lower (6) higher

treat×time 4.475*** 0.857 −0.760 2.720*** 1.856 4.484***

(0.936) (2.004) (2.235) (1.000) (1.538) (1.048)

_cons 15.974 −44.597 −93.497 46.139 −20.638 −9.765

(33.819) (76.632) (57.075) (43.256) (62.609) (40.382)

Controls Yes Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes Yes

Individual FE Yes Yes Yes Yes Yes Yes

N 330 157 165 322 214 249

R2 0.902 0.875 0.873 0.912 0.889 0.910

*** denote significance levels of 0.01, 0.05, and 0.1, respectively. The values inside the parentheses are robust standard errors.

TABLE 7  Additional analyses.

Impression 
Management

Earnings 
Management

ESG performance 
differences

Real earnings 
management

treat×time −0.008 −0.031

(0.201) (0.035)

_cons 0.653 −0.808

(9.061) (1.714)

Controls Yes Yes

Year FE Yes Yes

Individual FE Yes Yes

N 491 491

R2 0.643 0.850

***, **, and * represent significance levels of 0.01, 0.05, and 0.1, respectively. The figures in 
parentheses are robust standard errors.
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and production authorization can promote pharmaceutical innovation, 
but few studies have approached it from the comprehensive perspective 
of ESG. This study found that MAH has a significant positive impact on 
the ESG performance of pharmaceutical manufacturing enterprises. It 
not only expands the research boundary of the economic consequences 
of the MAH system, but also confirms the key role of system innovation 
in promoting the sustainable development of enterprises.

From the perspective of institutional innovation, the MAH system 
promotes systematic improvement of enterprises in the dimensions of 
environment, society and governance by reconstructing the stakeholder 
system, including marketing authorization holders, entrusted 
manufacturing enterprises and regulatory authorities. This conclusion 
echoes the theory of institutional gaps in emerging economies (49), 
that is, in a market environment where the system is not yet perfect, 
institutional innovation can fill the gaps in regulation and resource 
allocation. MAH breaks the traditional “R&D - production binding” 
model and achieves the optimal allocation of resources through 
contract manufacturing, prompting enterprises to incorporate ESG 
goals into their strategic planning. This confirms the theory proposed 
by North (50) that “institutions promote economic development by 
reducing transaction costs and shaping incentive mechanisms,” 
indicating that emerging economies can guide the transformation of 
enterprise behaviors toward a sustainable direction through 
institutional innovation.

Enterprise heterogeneity analysis further reveals the mechanism 
of MAH. In non-state-owned enterprises, enterprises with high 
management holding shares and enterprises with good internal 
control, the improvement effect of MAH on ESG performance is more 
significant. This conclusion is highly consistent with the theory of 
ownership structure in emerging economies (51). Compared with 
state-owned enterprises, non-state-owned enterprises are more 
responsive to institutional changes due to their shorter decision-
making chains and higher market sensitivity. Managing high-holding 
enterprises directly link ESG goals with management incentives by 
strengthening the binding of interests. In addition, a sound internal 
control system helps enterprises efficiently implement ESG strategies 
and reduce the friction costs of system implementation. These findings 
provide a theoretical basis for how enterprises with different owner-
ownership and governance structures in emerging economies can 
maximize institutional dividends.

Furthermore, this study confirmed that there is no ESG 
performance greenwashing phenomenon in pharmaceutical 
manufacturing enterprises, which contrasts with the research 
conclusion that some industries “obtain policy dividends through 
superficial ESG behaviors” (52), and indirectly reflects the constraining 
effect of the strong regulatory nature of the pharmaceutical industry 
on the behavior of enterprises.

7 Conclusions, recommendations and 
limitations

7.1 Conclusion

Health issues have turned into a global concern. Especially after 
the eruption of COVID - 19, how to deal with sudden global diseases 
has become a central focus for all nations. Pharmaceutical 
manufacturing companies, as vital entities in protecting human 

health, urgently need scholars’ profound research on ways to boost 
their innovation and high - quality development. China initiated the 
piloting of the Marketing Authorization Holder (MAH) system in 
2016 and fully implemented it in 2020. Based on the data of Chinese 
A - share listed pharmaceutical manufacturing enterprises from 2012 
to 2019, we employed the DID model to examine the influence of 
MAH on the firms’ ESG performance, along with its underlying 
mechanisms and boundary conditions.

We discovered that, firstly, MAH has a markedly positive effect on 
the ESG performance of pharmaceutical manufacturing companies. 
Secondly, MAH drives the R&D investment of pharmaceutical 
manufacturing companies, narrows the internal salary gap within 
firms, and decreases the concentration of firm supply chains, thereby 
enhancing ESG performance. Thirdly, the impact of MAH is more 
evident in non - state - owned companies, companies with a higher 
proportion of management shareholding, and companies with a 
higher level of internal control, leading to a greater enhancement in 
ESG performance. Fourthly, MAH has no significant impact on the 
disparities in firm ESG ratings and real earnings management. There 
is no evidence of “greenwashing” in terms of ESG performance or the 
motivation for such behavior among pharmaceutical manufacturing  
companies.

7.2 Policy and management 
recommendations

7.2.1 Policy recommendations
For China, based on the MAH system, the government ought to 

further introduce supportive policies to stimulate innovation in 
pharmaceutical manufacturing enterprises. Firstly, the government 
can offer assistance like tax incentives, R&D subsidies, and innovation 
awards to pharmaceutical manufacturing enterprises with outstanding 
innovation performance. This can lower their innovation costs and 
risks, and boost their enthusiasm and quality of innovation. Secondly, 
the government can help pharmaceutical manufacturing enterprises 
with good innovation performance in expanding their financing 
channels. The government can actively guide financial institutions to 
specially create financial products and services to encourage 
innovation in pharmaceutical manufacturing enterprises, such as 
intellectual property pledge financing and equity financing. Thirdly, 
the government is required to enhance the intellectual property 
protection mechanism in the field of pharmaceutical research and 
development. The government should establish a sound and 
reasonable system to protect drug innovation, safeguard the legitimate 
rights and interests of intellectual property owners, and promote 
healthy market competition.

We also recommend that the government should guide 
pharmaceutical manufacturing firms to actively fulfill their social 
responsibilities. Besides the research and development of innovative 
drugs, drug quality is also one of the core factors affecting the 
sustainable survival and development of pharmaceutical 
manufacturing firms. Firstly, the government can leverage the MAH 
system to encourage pharmaceutical manufacturing firms to 
enhance their efforts in attracting and cultivating innovative talents, 
as this is an internal driving force directly influencing the firms’ 
sustainable innovation. Secondly, the government should strengthen 
drug quality management and improve relevant systems. Through 
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measures such as supervision and punishment, the government can 
enhance firms’ attention to and investment in drug quality. Thirdly, 
the government can streamline the social supervision and 
management mechanism. By setting up hotlines and mailboxes for 
reporting, the government can strengthen public supervision over 
pharmaceutical manufacturing firms and encourage the reporting 
of their improper behaviors.

In addition to this, we  suggest that the government should 
optimize the supply chain of pharmaceuticals from R&D to 
manufacturing and distribution in a number of ways. Firstly, 
we  suggest that the government can establish a comprehensive 
supplier information platform for the pharmaceutical industry. The 
government can integrate raw material suppliers, intermediates and 
excipients suppliers, and production equipment suppliers and other 
types of information, including product quality, price, capacity, 
reputation, etc., to provide detailed supplier information resources for 
pharmaceutical manufacturers, reducing the degree of information 
asymmetry. The government can also use the platform for dynamic 
monitoring of the operating conditions, reputation and quality of 
suppliers of pharmaceutical manufacturing firms, and timely release 
of relevant information and early warning signals. Second, the 
government should strengthen the macro-control of the 
pharmaceutical R&D and manufacturing market to guide healthy 
competition. In particular, the government needs to pay real-time 
attention to market monopoly behavior, and once firms are found to 
have gained or maintained an excessive market share through 
improper means, such as abusing a dominant market position and 
engaging in price monopoly, the government should investigate and 
punish them in a timely manner.

For other countries, the conclusions of this study also have certain 
reference value for their policy systems. For countries like Europe that 
have implemented the MAH system in the past, first of all, they can 
promote the establishment of a cross-border MAH regulatory 
collaboration mechanism. For instance, these countries can promote 
the standardized sharing of MAH data among EU member states, 
including drug safety data, credit records of holders, etc. Secondly, 
establish and improve the full life cycle liability insurance for 
MAH. The government can collaborate with insurance companies to 
develop differentiated insurance products, such as high-risk and high-
coverage innovative drugs and low-premium generic drugs, to 
diversify the risks of the holders.

For some countries that have not yet implemented the MAH 
system, we suggest that these countries can give priority to piloting the 
limited MAH system in the field of generic drugs, allowing domestic 
research and development institutions to act as the holders and entrust 
local branches or regional cmos of multinational pharmaceutical 
companies to produce. In addition, these countries can cooperate with 
the international patent pool to authorize local enterprises to produce 
specific drugs whose patents have expired. The MAH qualification will 
only be  granted to enterprises that commit to local supply, and 
regulatory personnel will be trained simultaneously.

7.2.2 Management recommendations
We advise pharmaceutical manufacturing companies to 

strengthen R & D and cooperation. First, pharmaceutical 
manufacturing firms should enhance cooperation with other 
enterprises in R & D. Firms with technological and equipment 
advantages can cooperate with those having market and channel 

advantages. This cooperation can accelerate the process of new drugs 
from R & D to sales, and also give full play to their comparative 
advantages. Meanwhile, domestic firms can establish a cooperation 
with internationally renowned pharmaceutical firms. By doing so, 
they can introduce advanced foreign technology and management 
experience, participate in international drug R & D projects and 
standard - setting, thus enhancing the visibility and competitiveness 
of domestic pharmaceutical manufacturing firms in the international 
arena. Secondly, we  suggest that pharmaceutical manufacturing 
firms strengthen their cooperation with universities and research 
institutes. Firms can integrate the resources of all parties to establish 
an industry - university - research platform. They can combine the 
financial and business advantages of state - owned firms with the R 
& D resources of scientific research institutes to jointly carry out 
major drug innovation projects, improving the efficiency 
of innovation.

We also urge that pharmaceutical manufacturing firms formulate 
a reasonable compensation system and other incentive measures. 
Firstly, to fully leverage the institutional advantages of MAH, 
pharmaceutical manufacturing firms must increase the compensation 
and other incentives for R & D personnel. Only by attracting, 
retaining, and motivating R & D talents can these firms ensure a 
strong innovation impetus. Secondly, apart from R & D personnel, 
firms must ensure and continuously improve the salary guarantees for 
front - line production workers. Production workers play a crucial role 
in pharmaceutical manufacturing firms, and their attitudes directly 
determine the quality of drugs. Based on meeting their basic needs, 
firms should use various incentive measures to enhance their sense of 
identity and belonging. Coupled with strict production management 
systems, this can ensure that drug production quality meets 
the standards.

In addition, we suggest that pharmaceutical manufacturing firms 
strengthen their supply chain management. Firstly, although we have 
not found that MAH has a significant impact on the supplier 
concentration of pharmaceutical manufacturing firms, we recommend 
that these firms enhance their management of suppliers. 
Pharmaceutical innovation carries high risks. Once suppliers 
encounter issues such as raw material shortages, contract disputes, or 
quality problems, purchasers will face significant production and 
operational risks. Furthermore, we  suggest that pharmaceutical 
manufacturing firms appropriately strengthen their management of 
customers. Every link, from R & D to production and then to sales, is 
of vital importance. Pharmaceutical manufacturing firms should not 
only actively respond to market demands by researching and 
developing targeted new drugs but also increase promotional efforts 
based on genuine product features to enhance market competitiveness 
and promote continuous innovation.

7.3 Limitations

Our research has certain unaddressed limitations. Firstly, 
we  primarily focused on the impact of MAH on the Chinese 
pharmaceutical market. In advanced countries such as those in Europe 
and America, MAH was implemented long ago and they have already 
entered the next stage. While our empirical evidence offers reference 
for many similar emerging countries, there is a lack of discussion on 
developed countries. Secondly, China fully implemented MAH after 
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2020, and some new issues emerged during this process. Meanwhile, 
after the COVID  - 19 pandemic, global pharmaceutical research, 
development, and manufacturing have entered a new phase. We must 
admit that in order to respond to major sudden diseases, 
pharmaceutical  - related systems (e.g., pharmaceutical regulatory 
systems) need further innovation. Relevant research should 
continuously pay attention to new systems. Thirdly, our research did 
not fully support the claim that MAH has a significant impact on the 
supplier concentration of pharmaceutical manufacturing firms. This 
conclusion may be affected by variable measurement and data quality. 
Perhaps subsequent research can provide evidence to support 
this view.
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Background: Secondary public hospitals play a pivotal role in China’s hierarchical

medical system, serving as a critical intermediary tier. However, in rapidly

urbanizing cities such as Guangzhou, these hospitals face mounting

challenges including widening efficiency disparities, imbalanced resource

allocation, and weak governance structures. This study aims to systematically

evaluate the evolution and spatial dynamics of service capacity among

secondary general public hospitals in Guangzhou, offering empirical evidence

to support capacity improvement and policy optimization.

Methods: A composite evaluation framework was constructed across three

dimensions: medical quality, operational efficiency, and sustainability. Based on

panel data from 12 secondary general public hospitals in Guangzhou between

2019 and 2023, we applied a combination of Entropy-TOPSIS model, Kernel

Density Estimation (KDE), and the Dagum Gini Coefficient to assess overall

service capacity levels, temporal trends, and spatial inequalities.

Results: The findings indicate a general upward trend in service capacity;

however, disparities among hospitals have intensified. While indicators of

medical safety (e.g., mortality and complication rates) have steadily improved,

there remains significant divergence in surgical ratios and pharmaceutical

service coverage—particularly in peripheral areas. KDE analysis reveals a

transition from unimodal to bimodal distribution, indicating stratification of

service capacity. Decomposition of the Dagum Gini Coefficient shows that

transvariation (inter-group overlaps) is the main source of inequality,

underscoring increasing cross-regional capacity divergence.

Conclusions: Although Guangzhou’s secondary public hospitals have shown overall

improvement, challenges remain in terms of regional coordination and internal

structural disparities. This study recommends differentiated interventions such as

specialty alliances, performance-based resource allocation, and workforce

optimization to enhance system resilience and equity. The proposed evaluation

model demonstrates strong applicability and scalability, offering theoretical and

empirical insights forhealthcaresystemgovernance inother rapidlyurbanizing regions.
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1 Introduction

Amid the deepening reform of global health systems,

enhancing the service capacity of public hospitals—particularly

secondary-level general public hospitals in urban areas—has

become a focal issue in health policy development worldwide.

These hospitals, positioned between primary care institutions and

tertiary hospitals, are essential for receiving referrals from the

community level and managing moderately complex conditions.

They serve a bridging role within China’s hierarchical diagnosis

and treatment system.

However, in the context of rapid urbanization, secondary

hospitals in many developing countries face significant

challenges, including underdeveloped resource allocation and

insufficient attention to their service capacity. Studies have

shown that in Nanjing, China, for example, healthcare resources

are unevenly distributed, with high concentration in central

districts and much weaker capacity in peripheral areas (1). In

Nigeria, urbanization has resulted in medical personnel migrating

toward cities, thereby reducing healthcare accessibility in rural

areas—especially for the elderly (2). Similarly, in Thailand, urban

expansion has widened the accessibility gap between urban and

rural medical facilities, highlighting the need for spatial planning

interventions to ensure more equitable resource distribution (3).

These cases reflect a common challenge: urbanization places

significant pressure on the equity and sustainability of

healthcare systems.

To respond to these challenges, the global community is

increasingly recognizing the need to strengthen hospital service

capacity, especially by empowering “middle-tier” institutions. As

urbanization alters the structure of healthcare demand, scientifically

evaluating and optimizing resource allocation and hospital capacity

has become a shared concern among health policymakers.

In recent years, various international organizations and

research institutes have introduced frameworks to support

performance-based resource planning. The World Health

Organization (WHO) has promoted performance-oriented

allocation models that emphasize service integration to improve

the efficiency of healthcare systems. Strengthening secondary

hospitals is a key part of this effort, with WHO advocating for

them to act as regional service “hubs” that support integration

with primary care and public health services, thereby optimizing

resource use for specific populations (4). In 2003, the WHO

Regional Office for Europe developed the Performance

Assessment Tool for Quality Improvement in Hospitals (PATH),

which evaluates hospital performance across dimensions such as

clinical effectiveness, efficiency, and staff orientation. After being

piloted in six countries between 2004 and 2006, PATH expanded

in 2007–2008 to 140 hospitals across eight European countries

including Belgium, France, and Germany (5, 6). In 2010, the

WHO and USAID jointly launched the Service Availability

and Readiness Assessment (SARA), offering manuals (7) and

implementation guides (8) to assess the accessibility and

readiness of health services. This framework has since been

adopted in Bangladesh, Burkina Faso, Ghana, Mozambique, and

other countries (9–13).

Meanwhile, methodological innovations in healthcare capacity

evaluation are trending toward diversification and integration.

These methods are widely used in assessing service efficiency,

optimizing resource allocation, and analyzing regional equity.

Multi-Criteria Decision Analysis (MCDA) approaches, including

entropy-weighted TOPSIS, Analytic Hierarchy Process (AHP),

and Stochastic Frontier Analysis (SFA), have been broadly

applied in hospital performance evaluation and healthcare

efficiency comparisons (14, 15).

In pursuit of Sustainable Development Goal 3—“Ensure

healthy lives and promote well-being for all at all ages”—scholars

are increasingly integrating spatial and inequality analytics. For

example, Kernel Density Estimation (KDE), a non-parametric

method, has been widely used to explore spatial clustering and

evolution of healthcare capacity (16). In contrast, the Dagum

Gini coefficient offers decomposable metrics that allow more

detailed examination of within-region, between-region, and

transvariation (overlap) inequality, outperforming the traditional

Gini index in explaining structural disparities (17).

China’s healthcare system is structured into three levels, with

secondary general public hospitals playing a central role in the

implementation of hierarchical diagnosis and treatment. These

hospitals primarily serve urban and peri-urban populations by

offering general diagnostic, inpatient, and outpatient care. They

are also essential in public health initiatives such as chronic

disease management and epidemic response. However, compared

with tertiary hospitals, secondary hospitals often fall into a

“resource valley”—marked by shortages in manpower,

equipment, and policy attention. Moreover, their contribution is

frequently overlooked in policy prioritization and funding, which

leads to weakened functional roles. Although academic interest in

secondary hospitals has grown, most studies remain focused on

single-year financial or performance metrics, lacking insight into

the dynamic evolution of capacity or structural inequality—

especially in megacities with pronounced development

imbalances (18, 19). Furthermore, the COVID-19 pandemic

exposed the vulnerabilities of hospital systems, prompting a re-

evaluation of the resilience and load-bearing capacity of non-core

hospitals. Secondary hospitals played a crucial role in initial

diagnosis and triage, yet lacked the tertiary hospitals’

infrastructure and resources—highlighting the need for more

refined evaluation tools and targeted governance strategies (20, 21).

In light of this context, this study focuses on Guangzhou, a

major city in South China, and examines 12 secondary general

public hospitals from 2019 to 2023. A comprehensive evaluation

framework is developed based on three key dimensions:

• Medical Quality (e.g., average length of stay, surgical

complication rates),

• Operational Efficiency (e.g., income structure, cost

containment),

• Sustainability (e.g., staffing ratios, physician workload intensity).

Methodologically, the study integrates three analytical tools:

• Entropy-weighted TOPSIS, which enables objective weighting

and ranking of hospitals based on service capacity;
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• Kernel Density Estimation (KDE), to examine the evolution of

score distributions over time;

• Dagum Gini Coefficient decomposition, to measure and

decompose spatial inequality in service capacity.

By triangulating results from these methodologies, this study

proposes a replicable and transferable evaluation framework

tailored to secondary hospitals in urban China. It aims to

support local policy evaluation in Guangzhou and offer

insights for improving healthcare system governance in other

rapidly urbanizing regions. In addressing the global challenges

of “filling the gaps” and “strengthening mid-tier institutions,”

this study seeks to contribute reform strategies and analytical

methods that are both empirically grounded and

globally applicable.

2 Materials and methods

2.1 Data sources

This study targets 12 secondary general public hospitals located

within the administrative boundaries of Guangzhou.

A comprehensive evaluation index system was developed to

assess their healthcare service capacity (see Table 1). The index

system is structured into three primary dimensions, each

representing a core pillar of institutional performance:

• Medical Quality: This dimension evaluates clinical outcomes

and safety. Indicators include average length of stay, low-risk

group mortality rate, surgical rate, complication rate. These

measures reflect the hospital’s ability to deliver safe, effective,

and timely care—essential to meeting patient expectations and

improving health outcomes.

• Operational Efficiency: This component assesses resource use

and cost containment. It includes the ratio of service revenue

to total revenue, personnel cost ratio, asset-liability ratio,

outpatient and inpatient cost growth. These indicators are

crucial for evaluating financial sustainability and

responsiveness to health payment reforms, such as Diagnosis-

Related Group (DRG)–based funding.

• Sustainability: This dimension captures human resource

adequacy and service resilience. It includes nurse-to-doctor

ratio, physician workload, pharmacist staffing. These

indicators help identify whether hospitals possess the staffing

capacity to maintain stable service delivery under both routine

and emergency conditions.

The selection of these three dimensions ensures a balanced and

policy-relevant assessment framework. It integrates clinical

effectiveness, economic performance, and long-term institutional

resilience—aligning with national healthcare reform goals and

international standards in health systems evaluation.

Each secondary indicator is defined with its unit, orientation

(positive/negative), and coded numerically (X1–X14). The

indicators collectively form a multidimensional representation of

hospital service capacity. Data were drawn from multiple sources

spanning 2019 to 2023, including the Guangzhou Statistical

Yearbook, official reports from the Guangzhou Health

Commission, and municipal government publications.

2.2 Research methods

To ensure robustness and multidimensional insights, three

quantitative methods were employed:

2.2.1 Entropy weight-TOPSIS method
The Entropy-Weighted TOPSIS method integrates entropy-

based weight assignment with the TOPSIS (Technique for Order

Preference by Similarity to Ideal Solution) approach to handle

multi-criteria decision-making problems (22–24). It addresses

challenges associated with subjective weighting and correlation

among indicators, and is widely applied in healthcare,

construction, and industrial evaluation scenarios (23, 25–27, 28).

Stepwise procedure:

Step 1: Normalization of the Original Data Matrix

TABLE 1 Evaluation index system for healthcare service capacity of
secondary public hospitals.

Primary
dimension

Secondary
indicator

Unit Indicator
orientation

Code

Medical quality Average length of stay Days Negative X1

Mortality rate of low-

risk patients

% Negative X2

Proportion of

discharged patients who

underwent surgery

% Positive X3

Complication rate

among surgical patients

% Negative X4

Operational

efficiency

Proportion of medical

service revenue

(excluding drugs,

consumables, and

diagnostic fees)

% Positive X5

Personnel expenditure

as a proportion of

operational expenditure

% Positive X6

Asset-liability ratio % Negative X7

Growth rate of per

outpatient visit cost

% Negative X8

Growth rate of per

outpatient drug cost

% Negative X9

Growth rate of per

inpatient cost

% Negative X10

Growth rate of per

inpatient drug cost

% Negative X11

Sustainability Nurse-to-doctor ratio % Positive X12

Average daily inpatient

workload per licensed

physician

Bed-

days

Negative X13

Number of pharmacists

per 100 hospital beds

Persons Positive X14
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Let there be n evaluation objects (e.g., hospitals) and m evaluation

indicators. The original data matrix is denoted as:

X ¼

x11 x12 . . . x1m
x21 x22 . . . x2m
. . . . . . . . . . . .

xn1 xn2 . . . xnm

8
>><

>>:

9
>>=

>>;
n�m

To standardize the original matrix X, we apply min-max

normalization to obtain the normalized matrix R ¼ (rij)n�m,

where rij [ [0, 1] represents the normalized score of the i -th

object on the j-th indicator:

• For positive indicators (the higher, the better): rij ¼
xij�min(xj)

max(xj)�min(xj)

• For negative indicators (the lower, the better): rij ¼
max(xj)�xij

max(xj)�min(xj)

• Step 2: Entropy-Based Weight Calculation and Weighted Matrix

Construction

Let lij denote the normalized proportion of indicator j for object i,

computed from matrix R:

lij ¼
rijPn
i¼1 rij

Define ej as the entropy value for indicator j. The weight wj is then

calculated as:

wj ¼
1�ejPm

j¼1
(1�ej)

, 0 � wj � 1,
Pm

j¼1

wj ¼ 1

The weighted normalized matrix Z is obtained by:

Z ¼ wj � R ¼

w1r11 w2r12 . . . wmr1m
w1r21 w2r22 . . . wmr2m
. . . . . . . . . . . .

w1rn1 w2rn2 . . . wmrnm

8
>><

>>:

9
>>=

>>;

¼

z11 z12 . . . z1m
z21 z22 . . . z2m
. . . . . . . . . . . .

zn1 zn2 . . . znm

8
>><

>>:

9
>>=

>>;

Step 3: Identify Ideal and Anti-Ideal Solutions

For each indicator j, determine the best (ideal) and worst (anti-

ideal) values:

• Ideal solution: zþj ¼max(z jj), thus z
þ
j ¼ (zþ1 , z

þ
2 , . . . , z

þ
m)

• Anti-ideal solution: z�j ¼min(z jj), thus z
�
j ¼ (z�1 , z

�
2 , . . . , z

�
m)

• Step 4: Calculate Euclidean Distances

For each evaluation object i, compute its distance to the ideal and

anti-ideal solutions:

• Distance to ideal: dþi ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Pm

j¼1

(zij � zþj )
2

s

• Distance to anti-ideal: d�i ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Pm

j¼1

(zij � z�j )
2

s

• Step 5: Compute Relative Closeness to the Ideal Solution

The relative closeness coefficient vi is calculated as:

vi ¼
d�i

dþi þd�i
, 0 � vi � 1

A higher vi indicates stronger service capacity of the

corresponding hospital. The ranking of vi values reflects the

comparative performance across all evaluated hospitals.

2.2.2 Kernel density estimation (KDE)
KDE is a non-parametric method for estimating the probability

density function of a continuous variable, offering flexibility in

modeling data distributions without assuming a parametric form

(29–31). It is especially valuable in visualizing temporal evolution

and regional heterogeneity in healthcare quality

assessments (32–34).

The Gaussian kernel function is adopted:

bfh(x) ¼
1

nh

Xn

n¼1

K
xi � �x

h

� �

where K(�) is the Gaussian kernel, h is the bandwidth, and n is the

sample size.

KDE allows the visualization of capacity distribution shifts and

stratification patterns across years, highlighting convergence or

divergence trends.

2.2.3 Dagum Gini coefficient decomposition
The Dagum Gini coefficient, proposed by Argentine-Canadian

economist Camilo Dagum in the 1970s, represents a significant

advancement over the traditional Gini index. It is based on the

three-parameter Dagum probability distribution, which offers

superior fitting performance—particularly in capturing

inequalities at both tails of a distribution. Its key advantage lies

in its decomposability, enabling the total inequality to be

separated into within-group inequality, between-group inequality,

and transvariation (overlapping) inequality components. This

makes the Dagum Gini model a powerful analytical tool for

examining the structural dimensions of inequality (35, 36). Due

to its enhanced explanatory capacity, it has been widely applied

across economics, social sciences, public policy, and healthcare

resource allocation to investigate the deep structures and

dynamic mechanisms underlying inequality (37, 38).

In this study, the Dagum Gini coefficient is applied using

subgroup decomposition to assess the spatial differentiation in

healthcare service capacity among secondary public general

hospitals in Guangzhou. The total inequality G is composed of

the following three components:

G ¼ Gw þ Gnb þ Gt

The respective formulas are defined as follows:
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• Total Gini Coefficient:

G ¼

Pk
j¼1

Pk
h¼1

Pnj
i¼1

Pnh
r¼1 jy ji � yhrj

2n2�y

• Within-Region Inequality:

G jj ¼

Pnj
i¼1

Pnj
r¼1 jy ji � yhr j

2yjn
2
j

• Between-Region Inequality:

G jh ¼

Pnj
i¼1

Pnh
r¼1 jy ji � yhr j

njnh(yj þ yh)

• Decomposition of Within-Region Inequality:

Gw ¼
Xk

j¼1

G jjpjsj

• Decomposition of Between-Region Inequality:

Gnb ¼
Xk

j¼2

Xj�1

h¼1

G jh( pjsh þ phsj)D jh

• Transvariation (Overlapping Component):

Gt ¼
Xk

j¼2

Xj�1

h¼1

G jh( pjsh þ phsj)(1� D jh)

Where y ji and yhr denote the healthcare service capacity of

hospital i in region j and hospital r in region h, respectively. �y

represents the overall average service capacity across all hospitals,

while �yj denotes the mean capacity within region j. n is the total

number of hospitals, and nj , nh are the number of hospitals in

regions j and h, respectively. The term pj ¼
nj
n

indicates the

proportion of hospitals in region j, and sj ¼
n j yj
n�y

reflects the

weighted contribution of region j to the overall capacity level.

D jh is a directional influence index that measures the relative

dominance of region j compared to region h in terms of

healthcare service capacity.

3 Results and analysis

3.1 Descriptive analysis of Key indicators

Based on the statistical summary in Table 2, the healthcare

service capacity of Guangzhou’s 12 secondary general public

hospitals demonstrated a combination of progress and divergence

across the three key dimensions between 2019 and 2023.

3.1.1 Medical quality (X1–X4)

• The average length of stay (X1) increased from 7.93 days in 2019

to 9.68 days in 2023, indicating a slowdown in patient turnover

efficiency. The substantial rise during 2020–2021 corresponds to

COVID-19 control policies that extended hospitalization

duration. The increasing standard deviation over time suggests

growing variability in treatment efficiency among hospitals.

• The mortality rate for low-risk patients (X2) dropped sharply

from 0.999% to 0.247%, alongside a dramatic decrease in

variance. This reflects notable improvements in medical safety

and standardization in treatment practices across facilities.

• The surgical discharge ratio (X3), which peaked at 26.97% in

2020, dropped significantly to 16.88% in 2023. This could be

attributed to shifts in disease case-mix, surgical policy

adjustments, or redistribution of surgical resources during

the pandemic.

• The surgical complication rate (X4) decreased modestly

throughout the period, indicating an overall improvement in

surgical safety and intraoperative risk management.

TABLE 2 Descriptive statistics of Key evaluation indicators for 12 secondary public hospitals in Guangzhou (2019–2023).

Code Indicator 2019 2020 2021 2022 2023

X1 Average length of stay (days) 7.93 ± 2.56 9.18 ± 2.45 9.18 ± 2.55 8.94 ± 2.54 9.68 ± 2.78

X2 Mortality rate of low-risk patients (%) 1.00 ± 0.94 0.59 ± 0.37 0.42 ± 0.33 0.29 ± 0.15 0.25 ± 0.11

X3 Surgical discharge ratio (%) 21.66 ± 9.16 26.97 ± 9.30 24.57 ± 9.80 23.02 ± 9.01 16.88 ± 5.78

X4 Complication rate among surgical patients (%) 0.64 ± 0.31 0.57 ± 0.32 0.50 ± 0.29 0.51 ± 0.32 0.46 ± 0.29

X5 Proportion of service revenue (non-drug, non-consumable, %) 33.88 ± 4.76 34.21 ± 3.75 33.66 ± 4.24 33.54 ± 3.38 33.78 ± 4.04

X6 Personnel cost ratio (%) 50.42 ± 4.13 47.11 ± 4.30 45.61 ± 5.21 43.09 ± 5.28 39.53 ± 6.24

X7 Asset-liability ratio (%) 28.62 ± 6.79 29.18 ± 6.33 28.84 ± 6.49 28.95 ± 6.64 27.49 ± 7.31

X8 Outpatient cost growth rate (%) 2.73 ± 4.52 3.37 ± 3.70 4.79 ± 3.98 5.25 ± 4.12 41.77 ± 20.86

X9 Outpatient drug cost growth rate (%) 3.06 ± 5.81 2.54 ± 5.17 4.66 ± 4.77 4.15 ± 4.69 43.94 ± 21.57

X10 Inpatient cost growth rate (%) 6.58 ± 5.31 7.35 ± 4.74 −2.69 ± 6.17 −2.18 ± 5.87 −3.17 ± 6.99

X11 Inpatient drug cost growth rate (%) 6.17 ± 6.09 7.01 ± 5.33 −1.83 ± 5.64 −2.10 ± 5.13 −2.73 ± 6.44

X12 Nurse-to-doctor ratio (%) 1.44 ± 0.24 1.50 ± 0.26 1.52 ± 0.24 1.54 ± 0.25 1.59 ± 0.25

X13 Inpatient workload per physician (bed-days/day) 3.23 ± 0.51 3.22 ± 0.49 3.18 ± 0.50 3.13 ± 0.49 3.11 ± 0.47

X14 Pharmacists per 100 beds (persons) 4.29 ± 1.20 4.17 ± 1.08 4.01 ± 0.96 3.98 ± 0.91 3.95 ± 0.93

Values are presented as mean ± standard deviation.
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3.1.2 Operational efficiency (X5–X11)

• The proportion of service revenue (X5) remained relatively

stable (∼33.5%), reflecting consistent reliance on core medical

services over drugs or diagnostics.

• The personnel cost ratio (X6) declined steadily from 50.42% to

39.53%, suggesting improved financial efficiency. However,

increasing standard deviation indicates widening disparity in

cost control strategies across hospitals.

• The asset-liability ratio (X7) remained stable with a slight

downward trend in 2023, but high dispersion points to

unequal debt structures and financial pressure

between institutions.

• The growth rates of outpatient costs (X8) and outpatient drug

costs (X9) surged significantly in 2023, exceeding 40%. Such

spikes imply possible lapses in cost regulation or changes in

insurance pricing structures.

• Meanwhile, inpatient cost (X10) and drug cost growth (X11) both

entered negative territory post-2021. This aligns with national

efforts to reduce hospitalization expenditures under DRG and

insurance payment reforms.

3.1.3 Sustainability (X12–X14)

• The nurse-to-doctor ratio (X12) improved incrementally,

reflecting minor adjustments in workforce composition and

possibly enhanced nursing investment.

• The average daily inpatient workload per physician (X13)

showed a steady decline, suggesting a reduction in individual

burden, although at the potential cost of system efficiency.

• The pharmacist-to-bed ratio (X14) continued its downward

trend, raising concerns over pharmaceutical care capacity and

drug-use governance.

3.2 Comprehensive evaluation via entropy-
TOPSIS

3.2.1 Indicator weights and discrimination power

As presented in Table 3, the entropy analysis yielded

consistently high values for most indicators (ej . 0:95),

suggesting strong uniformity of hospital performance in many

dimensions. However, certain variables exhibited greater

discriminative potential. Surgical discharge ratio (X3) showed a

relatively low entropy and the highest weight (17.46%), indicating

its substantial role in differentiating service complexity and

procedural capabilities among hospitals. Pharmacists per 100

beds (X14) ranked second in weight (16.03%), reflecting the

importance of pharmaceutical staffing in assessing service

comprehensiveness and support quality. Inpatient drug cost

growth rate (X11) held the third highest weight (13.06%),

highlighting the growing relevance of cost control and insurance

adaptability as policy pressure on inpatient costs intensifies.

Conversely, outpatient drug cost growth (X9) and surgical

complication rate (X4), despite high entropy values, received

minimal weight due to excessive variance or weak inter-hospital

differentiation, suggesting limited evaluation utility under current

measurement conditions.

3.2.2 Ranking results and hospital trajectories

As shown in Table 4, the composite TOPSIS scores reveal a

dual pattern: overall capacity improved marginally, yet internal

divergence intensified. The score range widened from [0.2667,

0.6982] in 2019 to [0.2711, 0.6199] in 2023, indicating slower

progress among lagging hospitals and greater gains among

leaders. Hospital A8, which fell to the bottom in 2021, surged to

1st place in 2023, implying effective strategic transformation or

targeted investment in capacity domains with high weight.

Hospital A10, once ranked 2nd in 2019, plummeted to last place

by 2023, reflecting long-term stagnation, management

inefficiencies, or weakened policy support. Hospitals A4 and A12

remained consistently above average, showing stable and

balanced development across all three dimensions. These

transitions suggest that secondary public hospitals can rapidly

upgrade their service capacity with focused resource reallocation,

though without consistent intervention, structural weaknesses

persist over time.

3.2.3 Kernel density distribution and polarization

trends
To analyze the dynamic evolution of service capacity across

institutions, a 3D Kernel Density Estimation (KDE) was

constructed using MATLAB, based on composite TOPSIS scores

from 2019 to 2023. As shown in Figure 1, the distribution of

scores has undergone significant structural changes. In 2019–

2020, the KDE surface displays a unimodal and symmetric peak,

centered around the 0.4–0.6 interval. This reflects a relatively

cohesive system, with most hospitals clustered around a

TABLE 3 Entropy values and weights of service capacity evaluation
indicators (2019–2023).

Code Indicator Entropy
value (ej)

Entropy
weight (wj)

X1 Average length of stay (days) 0.9574 0.0278

X2 Mortality rate of low-risk

patients (%)

0.9689 0.0198

X3 Surgical discharge ratio (%) 0.9127 0.1746

X4 Complication rate among

surgical patients (%)

0.9785 0.0142

X5 Proportion of service revenue

(non-drug, non-consumable, %)

0.9564 0.0287

X6 Personnel cost ratio (%) 0.9511 0.0321

X7 Asset-liability ratio (%) 0.9623 0.0236

X8 Outpatient cost growth rate (%) 0.9596 0.0253

X9 Outpatient drug cost growth

rate (%)

0.9796 0.0134

X10 Inpatient cost growth rate (%) 0.9563 0.0288

X11 Inpatient drug cost growth rate

(%)

0.9337 0.1306

X12 Nurse-to-doctor ratio (%) 0.9495 0.0335

X13 Inpatient workload per

physician (bed-days/day)

0.9649 0.0213

X14 Pharmacists per 100 beds

(persons)

0.9183 0.1603
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moderate level of service capacity. Starting in 2021, under the

continued impact of the COVID-19 pandemic, the distribution

began to diverge. A portion of hospitals improved significantly—

moving above 0.6—while others fell behind. This shift produced

a bimodal distribution, signaling the initial onset of performance

polarization. By 2022–2023, the divide had further intensified.

A new density peak formed in the 0.6–0.8 range, indicating the

rise of high-performing institutions. Meanwhile, a persistent

group of hospitals remained in the <0.4 score range, suggesting

stagnation at the lower end. These changes point to a clear dual

structure in institutional performance: top-tier hospitals advanced

rapidly, while bottom-tier facilities failed to catch up. The density

peaks grew sharper during 2021–2022, suggesting accelerated

reordering of institutional capacity. Although the overall curve

shifted rightward in 2023, indicating general improvement, the

expanded variance suggests growing internal stratification across

the hospital system. This pattern underscores the urgency for

differentiated policy support: capacity enhancement strategies for

TABLE 4 Composite service capacity scores and rankings of 12 secondary public hospitals in Guangzhou (2019–2023).

Hospital
code

2019
score

2019
rank

2020
score

2020
rank

2021
score

2021
rank

2022
score

2022
rank

2023
score

2023
rank

A1 0.4348 9 0.4682 7 0.5304 6 0.5047 9 0.5486 6

A2 0.4043 10 0.4472 8 0.4424 9 0.4505 11 0.4692 9

A3 0.4776 7 0.4656 9 0.5244 7 0.5352 7 0.4961 8

A4 0.6309 2 0.6359 2 0.5943 2 0.5923 2 0.6176 2

A5 0.5229 5 0.5006 5 0.4743 8 0.5072 8 0.5046 7

A6 0.2667 12 0.3359 11 0.4012 10 0.4329 12 0.4385 11

A7 0.6982 1 0.6185 3 0.5934 3 0.5836 3 0.5982 3

A8 0.4917 6 0.4982 6 0.2932 12 0.5136 6 0.6199 1

A9 0.4138 8 0.4193 10 0.4284 11 0.5396 5 0.5569 5

A10 0.6678 3 0.6636 1 0.6081 1 0.5949 1 0.2711 12

A11 0.6065 4 0.5824 4 0.5882 4 0.5612 4 0.5828 4

A12 0.5193 6 0.5152 5 0.5406 5 0.5503 5 0.5702 5

FIGURE 1

3D Kernel Density Estimation of composite service capacity scores for 12 secondary public hospitals in Guangzhou (2019–2023).
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lagging hospitals, and performance stabilization and innovation

support for emerging leaders.

3.3 Regional disparity analysis via Dagum
Gini decomposition

3.3.1 Regional division principles

To systematically assess spatial differences in healthcare service

capacity, the 12 secondary public hospitals in Guangzhou were

grouped according to the city’s official spatial development

strategy into four functional regions, each aligned with distinct

policy orientations and urban development priorities:

• C: Central Administrative Core— Includes Yuexiu, Liwan, and

Haizhu districts. This area represents Guangzhou’s traditional

urban center, housing many longstanding hospitals and

administrative institutions.

• E: Eastern Innovation Corridor— Includes Tianhe, Huangpu,

and Zengcheng districts. This zone serves as a technology and

education hub, with growing investment in research-based

healthcare facilities.

• S: Southern Bay Area Gateway— Covers Panyu and Nansha

districts, representing the interface between Guangzhou and

the Guangdong–Hong Kong–Macao Greater Bay Area. It

features newly established or upgraded hospitals under port-

oriented urban expansion policies.

• N: Northern Ecological Corridor— Includes Baiyun, Huadu,

and Conghua districts. This zone focuses on ecological

protection and suburban development, where many hospitals

serve sparsely distributed populations.

These divisions reflect Guangzhou’s “multi-center, polycentric

spatial layout”, which underpins its urban healthcare planning.

Such classification allows for a more accurate analysis of service

capacity disparities by spatial typology and functional mandate.

3.3.2 Temporal patterns and inequality dynamics
Using the Dagum Gini coefficient and its subgroup

decomposition, Table 5 and Figure 2 provide insight into the

spatial structure of inequality in service capacity from 2019 to

2023.The overall inequality index (G) remained relatively stable,

with a notable peak in 2021 (G≈ 0.1241), reflecting structural

shocks during the mid-phase of the COVID-19 pandemic. By

2023, G slightly rebounded after a temporary decline in 2022,

indicating partial re-concentration of capacity. The Southern

Gateway (S) region consistently displayed the highest intra-

regional inequality. This reflects the uneven development

between Panyu’s mature hospitals and Nansha’s emerging but

still under-resourced institutions. The area’s transitional status—

between metropolitan core and new development frontier—has

led to fragmented service capability. In contrast, the Central Core

(C) experienced a sharp but short-lived surge in internal

disparity in 2020, likely due to extreme performance variations in

a few large institutions during the pandemic. The Eastern (E)

and Northern (N) zones maintained relatively balanced internal

distributions, though E-region scores surged in 2022, suggesting

successful infrastructure upgrades in one or more hospitals in the

science-tech corridor.

3.3.3 Inter-Regional disparity and component

contributions
Figure 2B illustrates the inter-regional Gini coefficients between

the six pairwise region combinations (e.g., C–S, C–E, E–S).The

most pronounced inequality occurred in C–S and C–E during

2020, driven by differences in surge capacity and infection

control preparedness between central and peripheral areas. The

E–S combination maintained high inequality levels through

2021–2022, suggesting delayed convergence between the

innovation belt and southern port corridor. By 2023, all inter-

regional gaps showed a decline, indicating improved coordination

and policy harmonization under post-pandemic reforms.

Figure 2C shows the annual contributions of inequality

components. Inter-regional inequality (Gnb) accounted for ∼47%

in 2020, but decreased steadily to under 30% in 2023, implying

that regional gaps are narrowing. Intra-regional inequality (Gw)

increased slightly in 2023 (∼32%), pointing to emerging

fragmentation within zones, especially in S and E regions. Most

TABLE 5 Decomposition of Dagum Gini coefficients and inequality components of hospital service capacity in four functional regions of Guangzhou
(2019–2023).

Component Subcomponent/Region pair 2019 2020 2021 2022 2023

Total Gini soefficient (G) — 0.1135 0.1208 0.1241 0.0959 0.1098

Within-region inequality (Gw) Central Administrative Core (C) 0.0023 0.2212 0.1418 0.0145 0.0162

Eastern Innovation Corridor (E) 0.0088 0.0239 0.0294 0.159 0.1021

Southern Bay Area Gateway (S) 0.1368 0.1053 0.1103 0.0866 0.122

Northern Ecological Corridor (N) 0.0516 0.0223 0.0045 0.0326 0.0438

Between-region inequality (Gnb) C–E 0.115 0.1925 0.1471 0.1521 0.0962

C–S 0.134 0.2114 0.1585 0.0635 0.0929

C–N 0.0513 0.1887 0.1328 0.0437 0.1145

E–S 0.0935 0.09 0.172 0.1573 0.1292

E–N 0.12 0.032 0.1004 0.1458 0.1079

S–N 0.1422 0.1034 0.0971 0.0824 0.1233

Contribution rates (Gz , %) Within-region 32.38% 26.27% 27.37% 27.70% 31.78%

Between-region 39.19% 46.61% 37.79% 30.58% 29.45%

Transvariation (Overlapping Density) 28.43% 27.11% 34.84% 41.73% 38.77%
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notably, the transvariation component (Gt)—reflecting overlapping

capacity differences across hospitals from different zones—rose

significantly after 2022, exceeding 40% in 2023, and became the

dominant inequality source. This shift reveals that inequality is

no longer driven solely by spatial location, but increasingly by

individual institutional divergence, regardless of region. It

highlights the importance of hospital-specific reforms, such as

digital infrastructure, workforce incentives, and clinical

specialization, over region-wide structural investment alone.

4 Discussion

Based on panel data from 12 secondary public hospitals in

Guangzhou between 2019 and 2023, this study utilized entropy-

weighted TOPSIS, Kernel Density Estimation, and Dagum Gini

decomposition to comprehensively assess the temporal evolution

and spatial disparities in hospital service capacity. Results indicate

a general improvement in performance across medical quality,

operational efficiency, and sustainability dimensions. However,

these gains were accompanied by increasing internal divergence

and persistent regional inequality. In light of international

evidence and China’s ongoing healthcare reforms, this section

discusses critical challenges and future policy directions across

four domains: problem identification, capacity development

strategies, governance pathways, and institutional resilience.

4.1 Key issues and systemic challenges

4.1.1 Medical quality: efficiency–safety trade-offs

and functional regression
In the quality dimension, Guangzhou’s secondary hospitals

exhibited signs of a trade-off between treatment efficiency and

patient safety. The prolonged average length of stay (X1)—

particularly in hospitals like A3 and A10—may partially reflect

COVID-19 protocols but also indicates poor bed turnover and

inefficient case management. The significant decline in surgical

case ratios (X3) suggests a functional hollowing effect due to

tertiary hospital siphoning and insufficient technical capabilities

within secondary hospitals. This nationwide trend, if unchecked,

could lead to the erosion of core competencies in secondary-level

care (39). While the improvement in mortality among low-risk

patients (X2) reflects better basic care quality, the fluctuating

surgical complication rate (X4) underscores ongoing weaknesses

in perioperative safety and clinical governance.

4.1.2 Operational efficiency: cost-structure

imbalances and fiscal stress
Hospitals face mounting tension between cost containment and

revenue structure optimization. For instance, A7 and A11 reported

over 40% annual growth in outpatient and drug costs (X8/X9),

highlighting a problematic reliance on pharmaceuticals and

diagnostics, contrary to the policy goals of the “restructuring

revenue mix” reform agenda. Although declining inpatient costs

(X10/ X11) suggest effective insurance payment control, excessive

cost-cutting may compromise diagnostic scope and financial

sustainability, as seen in A3’s declining rankings. Hospitals with

high asset–liability ratios (e.g., A7 reaching 75%) face

sustainability risks, especially when paired with declining

personnel expenditure ratios (X6), which reflect a dilemma: lower

spending does not necessarily yield higher efficiency.

4.1.3 Sustainability: workforce structure and
professional burnout

In terms of long-term sustainability, persistent workforce

structural weaknesses hinder the development of resilient service

capacity. While the nurse-to-doctor ratio (X12) has improved

overall (reaching 0.734), understaffed pharmacy units (X14)

remain a barrier to pharmaceutical services and rational drug

use. Unequal physician inpatient workloads (X13)—exceeding two

beds per day in hospitals like A6 and A10—may lead to burnout

FIGURE 2

Decomposition of regional inequality in service capacity among secondary public hospitals in Guangzhou (2019–2023).
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and undermine care consistency. These personnel imbalances

reveal fundamental constraints in human resource planning that

could hinder hospitals’ adaptive capacity in the face of public

health crises.

4.1.4 Spatial disparities: fragmentation and cross-
regional competition

The spatial pattern of healthcare service capacity has become

increasingly fragmented. The Southern Bay Area Gateway (S)

exhibited the highest intra-regional inequality (Gw = 0.1220),

driven by gaps between newly established hospitals in Nansha

and mature institutions in Panyu. Moreover, the rise in

transvariation contribution (Gz = 38.77%) indicates intensified

cross-regional overlap in hospital performance. For example,

Hospital A8 (Eastern Innovation Corridor) and Hospital A4

(Central Core) now compete in overlapping patient markets,

reflecting unbalanced spatial allocation of resources and system-

wide coordination challenges. These trends call for a dual focus

on regional integration and differentiated policy design, to both

strengthen underperforming institutions and foster synergy

across urban functional zones. A more equitable and resilient

health system requires nuanced governance beyond mere

expansion of infrastructure.

4.2 Strategic pathways for capacity
optimization

Drawing on the findings of this study, a coherent reform

strategy is essential to enhance the capacity, resilience, and

coordination of secondary public hospitals in Guangzhou. Key

insights suggest that while service quality has generally improved,

operational efficiency remains uneven, and structural challenges

persist in sustainability.

4.2.1 Quality-led differentiated development
The evaluation results show diverging trends in quality

indicators: while low-risk mortality rates declined and

complication rates slightly improved, average length of stay

increased, and surgical discharge rates declined, especially in

hospitals like A3 and A10. These trends suggest a weakening of

procedural functionality and the fragmentation of surgical

capacity in some institutions—possibly due to case siphoning by

tertiary centers or internal capability stagnation. To address these

issues, reforms should: Designate clinical specialization tracks for

underperforming hospitals—e.g., those with high length of stay,

low surgical output, or redundant catchment areas—to evolve

into focused hubs in areas like rehabilitation or geriatrics; Define

eligibility thresholds using capacity metrics (e.g., surgical

discharge rate <20%, stay >9 days, or domain-specific staffing

strengths); Align with national zoning and global best practices,

such as China’s Health Service Plan, NHS trust models, and

Mayo’s hub-and-spoke frameworks, to enhance service clarity

and resource efficiency.

4.2.2 Efficiency-oriented financial and human

resource governance
The divergence in outpatient and drug cost growth in 2023 (over

40% in some hospitals) reflects a growing gap in cost control

capabilities. Asset-liability ratios also indicate uneven financial

health, with some hospitals approaching high-risk thresholds (40).

To address this, reforms should: Standardize cost governance

mechanisms, including bundled payments and global budgeting

pilots; Adjust personnel expenditure structures, rewarding

performance while ensuring workforce retention; Build digital

financial dashboards to allow real-time monitoring of cost drivers,

flagging anomalies in outpatient and pharmaceutical expenses.

4.2.3 Sustainability-focused workforce and
institutional resilience

Human resource data reveal a stable yet suboptimal trajectory:

the nurse-to-doctor ratio has slightly improved (from 0.713 to

0.734), and physician workload shows minor relief. However,

pharmacist staffing has declined, raising concerns about

pharmaceutical governance. Therefore: Revise workforce

standards to reflect differentiated service needs across specialties;

Incentivize pharmacy and public health professionals to

counterbalance current personnel imbalances; Embed resilience

benchmarks into hospital evaluations—e.g., surge capacity,

staffing flexibility, and supply chain autonomy.

These pathways align with the broader goals of China’s

hierarchical medical system reform and the WHO’s call for

resilient, integrated health systems. Through differentiated

development, refined financial governance, and targeted

workforce strategies, secondary hospitals can better fulfill their

role as stable, adaptable, and equitable pillars within urban

health systems.

4.3 Implementation roadmap

To ensure policy effectiveness, the proposed capacity

enhancement strategies should be implemented in a phased

manner—short-term, medium-term, and long-term—tailored to

institutional readiness and policy capacity. Figure 3 presents a

strategic roadmap that outlines the temporal and functional

dimensions of reform.

Short-term (1–2 years): Target hospitals with abnormal cost

growth for focused remediation. Leverage DRG-based payment

reform as an entry point. Joint inspections by the Health

Commission and Medical Insurance Bureau should be

conducted, with penalties such as budget reductions for non-

compliant institutions. These actions will help restore

expenditure discipline and enhance accountability.

Medium-term (3–5 years): Establish 3–5 regional specialty

alliances to optimize resource allocation and improve

professional collaboration. Municipal funding should support

equipment upgrades and pharmacist deployment across alliance

hospitals. Resource sharing will enhance service integration

across zones.
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Long-term (5+ years): Develop a resilience evaluation

framework for hospitals that includes emergency response

capacity. Performance in crisis response and service conversion

should be incorporated into hospital leadership assessments,

enabling hospitals to evolve in both “routine” and “emergency”

dimensions. This dual-track capacity model ensures system-wide

adaptability and public health readiness (41).

4.4 Potential challenges and strategic
countermeasures

While well-designed, the implementation of these strategies

may encounter multiple barriers, including fiscal constraints,

data silos, and institutional inertia. Given limited public

finance, local governments could issue dedicated municipal

health bonds, prioritizing investment in high-weight indicators

such as surgical capability and pharmacist allocation. This

ensures targeted reinforcement of structural bottlenecks.

Fragmented information systems across the Medical Insurance

Bureau, Health Commission, and Human Resources

departments hinder policy synergy. Authorities should develop

a real-time data visualization platform based on KDE, enabling

dynamic surveillance, early warnings, and resource

redeployment. Resistance to role reform among medical staff

remains a persistent problem. Reforming promotion and

evaluation systems to include indicators such as surgical

volume, grassroots service, and technical outreach will help

incentivize downward mobility and skill transfer to

community settings, thereby improving service equity and

accessibility (39).

5 Conclusion

This study investigates the evolution of service capacity across

12 secondary public general hospitals in Guangzhou from 2019 to

2023. A multidimensional evaluation framework was constructed,

incorporating four core dimensions: medical quality, operational

efficiency, sustainability, and regional coordination. By

integrating the entropy-weighted TOPSIS method, Kernel

Density Estimation (KDE), and Dagum Gini decomposition, the

analysis revealed the spatiotemporal dynamics of institutional

performance and inequality.

The results suggest that while overall service capacity has

improved, significant inter-hospital and inter-regional disparities

persist. Key structural bottlenecks—particularly in surgical

capability and pharmacist staffing—remain critical obstacles to

realizing the functional positioning and high-quality development

of secondary hospitals.

At the methodological level, this research contributes an

innovative modeling approach, validating the combined

application of entropy-TOPSIS and Dagum Gini decomposition

in capturing spatial divergence and performance trends. The

proposed strategy emphasizes a dual-pathway approach:

precision-targeted capacity enhancement, and adaptive

governance, incorporating DRG-based payment reform, KDE-

driven real-time monitoring, regional specialty alliance building,

and human resource restructuring. These policy

recommendations aim to strike a balance between efficiency,

equity, and resilience.

In terms of global relevance, the study outlines a potential

“Guangzhou Model” that could inform capacity-building in

urbanizing middle-tier hospital systems across Southeast Asia

and other fast-growing urban regions.

FIGURE 3

Strategic roadmap for implementing capacity enhancement in secondary public hospitals.
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Nonetheless, several limitations remain. First, the current

indicator system is primarily structural and does not capture

subjective measures such as patient satisfaction or staff

experience. Future research should incorporate survey-based

metrics to improve sensitivity and completeness. Second,

methodological expansion is needed—e.g., introducing machine

learning techniques like random forests for predictive modeling

and scenario classification. Third, the strategic pathways

proposed in this study have not undergone longitudinal

validation. Future evaluations should focus on dynamic

monitoring of reform implementation, particularly the long-term

effects of regional specialty alliances on surgical volume, cost

structure, and service quality post-2025.

In conclusion, strengthening the capacity of secondary public

hospitals in Guangzhou is not only vital for internal optimization

of the healthcare system but also foundational to the efficiency of

hierarchical diagnosis and treatment and the realization of

equitable, accessible healthcare. Moving forward, a data-driven,

problem-oriented, and regionally coordinated strategy is essential

to support the long-term development of a modernized Chinese

healthcare system.
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Objectives: This study aims to develop a standardized multicriteria decision

analysis (MCDA) framework tailored for implantable medical devices in China,

addressing the challenges of inconsistent evaluation processes under China’s

evolving healthcare financing policies.

Methods: A mixed-methods design combining a discrete choice experiment

(DCE) and MCDA was employed. Six criteria (clinical effectiveness, clinical

safety, innovation, disease severity, implementation capacity, and cost) were

identified through literature reviews and expert consultations. A DCE survey

with 540 multi-stakeholder participants (decision-makers, HTA experts,

clinicians, hospital administrators, and citizens) was conducted to derive

criterion weights using mixed logit models. The framework was validated

through a real-world case study assessing endoscopic linear staplers.

Results: Clinical safety (35.45%) and cost (27.94%) emerged as the most critical

criteria, followed by implementation capacity (16.56%) and clinical effectiveness

(15.07%). Innovation (2.54%) and disease severity (2.44%) received minimal weight.

The MCDA application demonstrated high inter-rater consistency (CV <0.25).

Conclusions: This study proposes a transparent, stakeholder-driven framework

for evaluating implantable medical devices, specifically designed to support

China’s healthcare policies. The framework ensures that healthcare decisions

are grounded in clinical effectiveness, safety, and long-term economic viability.

KEYWORDS

medical devices, multicriteria decision analysis, discrete choice experiment, technology

assessment, preference, China

1 Introduction

China’s basic medical insurance program has achieved broad population coverage

[over 95% as of 2023 (1)], significantly improving healthcare accessibility and financial

risk protection for citizens. The nationwide rollout of DRG/DIP prospective payment

systems (2) has mandated stricter cost containment and value-based resource allocation

across healthcare providers. By replacing fee-for-service with bundled payments and

retrospective utilization reviews, these reforms align provider incentives with predefined

budget frameworks while maintaining clinical quality standards.

Medical devices (MDs), defined by the World Health Organization as “health

technologies for disease diagnosis, treatment or rehabilitation,” (3) play a pivotal role in

China’s healthcare delivery system. This study focuses on implantable high-value MDs

(e.g., cardiac pacemakers, orthopedic prostheses, vascular stents) that constitute major

TYPE Original Research
PUBLISHED 29 August 2025
DOI 10.3389/frhs.2025.1650709

Frontiers in Health Services 01 frontiersin.org106

http://crossmark.crossref.org/dialog/?doi=10.3389/frhs.2025.1650709&domain=pdf&date_stamp=2020-03-12
mailto:dhxnjmu@126.com
https://doi.org/10.3389/frhs.2025.1650709
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/frhs.2025.1650709/full
https://www.frontiersin.org/articles/10.3389/frhs.2025.1650709/full
https://www.frontiersin.org/articles/10.3389/frhs.2025.1650709/full
https://www.frontiersin.org/articles/10.3389/frhs.2025.1650709/full
https://www.frontiersin.org/journals/health-services
https://doi.org/10.3389/frhs.2025.1650709
https://www.frontiersin.org/journals/health-services
https://www.frontiersin.org/


expenditure items in national health insurance funds. Within

China’s universal healthcare coverage framework, the fragmented

medical consumables market presents dual challenges: (a)

insurance fund sustainability risks from unregulated price-quality

variations, and (b) inequitable patient access due to regional

procurement disparities.

The National Healthcare Security Administration (NHSA) has

implemented strategic purchasing mechanisms through policies

like the Volume-Based Procurement Implementation Plan and

dynamic adjustment rules for medical insurance payment

standards (4). These initiatives mandate value-based assessment

of MDs incorporating clinical efficacy, cost-effectiveness, and

budget impact analysis (BIA). Nevertheless, the absence of

unified Health Technology Assessment (HTA) guidelines has

resulted in two systemic issues: (a) Provider-level evaluation

criteria disproportionately weighted (60%–70%) (5) on

procurement costs rather than long-term clinical outcomes; (b)

Insufficient integration of real-world evidence (RWE) from

national insurance claim databases (6).

The inclusion of MDs in healthcare reimbursement schemes

necessitates comprehensive evaluation given their substantial

financial implications and clinical significance, requiring

systematic balancing among three core dimensions: clinical

effectiveness, safety profile, and cost-effectiveness (7). Previous

studies have underscored both the challenges and critical

importance of integrating multi-stakeholder perspectives in

medical technology assessments (8).

To overcome these methodological challenges, multi-criteria

decision analysis (MCDA) has gained prominence as an

evidence-based decision support tool (9, 10). The MCDA

framework enables structured decision-making through

decomposition of complex evaluations into well-defined criteria,

followed by systematic weighting and scoring based on their

predetermined importance hierarchy. This methodology has been

increasingly adopted in health technology assessment (HTA)

systems to enhance decision transparency, maintain evaluative

consistency, and improve systemic adaptability within evolving

healthcare contexts.

Global implementations of MCDA for medical devices vary

significantly based on healthcare system structures, policy

priorities, and stakeholder landscapes. Queensland Health’s

MCDA model reflects Australia’s universal healthcare goals

through its focus on clinical benefit, cost-effectiveness, and equity

of access, with the notable inclusion of explicit criteria for

“implement capacity” (e.g., workforce training needs)—a

dimension less emphasized in market-driven systems (7). Egypt’s

recent MCDA tool for implantable devices, by contrast,

prioritizes technical characteristics and country of origin, which

diverges from Western focus on clinical outcomes (9). These

international examples highlight that MCDA frameworks are

inherently context-specific, requiring adaptation to local policy

objectives and healthcare financing models.

This study aims to develop a multi-criteria decision analysis

framework to address the following questions: (a) What are the

core criteria for evaluating implantable medical devices in China,

considering the priorities of diverse stakeholders? (b) How do

stakeholder preferences for these criteria differ, and what weights

should be assigned to reflect China’s policy goals? (c) Can a

stakeholder-driven MCDA framework improve the consistency

and transparency of device evaluation in China, as validated

through real-world application? By integrating evidence-based

evaluation criteria for clinical value and economic sustainability,

which were preliminarily established through 6 criteria derived

from our prior DCE study (8), the proposed system seeks to

standardize MDs selection processes and enhance transparency

in resource utilization under China’s evolving healthcare

financing policies.

2 Materials and methods

2.1 MCDA

Multicriteria decision analysis structured decision-making by

establishing explicit criteria with systematically assigned scores

and weights that reflect their relative importance. We constituted

a custom weighted sum model in this study. While

methodological variations exist across MCDA implementations,

four core components consistently emerge: (a) contextual

framing of the decision problem; (b) criterion selection and

definition; (c) scoring alternatives based on predefined metrics;

and (d) weight determination through systematic prioritization

(11, 12). To operationalize these principles, our study employed a

discrete choice experiment (DCE), a empirical technique

validated for preference quantification in healthcare (13, 14). The

process of this MCDA study is shown in Figure 1.

2.2 Criteria identification and definition

The criteria for the MCDA in this study were based on the

validated attributes and levels derived from our group’s

previously published DCE research 8. This approach served to

validate and confirm the findings reported in that prior study.

Building upon established research foundations, a rapid review of

medical devices (MDs) prioritization and assessment literature

was conducted to identify supplementary evaluation criteria (7,

15, 16). Comprehensive searches were performed in PubMed,

Web of Science, and the Cochrane Library through April 2024,

utilizing the following search terms: “medical devices”, “decision

making”, “discrete choice experiment”, “Multicriteria decision

analysis” and “preference”. Identified criteria were systematically

collated and critically reviewed to align with foundational DCE

principles: completeness, non-redundancy, feasibility and mutual

independence. Each criterion underwent rigorous operational

definition to ensure conceptual clarity, direct measurability

(excluding proxy indicators), and stakeholder interpretability (12).

To finalize the criteria, structured consultations were

conducted with five HTA experts, whose selection followed three

eligibility criteria: (a) all experts had ≥5 years of experience in

health technology assessment; (b) the expert panel included

specialists from three key domains (health economics, clinical
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medicine and health policy) to ensure multi-dimensional

perspectives; (c) experts were affiliated with diverse organizations,

including a tertiary teaching hospital, and a provincial healthcare

security administration, to avoid institutional bias. Consultations

were conducted via semi-structured interviews, where experts

reviewed the initial criteria list for completeness, non-

redundancy, and feasibility. Revisions were integrated iteratively

until consensus was reached. After that, 20 participants were

randomly sampled to conduct a pilot test to refine six criteria.

2.3 Criteria weights

A discrete choice experiment (DCE) was implemented to

systematically quantify preferences across multi-stakeholder

groups. Participants were purposively sampled based on their

roles in pharmaceutical pricing and reimbursement governance,

encompassing representatives from national health insurance

administrations, tertiary care facilities, HTA committees,

clinicians, and patient groups. Adhering to Orme’s guidelines for

DCE sample adequacy, a minimum cohort of 75 respondents

was recruited (17). Given the inclusion of five stakeholder

groups, we calculated the required sample size to detect

significant preference differences between subgroups. Using

G*Power 3.1, assuming a medium effect size (f2 = 0.15), α = 0.05,

and power = 0.80, the minimum sample size per subgroup was

estimated at 90. To account for potential invalid responses (e.g.,

inconsistent answers in the validation set), we oversampled by

10%, resulting in a target sample size of 540 (90 respondents × 5

groups × 1.2). The final valid sample (n = 540) exceeded this

target, ensuring sufficient power for both overall and

subgroup analyses.

Based on the finalized 6 criteria, a D-efficiency design was

generated to maximize attribute-level balance while minimizing

cognitive burden (18). The design generated 27 different choice

tasks, partitioned into three balanced blocks of nine scenarios

each. Block assignments were randomized across participants to

mitigate order effects. To assess internal consistency, the No.5

choice set within each block was replicated as a verification set

(designated set No.10) and integrated into the survey

questionnaire. As a result, 48 respondents with inconsistent

answers were excluded.

The DCE analysis utilized both Mixed Logit Model and

Conditional Logit Model, with final model selection informed by

comparative evaluation of Akaike (AIC) and Bayesian (BIC)

information criteria (19).

Relative importance (RI) metrics were computed to quantify

the maximum marginal contribution of individual criteria to

preference formation, normalized to a 100% scale across all

evaluated attributes. This metric reflects both stakeholder

prioritization patterns and the proportional influence of specific

criteria on trade-off decisions (20). For n operationalized criteria,

RI values were derived from standardized regression coefficients

(β) using the following equation:

RIk ¼
maxbk �minbk

P
k

k¼1 (maxbk �minbk)

bk : coefficient.

2.4 Application of the MCDA model

Preference data obtained from multi-stakeholder groups in the

primary DCE were integrated into a MCDA framework to estimate

(a) which among the approved implantable medical devices multi-

stakeholders would choose and (b) the impact of each criteria in

driving this decision.

The MCDA framework for MDs was applied to access two

different endoscopic linear cutting staplers at Jiangsu Provincial

People’s Hospital in November 2024. Participating clinicians

were from gastrointestinal and thoracic surgery departments with

prior experience using endoscopic linear cutting staplers.

The consistency of scoring results for the two staplers was

accessed using the coefficient of variation (CV). CV < 0.25 was

considered indicative of high agreement among the clinicians.

FIGURE 1

Phases of the MCDA study.

Xu et al. 10.3389/frhs.2025.1650709

Frontiers in Health Services 03 frontiersin.org108

https://doi.org/10.3389/frhs.2025.1650709
https://www.frontiersin.org/journals/health-services
https://www.frontiersin.org/


Given that the clinicians were from two distinct departments

(gastrointestinal surgery and thoracic surgery), we perform a

two-sample t-test to statistically analyze the average scores

assigned to each criterion by the two groups. P > 0.05 would

indicate that the clinicians scored the criteria based on

similar standards.

3 Results

3.1 Participant characteristics

From May 11 to June 24, 2024, a total of 588 participants

completed the survey questionnaire after excluding 48 individuals

who failed to meet the validation set (set No. 10 in all survey

versions). Among the valid respondents, 12% held decision-

making positions within national, provincial, and municipal

healthcare security administrations, overseeing medical device

tendering and bidding processes, national drug reimbursement

list management, and medical insurance payment systems

(Table 1). Hospital administrators comprised personnel from

medical insurance, medical affairs, and medical device pricing

departments, responsible for overseeing medical device

management processes within healthcare institutions. Nationally

recognized HTA experts accounted for 12% of respondents.

Approximately one-quarter (27%) of respondents held positions

equivalent to deputy chief physician or higher in specialized

medical fields including orthopedics, general surgery, thoracic

surgery, neurosurgery, and cardiovascular medicine. The

remaining participants represented diverse

occupational backgrounds.

3.2 Criteria identification and definition

Following a comprehensive review of previously published

MDs evaluation criteria, we conducted structured consultations

with five HTA experts to finalize 6 criteria: clinical effectiveness,

clinical safety, innovation, disease severity, implementation

capacity, and cost (Table 2 were placed at the end of the file).

Clinical effectiveness was categorized into two categories: low-

level, defined as enhancements in short-term outcomes (e.g.,

reduction of surgery duration, the amount of surgical bleeding

and the length of hospitalization), and high-level, encompassing

both short-term and long-term treatment outcome (e.g.,

reduction of recurrence rates, extended survival, and improved

quality of life).

Clinical safety was evaluated using a two-category classification

(1% vs. 8% adverse event incidence), revised from an original

three-level system (1%, 8%, 15%) derived from a network meta-

analysis of stent-related adverse events (15). Clinicians indicated

during pilot testing that an 8% adverse event rate represented a

TABLE 1 Demographic characteristics in DCE (n = 540).

Characteristics N %

Stakeholder

Decision-makers 76 14%

HTA experts 65 12%

Hospital administrators 102 19%

Medical doctors 146 27%

Citizens 151 28%

Gender

Female 135 25%

Male 405 75%

Average age 43 range 22–67 year

TABLE 2 Multicriteria decision analysis criteria and weights.

Criteria Definition Criteria
weighting (%)

Criteria categories Category
weight (%)

Clinical

Effectiveness

The enhancement of patients’ health outcome following therapy 15.07% Enhancements in short-term

outcomes

7.45%

Enhancements in both short-term

and long-term treatment outcomes

15.07%

Clinical safety The occurrence rate of adverse reactions associated with MDs, along

with associated procedural risks

35.45% 1% 17.52%

8% 35.45%

Innovation The introduction of upgrades to existing technologies or the

expansion of their application scope to new indications

2.54% Without: Alternative options

available

1.26%

With: Involves upgrades or expanded

applications

2.54%

Disease severity The critical nature of the targeted disease condition, specifically

whether it poses a threat to survival

2.44% Non-life-threatening condition 2.44%

Life-threatening condition 1.21%

Implement

Capacity

Assessed based on the Implement Capacity across three domains: the

healthcare system, medical institutions, and clinicians’ proficiency

acquisition

16.56% Limited assurance in implement

capacity across all three domains

0.00%

Demonstrated implement capacity

across any two domains

16.56%

High assurance in implement

capacity across all three domains

11.86%

Cost The cost of the MDs used in every single treatment 27.94% 2,000 yuan 27.94%

20,000 yuan 17.77%

50,000 yuan 0.81%
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realistic threshold in real world therapy, while 15% was deemed

implausible. We recruited 4 clinicians from thoracic surgery with

≥3 years of experience in using implantable devices. Participants

completed a pilot version of the DCE questionnaire (including

the original 3-level safety criteria: 1%, 8%, 15%) followed by a

semi-structured interview. All 4 participants agreed that “15%

exceeds the maximum acceptable rate in clinical practice for

implantable devices”. Based on this consensus, the 15% level

was removed.

The cost of MDs per treatment episode were stratified into

three categories (2,000yuan/20,000yuan/50,000yuan), informed by

pricing distributions of high-value MDs in Nanjing medical

insurance list and experts consultation, consistent with the cost

category defined in published studies (16).

Disease Severity and Innovation were defined using two

categories adapted from a previously published Queensland study

(7). Implementation capacity were assessed across three domains:

the healthcare system, medical institutions, and clinicians’

proficiency acquisition.

A pilot study involving 14 participants was subsequently

implemented to examine data quality, assess respondents’ ability

to differentiate criteria categories and make trade-offs

between them.

3.3 Criteria weights

Methodologically, the mixed logit model outperformed the

conditional logit model (AIC: 2,342.17 vs. 2,433.34), attributable

to its capacity to account for unobserved preference

heterogeneity across stakeholders (e.g., decision-makers

prioritized cost containment while clinicians emphasized

clinical safety).

The mixed logit model revealed that clinical safety (35.45%,

95% CI: 31.28–39.62%) and cost (27.94%, 95% CI: 24.15–31.73%)

emerged as the two most critical criteria for evaluating MDs in

China, collectively accounting for over 63% of the total weight

(Table 2 were placed at the end of the file). This consistency

with the published findings of Wan et al. These findings also

align with the priorities of China’s ongoing DRG/DIP payment

reforms, which emphasize cost containment and risk mitigation

in healthcare delivery.

Secondary criteria included implementation capacity (16.56%,

95% CI: 13.82%–19.30%) and clinical effectiveness (15.07%, 95%

CI: 12.64%–17.50%), with long-term outcomes weighted higher

than short-term gains (7.45%). In contrast, innovation (2.54%,

95% CI: 1.89%–3.19%) and disease severity (2.44%, 95% CI:

1.76%–3.12%) received minimal weight, consistent with industry

data indicating that 88% of China’s Class III medical devices in

2022 were incremental modifications rather than breakthrough

technologies (21).

Subgroup preferences across the six criteria (Supplementary

Table S2) revealed both convergence and divergence. There was a

clear consensus on clinical safety, with all subgroups showing

strong and significant preference for high safety levels (all

P < 0.001), with hospital administrators (RI = 2.714) and medical

doctors (RI = 2.147) placing the highest emphasis, while cost was

also consistently prioritized across all subgroups (all P < 0.001).

Notable divergences included: HTA experts valuing disease

severity (RI = 0.379, P < 0.000) in contrast to hospital

administrators who showed a negative association (RI =−0.578,

P < 0.000); hospital administrators and medical doctors

prioritizing moderate implementation capacity (RI = 1.140, 1.150,

all P < 0.000) while decision-makers devalued high capacity

(RI =−0.923, P < 0.000), which may suggest that excessively high

implementation thresholds (including technical complexity,

training costs, etc.) reduce its practical application value; and

medical doctors, citizens, and hospital administrators preferring

innovation (RI = 0.546, 0.427, 0.528, all P < 0.05) unlike HTA

experts (RI = 0.106, P = 0.293).

3.4 MCDA results

In November 2024, a MCDA was conducted at Jiangsu

Provincial People’s Hospital for two endoscopic linear cutting

staplers: a leading imported brand and a domestic brand.

Clinicians independently assessed each device across all

predefined criteria using a standardized scoring sheet

(Supplementary Figure S1). For each stapler, a composite score

was generated via the weighted sum method, a validated MCDA

framework (22), by multiplying each criterion score by the

weight and summing the weighted criterion scores to produce

one total score, as demonstrated in Supplementary Figure S1.

Individual total scores were then collated to calculate a mean

score for each stapler.

The assessment involved 12 thoracic surgeons and 6

gastrointestinal surgeons, all with prior experience using the

evaluated products (Table 3). The overall MCDA scores assigned

by clinicians were 86.5% for stapler A and 82.4% for stapler B

(see Figure 2). The 4.1% score difference between stapler A and

B was significant, as stapler A showed lower adverse event rates

and lower long-term cost in real-world use.

The consistency of scores across the 18 participating clinicians

was evaluated using the coefficient of variation (CV). With

CV < 0.25 for two staplers (0.0914 and 0.0909), indicating a high

level of agreement among clinicians. An independent two-sample

TABLE 3 The clinicians’ characteristics in MCDA (n = 18).

Characteristics N %

Gender

Male 18 100%

Education experience

Ph.D. or above 13 72%

Master 4 22%

Undergraduate 1 6%

Department

Thoracic surgery 12 67%

Gastrointestinal surgery 6 33%

Year of service 11.6 Range 2–27 year

Average age 38.7 Range 28–51 year
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t-test was conducted to compare the average scores for each

criterion between the thoracic and gastrointestinal surgeons,

assuming unequal variances. The results showed no significant

differences (p > 0.05) across the six criteria, suggesting that the

clinicians scored the staplers based on consistent standards.

4 Discussion

This study integrates multicriteria decision analysis (MCDA)

and discrete choice experiments (DCEs) to establish a

stakeholder-driven evaluation framework for implantable medical

devices (MDs) within the context of China’s healthcare reform.

Under China’s current policy landscape, two initiatives dominate

medical device procurement and reimbursement: (a) Volume-

Based Procurement (VBP), which leverages bulk purchasing to

negotiate price reductions for high-value MDs while ensuring

quality standards, and (b) medical insurance coverage policies

and evidence-driven payment adjustments, which dynamically

link reimbursement rates to clinical value and budget impact

analyses through evidence-based formulary updates. By

establishing an MCDA framework to delineate value parameters

of medical devices, this methodological approach systematically

addresses multidimensional evaluation criteria through structured

value assessment.

By explicitly weighting criteria such as clinical safety (35.45%)

and cost (27.94%), our model addresses systemic challenges in

China’s healthcare system, including fragmented procurement

practices and overreliance on short-term cost considerations. The

framework’s emphasis on safety aligns with regulatory mandates

from the National Healthcare Security Administration (NHSA)

to prioritize risk mitigation in high-value device reimbursement.

Meanwhile, the prominence of cost mirrors DRG/DIP’s bundled

payment structure, which compels hospitals to balance clinical

outcomes with stringent budget constraints—a tension less

pronounced in systems like Australia’s Queensland framework,

where clinical benefit alone accounted for 27.2% of weights

7. While Egypt’s tool isolates financial evaluation as a separate

FIGURE 2

Overall MCDA scores for endoscopic linear cutting staplers. *Stapler A: 95%CI (83.1%, 89.9%); Stapler B: 95%CI (80.9%, 87.5%).

Xu et al. 10.3389/frhs.2025.1650709

Frontiers in Health Services 06 frontiersin.org111

https://doi.org/10.3389/frhs.2025.1650709
https://www.frontiersin.org/journals/health-services
https://www.frontiersin.org/


post-technical phase, prioritizing technical characteristics (29.4%)

and country of origin (19.5%) to emphasize manufacturing

quality over immediate cost considerations (9).

Notably, innovation received minimal weight (2.54%). The lower

weight of innovation in our study does not indicate that innovation

is unimportant. This discrepancy stems from China’s current

innovation landscape: a significant portion of domestically

developed medical MDs approved in recent years have been

categorized as incremental modifications (e.g., material upgrades in

orthopedic implants), with fewer examples of transformative

technological breakthroughs. Such trends reduce perceived value in

HTA processes, as minor iterations seldom justify premium

pricing under DRG/DIP’s fixed reimbursement rates. However,

this does not negate innovation’s importance; rather, it

underscores the need for manufacturers to align R&D with

China’s policy priorities-specifically, devices that demonstrably

lower long-term costs (e.g., reducing revision surgeries) or address

unmet clinical needs (e.g., pediatric-specific implants).

The proposed MCDA framework could further optimize

decision-making processes across two critical dimensions. First,

at the macro-policy level, it supports the design and

implementation of value-driven procurement strategies, such as

VBP and dynamic adjustments to medical insurance payment

standards. By explicitly quantifying trade-offs between cost and

clinical outcomes, the framework enables policymakers to

prioritize devices that align with population health goals while

containing systemic expenditures-a key challenge under China’s

centralized procurement reforms. Second, the framework

enhances transparency in hospital-level decision-making. By

incorporating standardized criteria, it provides a replicable

protocol for device selection and procurement committees,

reducing institutional biases and fostering accountability in

MDs adoption.

For health policymakers, this study provides a transparent and

evidence-based tool that supports budget planning and equitable

resource allocation. The alignment with DRG/DIP payment

systems ensures that high-value MDs are reimbursed based on

clear, standardized criteria, improving efficiency in

medical expenditure.

For healthcare institutions, the MCDA framework offers a

structured approach to balance clinical priorities with operational

constraints. Hospitals, particularly under DRG/DIP payment

models, face dual pressures to optimize clinical outcomes while

adhering to strict reimbursement caps. By integrating criteria

such as implementation capacity and safety, the framework

enables procurement committees to standardize device selection

processes, reducing subjective biases in MDs adoption.

For medical device manufacturers, the findings highlight the

need for a strategic shift toward developing devices that not only

demonstrate clinical superiority but also align with cost-

effectiveness and implementation feasibility. The lower priority

assigned to incremental innovation indicates that small, non-

impactful modifications of existing products are insufficient to

gain market access. Instead, companies should focus on

substantial advancements that lead to significant clinical and

economic improvements.

For emerging technologies, where cost may initially be higher

but potential long-term gains are substantial. The framework

could be adapted by adjusting cost weights to include long-term

economic gains like reducing revision surgeries. For example, a

disruptive stent with higher upfront cost but 25% lower 5-year

complication rates could be re-evaluated using time-dependent

cost metrics.

While our model is tailored to China’s institutional context, its

core criteria—clinical effectiveness, safety, cost, and

implementation capacity—align with global HTA priorities (12).

Adapting the framework for cross-country use would require

adjusting weights to reflect regional priorities: for instance, high-

income countries might assign greater weight to innovation,

while low- and middle-income countries could emphasize

implementation capacity and cost (9). Aligning with ISPOR’s

MCDA good practices could facilitate such harmonization.

Despite its strengths, the study has some limitations. The

sample size, while substantial, is limited to specific stakeholder

groups. Its generalizability may be constrained by the

overrepresentation of tertiary hospitals (64% of participants),

which face different cost pressures than rural facilities.

Stakeholder preferences in our study may also be shaped by

cultural and institutional biases inherent to China’s healthcare

system. Institutionally, VBP and DRG/DIP reforms create strong

incentives for cost containment, explaining why decision-makers

and hospital administrators prioritized cost more heavily than

clinicians. Culturally, the emphasis on collective healthcare

sustainability may influence citizens’ willingness to trade off

marginal innovation for lower costs, as reflected in their

moderate preference for innovation (Supplementary Table S2).

These biases highlight the need for context-specific calibration

when applying the framework across diverse healthcare settings.

Additionally, a multicenter validation study across various

hospital settings would strengthen the generalizability of the

findings. Incorporating real-world evidence (RWE) into periodic

weight updates could enhance the framework’s responsiveness to

real-world performance, particularly for devices with long-term

safety profiles. For example, RWE on post-implantation

complication rates could refine the clinical safety weight, while

data on long-term healthcare utilization could adjust cost weights

to reflect lifetime economic impact. Future studies should explore

incorporating real-world clinical data to refine the weighting of

criteria further.

The framework’s applicability beyond implantable MDs should

also be tested in other high-value consumables, such as diagnostic

technologies, ensuring broader utility in healthcare decision-making.

5 Conclusion

This study presents a novel MCDA-based framework for

implantable MD evaluation, tailored to China’s healthcare

reforms. By incorporating structured criteria weighting,

stakeholder preferences, and real-world validation, the model

offers a transparent, replicable, and adaptable assessment tool for

procurement and reimbursement decisions.
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For national-level implementation of the framework, it is

advisable to collaborate with the National Healthcare Security

Administration to embed the framework into dynamic medical

insurance payment adjustment mechanisms, linking

reimbursement rates to the weighted scores of core criteria (such

as clinical safety and cost) to align with DRG/DIP reforms.

A periodic review mechanism should also be established to

incorporate real-world evidence from national insurance databases,

refining criterion weights and enhancing the framework’s

responsiveness to evolving clinical needs and policy priorities.

The proposed framework exhibits strong versatility beyond

MDs. Its core criteria—clinical effectiveness, safety, cost, and

implementation capacity—are adaptable to diverse high-value

medical technologies like diagnostic imaging systems and cell/

gene therapies. With minor adjustments, such as tailoring

“implementation capacity” to fit laboratory needs for diagnostics,

the framework can effectively evaluate these technologies,

enhancing its utility in healthcare decision-making.

Future refinements integrating multicenter data and real-world

evidence will further enhance the framework’s robustness and

scalability, contributing to evidence-based policymaking and

sustainable healthcare financing.
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Cost-effectiveness analysis of 
Chinese patent medicines for the 
treatment of postmenopausal 
osteoporosis in China
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1 Department of Pharmacy, Union Hospital, Tongji Medical College, Huazhong University of Science 
and Technology, Wuhan, Hubei, China, 2 Department of Pharmacy, Tongji Hospital, Tongji Medical 
College, Huazhong University of Science and Technology, Wuhan, Hubei, China

Introduction: Evidence indicates that Chinese patent medicines can significantly 
increase bone mass in patients with osteoporosis and alleviate symptoms 
associated with low bone density. Although the therapeutic effects of these 
two drugs have been compared both directly and indirectly, no economic-
related studies currently exist. Therefore, this study aims to assess the cost-
effectiveness of Xianling Gubao Capsules compared to Jintiange Capsules 
and non-treatment for postmenopausal osteoporosis from the perspective of 
Chinese healthcare providers.
Methods: A Markov microsimulation model was employed to estimate the 
cost-effectiveness of the Xianling Gubao capsule and the Jintiange capsule 
in a hypothetical cohort of postmenopausal osteoporotic women aged 55 to 
74 years with no prior history of fractures, over a treatment period of 6 months. 
Model parameters, including transition probabilities and costs, were derived 
from Chinese sources. Efficacy data for the treatments were obtained from two 
network meta-analyses. Outcomes were expressed as incremental costs per 
quality-adjusted life-year (QALY) gained. Sensitivity analyses were performed 
to ensure the robustness of the findings, with a cost-effectiveness threshold 
established at three times the Gross Domestic Product (GDP) per capita in China 
($38,223) per QALY.
Result: Compared to the control group that did not receive drug treatment, the 
preventive therapy using Chinese patent medicine significantly increased bone 
mineral density and reduced the probability of fractures across all age groups 
in the intervention group. The incremental cost-effectiveness ratios (ICERs) for 
the Jintiange capsule compared to the Xianling Gubao capsule ranged from 
$11,955 per QALY at age 55 to $9,711 per QALY at age 74, indicating that the 
cost-effectiveness of the Jintiange capsule improved consistently with age. 
Sensitivity analyses confirmed the robustness of the results across all parameter 
variations, with the annual cost of the Jintiange capsule identified as the most 
sensitive factor.
Conclusion: From the perspective of Chinese healthcare providers, preventive 
therapy using Chinese patent medicine, when compared to a control group that 
did not receive drug treatment, resulted in increased bone mineral density and 
a reduced probability of fractures across all age levels in the intervention group. 
Additionally, the Jintiange capsule appears to be  a cost-effective treatment 
option for postmenopausal women with osteoporosis.
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Introduction

Osteoporosis is a chronic, progressive skeletal disorder 
characterized by reduced bone mass, deterioration of bone 
microstructure, and increased fragility, which collectively elevate 
the risk of fragility fractures that can severely compromise 
patients’ quality of life (1). Projections indicate that by 2040, 
nearly 319 million individuals worldwide will be  at risk of 
osteoporotic fractures, with 55% of these cases expected to occur 
in Asia (2). According to the national census data from the 
National Bureau of Statistics of China at the end of 2021, the 
population aged 60 and above in China was 267.36 million, 
accounting for 18.9% of the total population. Among this group, 
the population aged 65 and above was 200.56 million, representing 
14.2% (3). The Diagnosis and Treatment Guidelines for Primary 
Osteoporosis (2022) in China indicate that the prevalence of 
osteoporosis among women aged 50 and above is 32.1%, which is 
six times higher than that of men in the same age group (4). 
Furthermore, the prevalence of osteoporosis significantly increases 
among females aged 60 and above (1). Osteoporosis can lead to 
various types of fractures. A study conducted in 2015 estimated 
that the medical expenses for major osteoporotic fractures in 
China would reach as high as 11 billion, 20 billion, and 25 billion 
USD in 2015, 2035, and 2050, respectively (5). Therefore, it is 
essential to identify safe, effective, and economical 
treatment options.

Traditional osteoporosis medications include bisphosphonates, 
parathyroid hormone, selective estrogen receptor modulators, calcium 
supplements, estrogen replacement therapy, and calcilytics (6–8). While 
these drugs have demonstrated varying degrees of efficacy in the 
treatment of osteoporosis, patient compliance remains unsatisfactory 
due to the occurrence of adverse reactions (9–11). Hormone replacement 
therapy (HRT), a common treatment for osteoporosis, has been 
associated with an increased risk of cardiovascular disease and breast 
cancer (12). Additionally, long-term calcium intake, a routine preventive 
measure for osteoporosis, has also been linked to a heightened risk of 
myocardial infarction (13). Given the chronic nature of osteoporosis, it 
is crucial to balance the associated risks and benefits (14). In China, 
Chinese patent medicines (CPMs) are ready-made medications 
formulated in specific dosage forms based on prescriptions or standards 
guided by the principles of traditional Chinese medicine (15, 16). These 
medicines are widely utilized in the treatment of osteoporosis (15, 17). 
Evidence indicates that CPMs can significantly enhance bone mass in 
patients with osteoporosis and alleviate symptoms associated with low 
bone mass. The Xianling Gubao Capsule and Jintiange Capsule are two 
CPMs primarily recommended by various treatment guidelines (1, 18). 
Although there have been both direct and indirect comparisons of the 
therapeutic effects of these two medications, no economic evaluations 
have been conducted (19). Therefore, this study aims to compare the 
cost-effectiveness of Xianling Gubao Capsules and Jintiange Capsules, 
as well as non-treatment options for postmenopausal osteoporosis, from 
the perspective of Chinese healthcare providers, thereby addressing a 
significant gap in the existing literature.

Methods

Study design

This study utilized a 100,000 hypothetical individuals Markov 
microsimulation model to estimate the cost-effectiveness of Xianling 
Gubao Capsules and Jintiange Capsules in Chinese postmenopausal 
women, compared to no intervention. Each cycle lasts 1 year, during 
which each participant may experience a hip fracture, clinical 
vertebral fracture, or other types of fractures. Adopting the perspective 
of Chinese healthcare providers and extending the analysis to a 
lifetime horizon, the states are continuously updated until the patient’s 
death. A consistent discount rate of 3% was applied to both costs and 
health outcomes to account for time preference. The analysis was 
conducted using TreeAge Pro (Healthcare Version) 2022, in 
accordance with the Consolidated Health Economic Reporting 
Standards (CHEERS), as detailed in Supplementary Table 1 (20).

The model meticulously simulated a cohort of Chinese 
postmenopausal women with no prior history of fragility fractures 
across various age groups: 55–59, 60–64, 65–69, and 70–74 years. 
The base case focused on individuals aged 55–59 years. In our 
model construction and parameterization, age-specific mean and 
standard deviation (SD) data of BMD shown in Table  1 were 
derived from Wang et  al. (21). The simulation incorporated a 
normal distribution derived from the mean and standard 
deviation (SD) values reported by Wang et  al., based on the 
statistical assumption of a large-sample distribution. An initial 
BMD value was sampled from this normal distribution at the 
commencement of the Markov microsimulation and subsequently 
assigned randomly to individual participants. In accordance with 
established guidelines (1, 18), patients in all groups were 
administered calcium and activated vitamin D. The cohort was 
then assigned to receive either Xianling Gubao treatment 
(Xianling Gubao capsules 1.5 g b.i.d. for 6 months) or Jintiange 
treatment (Jintiange capsules 1.2 g t.i.d. for 6 months), while the 
no-intervention group was designated as the status quo.

Model structure

Figure 1 illustrates the structure of the Markov model, which 
includes the states of no fracture, simple fracture, complex 

TABLE 1  Mean BMDs, SDs of the femoral neck in different initial 
medicated ages of female (g/cm2).

Age 
(years)

Number Mean SD 95%CI

55–59 3,152 0.73 0.13 (0.72, 0.73)

60–64 3,155 0.66 0.12 (0.65, 0.66)

65–69 925 0.58 0.11 (0.58, 0.59)

70–74 137 0.55 0.13 (0.53, 0.58)
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fracture, bedridden due to hip fracture, and death from fracture 
or other causes. The simple fracture state indicates that individuals 
had experienced any hip, vertebral, or other types of fractures. 
The complex fracture state was defined as the occurrence of 
multiple simple fracture events. It was assumed that a certain 
proportion of individuals diagnosed with hip fractures may 
transition to the bedridden state without experiencing any 
additional fractures.

All patients entered the model in a “no fracture” healthy state. 
During each cycle, patients could experience a fracture, remain 
healthy, or die. Patients in the “fracture” state could either remain 
in the same fracture state if a refracture occurred, transition to 
another fracture state if a new fracture occurred, or move to the 
corresponding “post-fracture” state. Among these states, only 
patients with hip fractures may enter a bedridden state. For 
instance, patients who have experienced a vertebral fracture might 
subsequently experience another vertebral fracture or a hip 
fracture. Fractured patients could not return to the “no fracture” 
healthy state and would remain in the “post vertebral fracture” or 
“post hip fracture” state unless another fracture occurs or they 
entered the bedridden state. Ultimately, all patients were subject 
to the risk of death, and upon decease, they were transferred to 
the terminal death state.

Model parameters

All model parameters were sourced from China whenever possible 
to ensure their relevance to the local healthcare environment. In the 
absence of local data, information was synthesized from published 
literature through systematic literature searches. The input data 
utilized in the model is presented in the following section (Table 2).

Transition probabilities

Fracture risks
The transition probability of the fracture state was calculated based 

on age-specific and BMD-specific incidence rates of fragility fractures 
(Supplementary Table 2). Equations for the incidence of hip, vertebral, 
and other fractures associated with age and BMD were derived from 
published epidemiological data on the Chinese population (22–27). The 
fitted algorithms were evaluated using the R-squared statistic and 
adjusted for clinical plausibility. The probability of fracture was further 
modified based on the relative risk associated with a history of previous 
fractures, as individuals who have experienced any osteoporotic fracture 
are at an increased risk of subsequent fracture events. These values were 
obtained from a meta-analysis (28). Additionally, the probability of a 
bedridden state resulting from a hip fracture was extracted from a prior 
study conducted in Japan (29).

Mortality
Baseline age-specific mortality rates in the general population were 

extracted by sex and age from the seventh national population census in 
China (30). Excess mortality rates attributed to hip fractures were derived 
from published literature on Chinese women by multiplying the 
age-dependent risk ratio of mortality following a hip fracture (31).

Treatment
The efficacy data for Xianling Gubao capsules and Jintiange 

capsules were derived from a network meta-analysis of 22 randomized 
controlled trials that compared the effectiveness of various anti-
osteoporotic agents (32). This study represents the largest analysis to 
date concerning the two aforementioned drugs and included a total of 
2,016 postmenopausal women diagnosed with primary osteoporosis. 
Compared to placebo, Xianling Gubao capsules significantly enhanced 

FIGURE 1

The Markov model structure for the disease progression of postmenopausal women with osteoporosis (omitting the arrow pointing to the death state).
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lumbar and femoral neck BMD (Mean Difference, MD = 0.13, 95% CI 
[0.03, 0.22], MD = 0.17, 95% CI [0.06, 0.29]). In contrast, Jintiange 
capsules significantly improved femoral BMD compared to placebo 
(MD = 0.11, 95% CI [0.03–0.19]).

In addition, treatment-related adverse events were excluded 
from the model because previous studies did not find any 

statistically significant differences between patients treated with 
Xianling Gubao capsules and those treated with Jintiange capsules 
(33, 34). Therefore, we assumed that treatment-related adverse 
events had a negligible impact on the costs and outcomes for 
patients receiving either Xianling Gubao capsules or 
Jintiange capsules.

TABLE 2  Estimates of parameters used in the model.

Parameter Base-case value Range Distribution Source

Relative risk of fracture in individuals with osteoporosis

RR of hip fractures with complications

 � History of previous fractures 1.97 1.12–3.48 Log-normal (29)

RR of vertebral fractures with complications

 � History of previous fractures 1.91 1.50–2.43 Log-normal (29)

RR of other fractures with complications

 � History of previous fractures 1.91 1.50–2.43 Log-normal (29)

 � Probability of bedridden after hip fracture 0.136 0.095–0.177 Fixed (32)

The therapeutic effect of drugs

Xianling Gubao capsule (59)

 � Increase in bone density (g/cm2) 0.05 0.01–0.08 Beta

 � Treatment time (year) 0.5 Fixed

Jintiange capsule (59)

 � Increase in bone density (g/cm2) 0.11 0.03–0.19 Beta

 � Treatment time (year) 0.5 Fixed

Cost (in 2022 China)

Annual Cost of Medication (US $)

 � Xianling Gubao capsule $93.24 ±20% Triangular

(36) � Jintiange capsule $574.82 ±20% Triangular

 � Annual medical expenses (US $) $439.78 ±20% Triangular

Cost of fracture treatment (US$)

 � Hip fracture $7,379.82 ±20% Triangular

(60)
 � Vertebral fracture $1,361.12 ±20% Triangular

 � Other fracture $1,758.30 ±20% Triangular

Annual bedridden care expenses (US$) $4,948.90 ±20% Triangular

Health utility (QALY)

Age-Related Baseline Utility (41)

 � 55–59 0.88 0.862–0.897 Beta

 � 60–65 0.869 0.852–0.885 Beta

 � 66–70 0.827 0.802–0.851 Beta

 � 71–74 0.808 0.770–0.846 Beta

Disutility resulting from hip fractures (42)

 � First year ×0.776 0.720–0.844 Beta

 � subsequent years ×0.855 0.800–0.909 Beta

Disutility resulting from vertebral fracture

 � First year ×0.724 0.667–0.779 Beta

 � subsequent years ×0.868 0.827–0.922 Beta

Disutility resulting from other fracture (39)

 � First year ×0.910 0.880–0.940 Beta

 � subsequent years ×1

Utility of Bedridden State 0.192 Fixed (41)

Discount rate

 � Cost 0.03 0–0.05 (35)

 � QALYs 0.03 0–0.05 (35)
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Health resource use and costs
According to the Chinese Pharmacoeconomic Guidelines (35), 

the cost evaluation was conducted from the perspective of Chinese 
healthcare providers. Direct medical costs encompass the expenses 
associated with treatment regimens resulting from fracture events, 
direct medical expenses for each health state, and other medical 
expenditures. The cost data for this section were primarily obtained 
from a multi-center survey in China (36). The costs of Xianling 
Gubao capsules and Jintiange capsules were calculated based on the 
market share of generic drugs and their branded counterparts in 
China, utilizing official databases from China’s National Medical 
Products Administration (NMPA) (37). The estimated annual cost 
of Xianling Gubao capsules was USD 93.24 (3 capsules, twice a 
day), while the cost for Jintiange capsules was USD 574.82 (3 
capsules, three times a day). All related costs were adjusted to 2022 
Chinese Yuan (CNY) using the Consumer Price Index (CPI). For 
reference, the average exchange rate in 2022 was USD 
1 = CNY 6.7321.

Utilities
Baseline utility data were extracted from published literature to 

provide reference value for the decision analysis model (38). The 
utility values were derived from a Chinese large population using 
EQ-5D. The disutility multiplier associated with post-fracture in the 
first and subsequent years was derived from meta-analysis (39, 40). 
Utility for bed-ridden state was collected from a study of Chinese 
patients provided with nursing care (41).

Statistical analysis

In base case analysis, using first-order Monte Carlo simulation, 
total costs and QALYs for each treatment with Xianling Gubao 
capsules, Jintiange capsules, and no treatment were estimated at 
different starting ages of 55, 60, 65, and 70 years. To estimate the 
cost-effectiveness of Xianling Gubao capsules and Jintiange 
capsules, an incremental cost-effectiveness ratio (ICER) was 
calculated by dividing an incremental cost by an incremental 
quality-adjusted life-year (QALY) to obtain the cost per QALY 
gained. To explore key drivers of parameters, deterministic 
sensitivity analyses were conducted, and parameters assessed and 
their ranges are shown in Table 2. Probabilistic sensitivity analyses 
were conducted by a second-order Monte Carlo simulation with 
1,000 iterations and selecting the assigned parameters distributed 
randomly (shown in Table  2). Following the analyses, cost-
effectiveness acceptability curves were illustrated to determine the 
probability of being cost-effective for each strategy based on an 
assumed willingness-to-pay (WTP) threshold of three-time GDP 
per capita in China ($38,223) per QALY gained.

Results

Model validation

This model was validated by comparing the age-specific incidence 
of hip fractures and clinical vertebral fractures per year with estimates 
from published epidemiological surveys (shown in Figure 2) (23, 42).

Base-case analyses

Table 3 presents the costs, QALYs, and ICERs for Xianling Gubao 
or Jintiange compared with no treatment at the starting ages of 55, 60, 
65, and 70 years. Compared with the control group without drug 
treatment, the preventive treatment with Chinese patent medicine 
increased bone mineral density and reduced fracture probability at all 
age levels in the intervention group. Model simulation results based on 
females aged 55–59 showed that the use of Xianling Gubao capsules 
reduced hip fracture incidence by 8.20% and vertebral fracture 
incidence by 12.03%, with an increase in total per capita cost of $119.21 
and an increase in quality-adjusted life years (QALYs) by 0.0379. The 
use of Jintiane capsule reduced hip fracture rates by 18.33% and 
vertebral fracture rates by 30.05%, with an increase in total per capita 
cost of $956.38 and an increase in QALYs by 0.08. Under the willingness-
to-pay (WTP) threshold of three times China’s per capita GDP, the use 
of traditional Chinese medicine for preventive treatment had a cost-
effective advantage. Moreover, compared with the Xianling Gubao 
capsule, the Jintiange capsule was cost-effective (ICER: $11,955/QALY).

For the population aged 60–74, the use of traditional Chinese 
medicine for preventive treatment still had a cost-effective advantage. 
Compared with the Xianling Gubao capsule, the Jintiange capsule was 
cost-effective (ICER: $9858-10731/QALY) under the condition of 
WTP being 3 times China’s per capita GDP.

One-way sensitivity analyses

One-way sensitivity analyses comparing the Xianling Gubao 
capsule with the Jintiange capsule or no treatment indicated that the 
ICERs were most sensitive to the discount rate, the loss of utility due 
to fractures, the first-year BMD of the study population, and drug 
acquisition costs (Figure 3). The graph demonstrates that the cost-
effectiveness results of CPM treatment are relatively stable and 
unaffected by changes in these parameters. It is cost-effective to 
initiate preventive treatment with CPMs for individuals with below-
average BMD who experience a significant impact on their quality of 
life due to fractures.

Probabilistic sensitivity analyses

At a WTP threshold of $3,000 (approximately 0.24 times GDP per 
capita), the use of CPMs for preventive treatment in the female 
population aged 55–59 was deemed cost-effective. When the WTP 
exceeded $24,000 (about 1.88 times per capita GDP), the economic 
benefits of using the Jintiange capsule became more pronounced 
compared to the Xianling Gubao capsule. Under the WTP conditions 
established in the study, the probabilities of the Xianling Gubao 
capsule and the Jintiange capsule being cost-effective were 31 and 
49%, respectively (Figure 4).

Discussion

Previous systematic reviews had indicated a relative scarcity of 
cost-effectiveness research concerning CPMs (43). In this study, 
we constructed a Markov model based on life status to simulate the 
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long-term effects of CPMs on the treatment outcomes of menopausal 
women with osteoporosis. Our base analysis suggests that, at a WTP 
threshold of $3,000 per QALY, the use of CPMs for preventive 
treatment in postmenopausal women aged 55 to 59 was cost-effective. 
Furthermore, at a WTP threshold equivalent to three times China’s 
per capita GDP, the combined use of Jintiange capsules was cost-
effective across all age groups. This study provided reference values for 
future long-term economic evaluations of CPMs for osteoporosis in 
postmenopausal women.

The primary treatment approaches for bone loss diseases such as 
osteoporosis are HRT and bisphosphonates. Continuous HRT was 
associated with a high risk of breast cancer and endometrial cancer, 
as well as coronary artery issues and other cardiac disorders, while 
bisphosphonates could lead to osteonecrosis of the jawbone and 
skeletal system (44–46). Due to these adverse effects, the clinical use 
of HRT and bisphosphonates is limited. Therefore, new treatment 
strategies were needed to develop osteoporosis treatments that are less 
likely to cause adverse reactions to some extent (47). CPMs had 
gained popularity due to their minimal adverse effects while 
effectively treating various ailments. Traditional Chinese Medicine 
(TCM) had been utilized to address a range of orthopedic conditions, 

particularly osteoporosis, fractures, and rheumatism, with notable 
success (48, 49). Xianling Gubao and Jintiange treatments played 
significant roles in managing osteoporosis with CPMs, making them 
the preferred choice for treating postmenopausal osteoporosis 
according to clinical application guidelines for Chinese patent 
medicines. Xianling Gubao capsules consist entirely of CPMs (50), 
which help regulate the balance of serum calcium and phosphorus 
deposition, enhance levels of vitamin D3 and alkaline phosphatase 
(ALP), and improve bone mineral density through the synergistic 
effects of various natural herbs targeting multiple pathways (51, 52). 
The primary component of Jintiange capsules was artificial tiger bone 
powder. The physical and chemical properties, as well as the 
pharmacological effects were consistent. Researchers studying the 
serum of patients with osteoporosis found that Jintiange capsules 
inhibited the κB inhibitor signaling pathway by downregulating the 
overexpression of osteopontin, ultimately reducing MMP-3 
expression. This action may strengthen the kidneys and bones, 
alleviate inflammation and pain, and combat osteoporosis (53). 
Furthermore, recent studies have identified Jintiange capsules as the 
first CPM that could effectively improve primary osteoporosis and 
enhance muscle strength (54). While the therapeutic potential of 

FIGURE 2

Model validation results. Dots represent the data reported by epidemiological surveys in China. Lines represent the trend curves fitted by the data  
above-mentioned. Shaded areas represent the model outputs of 1,000 simulations. (A) Hip fracture incidence; (B) Vertebral fracture incidence.
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CPMs in managing osteoporosis is evident, there is a lack of economic 
studies to support their widespread adoption. Therefore, further 
economic evaluations are necessary to inform clinical and policy 
decisions regarding the integration of CPMs into standard 
osteoporosis treatment protocols.

The choice of research perspective in economic evaluation 
determines the measurement range of cost. Our results demonstrated 
that the use of CPMs preventive treatment appears to be a cost-effective 
treatment option for postmenopausal osteoporotic women at the 
starting age of 55 from the perspective of Chinese healthcare providers. 
Our results also revealed that the cost-effectiveness of Jintiange 
Treatment improved with an increase in the starting age. Our findings 
were consistent with previous economic evaluations in which the 
Jintiange treatment was generally cost-effective compared with the 
Xianling Gubao treatment (19, 32, 55). We did not find any studies that 
were different from this conclusion, which may be caused by the lack of 
relevant economic studies. However, pharmacoeconomic assessments 
were based on data from clinical trials or real-world data, and further 
CPMs clinical trials and real-world studies were recommended.

Currently, the pharmacoeconomic studies on the treatment of 
osteoporosis in menopausal women published both at home and 
abroad mainly concentrate on RANKL inhibitors, bisphosphonates, 
and other Western medicine preparations. There have been relatively 
few studies on CPMs for treating osteoporosis in menopausal women. 
Only Lai Fuchong et  al. (34) carried out an economic analysis of 
Xianling Gubao capsules and Jintiange capsules in the treatment of 
type-I osteoporosis. The results indicated that the cost-effectiveness 
ratio of alendronate combined with Xianling Gubao capsule was the 
lowest, followed by alendronate combined with Jintiange capsule. 
Nevertheless, the limitations of this study include the lack of ICERs, 
which are essential for definitively determining the most cost-effective 
treatment strategy. Furthermore, the data were gathered from a 
restricted patient sample across two hospitals, without taking into 
account potential confounding factors. This may have an impact on 

the generalizability of the results. The current study aims to fill this gap 
by presenting a comparative economic assessment of Xianling Gubao 
Capsules and Jintiange Capsules in postmenopausal women of various 
age groups at the start of treatment. Such an analysis is crucial for 
promoting the rational clinical use of CPMs in osteoporosis 
management, providing valuable perspectives for healthcare providers 
and policymakers when considering the incorporation of these 
treatments into standard care guidelines.

Although there were studies on the synergistic effect of CPM 
combined with conventional Western medicine in the treatment of 
osteoporosis (56), unfortunately, we  had not found any direct 
comparative studies on the treatment of osteoporosis in 
postmenopausal women with CPM and Western medicine, including 
safety, efficacy and economy. Although no direct research evidence 
comparing CPM and Western medicine in the treatment of 
osteoporosis in postmenopausal women has been found so far, our 
team had fully realized the importance of this research gap for clinical 
practice and health policy-making. Currently, we  were actively 
promoting the preparatory work for subsequent observational and 
real-world studies to provide solid methodological support for future 
research design. We  were confident that through standardized 
research implementation and rigorous data analysis, we will gradually 
fill this research gap and provide more comprehensive evidence-
based basis for the optimization of treatment decisions for 
osteoporosis in postmenopausal women.

As with any modeling research, our analyses had certain limitations. 
First, due to the absence of epidemiological data fully consistent with 
the study population, the efficacy parameter of the model transition 
probability involved a series of assumptions and corrections. This might 
deviate to some extent from the actual disease outcomes. Second, owing 
to the lack of relevant research, our data on the efficacy of drug 
treatment were solely obtained from a network meta-analysis. Although 
this was the largest study related to both drugs, the data dated back to 
2016, and the study endpoint was bone mineral density (BMD), which 

TABLE 3  Cost-effectiveness of Xianling Gubao compared with Jintiange or no treatment at the starting ages of 55, 60, 65, and 70 years.

Treatment Strategy Probability of patients experiencing a 
fracture within the study period

Cost, $ QALYs ICER, $/QALY

Hip fracture Vertebral fracture

55–59 years

No Treatment 6.71% 21.03% 7174.94 13.0513 Ref

Xianling Gubao Treatment 6.16% 18.50% 7294.16 13.0892 3,147

Jintiange Treatment 5.48% 15.47% 8131.32 13.1313 11,955

60–64 years

No Treatment 7.30% 23.58% 6791.35 11.4976 Ref

Xianling Gubao Treatment 6.90% 20.81% 6883.21 11.5373 2,313

Jintiange Treatment 5.94% 17.40% 7681.96 11.5879 9,858

65–69 years

No Treatment 6.60% 20.40% 6075.22 9.9942 Ref

Xianling Gubao Treatment 6.09% 18.04% 6184.11 10.052 1886

Jintiange Treatment 5.29% 14.91% 6978.64 10.0784 10,731

70–74 years

No Treatment 7.46% 23.00% 5572.26 8.0271 Ref

Xianling Gubao Treatment 6.49% 20.63% 5646.1 8.0875 1,221

Jintiange Treatment 5.86% 17.16% 6393.42 8.1116 9,711
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was used to predict the incidence of fractures subsequently. This could 
introduce bias to our results. Third, to maintain model parsimony, 
we did not incorporate adverse events. However, serious adverse events 
caused by Xianling Gubao capsules and Jin Tiange in the treatment of 
osteoporosis are considered rare (33, 34). Thus, they were unlikely to 
affect the results of our cost-effectiveness analyses. Similarly, this was a 
commonly adopted assumption in previous economic evaluations (57, 
58). The impact of treatment-related adverse events on costs and 
outcomes can be regarded as minimal. Nevertheless, if data on adverse 
events become available, they should be integrated into the model.

Conclusion

From the perspective of the Chinese healthcare providers, 
compared with the control group without drug therapy, the 

preventive treatment with Chinese patent medicine increased 
bone mineral density and reduced fracture probability at all age 
levels in the intervention group, and Jintiange capsule appears to 
be  a cost-effective treatment choice for postmenopausal 
osteoporotic women. This study provides valuable information to 
both clinical practitioners and decision-makers in ensuring the 
rational use of Chinese patent medicine, especially in the face of 
the growing clinical and economic burden of osteoporotic 
fractures in China.
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FIGURE 3

Tornado diagrams for one-way sensitivity analyses on the incremental cost-effectiveness ratio of Xianling Gubao capsule compared with Jintiange  
capsule or no treatment. Blue and red represent the ICER results in lower limit and upper limit values of parameters used, respectively. (A) Xianling 
Gubao; (B) Jintiang.
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FIGURE 4

Cost-effectiveness acceptability curve of Xianling Gubao capsules compared with Jintiange capsules or no treatment.
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Objective: This study aims to evaluate the effect of China’s National Volume-
Based Procurement (NVBP) policy exclusively for insulin by analyzing the trend 
in volume, expenditure, and price before and after NVBP policy.
Methods: Taking Guangdong Province, China as an example, descriptive 
statistics and interrupted time series analysis were used to quantitatively 
measure the immediate and long-term effect of the NVBP policy on insulin 
volume, expenditure and price. In terms of volume, subgroup analysis is further 
conducted based on different generations and enterprise ownership to examine 
the impact of NVBP on the insulin utilization pattern.
Results: Following the implementation of the NVBP policy, monthly insulin 
procurement volume increased significantly from 7.69 million to 9.37 million 
defined daily doses (DDDs), while monthly expenditure decreased from CNY 
86.64 million to CNY 52.55 million, accompanied by a reduction in defined daily 
dose cost (DDDc) from CNY 11.24 to CNY 5.57. Interrupted time series analysis 
(ITSA) confirmed these trends, showing an immediate post-intervention increase 
of 1.547 million DDDs (p < 0.001), expenditure reduction of CNY 42.57 million 
(p < 0.001), and DDDc decrease of CNY 5.427 (p < 0.001) in instantaneous level. 
Subgroup analysis demonstrated divergent trends between insulin generations, 
with non-significant decrease in second-generation insulin and increase in 
third-generation insulin procurement in long-term trend. Notably, domestic 
insulin showed a significant increase in procurement volume (p < 0.05), while 
imported insulin exhibited a non-significant declining trend.
Conclusion: These findings demonstrate that the NVBP policy significantly 
reduced insulin expenditure while improving treatment accessibility and 
affordability for insulin. The policy effectively promoted therapeutic upgrading 
from human insulin to insulin analogue and optimized medication regimen. 
Notably, it stimulated domestic insulin market development through substitution 
effect. This multi-dimensional improvement exemplifies the principles of value-
based healthcare delivery.
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1 Introduction

According to the International Diabetes Federation (IDF) Global 
Diabetes Atlas (11th edition, 2025), there are 148 million adults aged 
20–79 with diabetes in China (1), the highest number globally, 
accounting for approximately a quarter of the world’s diabetic 
patients. Diabetes often refers to the “non-lethal cancer,” and is the 
fundamental progenitor of multi-organ complications (2–4). Patients 
with diabetes need to inject insulin lifelong or take other glucose-
lowering drugs, contributing to substantial economic costs. The 
inability to access affordable insulin remains a critical barrier to 
effective treatment, leading to unnecessary complications and 
premature mortality (5).

To alleviate the financial burden on patients, the National 
Healthcare Security Administration (NHSA) launched a nationwide 
centralized volume-based procurement policy for insulin in 
November 2021, which is the only procurement for biologics in 
China at the national level. The procurement involves second-
generation human insulin and third-generation insulin analogue. 
Insulin analogue as upgraded product of human insulin, is generally 
more expensive but more stable in controlling blood glucose and 
significantly reducing the risk of hypoglycemia (6). The centralized 
procurement targeted commonly used insulin types in clinical 
practice to maintain stability in clinical medication use. The insulin 
was categorized into six bidding groups in process of procurement, 
including mealtime human insulin, basal human insulin, premixed 
human insulin, rapid-acting analogue (aspart, lispro, glulisine), long-
acting basal analogue (glargine, detemir, degludec) and premixed 
analogue (protamine lispro and lispro, protamine aspart and aspart). 
Different from chemical drugs, insulin production is more complex, 
with longer production cycle, higher cost, and limited capacity 
expansion in the short term (7). Therefore, centralized procurement 
for insulin differs from that of chemical drugs in terms of rule design, 
competition mechanism, and supply of bid-winning companies. 
Medical institutions can report their demand of insulin by brand 
name before procurement, whereas chemical drugs are reported by 
their generic name. In order to narrow the price gap, the unit price of 
insulin must not exceed 1.3 times the lowest unit price within the 
same bidding group to be selected, whereas for chemical drugs, this 
threshold is 1.8 times. Insulin bids can be selected if the price is below 
60% of the highest valid bid, while chemical drugs require a bid 
below 50%. In summary, insulin competition is milder, and price 
reduction is smaller. In terms of supply, multiple selected enterprises 
provide insulin, allowing medical institutions to choose freely, 
ensuring market supply and respecting clinical choice to better 
guarantee patient accessibility. In contrast, for chemical drugs, a 
single selected enterprise supplies most of the volume within 
a province.

The NVBP for insulin involved 14,000 medical institutions 
nationwide, with a total demand volume of 215 million shots in the 
first year (8). Of this, human insulin accounted for 42%, while insulin 
analogue accounted for 58%. Domestic insulin made up 32% of the 

demand, and imported insulin represented 68%. Major insulin 
manufacturers such as Novo Nordisk, Eli Lilly, Sanofi, and seven 
domestic companies were winning bidders, the average price 
reduction was 48% (9). The procurement result was implemented 
starting in May 2022 across provinces, with a two-year 
procurement cycle.

The NVBP policy is of great significance for reducing patient 
financial burden, saving medical expenditure, and optimizing the 
allocation of medical resource (10–12). It is also a key driver for 
achieving value-based medicine, which focuses on patient health 
outcome, aiming to achieve healthcare system sustainability by 
optimizing resource allocation, controlling costs, and improving 
service quality (13). The NVBP policy leverages volume-based 
bargaining and market access to synergy government and market 
forces, promoting efficient allocation of medical resource. And it 
helps to improve health outcome of some patients by enhancing 
patients’ accessibility to drugs after price reduction. While some 
academic studies have empirically analyzed the impact of NVBP for 
chemical drugs (14–18), there are few research on the effect of NVBP 
for biologics, only Yuan et al.’s study has introduced the procurement 
mechanism of the NVBP for insulin and the impact on affordability 
of patients (7).

This study aims to evaluate the impact of the NVBP policy 
exclusively in three key aspects: (1) Whether the policy effectively 
improves the accessibility and affordability of insulin, saves insulin 
expenditure, and enhances the sustainability of medical expenditure. 
(2) Under the context of value-based medicine, whether the policy 
helps to optimize the drug utilization pattern by increasing the share 
of insulin analogue and promoting the use of high-quality insulin 
analogue among more patients. (3) Whether the policy reduces the 
dependence on imported insulin, encourages the substitution of 
domestic insulin, and mitigates supply chain risks.

Guangdong Province, located in southern China, with a total 
population of 127 million, representing 10% of China’s population, 
had a per capita GDP of CNY 106,985 and a per capita disposable 
income of CNY 49,327 in 2023 (19). Guangdong ranks among the top 
regions in China in terms of economic development level, healthcare 
coverage, and proportion of young people, playing a significant role 
nationally. However, there is a significant income disparity across 
different regions of the province, with the Pearl River Delta (PRD) 
region far surpassing the northwestern part. In 2023, the province 
had 62,819 medical institutions, with 4.95 hospital beds and 92.02 
healthcare personnel per 1,000 people (19). Despite the overall 
abundance of healthcare resources, the distribution is uneven—
nearly 70% of medical institutions are concentrated in the PRD, 
making it a microcosm of healthcare inequality in China properly. 
There are over 8 million diagnosed diabetes cases in Guangdong (20), 
ranking among the highest prevalence regions nationally. This study 
used insulin procurement data from Guangdong Province for 
quantitative descriptive analysis and policy intervention modeling. 
The findings provide evidence for evaluating the impact of the NVBP 
policy on insulin accessibility and affordability.
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2 Methods

2.1 Data sources

The data were obtained from the Guangdong provincial 
centralized drug procurement and trading platform (21), through 
which all pharmaceutical procurement and transactions by medical 
institutions and pharmaceutical enterprises across the province are 
conducted. Monthly insulin procurement transaction records from 
May 2020 to June 2024 were adopted in this study, and the 
procurement transaction records including key variables such as 
procurement time, drug name, brand name, dosage form, package 
specification, manufacturer, procurement volume, and procurement 
expenditure. The implementation time of the NVBP policy for insulin 
in Guangdong Province was May 31, 2022, with a procurement cycle 
of 2 years. This study designates June 2022 as the policy intervention 
point and conducts analysis using procurement data from the 
25 months preceding (from May 2020 to May 2022) and the 25 months 
following the intervention (from June 2022 to June 2024).

2.2 Statistical analysis

Descriptive statistics were conducted on the procurement volume, 
expenditure, and defined daily dose cost of insulin before and after the 
NVBP policy, as well as for different subgroups. The volume was 
measured as Defined Daily Doses (DDDs), which is the ratio of the 
total consumption of the drug to its Defined Daily Dose (DDD).

	
× ×

=
unit strength pack size procurement amountDDDs

DDD

The DDD, representing the average daily dose used in the 
principal indication for adults, was set at 40 IU for all insulin based on 
the WHO ATC/DDD index (22). Expenditure was represented by 
procurement costs, while the price was measured by the Defined Daily 
Dose cost (DDDc), calculated as the ratio of procurement costs 
to DDDs.

	
=

procurement costsDDDc
DDDs

Interrupted time series analysis is considered one of the most 
robust quasi-experimental methods for evaluating the longitudinal 
impact of policy interventions (23). The ITS was employed using 
volume, expenditure, and DDDc as outcome variables to assess the 
immediate and long-term effect of the NVBP on insulin usage and 
costs. A single-group ITS model was constructed as follows (24, 25):

	 β β β β β= + + + + +∈0 1 2 3 4t t t t t t tY T X P X D

Where, Yt indicates the measured outcome variable in month t. Tt 
denotes the time series number, which corresponds to each 
observation point. The number “1” is assigned to April 2020, and “50” 
is assigned to June 2024. Xt is a dummy variable indicating the 
intervention, where “0” represents the period before NVBP and “1” 
represents the period after the implementation of NVBP. Pt is the time 
series after intervention, which value is “0” before intervention and is 

denoted in sequence according to the monthly order after intervention. 
Besides, a dummy variable Dt is introduced to control the influence of 
the Chinese Spring Festival holiday on the transaction between 
medical institutions and pharmaceutical enterprises (14, 26). During 
the Spring Festival holiday, which lasts for about one-third of the 
month in February, insulin transactions between medical institutions 
and pharmaceutical enterprises tend to decrease significantly. Both the 
procurement volume and the expenditure show a marked decline in 
February. Therefore, Dt is set to 1 for February and set to 0 for 
other months.

In this model, β₀ represents the initial level of the outcome 
variables at the start of the study. β₁ represents the slope before the 
intervention. β₂ represents the level change of outcome variables at the 
intervention moment. β₃ represents the slope change after the 
intervention. β₄ represents the level change of outcome variable in 
abnormal months.

The Durbin-Watson test was employed to assess autocorrelation 
(27). Residual plots were visually inspected to identify 
heteroscedasticity (28, 29). Models were weighted using the inverse of 
squared residuals when heteroscedasticity occurred. The R4.4.1 
software was used to perform statistical analysis for the study.

3 Results

3.1 Changes in insulin procurement 
volume, expenditure, and DDDc following 
NVBP implementation

The volumes of insulins in Guangdong Province increased after 
NVBP, while the expenditure and DDDc significantly decreased 
compared with those before volume-based procurement. The results 
are shown in Table 1.

(1) The average monthly volume of insulins was 7.69 million 
DDDs before NVBP, which increased to 9.37 million DDDs after 
centralized procurement. The total procurement volume of insulins 
rose from 192.40 million DDDs to 235.80 million DDDs. (2) The 
average monthly expenditure of insulins was CNY 86.64 million 
before centralized procurement, decreasing to CNY 52.55 million 
after centralized procurement. The total procurement expenditure 
decreased from CNY 2165.90 million to CNY 1313.66 million, which 
reduced by 39.35%. (3) The DDDc of insulins decreased from CNY 
11.24 to CNY 5.57 after centralized procurement, representing a year-
on-year decrease of approximately 50%.

Subgroup analyses further differentiated these effects across 
insulin generations (human insulins vs. insulin analogues), 
manufacturer types (domestic insulins vs. imported insulins) and 
bidding groups, with detailed results presented in Table 1.

3.2 Insulin procurement volume, 
expenditure, and DDDc across different 
generations

The average monthly volume of human insulins increased from 
2.10 million DDDs to 2.34 million DDDs after the implementation 
of NVBP, while the average monthly volume of insulin analogues rose 
from 5.60 million DDDs to 7.10 million DDDs. Besides, the 
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proportion of human insulins procurement decreased from 27.27% 
before the procurement to 24.77%, while the proportion of insulin 
analogues increased from 72.73 to 75.23%. The average monthly 
expenditure for human insulins decreased from CNY 10.71 million 
to CNY 7.68 million, and the total expenditure decreased from CNY 
267.95 million to CNY 191.91 million; The average monthly 
expenditure for insulin analogues decreased from CNY 75.92 million 
to CNY 44.87 million, and the total procurement expenditure 
decreased from CNY 1,897.95 million to CNY 1,121.75 million. The 
DDDc difference between the two generations of insulin before and 
after the NVBP were CNY 8.42 and CNY 3.03, respectively, which 
have been narrowing following the NVBP policy.

3.3 Insulin procurement volume, 
expenditure, and DDDc across different 
enterprises

The volume for both domestic insulins and imported insulins 
increased following the NVBP policy. The average monthly volume of 
domestic insulins rose from 2.45 million DDDs to 3.67 million DDDs 
(a 49.62% increase), while the average monthly volumes of imported 
insulin increased from 5.24 million DDDs to 5.76 million DDDs (a 
9.92% increase). The market share of domestic insulin grew from 
31.84 to 38.88%.

Procurement expenditure declined for both insulins, with a 
sharper reduction for imported insulins (44.79% decline) than for 
domestic insulins (20.63% decline). Expenditure for domestic insulins 
decreased from average monthly CNY 19.51 million to average 
monthly CNY 15.48 million, while imported insulins expenditure fell 
from average monthly CNY 67.12 million to average monthly CNY 
37.06 million.

The DDDc difference between the two market share distribution 
insulins narrowed significantly, decreasing from CNY 4.82 to 
CNY 2.19.

3.4 Insulin procurement volume, 
expenditure, and DDDc across different 
bidding groups

Overall, except for the premixed human insulin, procurement 
volume increased for the remaining groups, with the basal human 
insulin showing the highest growth at 61.04%. The procurement 
expenditure of basal and mealtime human insulin increased post-
policy, while other groups decreased. The DDDc of six bidding groups 
decreased, with the long-acting basal insulin analogue experiencing 
the most substantial reduction—from 22.29 CNY to 8.98 CNY.

The volume of basal human insulin surged from 0.83 million 
DDDs to 1.34 million DDDs (a 61.4% increase), while its expenditure 
increased by 8.1%. The volume of mealtime human insulin rose by 
30.9%, with a small increase in its expenditure. However, premixed 
human insulin was the only group to experience a decrease in volume, 
with expenditure reducing from CNY 187.36 million to CNY 110.32 
million. Among insulin analogues, the most notable divergence was 
observed in the long-acting basal analogue, whose volume increased 
by 44.2%, expenditure decreased by 41.9%, and DDDc dropped by 
59.7%. The reduction in DDDc of long-acting basal analogues is the 
most significant, but the DDDc post-policy of long-acting basal 
analogue still exceeds that of other groups. The volume of rapid-acting 
analogue increased from 37.72 million DDDs to 52.75 million DDDs 
(a 39.8% increase), with a 26.7% reduction in expenditure. The price 
of premixed analogue halved (DDDc dropped by 50.5%), with the 
volume stagnated with a modest 3.7% increase.

TABLE 1  Insulin volume and expenditure in Guangdong Province, from May 2020 to June 2024.

Categories Before the NVBP (2020.05–2022.05) After the NVBP (2022.06–2024.06)

Volume/
million DDDs

Expenditure/
million CNY

DDDc/CNY Volume/
million DDDs

Expenditure/
million CNY

DDDc/
CNY

Generations

Human insulin 52.47 267.95 5.11 58.41 191.91 3.29

Insulin analogue 139.92 1897.95 13.53 177.39 1121.75 6.32

Enterprises

Domestic insulin 61.27 487.76 7.94 91.67 387.12 4.23

Imported insulin 131.13 1678.14 12.76 144.13 926.55 6.42

Bidding groups

Basal human 0.83 4.81 5.85 1.34 5.20 3.88

Mealtime human 21.00 75.78 3.61 27.48 76.39 2.78

Premixed human 30.65 187.36 6.12 29.60 110.32 3.73

Long-acting basal analogue 46.10 1027.74 22.29 66.48 596.93 8.98

Rapid-acting analogue 37.72 355.94 9.44 52.75 260.83 4.95

Premixed analogue 56.10 514.27 9.16 58.15 263.98 4.53

Total 192.40 2165.90 11.24 235.80 1313.66 5.57

The volume and expenditure refer to the cumulative procurement volume and expenditure of various insulin categories, respectively. DDDc represents the arithmetic mean of monthly DDDc 
for various insulin categories. NVBP, national volume-based procurement; DDDs, defined daily doses; DDDc, defined daily dose cost.
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3.5 ITS analysis for insulin procurement 
volume, expenditure, and DDDc

The results of the ITS analysis for all insulin categories are presented 
in Table 2. A statistically significant instantaneous level increase of 1.547 
million DDDs (p < 0.001) was observed in volume. Following the 
intervention, the procurement volume showed an upward trend change, 
but this change was not statistically significant (see Figure 1A).

A statistically significant instantaneous level decrease of CNY 
42.57 million occurred in expenditure in June 2022. However, the 
effect on the long-term trend change in expenditure was not 
statistically significant (p = 0.175) (see Figure 1B).

The baseline level of DDDc at start was CNY 11.172. The policy 
intervention resulted in a statistically significant instantaneous level 
decrease of CNY 5.427 (p < 0.001). Following the intervention, the 
DDDc exhibited a statistically significant downward trend change of 
CNY 0.028 per month (p < 0.05) (see Figure 1C).

In conclusion, the instantaneous level changes for all different 
outcome variables were statistically significant upon policy 
implementation. However, the long-term effect of the NVBP policy 
was not consistently significant in this study.

3.6 ITS analysis of insulin procurement 
volume for different subgroups

The results of the ITS analysis on insulin volume across different 
generations are presented in Table  2. In the month of NVBP 
implementation, the volume of human insulins increased by 0.439 
million DDDs (p < 0.001), while that of insulin analogues rose by 1.13 
million DDDs (p < 0.001). A declining trend in the volume of human 
insulins and an increasing trend for insulin analogues were observed 
after NVBP; however, neither trend reached statistical significance 
(Figure 2A).

ITS analysis of volume by manufacturers is also shown in Table 2. 
The procurement volume of domestic and imported insulins increased 
significantly by 0.978 million DDDs (p < 0.05) and 0.579 million 
DDDs (p < 0.001) at an instantaneous monthly level, respectively, with 
a larger increase observed in domestic insulins. A significant upward 

trend in the volume of domestic insulins was observed following the 
NVBP policy (p = 0.016), whereas imported insulins showed a 
non-significant downward trend (p = 0.342) (Figure 2B).

4 Discussion

The present study examined the impact of the NVBP policy on the 
use of insulin through interrupted time series analysis using the 
procurement data from Guangdong. Overall, we found that after the 
implementation of the NVBP policy, the procurement volume of insulin 
increased in an instantaneous level, while the procurement expenditure 
and DDDc decreased. And there is a rise in the proportion of high-
quality insulin analogue and domestic insulin, which improving overall 
medication quality level and promoting domestic substitution.

The NVBP policy for insulin has effectively saved expenditure. 
Compared with the 2 years prior to the procurement, the expenditure 
on insulin in Guangdong Province decreased by CNY 852.24 million 
in the 2 years following the procurement. According to the National 
Health Service Development Statistical Bulletin (30), the total national 
health expenditure in China surpassed CNY 9 trillion in 2023, 
accounting for 7.2% of GDP. The growth rate of total health 
expenditure not only exceeded the GDP growth rate in China but also 
surpassed the level of OECD countries (31, 32), posing a certain 
challenge to healthcare insurance fund. The reduction in 
pharmaceutical expenditure after NVBP has properly played a 
substantial role in controlling the rapid increase in health expenditure 
and improved the sustainability of healthcare insurance fund. 
However, the saving expenditure from the NVBP policy are primarily 
used to support the development of innovative drugs and the clinical 
application of new technologies, which may dilute the overall impact 
on healthcare system costs.

Patients’ accessibility and affordability to insulin significantly 
improved after NVBP. Insulin procurement volume increased 
substantially after NVBP, enhancing availability for patients to access 
affordable insulin, which aligns with findings from Wang et al. (33), 
Zhao and Wu (26), and Yuan et al. (15, 34), as well as Chen et al. (35) 
that focused on centralized procurement for chemical drugs. However, 
long-term analysis revealed no sustained upward trend in volume, which 

TABLE 2  Results of ITS analysis for insulin volume, expenditure, and DDDc.

Insulin categories Baseline level Baseline trend Level change Trend change

Volume/million DDDs

Overall 7.32*** 0.007 (0.612) 1.547*** 0.008 (0.629)

Human insulin 2.039*** −0.002 (0.616) 0.439*** −0.009 (0.080)

Insulin analogue 5.299*** 0.009 (0.292) 1.13*** 0.017 (0.149)

Domestic insulin 2.296*** 0.003 (0.392) 0.978*** 0.016**

Imported insulin 5.04*** 0.006 (0.477) 0.579*** −0.009(0.346)

Expenditures/million CNY

Overall 81.18*** 0.71(0.078) −42.57*** −0.722(0.175)

DDDc/CNY

Overall 11.172*** 0.014(0.333) −5.427*** −0.042*

All models exhibited statistically significant results (p < 0.05) with no evidence of autocorrelation. p values corresponding to coefficients are reported in parentheses; *p < 0.05, **p < 0.01, and 
***p < 0.001. ITS, interrupted time series; DDDs, defined daily doses; DDDc, defined daily dose cost.
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FIGURE 2

Results of ITSA on insulin procurement volume in different subgroups. (A) The result of ITS on volume in human insulin and insulin analogue. (B) The 
result of ITS on volume in domestic insulin and imported insulin.

may be attributed to the biphasic insulin (e.g., insulin degludec and 
insulin aspart) included in medical insurance (33), exerting a alternative 
effect on winning insulin in NVBP. The research by Chen et al. (36) and 
Zhang et  al. (37) pointed out that there was a negative correlation 
between economic indicators and insulin use. Due to the high per capita 
GDP in southern China, the proportion of new hypoglycemic drugs is 
higher. Therefore, the long-term trend of insulin volume not showing a 

significant increase may also be  related to the rapid increase in the 
clinical use of new hypoglycemic drugs, such as SGLT-2 inhibitors, 
GLP-1 receptor agonists, and DPP-4 inhibitors. The result indicates that 
the impact of NVBP policy is more accurately described as a one-time 
structural ‘shock’ that reshaped price and market dynamics, exploring a 
new equilibrium. The market initially responded to the shock, but the 
absence of a clear, continuous long term trend. Therefore, while the 

FIGURE 1

Trends in insulin volume, procurement expenditure, and DDDc. (A) The volume trend of insulin before and after the NVBP policy. (B) The expenditure 
trend of insulin before and after the NVBP policy. (C) The price trend of insulin before and after the NVBP policy.
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NVBP policy may have delivered short-term benefit in terms of price 
reduction and efficiency gains, its long term influence on healthcare 
accessibility and system sustainability remains uncertain (7). This calls 
for ongoing monitoring and flexible policy adaptation to ensure that any 
negative longer-term consequences are addressed promptly.

The DDDc of insulin decreased from CNY 11.24 to CNY 5.57 
after the policy implementation—a reduction exceeding 50%. The 
observed reduction in DDDc provides substantial financial relief to 
many insulin-dependent patients, particularly those who were 
previously struggling to afford this life-sustaining medication. 
However, a nearly 50% decrease in DDDc of insulin does not directly 
indicate that patients with diabetes have reduced the same expenditure, 
since insulin expenditure is only a part of the expenditure of patients 
with diabetes, and there may even be  a compensatory cost shift 
phenomenon that other diabetes-related treatment or examination 
expenses increased after the decrease in insulin price. Therefore, future 
research can comprehensively evaluate the impact of the NVBP policy 
on patient expenditure from the perspective of diabetes management.

The NVBP policy has facilitated the upgrading of insulin usage, 
thereby optimizing the insulin utilization pattern in China. 
Compared with human insulins, insulin analogues exhibit superior 
pharmacokinetic properties, more closely mimicking the natural 
secretion pattern of insulin in human body, which associating with 
a lower risk of treatment-related hypoglycemic events, improving 
glycemic control, offering greater flexibility and convenience in 
injection timing, and effectively enhancing patient medication 
adherence and treatment outcome (38, 39). The volume of insulin 
analogues increased more significantly than that of human 
insulins, with an increased market share after NVBP. This may 
highlight a difference between the effect of the NVBP policy for 
biologics and chemical drugs. Centralized procurement of 
biologics may enhance patient access to upgraded products by 
narrowing the price gap between normal and upgraded products, 
thereby promoting the innovation and upgrading of biologics. In 
Guangdong Province, the average usage proportion of insulin 
analogues increased from 72.73 to 75.23%, indicating an upgrading 
of patient medication structure. The volume proportion of insulin 
analogues exceeded that of some developed countries (40). 
According to the NHSA, the proportion of insulin analogues use 
has increased to 70% at the national level following the 
implementation of centralized procurement, bringing it closer to 
the medication structure seen in European countries. Following 
the completion of the insulin procurement agreement in 2024 and 
subsequent renewal procurement, the national reported volume for 
human insulin was approximately 76 million shots, while that for 
insulin analogue insulin was about 165 million shots (41). The 
proportion of insulin analogue increased from 58% at the initial 
reporting to 69%, reflecting the optimization of insulin utilization 
pattern in China. Furthermore, we found a significant portion of 
the overall reduction in insulin procurement expenditure (91.08%) 
can be attributed to the reduction in insulin analogues expenditure, 
consistent with the findings of Yuan et al. (7). After the NVBP, the 
DDDc difference between human insulins and insulin analugues 
narrowed, promoting the availability for patients with diabetes to 
acquire more high-quality insulin analogues.

The reliance on imported insulin has been reduced after NVBP, 
mitigating supply chain risks. Following NVBP, the proportion of 
domestic insulin in volume increased from 31.8 to 38.9%, expanding 

its market share. The procurement volume of domestic insulin has 
shown a significant upward trend after NVBP, while imported insulin 
has exhibited a non-significant decline, promoting the substitution of 
domestic insulin for imported insulin to some extent. Domestic 
insulin manufacturers get the opportunity for rapid hospital adoption 
attributing to the NVBP policy, accelerating the domestic substitution 
process, which is beneficial for reducing supply chain risks and 
enhancing supply stability under the global tariff uncertainty. Similar 
findings were reported by Wang et al. (42), who, using a difference-in-
differences approach, demonstrated that the NVBP Policy effectively 
promoted the substitution of original drug by generic drug.

This quantitative analysis of insulin procurement demonstrates 
that China’s volume-based procurement policy has effectively reduced 
healthcare expenditure while improving medication accessibility and 
affordability. The policy has successfully facilitated therapeutic 
upgrading of insulin products, enhanced supply chain resilience, and 
embodied the principles of value-based healthcare, offering valuable 
insights for medical reforms in other countries.

5 Limitation

Firstly, this study used data only from Guangdong due to data 
availability. While Guangdong is a major province economically and 
demographically in China, with a per capita GDP is equivalent to that 
of some European and South American countries. The utilization 
pattern of insulin may be different from that of some economically 
underdeveloped provinces in China, so it is not suitable for direct 
extrapolation to the national situation.

Secondly, although this study utilized data from 25 observations 
both before and after the policy intervention, meeting the requirement 
for fitting an interrupted time series model, the 25-month post-policy 
period may still be insufficient to fully assess the long-term effect of 
the policy. Future research should extend the observation period to 
further validate the findings of this study.

Finally, the study focused on the impact of the NVBP policy on 
insulin utilization, without accounting for other potential influencing 
factors—such as per capita GDP, education levels, or the utilization of 
new hypoglycemic agents —that could affect observed outcomes. 
Additionally, the constitution of healthcare costs is a highly complex 
and interconnected systemic issue, reductions in insulin price do not 
be consistent to decreased expenditures for patients with diabetes or 
lower overall healthcare costs. Future research should further 
investigate potential spillover effects of insulin expenditure saving on 
other medical expenditure.
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A queuing game theory approach
to strategies for supplementing
medical alliances with internet
hospitals

Xin Zhang, Yue Meng and Jiachun Li*

Management School, Tianjin Normal University, Tianjin, China

With large hospitals actively establishing Internet-based healthcare initiatives to

facilitate the downward referral of discharged patients, it is essential to examine

the conditions under which such implementations are truly beneficial. This study

categorizes medical alliances (MAs) into two types: tightly integrated and loosely

integrated. Utilizing queuing-game theory, we constructed a two-stage model

to evaluate referral efficiency, measured by the volume of downward referrals

from tertiary hospitals and the effort levels exerted by community hospitals. By

comparing MAs with and without supplementary internet hospitals, we identify

the circumstances in which hospital-established internet hospitals enhance

patient referrals. The findings indicate that within tightly integrated MAs, the

referral volume increases with the potential patient arrival rate. When the cost

coefficient of internet hospitals is low, MAs that incorporate internet hospitals

demonstrate both higher referral volumes and increased effort, with profits

favored by Internet-based healthcare under low arrival rates. In loosely integrated

MAs, effort levels exhibit a similar pattern while referral volume depends heavily

on the revenue-sharing ratio of the internet hospital. Specifically, referral volume

increases when the ratio is low, arrival rates are high, and cost coefficients remain

low. Conversely, at high revenue-sharing ratios, referral volumes rise regardless

of the cost coefficient, provided arrival rates are either low or high. For tertiary

hospitals, profits are higher with Internet-based healthcare only under low arrival

rates when the revenue-sharing ratio is low; this threshold declines as the cost

coefficient increases. When the ratio is high, digital healthcare consistently yields

higher profits. For community hospitals, a low ratio leads to higher profits only

within a moderate range of arrival rates—a range that narrows with rising cost

coefficients. Under high ratios, profitability improves only at low arrival rates and

increases alongside the cost coefficient.

KEYWORDS

downward referral efficiency, Internet-based healthcare, referral optimization, medical
alliance, two-stage queuing game

1 Introduction

With rapid socioeconomic development and continuous improvement in living
standards, the demand for healthcare services is rising. Although the overall supply of
medical resources increases each year, challenges such as high costs, limited access, uneven
distribution, and underutilization of services persist. Consequently, the government has
promoted a hierarchical healthcare system, encouraging collaboration and division of labor
among medical institutions at different levels and shifting general diagnoses and treatments
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to primary care settings. However, factors such as conflicting
hospital interests and limited service capacity of primary care
facilities impede the effective implementation of two-way referrals.
To refine and popularize the hierarchical diagnosis and treatment
system, promote downward patient referrals, and alleviate the
imbalance between healthcare supply and demand, China has
actively encouraged the development of medical alliances (MAs)
since 2009. By the end of 2023, over 18,000 MAs have been
established nationwide, enabling 14.722 million downward patient
referrals—a 29.9% increase over the previous year. The issue of MA
referral efficiency is crucial for the implementation of hierarchical
treatment policies, yet it has received limited scholarly attention
to date.

At the same time, ongoing advancements in information
technology have given rise to new models of healthcare delivery.
Among them, Internet-based healthcare has rapidly expanded—
especially under normalized epidemic prevention and control—
easing the burden on central hospitals. This model provides
robust technological support for initial consultations within MA
community clinics, chronic disease management, prescription
renewals, and two-way referrals. As such, innovative collaborations
incorporating Internet-based healthcare contribute meaningfully
to the development of a hierarchical treatment system. While some
scholars have explored the integration of Internet-based healthcare
and MAs, critical questions remain—particularly whether such
integration genuinely benefits hierarchical healthcare delivery.
Therefore, examining the complementary role and operational
mechanisms of Internet-based healthcare within MAs is essential
for advancing the implementation of hierarchical treatment and
enhancing downward referral effectiveness.

Building upon this, this study aims to identify the optimal
strategies for supplementing MAs with Internet-based healthcare.
Initially, existing literature on the collaboration between internet
hospitals and MAs, patient referrals, and MA queuing service
systems will be reviewed and synthesized. Drawing from this
body of research, we develop a two-stage queuing-game model to
capture the dynamic interactions among tertiary A-level hospitals,
community hospitals, internet hospitals, and patients. Referral
efficiency is quantified by the volume of downward referrals from
tertiary hospitals and the effort level of community hospitals.
By optimizing the model and analyzing objective functions and
equilibrium solutions under varying conditions, we compare the
referral efficiency of MAs with and without internet hospital
support. This comparison allows us to identify the conditions under
which hospital-established internet hospitals effectively facilitate
patient referrals.

2 Literature review

The relevant literature for this study spans four key domains:
Internet-based healthcare, medical alliances (MAs), hierarchical
diagnosis and treatment, and queuing service systems.

In recent years, research on internet hospitals has primarily
centered on innovations in telemedicine and remote monitoring
technologies, exploring how these tools can enhance healthcare
efficiency and improve patient management and disease

monitoring. Davis et al. noted that remote medical services
have entered a phase of stable growth, with Internet-based
healthcare effectively facilitating remote diagnosis, monitoring,
and doctor–patient communication through technologies
such as video conferencing, sensors, and wearable devices
(1). Ahmad et al. explored the potential opportunities and
adaptive challenges of blockchain technology in telemedicine
and remote healthcare fields. Blockchain plays a critical role
in strengthening information security and privacy protection,
while also enhancing the transparency of business operations.
By ensuring the immutability and traceability of data, it enables
effective monitoring of fraudulent activities such as false patient
insurance claims and physician credential verification (2). As
research into the behavior of Internet healthcare users deepens,
the significance of satisfaction evaluation has become increasingly
apparent. Singh et al. conducted empirical studies to examine the
differing expectations of patients and doctors within the emerging
Internet healthcare device ecosystem. Their findings revealed that
device usability significantly boosted patient satisfaction, whereas
the increase in doctor satisfaction was comparatively modest (3).
Wang et al. employed Python crawlers to extract text content
from Internet healthcare platforms and applied natural language
processing (NLP) techniques to develop an information quality
evaluation index system (4). Some scholars focus on the regulatory
issues of Internet-based healthcare. Marelli et al. pointed out that
the rapid advancement of digital healthcare has outpaced the
adaptability of existing data governance systems, necessitating the
construction of more flexible and rapidly responsive regulatory
policies (5). Xanthidou et al. conducted an in-depth study on
the application of electronic health records, identifying several
challenges related to data access rights, security regulations,
and authorization protocols. In summary, existing research on
Internet-based healthcare predominantly addresses its service
benefits, user adoption, and regulatory challenges. However,
studies examining the collaboration between Internet healthcare
and MAs remain limited. This study bridges that gap by integrating
Internet-based healthcare with MAs, investigating the effectiveness
of Internet healthcare as a supplementary channel to enhance
downward patient referrals within MAs, thereby expanding the
research landscape of Internet-based healthcare (6).

Another stream of literature pertains to MAs. Due to
differences in social structures and healthcare systems worldwide,
no universally consistent concept functionally or structurally
equivalent to the “Medical Alliance” has yet emerged. The closest
international counterpart is integrated healthcare services, which
emphasize collaborative operations and comprehensive integration
among medical institutions. This approach aims to optimize the
allocation of medical resources while simultaneously improving
service fairness and accessibility. Some scholars have explored
the development of integrated healthcare services. For example,
Bernard argued that rapid advances in Internet technology have
positioned telemedicine services as a vital tool for optimizing
medical resource allocation and management, thereby significantly
enhancing healthcare efficiency and accessibility (7). Baxter et al.
developed an integrated healthcare service model grounded in
evidence-based policy and assessed its effectiveness in improving
patient service quality, optimizing labor structure, streamlining
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work processes, maintaining financial stability, and strengthening
management integration (8). Some researchers concentrate on
model innovation and practical application. Li et al. examined the
development of a tightly integrated medical alliance at the Second
People’s Hospital of Guangdong Province, identifying innovative
approaches and categorizing the construction of tightly integrated
MAs into three distinct models: business-led, participatory
advisory, and menu-customized (9). Some scholars focus on the
effectiveness evaluation of MAs. He et al., using urban MAs as
their research subject and employing the difference-in-differences
method, found that MAs significantly enhance the medical
service capacity, clinical standards, and administrative efficiency
of secondary and lower-level hospitals within the alliance. These
improvements are driven by strengthened technology spillover
and management coordination effects, which also contribute to
more harmonious doctor–patient relationships (10). Currently,
research on the collaboration between MAs and Internet-based
healthcare is limited. Most studies concentrate on the application
of MA and Internet healthcare collaboration in promoting the
hierarchical diagnosis and treatment system (reviewed in the
section on hierarchical diagnosis and treatment). A smaller subset
of research examines the informatization of MAs. For example,
Xu et al., in addressing the uneven distribution of medical
resources among hospitals, emphasized the construction and
application of information platforms. Their work actively explores
the role of “Internet+” in advancing MA development, with the
goal of achieving vertical integration of medical resources and
strengthening primary healthcare service capacity (11). Wang
et al. pointed out that insufficient interoperability of information
systems within MAs is a major obstacle, highlighting the urgent
need to strengthen and optimize Internet platform infrastructure
while also improving public awareness and acceptance (12). In
summary, both domestic and international scholars have examined
the construction and practical application of MAs, yet research
on their collaboration with Internet hospitals remains limited,
primarily focusing on the informatization of MAs. Few scholars
have explored the selection problem of Internet hospitals within
MAs, but the research assumes hospital scale as the premise. This
paper uses the downward referral efficiency of MAs promoted by
Internet-based healthcare as the basis to explore the selection of
hospital-owned Internet hospitals by MAs.

Due to differences in healthcare system structures and
policy environments across countries, the concept of hierarchical
diagnosis and treatment has not been formally established
abroad. Its closest counterpart is the three-tier healthcare service
system. Nonetheless, there is broad consensus within the medical
community on the necessity of implementing hierarchical diagnosis
and treatment systems. Greenfield et al. found that primary
healthcare services are highly effective in controlling medical
costs and play a key role in easing the burden on medical
resources. However, the practical implementation of a hierarchical
diagnosis and treatment system remains complex, requiring large-
scale system coordination and being influenced by a wide range
of factors (13). Zhao evaluated the impact of MA policies on
hierarchical diagnosis and treatment from the perspective of
medical staff, finding that the institutional level significantly
influences evaluation outcomes. Primary medical institutions, in

particular, tend to focus on policy formulation and implementation
to secure associated benefits (14). Some scholars have examined
the optimization of MA resource allocation. Liu et al. and Wang
et al. investigated the problem of determining optimal referral
rates in a two-tier service system—comprising tertiary hospitals
and community hospitals—by constructing sequential game
models under both centralized and decentralized decision-making
scenarios (15, 16). Other scholars focus on research concerning
the hierarchical diagnosis and treatment system under the MA
framework. Ma et al. believe that MAs are important carriers of
the hierarchical diagnosis and treatment system. Based on practical
observations, they identified several challenges, including weak
incentives for downward referrals, limited primary care capacity,
and difficulties in coordinating the interests of MA member
institutions. To address these issues, they proposed measures such
as improving referral procedures, strengthening triage guidance,
leveraging the strengths of primary care, and enhancing the overall
service capabilities of lower level institutions (17). Some scholars
have explored the construction of hierarchical diagnosis and
treatment systems and the development of new models from the
perspective of “Internet+”. Heng et al. proposed that “Internet+”
hierarchical diagnosis and treatment utilizes informatization
and intelligent means to assist MAs in efficiently integrating
regional medical resources. Leveraging localized advantages, it can
maximally integrate medical resources and improve diagnostic
efficiency (18). In recent years, many scholars have realized
the important role of the hierarchical diagnosis and treatment
system in alleviating the problem of unreasonable medical
resource allocation and have studied patient downward referrals.
Wang et al. using simulation optimization techniques, verified
that implementing downward referral strategies can effectively
alleviate resource constraints in higher-level hospitals and improve
resource utilization in lower-level hospitals (19). In addition to
constructing queuing optimization models to find optimal referral
strategies, some scholars consider the non-cooperative competitive
relationship between general hospitals and primary care hospitals,
analyzing the game interactions among multiple participants.
Yao et al. constructed a three-party evolutionary game model
involving medical insurance departments, hospitals, and critically
ill patients in tertiary hospitals. They explored the evolutionary
paths and influencing factors of hospital and patient strategies
under different government coordination strategies, concluding
that the government holds a coordinating C-level position in
advancing hierarchical diagnosis and treatment (20). Most of
the literature reviewed examines Internet-based healthcare as a
supplementary pathway for MAs, highlighting its potential and
effectiveness in advancing the hierarchical diagnosis and treatment
system. However, its actual impact remains contested, and diverse
“Internet+MA” models have been proposed and studied. Some
scholars conduct quantitative research on optimizing medical
resource allocation in the hierarchical diagnosis and treatment
system, but their studies do not incorporate Internet-based
healthcare. This paper integrates Internet-based healthcare with
MAs, employing quantitative mathematical modeling to examine
the effectiveness of Internet healthcare as a supplementary channel
for promoting patient downward referrals, thereby expanding the
research frontier on their collaboration.
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Furthermore, queuing theory provides a solid methodological
foundation for optimizing resource allocation and utilization,
facilitating rigorous and precise analysis of complex real-world
queuing challenges. International scholars have applied queuing
theory principles and methods to develop scientific optimization
solutions for hospital operations. Tyagi et al. aiming to reduce
patient waiting times and improve medical resource utilization,
applied queuing theory to optimize the number of servers
in a healthcare service system (21). Ala et al., through case
studies applying queuing theory, utilized mixed-integer linear
programming (MILP) and approximate solution algorithms (ASA)
to tackle supply chain network design and patient scheduling
problems in healthcare (22). Wang Wenjuan et al. established an
integrated queuing and game model for a referral system, exploring
how the government can incline patients toward initial community
consultations by configuring hospital scales and adjusting medical
service prices (23). Yu used queuing theory to construct a
game model involving patients, tertiary A-level hospitals, and
community hospitals, investigating effective subsidy strategies to
guide the downward allocation of medical resources (24). This
study similarly employs queuing theory to analyze the downward
referral efficiency of MAs. However, unlike previous studies, it
incorporates Internet-based healthcare into the model, examining
its impact on stakeholders, decision-making stages, and processes
within MAs under various cooperation modes following the
integration of Internet hospitals, thereby expanding the scope of
existing research.

In summary, while existing literature offers valuable insights,
a comprehensive review reveals notable gaps. Building on prior
research, this paper develops a queuing-game model to evaluate the
effectiveness of hospital-owned Internet hospitals in supplementing
MAs and facilitating patient downward referrals. Furthermore, it
advances the analysis by categorizing MAs by type and exploring
optimal strategies for integrating Internet hospitals across different
MA models.

3 Model development

This study considers a two-tier healthcare service system
comprising one tertiary A-level hospital (hereinafter referred to
as the tertiary hospital) and one community hospital. Patients
initially visit the tertiary hospital, which refers those with milder
conditions to the community hospital, while retaining severe cases
for further treatment. The tertiary hospital offers more specialized
services at higher costs, whereas the community hospital treats
only minor cases at lower costs. With the introduction of Internet-
based healthcare, the tertiary hospital can enhance the community
hospital’s service capacity through online support. This not only
helps free up its own resources and accommodate more patients
but also promotes more efficient use of community hospital
resources, thereby improving the overall performance of the
healthcare system.

Patients arrive at the tertiary hospital according to a Poisson
distribution with a potential arrival rate of �. Based on their
perceived utility U, patients decide whether to enter the system.
Those who ultimately receive treatment are termed the effective

arrival rate, denoted by λe. For instance, if 25 patients seek
treatment (indicating a potential arrival rate of 25), but 5 patients
opt out due to factors like long wait times, the remaining
20 constitute the effective arrival rate. Patient conditions are
heterogeneous and represented by ϕ, where a higher ϕ, indicates
a more severe condition and increased likelihood of remaining in
the tertiary hospital for follow-up care. The community hospital
can only provide follow-up services for patients with ϕ ∈ [0, ϕ0],
Thus, the downward referral quantity to the community hospital is
q = ∫ ϕ0

0 f (ϕ)dϕ. That is, the clinical transfer criteria established by
tertiary hospitals.

Assume the service capacity of the tertiary hospital is constant
at vH . If a patient receives complete treatment at the tertiary
hospital, the total service time follows an exponential distribution
with mean 1

vH
, Let θ

vH
and 1−θ

vH
represent the time for surgery

and subsequent recovery, respectively. θ denotes the proportion of
time allocated to preliminary surgical treatment at tertiary hospitals
relative to total treatment time. When θ = 0.4, this indicates that
surgical procedures constitute 40% of the total treatment duration.
After completing surgical treatment at the tertiary hospital, a
patient has a probability q

λe
of being referred to the community

hospital and a probability 1 − q
λe

of remaining in the tertiary
hospital. Assume the cost of treatment is fully covered by the
Medical Insurance Bureau. Under the DRG-based payment system,
the tertiary hospital earns a revenue of g1 and incurs a cost of C1H
for providing initial surgical treatment services per patient. For
providing subsequent recovery services, the revenue is g2 and the
cost is C2H .

Assume the community hospital’s service capacity is constant
at vL, and it serves referred patients. Referred patients arrive at the
community hospital following a Poisson distribution with rate q.
Drawing lessons from Shenzhen’s capitation-based payment model
for primary care clinics, the community hospital earns a revenue
of gL and incurs a cost of CL for providing subsequent recovery
services per patient. Community hospital require corresponding
manpower, technology and other inputs to provide services, that
is the effort level e. The effort-related cost required for the
community hospital to enhance its service level is CE = Cee2, which
increases with the effort level e. When Internet-based healthcare is
introduced, the community hospital’s effort-related cost becomes
CE = Cee2

γ
, where γ represents the service level provided by

the Internet hospital; the unit effort-related cost decreases as γ

increases. When the community hospital fails to treat a patient due
to insufficient capacity, it incurs a penalty cost M = mq2

e . This
penalty cost increases with the referral quantity q and decreases
with the effort level e. In a tightly integrated MA, the entire
MA bears the penalty cost. In a loosely integrated MA, the
cost is shared proportionally, with the tertiary hospital bearing
αMand the community hospital bearing (1 − α)M, where α is an
exogenous parameter.

Assume the Internet hospital has sufficient service capacity.
Based on the current operations of the Bohe Doctor Platform,
the initial establishment phase requires investment in development
costs, with technical and operational expenditures increasing
as more personalized services are offered. The construction
and operation of the Internet hospital incur a corresponding
technological cost Cp = d2

γ , where dis the marginal cost.
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Drawing on the revenue-sharing mechanism implemented by
Shanghai Putuo District Central Hospital, community hospitals
receive reimbursements from health insurance funds for accepting
rehabilitative patients, while the internet platform retains 10% as
a technical support fee. The Internet hospital adopts a revenue-
sharing model to distribute the revenue obtained from treating
referred patients at the community hospital, gs = βgL.

This study examines tightly integrated and loosely integrated
MAs before and after the introduction of hospital-owned
Internet hospitals.

Scenario 1: Tightly integrated MA without the Internet
hospital. The MA determines the optimal referral quantity q (from
the tertiary hospital) and effort level e (of the community hospital)
based on maximizing overall profit. Patients then decide whether to
seek treatment based on their individual utility.

Scenario 2: Loosely integrated MA without the Internet
hospital. The tertiary hospital first decides the referral quantity q
based on maximizing its own profit. Then, the community hospital
determines its effort level e. Finally, patients decide whether to enter
the system.

Scenario 3: Tightly integrated MA with the hospital-owned
Internet hospital. The MA determines the optimal referral quantity
q, community hospital effort level e, and Internet hospital service
level γ based on maximizing overall profit. Patients then decide
whether to seek treatment.

Scenario 4: Loosely integrated MA with the hospital-owned
Internet hospital. The tertiary hospital first determines the
referral quantity q and Internet hospital service level γ based
on maximizing its own profit. Then, the community hospital
determines its effort level e. Finally, patients decide whether to enter
the system.

3.1 Patient treatment choice decision
model

Let U represent the net utility for a patient entering the
healthcare system. Assuming treatment costs are fully covered by
medical insurance, if a patient enters the tertiary hospital, their
expected waiting time is E(ε). The net utility can be expressed as:

U = R − bE (ε) (3.1)

where E(ε) = λeθ
2+(1−θ)(λe−q)

vH (vH−λe+q(1−θ)) , is the patient’s perceived value of
treatment, and b is the cost per unit of waiting time. Patients choose
to enter the tertiary hospital if U ≥ 0.

Theorem 3.1:The patient’s equilibrium arrival rate λe depends
on the potential arrival rate � and the tertiary hospital’s referral
quantity q.

The equilibrium arrival rate is:

λe =

⎧⎪⎪⎨
⎪⎪⎩

λ0, 0 < q <
(b + b(1 − θ)θ + RvH)� − Rv2

H
(1 − θ)(b + RvH)

�,
(b + b(1 − θ)θ + RvH)� − Rv2

H
(1 − θ)(b + RvH)

≤ q ≤ �

(3.2)

λ0 = Rv2
H + q(1 − θ)(b + RvH)

bθ2 + b(1 − θ) + RvH

Given a constant potential arrival rate �, when the tertiary
hospital’s referral quantity is small, more patients utilize the tertiary
hospital’s resources for subsequent recovery, leading to longer
waiting times due to insufficient capacity. Thus, the equilibrium
arrival rate λe increases with the referral quantity q. Once q exceeds
a certain threshold, the tertiary hospital’s capacity is sufficient
to handle all incoming patients’ initial treatment services, so all
potential patients enter the system, and λe no longer changes,
becoming equal to �.

3.2 MA revenue model without internet
hospital introduction

Tightly integrated MA: The MA obtains revenue from services
provided by both hospitals but bears the penalty cost and the
community hospital’s effort-related cost collectively. The MA
determines the optimal referral quantity q and effort level e to
maximize overall profit.

Total profit function:

πT = (g1 − C1H)λe + (g2 − C2H)(λe − q) + (gL − CL)

q − CE(e)q − M(q, e) (3.3)

Theorem 3.2: In a tightly integrated MA, there exist optimal
q and e that maximize profit. The optimal effort level for the
community hospital is e1 = 3

√
mq
2Ce

. The optimal referral quantity q
depends on the potential arrival rate � :

qC =

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

�, 0 < � ≤ q2

q2, q2 < � ≤ Rv2
H+q2(1−θ)(b+RvH )
bθ2+b(1−θ)+RvH

q0, Rv2
H+q2(1−θ)(b+RvH )
bθ2+b(1−θ)+RvH

< � ≤ Rv2
H+q1(1−θ)(b+RvH )
bθ2+b(1−θ)+RvH

q1, � >
Rv2

H+q1(1−θ)(b+RvH )
bθ2+b(1−θ)+RvH

Loosely integrated MA: Hospitals make decisions separately.
The tertiary hospital maximizes its profit to determine q, and
the community hospital maximizes its profit to determine e,
considering their respective shares of the penalty cost.

Tertiary Hospital Profit:

πH = (g1 − C1H)λe + (g2 − C2H)(λe − q) − αM(q, e) (3.4)

Community Hospital Profit:

πL = (gL − CL)q − CE(e)q − (1 − α)M(q, e) (3.5)

Theorem 3.3: In a loosely integrated MA, optimal q and e exist.

The optimal effort level is e2 = 3
√

(1−α)mq
2Ce

. The optimal referral
quantity q D depends on � :

qD =

⎧⎪⎪⎨
⎪⎪⎩

q0, � ≤ Rv2
H + q3(1 − θ)(b + RvH)
bθ2 + b(1 − θ) + RvH

q3, � >
Rv2

H + q3(1 − θ)(b + RvH)
bθ2 + b(1 − θ) + RvH
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FIGURE 1

Referral quantity in a tightly integrated MA before and after the

introduction of internet medical care (d = 0.2).

3.3 MA revenue model with internet
hospital introduction

Tightly integrated MA: The MA earns revenue, facilitates
referrals via the Internet hospital, and helps the community
hospital improve its service level. The MA bears the penalty cost,
effort-related cost, and Internet hospital cost. It determines optimal
q, e, and γ .

Total Profit Function:

πT = (g1 − C1H)λe + (g2 − C2H)(λe − q) + (gL − CL)q

−CEq − M − Cp (3.6)

Theorem 3.4: In a tightly integrated MA with an Internet
hospital, optimal q, e, and γ exist. The optimal effort level is
e3 = 3

√
γ mq
2Ce

. The optimal referral quantity qC depends on �. The
maximum profit:

qC =

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

�, 0 < � ≤ q6

q6, q6 < � ≤ Rv2
H+q6(1−θ)(b+RvH )
bθ2+b(1−θ)+RvH

q0, Rv2
H+q6(1−θ)(b+RvH )
bθ2+b(1−θ)+RvH

< � ≤ Rv2
H+q5(1−θ)(b+RvH )
bθ2+b(1−θ)+RvH

q5, � >
Rv2

H+q5(1−θ)(b+RvH )
bθ2+b(1−θ)+RvH

Loosely integrated MA: Hospitals decide separately. The
tertiary hospital determines q and γ . The community hospital
determines e. The tertiary hospital shares β of the community
hospital’s revenue gL and both share the penalty cost αMand (1 −
α)M, respectively.

Tertiary Hospital Profit:

πH = (g1 − C1H)λe + (g2 − C2H)(λe − q) + βgLq

−αM(q, e) − Cp(γ ) (3.7)

FIGURE 2

Referral quantity in a tightly integrated MA before and after the

introduction of internet medical care (d = 3.2).

FIGURE 3

The Degree of effort to introduce a tightly integrated MA before and

after the introduction of internet medical care.

Community Hospital Profit:

πL = ((1 − β)gL − CL)q − CE(e)

q − (1 − α)M(q, e) (3.8)

Theorem 3.5: In a loosely integrated MA with an
Internet hospital, optimal q, e, and γ exist. The optimal

effort level is e4 = 3
√

(1−α)γ mq
2Ce

. The optimal referral
quantity qD’ depends on � and the revenue sharing
factor β :
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FIGURE 4

Profits of a tightly integrated MA before and after the introduction of internet medical care (d = 0.005).

FIGURE 5

Profits of a tightly-integrated MA before and after the introduction of internet medical care (d = 0.2).

If β ≥ g2 − C2H

gL
:

qD =

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

�, 0 < � ≤ q8

q8, q8 < � ≤ Rv2
H+q8(1−θ)(b+RvH )
bθ2+b(1−θ)+RvH

q0, Rv2
H+q8(1−θ)(b+RvH )
bθ2+b(1−θ)+RvH

< � ≤ Rv2
H+q7(1−θ)(b+RvH )
bθ2+b(1−θ)+RvH

q7, � >
Rv2

H+q7(1−θ)(b+RvH )
bθ2+b(1−θ)+RvH

If 0 < β <
g2−C2H

gL
:

qD =
⎧⎨
⎩

q0, � ≤ Rv2
H+q7(1−θ)(b+RvH )
bθ2+b(1−θ)+RvH

q7, � >
Rv2

H+q7(1−θ)(b+RvH )
bθ2+b(1−θ)+RvH

4 Comparative analysis and numerical
simulation

(Using MATLAB simulation with parameters: g1 = 8, C1H = 6,
g2 = 6, C2H , gL = 5, CL = 1, Ce = 1, m = 0.3, R = 10, b = 2,
vH = 5, θ = 0.4.α=0.5 for loosely integrated cases).

4.1 Comparative analysis of optimal
decisions in tightly integrated MA

Proposition 1: The referral quantity in a tightly integrated MA
is influenced by the Internet hospital’s cost coefficient d and the
potential patient arrival rate λ.
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(1) Referral quantity increases with�. When � is very small or
very large (such that some potential patients do not enter), the
Internet hospital cannot increase referrals.

(2) There exists a threshold d∗. If 0 < d<d∗, introducing a
hospital-owned Internet hospital leads to a referral quantity
not lower than without it. If d > d∗, the referral quantity is
higher without the Internet hospital.

Rationale and Simulation (Figure 1 d = 0.2, Figure 2 d = 3.2):
When � is small, MA resources are ample, minimizing penalty
cost dictates low referrals. When � is large but some don’t enter,
raising referrals increases penalty > benefit, so referrals aren’t
increased. As � grows in the mid-range, treatment benefits exceed
penalty costs, encouraging higher referrals. The Internet hospital
enhances community capacity, raising the referral threshold. Low-
cost d means referral benefits cover Internet costs, encouraging
higher service levels (γ ) and thus higher referrals (q3 > q1 in
Figure 1). High-cost d makes Internet operation costly, leading to
lower γ , reduced community effort, and lower referrals to minimize
penalties (q3< q1 in Figure 2 where q1 and q3 denote the downward
referral volumes before and after implementing Internet-based
healthcare in tightly integrated MA, respectively).

Proposition 2: For a given referral quantity, the service effort of
the community hospital in a tightly integrated MA is influenced by
the Internet hospital’s cost coefficient d. There exists d1. If, effort is
higher with the Internet hospital. If 0 < d ≤ d1, effort is higher
without it.

Rationale and Simulation (Figure 3 q=10): When d is low, the
Internet hospital operates at a lower cost and provides a high service
level (γ ), thereby reducing the community hospital’s unit effort-
related cost. To maximize profit (and reduce penalty costs which
decrease with effort), the MA chooses a higher effort level (e3 >

e1). When d is high, the Internet hospital’s cost is high, the MA
reduces γ to save costs, which increases the community hospital’s
unit effort-related cost, leading to lower optimal effort (e3 < e1)
(Figure 3 shows e3 > e1 when d ≤ 6.8, where e1 and e3 represent
the effort levels before and after implementing Internet-based
healthcare in tightly integrated MA, respectively.).

4.2 Comparative profitability analysis in
tightly integrated MA

Proposition 3: The profit margin in a tightly integrated MA
(with vs. without Internet hospital) depends on � and d.

(1) There exists �1. If 0 < � ≤ �1, profit is higher with the
Internet hospital. If � > �1, profit is higher without it.

(2) �1 decreases d as increases.

Rationale and Simulation (Figure 4 d = 0.005, Figure 5 d =
0.2): When � is low, introducing the Internet hospital increases
referrals, boosting community hospital revenue. Scale effects cover
Internet costs, and higher effort reduces penalties, increasing
overall profit. When � is high, the increased referral threshold
exceeds community capacity, leading to high penalty costs that
damage MA profit, making the non-Internet scenario better. �1

FIGURE 6

Referral quantity in a loosely integrated MA before and after the

introduction of internet medical care (β = 0.3, d = 10S).

FIGURE 7

Referral quantity in a loosely integrated MA before and after the

introduction of internet medical care (β = 0.3, d = 50, 000).

(the threshold � where profits equalize) decreases with increasing
d because higher Internet costs reduce the profitability range for the
Internet hospital scenario (smaller referral increase, lower effort,
higher potential penalty).

4.3 Comparative analysis of optimal
decisions in loosely-integrated MA

Proposition 4: Referral quantity in a loosely-integrated MA
depends on d, revenue sharing ratio β , and �.
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FIGURE 8

Referral quantity in a loosely integrated MA before and after the

introduction of internet medical care (β = 0.5, d = 100).

FIGURE 9

Referral quantity in a loosely integrated MA before and after the

introduction of internet medical care (β = 0.5, d = 50, 000).

(1) If 0 < β <
g2−C2H

gL
(low sharing): For low �, Internet

hospital cannot increase referrals. For high �, there exists d1.
If 0 < d < d1, referrals are higher with the Internet hospital. If
d ≥ d1, referrals are higher without it.

(2) If β ≥ g2−C2H
gL

(high sharing): For low �, Internet hospital
can increase referrals. For high �, there exists d2. If 0 < d <

d2, referrals are higher with the Internet hospital. If d ≥ d2,
referrals are higher without it.
Rationale and Simulation (Figure 6 β =0.3, d =10; Figure 7 β

= 0.3, d = 50,000; Figure 8 β = 0.5, d = 100; Figure 9 β = 0.5,
d = 50,000):
Low β , low �: Tertiary hospital lacks incentive to refer as it
gets a little share of community revenue.

FIGURE 10

Degree of effort of loosely integrated MA before and after the

introduction of internet medical care.

Low β , high �: Tertiary hospital refers more. If d is low,
Internet costs are covered by increased tertiary revenue (from
reduced penalty share αM& βgL), supporting higher γ and
referrals. If d is high, Internet cost > benefit, tertiary reduces
γ and referrals.
High β , low �: Tertiary incentive exists (βgL > g2). Even
with low �, some referrals occur. Internet hospital (even
if costly) can be used moderately to improve community
services without high cost, facilitating referrals.
High β , high �: Tertiary wants high referrals. If d is low,
Internet is cost-effective. If d is high, high γ is too costly, so
tertiary reduces γ and referrals to balance costs. Let q2 and
q4 denote the downward referral volumes before and after
implementing Internet-based healthcare in loosely-integrated
MA, respectively.

Proposition 5: For a given referral quantity, community
hospital effort in a loosely integrated MA depends on d. There exists
d1. If d1, effort is higher with the Internet hospital. If d > d1, effort
is higher without it.

Rationale and Simulation (Figure 10 q = 10): Similar logic
to Proposition 2, but driven by the tertiary hospital’s decision on
γ (to maximize its own profit by influencing penalty cost γ M)
and the community hospital’s response (balancing its revenue (1 −
β)gL against effort-related cost Cee2

γ
and penalty ((1 − α)M). Low

d > high γ chosen by tertiary > lower unit effort-related cost
for community > higher e chosen by community. High d > low
> higher unit effort-related cost> lower e. e2 and e4 represent
the effort levels before and after implementing Internet-based
healthcare in loosely integrated medical MA, respectively.

4.4 Comparative profitability analysis in
loosely integrated MA

Proposition 6: The tertiary hospital’s profit margin depends on
�, d, and β .
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FIGURE 11

Profits of tertiary A-level hospitals before and after the introduction of internet medical care (β = 0.3).

FIGURE 12

Profits of tertiary A-level hospitals before and after the introduction of internet medical care (β = 0.5).

(1) If 0 < β <
g2−C2H

gL
: There exists �2. If 0 < � ≤ �2, profit is

higher with the Internet hospital. If � > �2, profit is higher
without it. �2 decreases as d increases.

(2) If β ≥ g2−C2H
gL

: Profit is always higher with the Internet
hospital. The profit advantage decreases as d increases.
Rationale and Simulation (Figure 11 β =0.3, d=10, d =20;
Figure 12 β =0.5, d =100, d=200):
Low β , low � : Tertiary lacks referral incentive, Internet offers
little benefit.
Low β , mid � : Internet helps increase referrals, brings
revenue (βgL), reduces penalty share (αM)> profit increases.
Low β , high � : High referrals> high penalty cost share >

profit erodes. Threshold �2 exists. Higher d> lower γ , smaller
referral increase, less benefit > �2 decreases.
High β : The tertiary A-grade hospital always benefits from
referrals. Internet facilitates this, adds revenue (βgL), and

reduces penalty share. Even when d is high, it merely reduces
the advantage rather than eliminating it—provided that the
Internet hospital’s cost remains lower than the benefit gained
from increased or more efficient referrals.

Proposition 7: The community hospital’s profit margin depends
on �, d, and β .

(1) If 0 < β <
g2−C2H

gL
: There exist �3 and �4 (�3 < �4).

If 0 < � ≤ �3 or � ≥ �4, profit is not higher with the
Internet hospital. If �3 < ��4, profit is higher with it. The
interval[�3, �4] shrinks as d increases.

(2) If β ≥ g2−C2H
gL

: There exists �5. If 0 < � ≤ �5, profit is
higher with the Internet hospital. If � ≥ �5, profit is higher
without it. The profit advantage (when with the Internet)
increases with d.
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FIGURE 13

Profits of community hospitals before and after the introduction of internet medical care (β = 0.3).

FIGURE 14

Profits of community hospitals before and after the introduction of internet medical care (β = 0.5).

Rationale & Simulation (Figure 13 β =0.3, d=10, d=20;
Figure 14 β =0.5, d =100, d=200):
Low β : Community gets small share (1 − β)gL.
Low �: Tertiary doesn’t refer much, Internet changes little for
community profit.
Mid � (�3 < � ≤ �4): Tertiary refers more with Internet.
Community gains revenue ((1 − β)gL) + benefits from higher
γ (lower effort-related cost Cee2

γ
) potentially offsetting penalty

share (1 − α)M> profit increases.
High � (> �4): High referrals exceed capacity, high penalty
share (1−α)M > profit decreases. Higher d > smaller referral
increase, less benefit, higher effort-related cost > interval [�3,
�4]shrinks.
High β : Community gets large share (1 − β)gL.
Low � (≤ �5): Tertiary has an incentive to refer (due to its
own high β). The Internet facilitates this. The community

hospital benefits from increased revenue and reduced unit
effort-related costs, resulting in higher overall profit.
High � (> �5): Tertiary refers heavily. Internet introduction
leads to even higher referrals. However, the resulting rise in
effort and penalty costs for the community hospital outweighs
the additional revenue, leading to a decline in overall profit.
Counterintuitively, profit advantage with Internet increases
with d within the � ≤ range because higher d forces tertiary
to use lower γ , reducing referrals slightly, which lessens the
burden (effort/penalty) on the community hospital compared
to a scenario with very low d and extremely high referrals.

5 Conclusion and outlook

This study addresses the suboptimal implementation of patient
downward referrals within MAs, often driven by conflicting
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interests between tertiary A-grade hospitals and community
hospitals as well as the latter’s limited service capacity. It highlights
the potential of Internet hospitals to promote referrals and enhance
community hospital capabilities. By constructing queuing game
models for tightly integrated and loosely integrated MAs, both
before and after the introduction of hospital-owned Internet
hospitals, this research investigates the conditions under which
such supplementation is effectively promotes patient referrals
across different MA types.

Key findings include:
Tightly integrated MAs: Referral quantity and effort levels

increase with potential patient arrival rates (�). When the Internet
hospital cost coefficient (d) is low, its introduction leads to higher
(or equal) referral quantity and effort compared to scenarios
without it; the opposite holds when dis high. Profitability is higher
with the Internet hospital at lower�, but higher without it at higher
�, with the threshold arrival rate decreasing as d increases.

Loosely integrated MAs: Effort level changes follow a similar
pattern to tightly integrated MAs based on d. Referral quantity
and tertiary hospital profitability are highly sensitive to the revenue
sharing ratio (β). Low β : Internet hospitals increase referrals only
at high � and low d. Tertiary profit is higher with Internet hospitals
only below a certain � threshold (�2), which decreases with d.
High β : Internet hospitals can increase referrals even at low �.
Tertiary profit is consistently higher with Internet hospitals, though
the advantage diminishes with increasing d. Community hospital
profit (Low β): Profitability is higher with Internet hospitals
only within a specific intermediate range of � ([�3, �4]), which
shrinks with increasing d. Community hospital profit (High β):
Profitability is higher with Internet hospitals only below a certain
� threshold (�5). The profit advantage increases with d within
this range.

Based on these findings, several management
implications emerge:

Strategic Introduction: Tightly integrated and loosely
integrated MAs are advised to adopt hospital-owned Internet
hospitals primarily under conditions of high potential patient
inflow and low operational costs associated with Internet hospital
implementation. Capacity Consideration: When implementing
patient referrals, it is essential to account for the service capacity
of community hospitals to avoid excessive referrals that may
incur substantial penalty costs and compromise service quality.
Revenue Sharing Design: Loosely integrated MAs should carefully
calibrate the Internet healthcare revenue sharing ratio (β) to
balance incentives for tertiary hospital referrals while safeguarding
the financial sustainability of community hospitals. Policy Support:
Governments may consider introducing supportive policies—such
as providing technological subsidies to tertiary hospitals for
establishing Internet hospitals—to encourage the adoption of
digital health solutions and advance the implementation of the
hierarchical diagnosis and treatment system.

This study assumes that the payment strategies and standards
of the Medical Insurance Bureau remain static over time. Future
research could incorporate the Medical Insurance Bureau into the
game model to analyze the interplay among the bureau, MAs,
and Internet hospitals, exploring how MA referral efficiency and
Internet healthcare strategy choices might change under dynamic

payment policies. Furthermore, this study focuses exclusively on
hospital-owned Internet hospitals; Future work could broaden
the scope to include third-party Internet hospitals by developing
models that capture the interactions among MAs, Internet
hospitals, and patients, thereby identifying the optimal choice of
Internet hospital provider based on referral efficiency. Additionally,
the current analysis assumes that tertiary hospitals maintain sole
authority over downward referrals. Subsequent research could
explore how patient transfer preferences affect Internet-based
healthcare strategy decisions.
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reform for lumbar disc herniation 
patients in Chinese medicine: a 
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China
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1 School of Traditional Chinese Medicine, Beijing University of Chinese Medicine, Beijing, China, 
2 School of Management, Beijing University of Chinese Medicine, Beijing, China, 3 Guang'anmen 
Hospital, China Academy of Chinese Medicine Sciences, Beijing, China, 4 School of Health 
Management, Gansu University of Chinese Medicine, Lanzhou, China, 5 Gansu Health and Population 
Development Research Center, Gansu Provincial Health and Wellness Commission, Lanzhou, China, 
6 School of Public Health, Lanzhou University, Lanzhou, China, 7 National Institute of Chinese Medicine 
Development and Strategy, Beijing University of Chinese Medicine, Beijing, China

Objectives: Lumbar disc herniation (LDH) presents a significant economic 
burden globally, worsening in China due to an aging population. Traditional 
Chinese Medicine (TCM) offers effective treatment options for LDH, making its 
integration with Diagnosis-Related Groups (DRG) payment reform crucial for 
reducing medical costs and enhancing healthcare quality.
Methods: We analyzed data from hospitalized patients at Qingyang City Hospital 
of Chinese Medicine, Gansu Province, from 2017 to 2022. Univariate analysis 
was conducted to examine changes in patient demographics before and after 
the DRG reform. A single group interrupted-time series analysis (ITSA) model 
was used to compare key indicators of medical costs and length of stay pre- and 
post-reform.
Results: A total of 2,857 LDH patients were included in the study. Pre-DRG 
reform, 1,294 patients were recorded, with males comprising 46.06% and a 
mean age (SD) of 58.29 (14.22) years. Post-DRG reform, 1,563 patients were 
observed, with males accounting for 40.88% and a mean age (SD) of 60.64 
(14.25) years. No significant differences were found in nationality, marital 
status, use of Chinese medicine diagnostic and therapeutic equipment, use 
of Chinese medicine diagnostic and treatment techniques or diagnosis and 
treatment based on Chinese medicine evidence (p > 0.05). However, significant 
differences were noted in sex, age, visit times, admission pathways, admission 
disease status, complications and comorbidities, and surgeries and operations 
(p < 0.05). Healthcare-related costs and length of stay are associated with sex, 
age,visit times, and other factors, showing a positive correlation among different 
costs and length of stay (p < 0.05). Post-reform, average monthly hospitalization 
cost decreased by CNY 36.78 (β β+ = −1 3 36.78,p < 0.05), Chinese medicine cost 
fell by CNY 8.87 (β β+ = −1 3 8.87,p < 0.05), and Western medicine cost dropped 
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by CNY 31.68 (β β+ = −1 3 31.68, p < 0.05). While the rising trend in diagnosis cost 
was curtailed, both medical services cost and TCM treatment cost increased, 
with the length of stay remaining stable.
Conclusion: The DRG reform is associated with lower hospitalization cost and 
reduced costs for both Chinese medicine and Western medicine. However, its 
impact on overall medical services cost, diagnosis cost, TCM treatment cost, 
and length of stay is limited. Future DRG reform should leverage the distinctive 
advantages of TCM, enhance the payment system, improve treatment outcomes, 
and further reduce healthcare costs while shortening hospitalization times.

KEYWORDS

LDH, DRG, TCM, hospitalization cost, Chinese medicine hospitals

1 Introduction

Low back pain is one of modern society’s most common 
orthopedic conditions (1). Currently, over 600 million people suffer 
from low back pain worldwide, and this number is projected to exceed 
800  million by 2050 (2–4). Low back pain attributable solely to 
occupational ergonomic factors contributed to global economic losses 
of US$216.1 billion. Recent Chinese healthcare statistics revealed an 
average hospitalization cost of ¥11,085.9 (US$1,604) per low back pain 
episode. Both China and the global community face substantial 
economic burdens from low back pain, with China experiencing 
particularly accelerated growth in this burden due to its rapidly aging 
population (5, 6). Low back pain ranks among the top causes of 
disability globally, with long recovery times that impose a significant 
economic burden on patients and their families. LDH has emerged as 
a primary contributor to low back pain, leg pain, and mobility 
impairments (7, 8), with its incidence climbing each year due to an 
aging population, evolving work patterns, lifestyle shifts, and 
increasingly sedentary behavior (9). Research from countries such as 
the United  States (10, 11), the United  Kingdom (12), Brazil (13), 
New Zealand (14), and Spain underscores the substantial healthcare 
burden posed by LDH (15, 16). Given China’s large population and 
accelerating aging process, healthcare costs associated with LDH are 
expected to continue rising soon.

TCM demonstrates unique advantages in treating LDH. It utilizes 
various modalities, including acupuncture, tuina (Chinese massage), 
herbal medicine, and moxibustion. By adopting a holistic approach 
and differential diagnosis, TCM effectively alleviates pain and 
enhances the body’s self-repair capabilities (17, 18). Furthermore, 
exercises such as Tai Chi and Wuqinxi have demonstrated significant 
effectiveness in preventing low back pain, as highlighted in several 
studies (19, 20). In contrast, conventional treatments like medication 
and surgery often carry numerous complications and side effects 
(21–23). TCM’s conservative, non-surgical methods typically result in 
fewer complications and better recovery outcomes (24–27). Reforming 
the DRG payment system in Chinese medicine hospitals to harness 
TCM strengths can significantly reduce hospitalization cost and 
length of stay for LDH patients, making this an important 
practical consideration.

DRG introduced by Fetter et al. in the 1980s, classify cases based 
on similarities in clinical processes and resource consumption (28). 
DRG has been adopted by various countries (29–33) for its benefits in 
hospital management and healthcare costs, achieving notable results 
(30, 34–36). Through decades of practice-oriented research and 

development, China has established several regional pilot DRG 
systems, including BJ-DRG, CN-DRG, CR-DRG, and C-DRG. These 
initiatives aim to address China’s rapidly growing healthcare 
expenditures while positively impacting the quality of medical 
services. On June 18, 2020, the China National Healthcare Security 
Administration officially promulgated the “China Healthcare Security 
Diagnosis Related Groups (CHS-DRG) Fine Classification Scheme 
(Version 1.0),” initiating nationwide pilot implementation and 
subsequent progressive rollout. The CHS-DRG framework adopts 
China’s national health insurance versions of ICD-10 (comprising 
2,048 diagnostic categories, 10,172 subcategories, and 33,324 specific 
entries) and ICD-9-CM-3 (including 890 surgical procedure 
subcategories, 3,666 detailed items, and 12,995 entries). Following the 
grouping principles of “clinical process similarity” and “resource 
consumption similarity,” the system established 376 Adjacent 
Diagnosis-Related Groups (ADRGs), consisting of 167 surgical 
procedure groups, 22 non-operating room procedure groups, and 187 
medical diagnosis groups, comprehensively covering all acute and 
severe short-term hospitalization cases (37, 38). While traditional 
Chinese medicine hospitals are required to implement the unified 
CHS-DRG standards alongside other medical institutions, a gradual 
transition period is permitted. For certain TCM-dominant disease 
categories with demonstrated treatment efficacy and stable cost 
structures, specially designated reimbursement standards may 
be alternatively applied. As a vital part of healthcare in China, the 
reform of DRG payment systems in Chinese medicine hospitals is 
important, particularly for LDH, a condition where TCM shows 
distinct advantages.

This study focuses on LDH patients at Qingyang City Hospital of 
Chinese Medicine, Gansu Province, examining the impact of DRG 
payment reform on healthcare-related costs and length of stay. The 
findings aim to provide insights for Chinese health policymakers to 
advance DRG reforms, leveraging TCM’s strengths to alleviate the 
economic burden of diseases like LDH in China.

2 Materials and methods

2.1 Data sources

Data were sourced from the Gansu Provincial Health and Health 
Commission, covering case records from January 2017 to June 2022 
for Qingyang City Hospital of Chinese Medicine. Inclusion criteria 
included TCM diagnosis code International Classification of Disease 
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(ICD)-10 M51.202 and TCM coding BNS150 (1995 version) or 
A03.06.04.06.01 (2021 version). Exclusion criteria involved length of 
stay less than 1 day or greater than 90 days, zero hospitalization cost, 
and logically inconsistent visit information, resulting in a final dataset 
of 2,857 valid cases.

The data were regularly validated and cleaned by qualified 
personnel, ensuring reliable quality for analysis. The dataset encompasses 
patient demographics, including sex, age, and marital status, alongside 
medical information including visit times, surgeries and operations, 
complications and comorbidities, medical costs, and length of stay.

To evaluate the impact of DRG reform on medical costs and length 
of stay for LDH patients in Chinese medicine hospitals, our study 
employed a quasi-experimental model for data analysis. As one of the 
pioneering tertiary Chinese medicine hospitals in Northwest China to 
implement DRG payment reform, this research is instrumental in 
advancing DRG reimbursement systems in the TCM sector.

2.2 Statistical analysis

To address healthcare economic costs, we used 2016 as the base year 
and adjusted relevant costs based on the Consumer Price Index (CPI) for 
healthcare in Gansu Province from 2017 to 2022, minimizing potential 
biases in the study. It is worth highlighting that Qingyang City in Gansu 
Province, began trial implementation of the DRG reimbursement system 
in October 1, 2019. Accordingly, the period from January 1, 2017 to 
September 30, 2019 is designated as the pre-reform phase, during which 
the medical insurance payment was implemented under the fee-for-
service (FFS) model. In contrast, the period from October 1, 2019 to June 
30, 2022 is defined as the post-reform phase, with the implementation of 
the DRG-based medical insurance payment method.

Next, we compared the basic characteristics of patient visits before 
and after the DRG reform. For normally distributed numerical 
variables, paired sample t-tests were used, reporting data as means and 
standard deviations. For non-normally distributed numerical 
variables, we applied the Wilcoxon rank-sum test, expressing results 
in median and quartiles. Categorical variables were analyzed using 
chi-square tests, with frequencies and percentages reported. Moreover, 
multiple linear regression and Spearman correlation analyses were 
performed to investigate determinants of hospitalization expenditures 
and length of stay, as well as inter-variable relationships.

Finally, we employed an interrupted time-series analysis (ITSA) 
model - a quasi-experimental method specifically designed to assess 
causal effects of interventions (e.g., policy changes, clinical practice 
implementations) on longitudinal data. This approach compares pre- 
versus post-intervention trends while controlling for underlying 
temporal patterns, thereby providing robust effect estimation (39–41). 
We applied ITSA to evaluate key healthcare cost indicators for LDH 
patients in Chinese medicine hospitals. The analysis included 
hospitalization cost, medical service cost, diagnostic cost, TCM 
treatment cost, Chinese medicine cost, Western medicine cost, and 
length of stay. This methodology facilitated a comprehensive 
investigation of the changes in these indicators before and after the 
DRG reform, with the model equation expressed as follows:

	
=β +β +β +β + εt 0 1 t 2 t 3 t t tY T X X T

In this equation, tY  is the dependent variable (the primary 
outcome), β0 is the intercept, β1 reflects the pre-reform trend, β2 
indicates the level change at the reform, and β3 represents the difference 
in slopes between the post-reform and pre-reform periods, with the 
post-reform slope being the sum of β1 and β3. tT  denotes the time series 
spanning January 2017 to June 2022, with T ranging from 1 to 66. 
Interaction terms include t tX T , tZT , tZX , and t tZX T , while ε t  denotes 
random error. To address the skewed distributions of healthcare costs 
and length of stay, we selected the median values for each month as the 
data for the interrupted time series analysis, ensuring the rigor of the 
analysis. A schematic of the model is shown in Figure 1.

We used the Cumby-Huizinga tests to assess the autocorrelation 
of the dependent variable and adjusted calculations using the ‘lag (#)’ 
command along with the Newey-West method (39, 40, 42). All 
statistical analyses were conducted using Excel 2019, SPSS 26.0, and 
Stata 15.0, with a significance level set at α = 0.05.

3 Results

3.1 General information of LDH 
hospitalized patients in Qingyang City 
Hospital of Chinese medicine in pre- and 
post-DRG reform

We included a total of 2,857 LDH patients in our analysis. Before 
the implementation of the DRG reform, there were 1,294 cases, with 
46.06% of the patients being male and an average age (SD) of 58.29 
(14.22) years. Following the DRG reform, the sample comprised 1,563 
cases, with a male proportion of 40.88% and an average age (SD) of 
60.64 (14.25) years. Further demographic details are provided in Table 1.

As shown in Table  1 and Figure  2, there were no statistical 
differences in nationality, marital status, use of Chinese medicine 
diagnostic and treatment techniques, use of Chinese medicine 
diagnostic and treatment techniques, diagnosis and treatment based 
on Chinese medicine evidence, and hospitalization cost among LDH 
patients pre- and post-DRG reforms (p > 0.05), but there were 
significant differences in sex, age, visit times, admission pathways, 
admission disease status, complications and comorbidities, surgeries 

FIGURE 1

Schematic diagram of interrupted time-series model.
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and operations, medical services cost, diagnosis cost, TCM treatment 
cost, Chinese medicine cost, Western medicine cost and length of stay 
among LDH patients pre- and post-DRG reforms (p < 0.05).

3.2 Results of factors affecting LDH 
patients’ healthcare-related costs and 
length of stay in Qingyang City Hospital of 
Chinese medicine

To further investigate the factors influencing healthcare-related 
costs and length of stay in LDH patients, we constructed multiple 
linear regression models using hospitalization cost, medical service 
cost, diagnostic cost, TCM treatment cost, Chinese medicine cost, and 
Western medicine cost, and length of stay as dependent variables, with 

sex, age, nationality, and other general information as independent 
variables. Stepwise regression was employed for the analysis.

The regression results (Table 2) revealed that: hospitalization cost was 
significantly lower in patients using Chinese medicine diagnostic and 
therapeutic equipment (p < 0.05); medical service cost increased with 
complications, two or more times hospitalizations, use of Chinese 
medicine diagnostic and treatment technique, and post-DRG reform 
(p < 0.05); diagnostic cost decreased for patients with complications, 
younger patients, outpatient or emergency admissions, use of Chinese 
medicine diagnostic and therapeutic equipment, and no diagnosis and 
treatment based on Chinese medicine evidence (p  < 0.05); TCM 
treatment cost was higher for complicated cases, females, two or more 
times hospitalizations, other pathways, determination disease status, use 
of Chinese medicine diagnostic and treatment techniques, and pre-DRG 
reform (p < 0.05); Chinese medicine cost decreased for uncomplicated 

TABLE 1  General information on LDH patients pre- and post-DRG reform.

Items DRG1 reform χ2/t/Z-value p-value

Pre-reform (n = 1,294) Post-reform (n = 1,563)

Sex (Male/n, %)a,j 596(46.06) 639(40.88) 7.728 0.005

Age(years)b 58.29 ± 14.22 60.64 ± 14.25 −4.257 <0.001

Nationality (Han/n, %)c,j 1,292(99.85) 1,559(99.74) 0.032 0.858

Visit times (One time /n, %)d,j 1,277(98.69) 1,400(89.57) 99.629 <0.001

Marital status (Married/n, %)e,j 1,147(88.64) 1,401(89.64) 0.727 0.394

Admission pathways (Outpatient or 

emergency/n, %)f,j
255(19.71) 35(2.24) 236.820 <0.001

Admission disease status (Determination/n, %)g,j 1,252(96.75) 1,539(98.46) 9.175 0.002

Complications and comorbidities (Yes/n, %)h,j 50(3.86) 684(43.76) 590.282 <0.001

Use of Chinese medicine diagnostic and 

therapeutic equipment (Yes/n, %)h,j
1,047(80.91) 1,246(79.72) 0.636 0.425

Use of Chinese medicine diagnostic and 

treatment techniques (Yes/n, %)h,j
1,045(80.76) 1,239(79.27) 0.976 0.323

Diagnosis and treatment based on Chinese 

medicine evidence (Yes/n, %)h,j
1,101(85.09) 1,320(84.45) 0.219 0.640

Surgeries and operations (Yes/n, %)h,j 98(7.57) 776(49.65) 590.216 <0.001

Hospitalization cost (CNY)2,i 5712.74(4273.84,7428.76) 5361.70(4051.83,7425.91) −0.957 0.339

Medical services cost (CNY)2,i 691.36(429.18,1085.52) 1023.30(720.79,1409.90) −13.195 <0.001

Diagnosis cost (CNY)2,i 1375.20(955.61,1925.81) 1454.59(1151.55,1961.62) −2.522 0.012

TCM3 treatment cost (CNY)2,i 1222.40(698.67,2149.66) 2089.49(1106.24,4027.23) −15.377 <0.001

Chinese medicine cost (CNY)2,i 494.80(233.01,869.84) 436.22(239.01,738.85) −2.794 0.005

Western medicine cost (CNY)2,i 1355.00(873.14,2004.53) 602.36(278.47,1210.06) −16.392 <0.001

Length of stay (days)2,i 11.00(8.00,15.00) 10.00(8.00,14.00) −3.550 <0.001

1DRG, diagnosis-related group.
2CNY, Chinese Yuan.
3TCM, traditional Chinese medicine.
aSex: male vs. female.
bThe normal distribution continuous data were presented as “mean ± standard deviation,” the data were compared using paired-samples t-test (t).
cNationality: Han vs. other nationalities.
dVisit times: one time vs. two or more times.
eMarital status: married vs. unmarried and others.
fAdmission pathways: outpatient or emergency vs. other pathways.
gAdmission disease status: determination vs. indetermination or none.
hCategorization outcome includes yes and no.
iThe non-normal distribution continuous data were presented as “median (the first quartile, the third quartile),” the data were compared using the Wilcoxon rank sum test (Z).
jThe categorical data were presented as numbers (frequencies, %), and the chi-square test was used for categorical data (χ2).
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cases, males, younger patients, no use of Chinese medicine diagnostic and 
treatment techniques, and post-DRG reform (p < 0.05); Western medicine 
cost increased for uncomplicated cases, older adults patients, one time 
hospitalizations, outpatient or emergency admissions, indetermination or 
none disease status, no use of Chinese medicine diagnostic and 
therapeutic equipment, and pre-DRG reform (p < 0.05); and length of stay 

was shorter for uncomplicated cases, older adults patients, one time 
hospitalizations, use of Chinese medicine diagnostic and therapeutic 
equipment, no use of Chinese medicine diagnostic and treatment 
techniques, and post-DRG reform (p < 0.05).

To further elucidate the correlations between hospitalization-
related costs and length of stay, we conducted Spearman correlation 

FIGURE 2 (Continued)
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analyses. The results demonstrated statistically significant positive 
correlations (p  < 0.05) among all measured variables, including 
hospitalization cost, medical service cost, TCM treatment cost, 
Chinese medicine cost, Western medicine cost, and length of stay, 
indicating consistent directional trends across these parameters. 
Complete results are presented in Table 3.

3.3 Results of ITSA of DRG reform on LDH 
patients’ healthcare-related costs in 
Qingyang City Hospital of Chinese 
medicine

We performed Cumby-Huizinga autocorrelation tests on 
hospitalization cost, medical service cost, diagnostic cost, TCM 
treatment cost, Chinese medicine cost, and Western medicine cost. 
The results indicated that hospitalization cost, TCM treatment cost, 
and Chinese medicine cost exhibited no autocorrelation. However, 
diagnostic cost and Western medicine cost may demonstrate first-
order autocorrelation, while medical service cost could indicate 
second-order autocorrelation, as summarized in Table 4. To ensure the 
robustness of our interrupted time-series analysis, we employed the 
‘lag (1)’or ‘lag (2)’ command to adjust for autocorrelation effects in the 
medical costs analysis.

Before the DRG reform at Qingyang City Hospital of Chinese 
Medicine, hospitalization cost exhibited a significant upward trajectory, 
with an average monthly increase of CNY 43.49 (β₁ = 43.49, p < 0.05). 
Conversely, during the reform, fluctuations in hospitalization cost were 
not statistically significant (β₂  = −333.52, p > 0.05). Following the 
reform, however, cost demonstrated a pronounced downward trend, 
decreasing by an average of CNY 36.78 per month (β₁ + β₃ = −36.78, 
p < 0.05). Comprehensive results are presented in Table  5, and the 
corresponding trend changes are illustrated in Figure 3.

In terms of medical services cost, the pre-reform trend was not 
significant (β₁ = −2.76, p > 0.05). Nevertheless, during the reform, 
there was a substantial increase of CNY 361.98 (β₂ = 361.98, p < 0.05), 
while post-reform changes remained insignificant (β₁ + β₃ = −3.26, 
p > 0.05), as detailed in Table 5 and depicted in Figure 4.

Regarding diagnosis cost, a clear upward trend was evident before 
the reform, with an average monthly increase of CNY 26.16 
(β₁ = 26.16, p < 0.05). During the reform, diagnosis cost significantly 
decreased by CNY 307.11 (β₂  = −307.11, p < 0.05), yet the post-
reform trend was again not significant (β₁ + β₃ = −3.66, p > 0.05), as 
outlined in Table 5 and shown in Figure 5.

Concerning TCM treatment cost, there was a notable increase 
before the reform, averaging CNY 39.04 per month (β₁ = 39.04, 
p < 0.05). Following a significant decrease of CNY 466.54 during the 
reform (β₂ = −466.54, p < 0.05), the cost rebounded, displaying a 

FIGURE 2

Comparative analysis of LDH patients characteristics pre- and post-DRG reform.
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clear upward trend post-reform, with an average increase of CNY 
50.08 (β₁ + β₃ = 50.08, p < 0.05), as detailed in Table 5 and represented 
in Figure 6.

Chinese medicine cost exhibited no significant trend before the 
reform (β₁ = −3.96, p > 0.05). However, during the reform, the cost 
rose significantly by CNY 142.27 (β₂ = 142.27, p < 0.05), while post-
reform expenses revealed a significant downward trend, decreasing by 
an average monthly of CNY 8.87 (β₁  + β₃  = −8.87, p < 0.05), as 
presented in Table 5 and illustrated in Figure 7.

Finally, Western medicine cost showed a significant downward 
trend before the reform, decreasing by an average of CNY 9.93 
(β₁ = −9.93, p < 0.05). Changes during the reform were not 
statistically significant (β₂  = −41.39, p > 0.05). However, the cost 
exhibited a marked downward trend, with an average monthly 
decrease of CNY 31.68 (β₁  + β₃  = −31.68, p < 0.05) post-reform, 
which was notably more pronounced than the pre-reform trend. 
Detailed results can be found in Table 5, with trend changes depicted 
in Figure 8.

TABLE 2  Results of multiple linear regression analysis for healthcare-related costs and length of stay in LDH patients.

Variables Hospitalization 
cost

Medical 
services 

cost

Diagnosis 
cost

TCM 
treatment 

cost

Chinese 
medicine 

cost

Western 
medicine 

cost

Length 
of stay

Constant 5001.91 (9.52)*
866.43 

(11.42)*
422.92 (3.65)* 238.83 (1.10) 380.84 (6.98)* 1361.79 (5.26)*

12.65 

(14.70)*

Complications and 

comorbidities (ref = No)

181.18 

(4.918)*
−87.30 (−2.46)* 788.68 (14.66)* 65.99 (2.77)*

−159.83 

(−2.52)*
2.04 (5.99)*

Sex(ref = Male) 92.07 (2.22)* 37.83 (2.04)*

Age 3.31 (3.10)* 4.88 (7.53)* 4.53 (2.63)*
−0.02 

(−2.29)*

Visit times (ref = One time)
131.37 

(2.21)*

537.66

(6.21)*

−215.83 

(−2.11)*
2.19 (3.98)*

Admission pathways 

(ref = Outpatient or 

emergency)

363.56 (7.07)* 659.69 (9.17)*
−323.04 

(−3.81)*

Admission disease status 

(ref = Determination)
−279.92 (−2.00)* 407.79 (2.47)*

Use of Chinese medicine 

diagnostic and therapeutic 

equipment (ref = Yes)

2281.12 (5.48)* 431.27 (6.70)* 414.30 (6.50)* 2.34 (2.36)*

Use of Chinese medicine 

diagnostic and treatment 

techniques (ref = Yes)

−113.43 

(−3.18)*
−403.90 (−7.52)* −82.39 (−3.55)*

−3.15 

(−3.19)*

Diagnosis and treatment 

based on Chinese medicine 

evidence (ref = Yes)

−179.56 

(−2.53)*

DRG reform (ref = Pre-

reform)

206.52 

(6.42)*
−398.25 (−8.25)*

−107.65 

(−5.18)*

−663.61 

(−11.65)*

−1.86 

(−6.26)*

t-values are shown in parentheses. *p < 0.05.

TABLE 3  Results of correlation analysis for healthcare-related costs and length of stay in LDH patients.

Variables Hospitalization 
cost

Medical 
services 

cost

Diagnosis 
cost

TCM 
treatment 

cost

Chinese 
medicine 

cost

Western 
medicine 

cost

Length 
of stay

Hospitalization cost 1

Medical services cost 0.687* 1

Diagnosis cost 0.387* 0.075* 1

TCM treatment cost 0.591* 0.363* −0.034 1

Chinese medicine cost 0.514* 0.464* −0.058* 0.350* 1

Western medicine cost 0.627* 0.274* 0.267* 0.107* 0.235* 1

Length of stay 0.821* 0.724* 0.156* 0.583* 0.483* 0.495* 1

*p < 0.05.
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TABLE 4  Autocorrelation test results of healthcare-related costs for LDH patients.

Items H0: q = 0 (serially uncorrelated) H0: q = lag-1 Items H0: q = 0 (serially uncorrelated) H0: q = lag-1

H1: s.c. present at range 
specified

H1: s.c. present at lag specified H1: s.c. present at range 
specified

H1: s.c. present at lag specified

lags chi2 df p-value lags chi2 df p-value lags chi2 df p-value lags chi2 df p-value

Hospitalization 

cost

1–1 0.521 1 0.471 1 0.521 1 0.471

Medical 

services cost

1–1 9.548 1 0.002 1 9.548 1 0.002

1–2 1.212 2 0.545 2 0.548 1 0.459 1–2 11.001 2 0.004 2 4.081 1 0.043

1–3 2.381 3 0.497 3 0.762 1 0.383 1–3 11.044 3 0.012 3 1.324 1 0.250

1–4 3.927 4 0.416 4 0.741 1 0.390 1–4 11.183 4 0.025 4 0.163 1 0.686

1–5 4.044 5 0.543 5 0.753 1 0.386 1–5 11.200 5 0.048 5 0.006 1 0.938

1–6 5.550 6 0.475 6 0.809 1 0.369 1–6 12.200 6 0.058 6 0.900 1 0.343

Diagnosis cost

1–1 7.124 1 0.008 1 7.124 1 0.008

TCM1 

treatment 

cost

1–1 0.006 1 0.939 1 0.006 1 0.939

1–2 7.201 2 0.027 2 0.964 1 0.326 1–2 1.578 2 0.454 2 1.576 1 0.209

1–3 8.017 3 0.046 3 1.153 1 0.283 1–3 1.585 3 0.663 3 0.021 1 0.886

1–4 8.069 4 0.089 4 0.438 1 0.508 1–4 4.990 4 0.288 4 2.536 1 0.111

1–5 8.089 5 0.151 5 0.087 1 0.768 1–5 5.025 5 0.413 5 0.021 1 0.884

1–6 8.090 6 0.232 6 <0.001 1 0.993 1–6 5.044 6 0.538 6 0.149 1 0.699

Chinese medicine 

cost

1–1 1.161 1 0.281 1 1.161 1 0.281

Western 

medicine 

cost

1–1 8.915 1 0.003 1 8.915 1 0.003

1–2 2.047 2 0.359 2 0.610 1 0.435 1–2 9.248 2 0.010 2 2.103 1 0.147

1–3 2.220 3 0.528 3 0.026 1 0.873 1–3 11.531 3 0.009 3 0.294 1 0.588

1–4 2.464 4 0.651 4 0.086 1 0.769 1–4 11.976 4 0.018 4 1.050 1 0.305

1–5 3.616 5 0.606 5 0.697 1 0.404 1–5 11.980 5 0.035 5 0.859 1 0.354

1–6 4.259 6 0.642 6 0.119 1 0.730 1–6 20.100 6 0.003 6 7.127 1 0.008

1TCM, traditional Chinese medicine.
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3.4 Results of ITSA of DRG reform on 
length of stay in Qingyang City Hospital of 
Chinese medicine

We conducted a Cumby-Huizinga autocorrelation test on the 
length of stay, which revealed no evidence of autocorrelation, as 
presented in Table 6. This finding underscores the stability of the data 
regarding length of stay.

Pre-DRG reform, the trend in length of stay was not statistically 
significant, with a coefficient of β₁is −0.03 (p > 0.05). This lack of 
significance indicates that there were no noteworthy changes in the 
average length of stay during this period.

Similarly, the analysis of length of stay during the reform period 
also yielded insignificant results (β₂ = 0.27, p > 0.05), and post-reform 
trends remained unremarkable, as reflected in the combined coefficient 
(β₁ + β₃ = −0.02, p > 0.05). Detailed results are provided in Table 7, 

TABLE 5  Results of ITS analysis on healthcare-related costs for LDH patients.

Items Value Std. Err. t-value p-value 95% Conf. interval

Hospitalization cost (CNY2)

Baseline level, β0 5024.90 211.29 23.78 <0.001 4602.53 to 5447.27

Baseline trend, β1 43.49 10.97 3.97 <0.001 21.56 to 65.41

Level change, β2 −333.52 367.83 −0.91 0.368 −1068.81 to 401.77

Trend change, β3 −80.27 17.31 −4.64 <0.001 −114.87 to −45.67

Late trend, β1 + β3 −36.78 13.39 −2.75 0.008 −63.56 to −10.01

Medical services cost (CNY2)

Baseline level, β0 833.54 127.17 6.55 <0.001 579.32 to 1087.76

Baseline trend, β1 −2.76 7.24 −0.38 0.704 −17.25 to 11.72

Level change, β2 361.98 160.06 2.26 0.027 42.02 to 681.95

Trend change, β3 −0.50 7.90 −0.06 0.950 −16.28 to 15.28

Late trend, β1 + β3 −3.26 2.83 −1.15 0.254 −8.93 to 2.40

Diagnosis cost (CNY2)

Baseline level, β0 989.30 61.10 16.19 <0.001 867.15 to 1111.44

Baseline trend, β1 26.16 3.49 7.49 <0.001 19.18 to 33.13

Level change, β2 −307.11 87.34 −3.52 0.001 −481.70 to −132.52

Trend change, β3 −29.82 4.91 −6.07 <0.001 −39.64 to −19.99

Late trend, β1 + β3 −3.66 3.18 −1.15 0.254 −10.02 to 2.70

TCM1 treatment cost (CNY2)

Baseline level, β0 709.14 93.72 7.57 <0.001 521.78 to 896.49

Baseline trend, β1 39.04 4.68 8.35 <0.001 29.70 to 48.39

Level change, β2 −466.54 196.34 −2.38 0.021 −859.01 to −74.07

Trend change, β3 11.03 11.89 0.93 0.357 −12.74 to 34.81

Late trend, β1 + β3 50.08 10.94 4.58 <0.001 28.21 to 71.94

Chinese medicine cost (CNY2)

Baseline level, β0 587.73 59.24 9.92 <0.001 469.32 to 706.14

Baseline trend, β1 −3.96 2.59 −1.53 0.132 −9.15 to 1.22

Level change, β2 142.27 62.41 2.28 0.026 17.51 to 267.04

Trend change, β3 −4.91 3.36 −1.46 0.148 −11.63 to 1.80

Late trend, β1 + β3 −8.87 2.13 −4.16 <0.001 −13.14 to −4.61

Western medicine cost (CNY2)

Baseline level, β0 1531.37 104.52 14.65 <0.001 1322.44 to 1740.29

Baseline trend, β1 −9.93 4.74 −2.10 0.040 −19.40 to −0.46

Level change, β2 −41.39 119.89 −0.35 0.731 −281.05 to 198.27

Trend change, β3 −21.75 6.32 −3.44 0.001 −34.38 to −9.12

Late trend, β1 + β3 −31.68 4.17 −7.59 <0.001 −40.02 to −23.34

1TCM, traditional Chinese medicine.
2CNY, Chinese Yuan.
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and the corresponding trend changes are illustrated in Figure 9, further 
emphasizing the consistency of length of stay across the study periods.

4 Discussion

We are the first to investigate the effects of the DRG reform on 
medical costs and length of stay for LDH patients in Chinese medicine 

hospitals. This study provides valuable insights into the ongoing 
reforms of DRG payment systems in TCM. Our univariate analysis 
revealed differences in patient characteristics before and after the 
reform, including sex, age, visit times, admission pathways, admission 
disease status, complications and comorbidities, and surgeries and 
operations. Post-reform, there was an increase in female patients, 
older patients, those admitted through other pathways, and patients 
with defined disease status, complications and comorbidities, and 

FIGURE 3

Trends in hospitalization cost for LDH patients pre- and post-DRG reform.

FIGURE 4

Trends in medical services cost for LDH patients pre- and post-DRG reform.
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surgical needs. Notably, the proportion of patients admitted through 
other pathways and those with repeated hospitalizations also 
increased, suggesting that the reform measures have successfully 
attracted more patients and fostered repeat admissions to the hospital. 
The higher number of patients with defined disease status aligns with 
the reform’s objective of improving diagnostic precision. Additionally, 
the increase in patients with complications and operations needs 
suggests a rise in case complexity, potentially leading to higher 

reimbursement standards, which benefits the hospital departments 
during cost settlement.

Integrating the results of multiple linear regression and correlation 
analyses, we  identified significant associations between healthcare-
related costs and multiple factors including patient age, sex, complications 
and comorbidities, visit times, admission pathways, admission disease 
status, use of Chinese medicine diagnostic and therapeutic equipment, 
use of Chinese medicine diagnostic and treatment techniques, diagnosis 

FIGURE 5

Trends in diagnosis cost for LDH patients pre- and post-DRG reform.

FIGURE 6

Trends in TCM treatment cost for LDH patients pre- and post-DRG reform.
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and treatment based on Chinese medicine evidence, and DRG reform. 
Comprehensive analysis revealed that advanced age, presence of 
complications and comorbidities, and no use of Chinese medicine 
diagnostic and therapeutic equipment and use of Chinese medicine 
diagnostic and treatment techniques were associated with higher 
hospitalization costs, while DRG reform demonstrated cost-containment 
effects. Furthermore, a positive correlation was observed among 
healthcare-related costs and length of stay, suggesting that effective cost 

control for LDH patients requires comprehensive medication cost 
management coupled with appropriate reduction of length of stay.

The results from our interrupted time-series analysis indicate a 
significant downward trend in hospitalization cost, Chinese medicine 
cost, and Western medicine cost following the DRG reform. While the 
rising trend in diagnostic cost before the reform was curtailed, overall 
medical service cost increased post-reform, alongside a marked rise in 
TCM treatment cost. It is noteworthy that hospitalization cost for LDH 

FIGURE 7

Trends in Chinese medicine cost for LDH patients pre- and post-DRG reform.

FIGURE 8

Trends in Western medicine cost for LDH patients pre- and post-DRG reform.
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patients changed significantly after the DRG reform, demonstrating a 
marked decrease that aligns with findings from various other studies (41, 
43, 44). Certainly, the component costs of hospitalization, including those 
for Chinese and Western medicine, have concurrently declined alongside 
the overall reduction in hospitalization cost. However, diagnostic cost and 
medical service cost were higher post-reform than before, indicating that 
Chinese hospitals are leveraging their unique strengths by providing more 
specialized services to address patient needs. This aligns with the Chinese 
government’s objectives for DRG reform in TCM.

Interestingly, the length of stay for LDH patients did not decrease 
following the DRG reform, which stands in contrast to findings from 
several other studies (32, 45–47). What’s more, previous studies suggest 
that length of stay is a critical factor influencing hospitalization cost, 
implying that a significant cost reduction should typically accompany 
shorter stay (48–50). The absence of a reduction in length of stay, despite 
the cost reduction, may be related to the unique characteristics of TCM 
treatment, which often has a slower onset of effects and fewer side 
effects. The relatively prolonged treatment duration for LDH in TCM is 

FIGURE 9

Trends in length of stay for LDH patients pre- and post-DRG reform.

TABLE 6  Autocorrelation test results of length of stay for LDH patients.

H0: q = 0 (serially uncorrelated) H0: q = lag-1

H1: s.c. present at range specified H1: s.c. present at lag specified

lags chi2 df p-value lags chi2 df p-value

1–1 0.159 1 0.690 1 0.159 1 0.690

1–2 0.250 2 0.882 2 0.072 1 0.789

1–3 0.649 3 0.885 3 0.338 1 0.561

1–4 0.986 4 0.912 4 0.245 1 0.621

1–5 0.988 5 0.964 5 0.025 1 0.874

1–6 8.317 6 0.216 6 6.733 1 0.010

TABLE 7  Results of ITS analysis on length of stay for LDH patients.

Item Value Std. Err. t-value p-value 95% Conf. interval

Baseline level, β0 11.99 0.54 22.21 <0.001 10.91 to 13.06

Baseline trend, β1 −0.03 0.02 −1.41 0.163 −0.08 to 0.01

Level change, β2 0.27 0.80 0.34 0.737 −1.33 to 1.87

Trend change, β3 0.01 0.04 0.30 0.767 −0.07 to 0.10

Late trend, β1 + β3 −0.02 0.03 −0.63 0.533 −0.09 to 0.05
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inherently difficult to substantially reduce, which is fundamentally 
associated with TCM’s diagnostic and therapeutic paradigm. First, this 
stems from TCM’s holistic therapeutic philosophy that necessitates 
simultaneous management of both pain symptoms and underlying 
pathological mechanisms (e.g., kidney deficiency, qi-blood stagnation). 
Second, it reflects the characteristic therapeutic modalities of TCM: 
acupuncture requires cumulative sessions to activate the endogenous 
analgesic system, while Chinese herbal compounds need time for multi-
target regulation of inflammation and tissue repair. Third, TCM manual 
therapies follow the natural tissue repair cycle requirements. Although 
TCM demonstrates a relatively slower onset of therapeutic effects, 
clinical evidence confirms its superior medium-to-long-term efficacy 
for LDH management. The majority of TCM treatment occurs in the 
initial days of hospitalization, suggesting that later cost may be lower, 
making it challenging to significantly reduce recovery times through 
DRG payment reforms alone. However, integrating and standardizing 
TCM treatment methods, along with reducing medication usage, could 
help achieve the goal of lowering hospitalization cost.

In conclusion, the reform of DRG payment system in TCM has a 
substantial impact on controlling overall medical costs for LDH 
patients, although its effectiveness in reducing the length of stay 
remains limited. Future refinements of the DRG payment system 
should account for the distinctive characteristics of TCM, optimizing 
treatment methods and enhancing the quality of healthcare. 
Establishing a unique and effective reimbursement framework for 
TCM will further reduce patient treatment cost and length of stay, 
ultimately benefiting a greater number of patients.

5 Conclusion

DRG reform is associated with lower hospitalization cost, as well 
as reduced costs for both Chinese and Western medicine among LDH 
patients in Chinese medicine hospitals. However, it does not correlate 
with reductions in medical services cost, diagnostic cost, TCM 
treatment cost, or length of stay. While the reform effectively leverages 
the unique strengths of TCM to alleviate the economic burden of 
illness, there is a need to deepen institutional reforms and enhance the 
quality and content of medical services, with the goal of further 
reducing healthcare costs and shortening hospitalization durations.
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Background: Limited-stage small-cell lung cancer (LS-SCLC) has suboptimal

long-term survival despite standard chemoradiotherapy. Durvalumab, an anti-

PD-L1 antibody, demonstrated survival benefits in the ADRIATIC Phase III trial,

but its cost-effectiveness in China remains uncertain. This study evaluates the

economic value of durvalumab as consolidation therapy for LS-SCLC

post-chemoradiotherapy.

Methods: A Markov model was constructed using data from the ADRIATIC trial

(NCT03703297), simulating three health states: progression-free survival (PFS),

progressive disease (PD), and death state, transition probabilities were derived

from trial outcomes. A 10-year horizon, 5.0% discount rate, and willingness-to-

pay (WTP) thresholds (1-3×per capita gross domestic product (GDP): $12,569.82-

$37,709.46/QALY) were applied. All costs were converted to unified currency

using the average exchange rate of 1 USD = 7.11 CNY, based on exchange rates

from 1 January 2024, to 31 October 2024.

Results: The study results demonstrated that while durvalumab provided clinical

benefits by extending quality-adjusted life years (QALYs) by 0.44 compared to

placebo (2.24 vs. 1.80), its high cost resulted in poor cost-effectiveness within

China’s healthcare system. The incremental cost reached $108,609.45, yielding

an ICER of $245,591.59 per QALY, exceeding China’s standard willingness-to-pay

thresholds. Sensitivity analyses revealed drug pricing as the most influential

factor, where a 30% price reduction could improve the ICER by 30.3%. The

negative incremental net monetary benefit (-$107,394.34) further confirmed the

economic challenges. These findings suggest that despite its clinical advantages,

durvalumab’s current pricing makes it economically unviable for routine use in

China’s LS-SCLC treatment without substantial cost reductions or alternative

reimbursement strategies.

Conclusion: Durvalumab improves survival in LS-SCLC but lacks cost-

effectiveness under current pricing in China. Drug costs and health utilities are
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critical determinants. Policy measures, such as price negotiation, risk-sharing

agreements, or subgroup targeting, may enhance affordability. Balancing clinical

benefits with economic burden is essential for optimizing durvalumab’s role in

LS-SCLC management.
KEYWORDS

durvalumab, limited-stage small-cell lung cancer, Markov model, placebo,
cost-effectiveness
1 Introduction

Small cell lung Cancer (SCLC) is a highly aggressive

neuroendocrine tumor, accounting for approximately 14.0% of all

lung cancer cases, and is closely associated with smoking (with

about 95.0% of patients having a history of smoking) (1, 2). SCLC is

characterized by early metastasis, rapid proliferation, and

susceptibility to drug resistance, with a 5-year survival rate of

only 6.4% (3). Based on the extent of disease, SCLC is divided

into limited-stage (LS-SCLC) and extensive-stage (ES-SCLC), with

the latter accounting for 60%-70% of diagnosed patients (1). In

traditional treatment, patients with limited-stage disease primarily

receive concurrent chemoradiotherapy, while those with extensive-

stage disease are treated with platinum-based chemotherapy

combined with etoposide. However, the median overall survival

(OS) is only about 10 months, and most patients relapse within 6

months after treatment (4).

In recent years, the introduction of immune checkpoint

inhibitors has significantly transformed the treatment landscape

for ES-SCLC. Based on the results of the CASPIAN and

IMpower133 trials, PD-L1 inhibitors such as durvalumab and

atezolizumab, in combination with chemotherapy, have been

established as a new standard of first-line treatment (5–7). The

CASPIAN trial demonstrated that the median OS in the durvalumab

plus chemotherapy group was 13.0 months (compared to 10.3

months in the chemotherapy-alone group, HR = 0.73), with a 3-

year OS rate increased to 17.6% (compared to 5.8% in the

chemotherapy-alone group) (6, 7). Despite these improvements,

the absolute survival benefit of immunotherapy remains relatively

limited (an extension of 2–3 months), and some patients require

treatment adjustments due to immune-related adverse reactions

(such as pneumonia and autoimmune diseases) (5, 7).

Durvalumab is a selective, high-affinity humanized IgG1

monoclonal antibody that exerts anti-tumor effects by blocking the

interaction between PD-L1 and PD-1 as well as CD80. In recent years,

durvalumab has demonstrated significant efficacy and controllable

safety in the treatment of various types of lung cancer. In the

CASPIAN trial, durvalumab in combination with platinum–

etoposide chemotherapy as first-line treatment for ES-SCLC

significantly prolonged OS and progression-free survival (PFS) (8).

The POSEIDON study further confirmed the efficacy of durvalumab
02166
combined with chemotherapy in metastatic non-small cell lung cancer

(mNSCLC). Compared with chemotherapy alone, it significantly

improved PFS and showed a trend toward prolonged OS (9).

Additionally, the PACIFIC study evaluated the effect of durvalumab

as consolidation therapy in patients with stage III unresectable

NSCLC. The results showed that it significantly prolonged PFS and

OS (10). The AEGEAN trial explored the application of durvalumab

in the perioperative period for patients with resectable NSCLC. The

results indicated that durvalumab combined with neoadjuvant

chemotherapy significantly prolonged event-free survival (EFS) and

increased the pathological complete response rate (pCR) (11). Most

recently, the ADRIATIC trial investigated the efficacy of durvalumab

as adjuvant therapy in LS-SCLC. The results showed that the

durvalumab treatment group significantly prolonged OS and PFS

compared with the placebo group (12).

These study results indicate that durvalumab has potential

application value in the treatment of lung cancer at different stages

and types, especially in improving patient survival prognosis. In recent

years, China has been continuously advancing policy reforms to

improve the accessibility of innovative drugs. The National Medical

Products Administration (NMPA) has established breakthrough

treatment drug and priority review procedures to accelerate the

market entry of drugs with outstanding clinical value. The National

Healthcare Security Administration (NHSA) has included several

innovative immunotherapy drugs, including durvalumab, in the

national medical insurance list through medical insurance negotiation

mechanisms (13). However, as a high-value innovative drug with a

relatively long treatment cycle, durvalumab has sparked widespread

attention regarding its economic affordability and cost-effectiveness.

Pharmacoeconomic studies can systematically model the cost-

effectiveness relationship of drugs in real clinical applications,

helping clinicians, medical insurance providers, and policymakers

make scientific decisions with limited health resources. Especially in

the group of patients with LS-SCLC, who need intensive treatment

and face a high risk of recurrence, clarifying the cost-effectiveness

characteristics of durvalumab as consolidation therapy is of great

significance for maximizing its clinical value and optimizing

resource allocation.

To ensure scientific rigor, the analysis utilizes data derived from

a registered clinical study (NCT03703297) that was first posted on

ClinicalTrials.gov on September 27, 2018.
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2 Materials and methods

2.1 Target population

The target population of this study consists of patients with

limited-stage small-cell lung cancer (LS-SCLC) who have completed

radical chemo-radiotherapy without disease progression. These

patients still face a high risk of recurrence after standard

treatment and require further consolidation therapy to prolong

PFS and overall survival (OS). The characteristics of the target

population include being in a mild disease state with no progression

after radical chemoradiotherapy, and the need for a consolidation

treatment that can significantly extend PFS and OS, while also

considering the safety and economic affordability of the treatment.

The enrolled patients were derived from a multicenter,

randomized, double-blind, phase 3 clinical trial comparing

durvalumab (1,500 mg) with or without tremelimumab (75 mg

for four doses only) to placebo, administered every 4 weeks for up to

24 months in limited-stage small-cell lung cancer patients who had

not experienced disease progression after standard concurrent

platinum-based chemoradiotherapy. The study enrolled 730

patients who were randomly assigned in a 1:1:1 ratio, with 264

patients allocated to the durvalumab group, 200 to the durvalumab-

tremelimumab group, and 266 to the placebo group.

Randomization was stratified according to disease stage (I or II

vs. III) and receipt of prophylactic cranial irradiation (yes vs. no).

All participants had completed concurrent chemoradiotherapy

prior to enrollment. The trial was conducted across multiple

centers, representing diverse populations.

All study procedures were rigorously performed in compliance

with applicable ethical guidelines and regulatory requirements. The

current analysis utilized data from the ADRIATIC phase III clinical

trial (Cheng et al.) (13). Prior to study enrollment, written informed

consent was obtained from all participating individuals or their legally

authorized representatives. The phase 3 trial was conducted across
Frontiers in Oncology 03167
multiple centers in Asia, Europe, and North and South America,

representing diverse urban medical centers under various healthcare

systems. For the purpose of this analysis, we established standardized

baseline patient characteristics, including a median age of 62 years,

with most patients being former or current smokers. Adverse events

(AEs) were graded according to the Common Terminology Criteria

for Adverse Events, version 4.03, and included in the analysis if they

reached grade 3 or higher (G3+) in either treatment group

(durvalumab or placebo). This study was carried out based on the

phase 3 trial and did not involve other human participants, hence,

there is no need for the approval of the independent ethics committee.
2.2 Model construction

Based on the ADRIATIC Phase III trial (NCT03703297), this

study developed a Markov model to evaluate the cost-effectiveness

of adjuvant durvalumab versus placebo in patients with LS-SCLC

without progression after chemoradiotherapy (14), from the

Chinese healthcare system perspective. The model employed a

monthly cycle length and a 10-year time horizon, simulating 95%

of clinical events. Health outcomes included life years (LYs),

QALYs, and ICERs, with cost-effectiveness thresholds defined as

1–3 times China’s 2024 per capita GDP 12,569.82 CNY (89,371.42

USD)-37,709.46 CNY (268114.26 USD). Microsoft Excel 2019 was

used for model implementation, and all costs were adjusted to 2024

US dollars (exchange rate: 1 USD = 7.11 CNY) using healthcare-

specific inflation indices (10).

The model comprised three mutually exclusive health states: PFS,

PD, and Death as shown in Figure 1. All patients initiated treatment

in the PFS state, receiving durvalumab (1,500 mg IV every 4 weeks)

or placebo until disease progression or unacceptable toxicity. Upon

progression to PD, patients received second-line platinum-etoposide

rechallenge (administered to 66.2% of progressed patients) or

topotecan, followed by best supportive care (BSC).
FIGURE 1

Markov model.
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2.3 Cost and utility data

The model incorporates the following direct medical costs: drug

costs, including durvalumab (1500 mg per infusion at $7,631.74),

simulated costs for the placebo group, and chemotherapy drugs such

as topotecan ($72.17 per cycle), carboplatin ($87.94 per cycle), and

etoposide ($266.67 per cycle). Treatment management-related costs

cover durvalumab infusion procedures, laboratory tests ($134.36 per

cycle), and imaging examinations ($140.65 per cycle) for monitoring

treatment efficacy and safety. Adverse effects were only considered for

those graded above 3 and with a probability of >5%, because the

impact of milder adverse effects was relatively small. Post-progression

treatment is divided into first-line therapy (a platinum-etoposide

rechallenge regimen used by 66.2% of patients) and second-line
Frontiers in Oncology 04168
therapy (standard regimens such as topotecan), along with best

supportive care in the terminal phase ($327.46 per cycle). Palliative

care costs ($2,549.63 per cycle) are used for symptom relief in the

advanced stages, with end-of-life care costs included therein. In this

study, in accordance with the recommendations of the Chinese

Guidelines for Pharmacoeconomic Evaluation 2020, this study

applied a 5% annual discount rate was applied for future health

utility and cost, with a discount rate variation range of 0% to 8% (15).

And all costs were converted to a unified currency using the average

exchange rate of 1 USD = 7.11 CNY, based on exchange rates from 1

January 2024 to 31 October 2024 (16) (Table 1).

This period was chosen because it represents the most recent

stable interval prior to model construction, consistent with the 2024

per capita GDP data used for willingness-to-pay thresholds, and
TABLE 1 Cost and model parameters.

Parameters Base value Lower limit Upper limit Distribution Reference

Cost

Durvalumab 7,631.74 6,105.39 9,158.09 Gama NRDL (17).

Topotecan 72.17 57.74 86.61 Gama NRDL (17).

Carboplatin 87.94 70.35 105.53 Gama NRDL (17).

Etoposide 266.67 213.33 320.00 Gama NRDL (17).

Best supportive care 327.46 261.97 392.95 Gama DRG tariffs (18).

Laboratory test 134.36 107.49 161.23 Gama DRG tariffs (18).

Imaging examination 140.65 112.52 168.78 Gama DRG tariffs (18).

Palliative care 2,549.63 2,039.71 3,059.56 Gama DRG tariffs (18).

Cost of AEs

Rash 400.00 320.00 480.00 Gama Yue et al. (19)

Pulmonary embolism 992.26 793.81 1,190.72 Gama Zhang et al. (20)

Anemia 497.41 397.93 596.89 Gama Qi et al. (21)

Fatigue 188.20 150.56 225.84 Gama Georfieva et al. (22)

Diarrhea 5.18 4.14 6.22 Gama Zhang et al. (23)

Hypertension 14.73 11.78 17.67 Gama Guan et al. (24)

Utility

PFS 0.673 0.528 0.808 Beta Kang et al. (25–28)

PD 0.473 0.378 0.568 Beta Kang et al. (25–28)

Disutility of AEs

Rash 0.03 0.02 0.04 Beta Ward et al. (29)

Pulmonary embolism 0.20 0.16 0.24 Beta Zhang et al. (20)

Anemia 0.04 0.03 0.05 Beta Liu et al. (30)

Fatigue 0.01 0.008 0.012 Beta Georfieva et al. (22)

Diarrhea 0.39 0.27 0.76 Beta Zhang et al. (23)

Hypertension 0.04 0.03 0.05 Beta NADEES et al. (31)

Discount rate

Discount rate 5.00% 0 8.00% Beta (15)
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reflects the official average central parity rates published by SAFE,

thereby minimizing the impact of short-term exchange

rate fluctuations.”
2.4 Model survival and transition
probabilities

The OS and PFS data for both durvalumab and placebo groups

were digitally extracted using GetData Graph Digitizer software

(version 2.26). These survival curves were subsequently

reconstructed and analyzed using R statistical software. To model

the time-to-event data, we evaluated multiple parametric survival

distributions, including expotional, gamma, gengamma, gompertz,

weibull, weibull-PH, log-logistic, and log-normal distributions.

Model selection was based on optimal goodness-of-fit criteria,

with the final survival function chosen according to the lowest

Akaike information criterion (AIC) and Bayesian information

criterion (BIC) values (32, 33). Comprehensive model diagnostics

are provided in Supplementary Tables 1, 2. The fitted survival

curves are presented in Supplementary Figures S1, S2 for visual

comparison between the two treatment strategies. The shape (l)
and scale (g) parameters for the selected survival function were

derived directly from the R software (version 4.3.3) output.
2.5 Uncertainty analysis

2.5.1 Sensitivity analysis
To evaluate the robustness of the model outcomes, we

conducted both one-way sensitivity analysis and probabilistic

sensitivity analysis. The one-way sensitivity analysis identified the

most influential parameters, and results were presented in a tornado

diagram. Probabilistic sensitivity analysis was then performed by

assigning predefined distributions to all parameters and running

1,000 Monte Carlo simulations. The outcomes were illustrated

using scatter plots and cost-effectiveness acceptability curves.

Together, these analyses revealed that drug price and utility

values were the dominant drivers of cost-effectiveness uncertainty,

highlighting the importance of these parameters for future

policy evaluation.

2.5.2 Scenario analysis
We established three distinct scenarios to simulate changes in

benefits under different circumstances. Affected by factors such as

medical insurance negotiations and policy support, the prices of

innovative drugs included in the medical insurance catalog typically

decrease by 10% to 50% through renewal negotiations and dynamic

adjustments. This study is based on the average of this reduction range,

meaning a further 30% reduction from the original price of

durvalumab. Since utility values may vary across different studies and

have a significant impact on cost-utility analysis results, this study

refers to other relevant literature to modify the utility values for PFS

and PD states, thereby further validating the robustness of the model.

The adjusted parameters and distributions after changing the utility
Frontiers in Oncology 05169
values are presented in the Table 2. Additionally, to align with the

ADRIATIC trial protocol and ensure the accuracy of our cost

calculations, we have capped the treatment duration of durvalumab

at 24months. This means that in our cost calculations, we only account

for the costs of durvalumab treatment for up to 24 months, as per the

trial’s specified maximum duration. This approach prevents the

overestimation of costs that could arise from assuming treatment

beyond the clinically validated timeframe.

Given the suboptimal cost-effectiveness of durvalumab

observed in our analysis, we also conducted a threshold price

analysis to explore the price at which durvalumab would become

cost-effective under different willingness-to-pay (WTP) thresholds.

Specifically, we evaluated the cost-effectiveness of durvalumab at

both one times (1x) and three times (3x) the WTP threshold. Our

analysis aimed to determine the price points at which durvalumab

would fall within the commonly accepted cost-effectiveness ratios,

thereby providing valuable insights for policymakers and healthcare

decision-makers.

2.5.3 Subgroup analysis
The results of the subgroup analysis are presented in Table 3. At

a WTP threshold of $12,569.82 per QALY, the subgroup with the

highest probability of being cost-effective was the carboplatin-

etoposide subgroup in the Previous chemotherapy category, with

a cost of $186,589.57 and an ICER of $167,476.98 per QALY. This

was followed by the Europe subgroup in the Geographic region

category, with a cost of $175,107.56 and an ICER of $181,930.53 per

QALY. A similar trend was observed at a WTP threshold of three

times the per capita GDP of China.
3 Results

3.1 Base case results

The Table 4 presents the basic case evaluation results of the

cost-effectiveness of the two treatment regimens. The total cost for

the placebo group is $63,274.61, with a total of 1.80 QALYs;

whereas for durvalumab, the total cost amounts to $171,884.05,

and the total QALYs reach 2.24. By calculating the ICER, it is

determined that an additional expenditure of approximately

$245,591.59 is required to gain one extra QALY. Additionally, the

NMB was calculated, resulting in -$46,249.06 for the placebo group

and -$153,643.40 for the durvalumab group. This indicates that the

placebo group yields a higher net benefit compared to durvalumab,

as a larger NMB is more favorable. The INMB for durvalumab
TABLE 2 Parameters and distribution of changed utility value.

Utility value Basis value
Range

Source
Min Max

PFS value 0.86 0.65 0.97 Shen Y et al. (34)

PD value 0.77 0.54 0.80 Shen Y et al. (34)
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versus placebo is -$107,394.34, which further demonstrates that the

durvalumab group provides a negative incremental net benefit and

is not economically advantageous relative to the placebo group.

Based on these findings-including the high ICER value, the superior

NMB of the placebo group, and the negative INMB-the placebo

group is the more cost-effective option at the given WTP threshold

implicit in the analysis.
3.2 Results of sensitivity analysis

This deterministic sensitivity analysis, as presented in the

results table, demonstrated that among all evaluated parameters,

variations in the utility for PFS exerted the most profound influence

on model outcomes, with a fluctuation magnitude of $119,119.58

per QALY units between its lower bound ($201,614.41 per QALY)

and upper bound ($320,733.99 per QALY), establishing it as the

primary sensitivity driver (Figure 2). The cost of durvalumab

constituted the second most critical factor, exhibiting a

substantial variation of $99,066.78 per QALY units across its

tested range ($196,058.29 per QALY - $295,125.06 per QALY),

underscoring its pivotal role in cost-effectiveness conclusions. The

discount rate ranked third in sensitivity impact, generating a

variation of 46,617.70 units ($216,653.60 per QALY - $263,271.29

per QALY), indicating significant temporal effects on economic

evaluations. Other parameters-including drug costs, healthcare

service costs, progressive disease utility-collectively and etc.

induced smaller-scale fluctuations in model outputs.
Frontiers in Oncology 06170
3.3 Probabilistic sensitivity analysis

In Supplementary Files S3, S4, we have provided the detailed

PSA parameter settings and partial results of the Monte Carlo

simulations. As shown by the cost-effectiveness scatter plot

(Figure 3), all the scatter points are located in the fourth

quadrant, indicating that in the treatment of LS-SCLC, the

durvalumab treatment regimen, compared with the placebo

regimen, can achieve better health outcomes at a higher cost in

all simulated scenarios.

Figure 4 showed that when the willingness-to-pay (WTP)

threshold was below $37,709.46, the cost-effectiveness probability

of placebo was constantly 100%, indicating that it had a significant

economic advantage in this range. When the WTP threshold

reached or exceeded $130,000.00, the probability of placebo

gradually decreased, while the probability of durvalumab increased.
3.4 Expected value of perfect information
analysis

Figure 5 demonstrates that the Expected Value of Perfect

Information (EVPI) is relatively low at lower WTP thresholds but

increases significantly as the WTP approaches $200,000 per QALY,

peaking at $6,826.58. This indicates that under highWTP scenarios,

the uncertainty in model parameters becomes more critical,

highlighting the increased decision risk associated with higher

payment thresholds.
TABLE 3 CEA results of base-case.

Treatment Total costs Total QALYs Incre costs Incre QALYs ICER NMB INMB

Placebo group 63,274.61 1.80 -46,249.06

Durvalumab group 171,884.05 2.24 108,609.45 0.44 245,591.59 -153,643.40 -107,394.34
TABLE 4 Results of the analysis under different scenarios.

Treatment Total costs (qalys) Incre costs (qalys) ICER NMB INMB

Scenario analysis 1: cost value sensitivity results

Placebo group 63,274.61 -46,512.36

Durvalumab group 139,025.89 75,751.28 171,291.54 -118,974.78 -72,462.41

Scenario analysis 2: utility value sensitivity results

Placebo group (2.47) -37,184.27

Durvalumab group (3.04) (0.57) 191,017.07 -142,516.19 -105,331.92

Scenario analysis 3: 24 months sensitivity results

Placebo group 30,143.57 -20,462.27

Durvalumab group 136,768.70 106,625.13 1,337,187.91 -130,712.35 -110,250.07

Scenario analysis 4: results of value-based pricing analysis

Durvalumab ($451.28/cycle) group 68,833.41 5,558.81 12,295.73 -46,211.25 156.03

Durvalumab ($1,225.95/cycle) group 79,951.12 16,676.51 36,886.98 -183,759.06 -37,715.96
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3.5 Results of scenario analysis

The results of scenario analysis 1 indicate that under conditions

of changing cost values, the cost-effectiveness of the treatment with

durvalumab does not change. The durvalumab group also shows

improvement in health outcomes compared to the placebo group at

a different utility value (lower than 3 times WTP) (Table 4).

Scenario analysis 3 indicates that this adjustment does not

significantly alter the cost-effectiveness profile of durvalumab,

supporting the robustness of our base-case analysis.

Scenario analysis 4: The value-based pricing analysis presented

in Table 4 shows that when the ICER of durvalumab is $12,295.73

per QALY, the price of durvalumab per cycle needs to be reduced to
Frontiers in Oncology 07171
$451.28. When the ICER is adjusted to three times the threshold,

the price of durvalumab per cycle needs to be reduced to

$1,225.95 (Table 4).
3.6 Subgroup analysis

The results of the subgroup analysis are presented in Table 4. At

a WTP threshold of $12,569.82 per QALY, the subgroup with the

highest probability of being cost-effective was the carboplatin-

etoposide subgroup in the Previous chemotherapy category, with

a cost of $187,637.23 and an ICER of $175,714.96 per QALY. This

was followed by the Europe subgroup in the Geographic region
FIGURE 2

Tornado diagram.
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category, with a cost of $176,166.22 and an ICER of $192,813.78 per

QALY. A similar trend was observed at a WTP threshold of three

times the per capita GDP of China.
4 Discussion

This study, based on the data from the ADRIATIC Phase III

clinical trial, constructed a Markov model adapted to the Chinese

health economic context to systematically evaluate the cost-

effectiveness of durvalumab as consolidation therapy for LS-SCL

following concurrent chemoradiotherapy. The results indicate that

although durvalumab significantly prolonged patients’ PFS and OS,

and increased QALYs, its ICER is much higher than the widely

accepted willingness-to-pay threshold, suggesting poor cost-

effectiveness under the current pricing strategy and potentially

limiting its widespread clinical application in China.

Further sensitivity analysis revealed that drug costs, health

utility values, and discount rates are the key parameters affecting

the model outcomes. Among them, fluctuations in the price of

durvalumab were most sensitive to changes in ICER, demonstrating

that drug pricing remains the core factor constraining its cost-

effectiveness. Additionally, variations in the upper and lower limits

of PFS utility values also had a significant impact on the results,

indicating that improvements in quality of life are equally

important for enhancing cost-effectiveness.

Notably, the probabilistic sensitivity analysis results showed

that the cost-effectiveness advantage of durvalumab is significantly

dependent on a higher WTP threshold. When the willingness-to-
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pay is below $150,000 per QALY, the probability of its cost-

effectiveness is close to zero; even with a high payment threshold,

although there is some improvement, it remains significantly lower

than that of the placebo group. This trend suggests that durvalumab

is more suitable for healthcare systems with stronger payment

capabilities or for specific high-value patient groups who are

extremely sensitive to survival benefits. In contrast, the placebo

maintains a strong cost-effectiveness advantage under conventional

payment standards.

Moreover, the EVPI analysis indicated that model uncertainty

sharply increases in the high willingness-to-pay range, implying

that if payment standards are further raised in the future, there will

be a greater risk of resource allocation. Therefore, it is necessary to

conduct more in-depth research on the sensitivity parameters under

high willingness-to-pay scenarios (such as long-term survival data

and drug cost structure) to reduce potential losses caused by

uncertainty and provide more robust evidence for health

insurance policy formulation.

Our study has the following limitation. Although the

comparator we selected is consistent with the ADRIATIC trial,

differences in real-world practice, such as the use of PCI and follow-

up imaging, may affect the generalizability of our study results. To

better assess the impact of these differences on cost-effectiveness,

future studies could consider incorporating these real-world

practices into the analysis to more comprehensively reflect the

actual effects in clinical practice.

In summary, although the overall cost-effectiveness is currently

insufficient, it may still be possible to improve the cost-effectiveness

and accessibility of durvalumab under certain conditions through
FIGURE 3

Probabilistic sensitivity analysis results of the different treatments.
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subgroup strategies targeting high-risk patients or the introduction

o f p r i c e op t im i z a t i on mechan i sms ( su ch a s r i s k -

sharing agreements).
5 Conclusion

This study demonstrates that durvalumab, as consolidation

therapy for limited-stage small cell lung cancer following

concurrent chemoradiotherapy, has clear survival benefits and
Frontiers in Oncology 09173
improvements in health-related quality of life. However, its cost-

effectiveness remains inadequate under the current pricing system

and payment capacity. The core influencing factors include drug

pricing, health utility, and uncertainty in long-term efficacy data.

Future policies could consider optimizing the cost structure

through differentiated health insurance payment strategies, price

negotiation mechanisms, and risk-sharing models, while also

strengthening the collection and assessment of real-world efficacy

and cost data to further clarify its applicable scenarios within the

Chinese healthcare system. Only by achieving a balance between
FIGURE 4

Cost-effectiveness acceptability curve.
FIGURE 5

Expected value of perfect information.
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clinical value and economic burden can durvalumab truly realize its

widespread application in the treatment of limited-stage small cell

lung cancer.
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Glossary

SCLC Small cell lung cancer
Frontiers in Oncology
LS-SCLC Limited-stage small cell lung cancer
ES-SCLC Extensive-stage small cell lung cancer
OS Overall survival
PFS Progression-free survival
mNSCLC Non-small cell lung cancer
EFS Event-free survival
pCR Pathological complete response rate
12176
NMPA The National Medical Products Administration
NHSA The National Healthcare Security Administration
PD Progressive disease
ICER Incremental cost-effectiveness ratio
QALYs Quality-adjusted life-years
EVPI Expected value of perfect information
Lys Life years
BSC Best supportive care
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Background: Breast cancer has been a serious health problem worldwide. Early 
detection is undoubtedly effective in combating severe public health problems 
in developing countries. Meanwhile, primary care physicians play an important 
role in implementing screening programs. The objective of our study was to 
evaluate the determinants of primary care physicians’ intention to provide the 
breast cancer screening services (BCSs) for rural women.
Methods: We conducted a cross-sectional survey in 24 towns in Jiangsu 
Province. A total of 1,101 primary care physicians participated in and completed 
the study. The data collection tool was developed based on the theory of 
planned behavior (TPB), which includes attitude, subjective norms, and perceived 
behavioral control, as well as extended components including knowledge of 
BCSs and past providing-BCSs behavior.
Results: The results of our study showed that subjective norms (β = 0.352, 
p < 0.001) had the strongest influence on primary care physicians’ intention 
to engage in breast cancer screening, followed by attitudes and perceived 
behavioral control. Both screening knowledge and past screening provision 
behavior had an indirect effect on behavioral intentions.
Conclusion: The present study demonstrated that extended TPB is an effective 
model for explaining primary care physicians’ intention to engage in breast 
cancer screening programs. Meanwhile, our findings provide a reference for 
governments, hospitals and policies aiming to increase primary care physicians’ 
intention to provide rural women with BCSs.
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Introduction

Cancer is a major public health, societal, and economic problem 
in the 21st century, responsible for almost one in six deaths (16.8%) 
worldwide (1). Breast cancer is the most common and leading cause 
of death among women (2). According to recent global cancer burden 
data, breast cancer accounted for 2.3 million new cases in 2022. In 
China, the largest developing nation, the increase in breast cancer 
incidence has outpaced the global average since the 1990s, growing at 
more than twice the global average rate (3). Data from the National 
Cancer Center (NCC) of China indicate that in 2022, the number of 
new breast cancer cases among women reached 357,200, making 
breast cancer the second most common cancer among women (4). 
The situation is particularly alarming in rural areas, where the 
age-standardized incidence rate (ASIR) is rising at an annual rate of 
approximately 6.9%, and the age-standardized mortality rate (ASMR) 
at about 2.7%, both significantly higher than rates in urban areas (5). 
These disparities underscore the urgent need for enhanced breast 
cancer early, diagnosis, and treatment efforts, particularly in rural 
areas, to address the growing burden and challenges.

Early screening plays a vital role in improving treatment outcomes 
and prognosis. It not only reduces the incidence and mortality of 
breast cancer but also enhances the quality of care for women (6). 
Population-based screening programs have been implemented in 
many developed countries over the last few decades, leading to 
significant reductions in mortality and advanced cancer rates (7–9). 
In China, a national breast cancer screening (BCS) program was 
launched in 2009 to provide screening services for women aged 35–64. 
However, despite these efforts, many rural women remain inadequately 
screened. Chinese epidemiological data indicate that, as of 2019, only 
22.3% of women aged 20 years and older and 30.9% of women aged 
35–64 had ever undergone breast cancer screening, rates lower than 
those reported in developed countries (10). Moreover, women with 
lower socioeconomic status exhibited even lower screening 
participation. Women aged 20 and above in urban areas had a 
screening rate of 24.6%, compared to just 15.0% in rural regions (11). 
The substantial gap between current screening rates and national 
targets highlights the urgent need to strengthen rural women’s 
willingness to participate in BCS and to improve their overall health 
outcomes in China. Primary care physicians, as primary providers of 
breast cancer screening services (BCSs), play a critical role in 
improving screening rates. Research suggests that the level of 
knowledge, attitudes, and encouragement provided by primary care 
physicians are significant factors in women’s willingness to undergo 
BCS (12, 13). Additionally, primary care physicians’ recommendations 
and knowledge also significantly influence rural women’s 
understanding and willingness to participate in screening programs 
(14, 15). These studies suggest that exploring primary care physicians’ 
involvement could be a potential approach to enhancing BCS rates. 
Previous studies aimed at increasing BCS rates have mainly focused 
on individuals receiving these services. Most research has examined 
women’s intentions to participate in BCS (16, 17). Existing studies 
have explored primary care physicians’ willingness to participate in 
colorectal, breast, and cervical cancer screening and have identified 
factors such as knowledge, attitudes, and time constraints as key 
determinants of provider participation (18, 19). However, few 
investigations have specifically examined the intentions of primary 
care providers in rural China to offer breast cancer screening for 

women. Therefore, this study will apply the theory of planned behavior 
(TPB) to examine the predictors of primary care physicians’ intentions 
to provide BCSs for rural women. This focus on providers offers a 
novel perspective on strategies to enhance screening rates.

TPB, introduced by Ajzen in 1985, is a widely applied social 
cognitive theory (68). It provides a robust model for predicting and 
understanding individual behavior across various fields (20, 21). TPB 
has proven particularly effective in studying healthcare professionals’ 
behaviors. It has been validated as a useful framework for examining 
factors that influence physicians’ referral practices and healthcare 
workers’ job-seeking decisions (22, 23). The theory of planned 
behavior (TPB) has been widely applied to examine individuals’ breast 
cancer screening behaviors (24, 25). Building upon this theoretical 
foundation, the present study employs the TPB framework to 
investigate the determinants of primary care physicians’ intentions to 
provide BCSs. The objective of this study is to investigate the 
determinants of primary care physicians’ intention to offer BCSs and 
to propose corresponding policy recommendations to strengthen 
their participation.

Research model and hypothesis 
development

The current study established a research model (Figure 1) of 
primary care physicians’ provision of BCS for rural women in 
China, based on the TPB. TPB is extensively used in predicting 
and explaining an individual’s behavior under specific conditions. 
It has demonstrated its effectiveness in anticipating the intentions 
of various healthcare professionals, including clinicians (26), 
pharmacists (27), and nurses (28), to provide medical services. In 
addition, prior meta-analyses and empirical research have 
indicated that the TPB demonstrates stronger explanatory 
capacity and clearer conceptual distinctions than alternative 
psychological models, including the health belief model (HBM) 
and the theory of reasoned action (TRA) (29, 30). According to 
TPB, an individual’s intention is determined by three key factors: 
attitude toward the behavior (A), subjective norms (SN), and 
perceived behavioral control (PBC) (31, 32). Moreover, SN can 
affect attitude and PBC, thus indirectly affecting individual’s 
intentions (see Figure 2).

Attitude refers to an individual’s stable assessment and stance 
regarding a particular behavior. It can be influenced by strength and 
belief (b) as well as evaluation (e). It can be  quantified by their 
multiplication, expressed by the equation: ∝∑ i iAB b e  (where i 
represents the measurement project) (31, 32). Similarly, SN refer to 
the belief that people will approve of and support a particular behavior, 
which can be determined by normative beliefs (n) and motivation to 
comply (m). The equation is as follows: SN ∝∑ i in m . Moreover, PBC 
refers to the extent to which one assesses the difficulty of conducting 
a specific behavior, which is determined by two distinct factors: 
control beliefs (c) and perceived power (p). The corresponding 
equation is: ∝∑PBC i ic p .

In this study, attitude refers to primary care physician’ evaluation 
of providing BCSs. According to the TPB, A is an important factor 
that influences an individual’ s intentions and subsequent behavior. 
Physicians’ intention to provide BCSs is likely to increase if they 
perceive it as fulfilling personal values, achieving a sense of 
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accomplishment, or recognizing the critical importance of BCS. For 
instance, Allenbaugh et al. (33) indicated positive attitudes among 
nurses and residents toward their interactions can significantly 
enhance the quality of care. Based on this, we  propose the 
following hypothesis:

Hypothesis 1: Attitude is positively correlated with primary 
physicians’ intention to provide BCSs.

SN refer to the perceived expectations and support of relevant 
social referents, including colleagues, supervisors, and patients, 
concerning primary care physicians’ engagement in BCS. Previous 
study has revealed that SN can directly influence physicians’ intentions 
to provide BCSs (22, 34). Meanwhile, it can also influence their 
intentions indirectly by affecting their attitudes and PBC (35, 36). For 
instance, encouragement and support from hospital leaders, nurses, 
and colleagues may positively influence physicians’ attitudes toward 
BCS, alleviate perceived challenges in providing BCSs, and further 

enhance their motivation. Therefore, we  propose the 
following hypotheses:

Hypothesis 2: SN influences primary physicians' intention 
positively and directly.

Hypothesis 2a: The more SN primary physicians perceive, the 
more positive their attitude becomes.

Hypothesis 2b: SN significantly affects the PBC of primary 
physicians during their attempt to provide BCSs.

In this study, PBC refers to primary care physicians’ perceptions 
of how easy or difficult it is to provide BCSs, including factors such as 
the availability of equipment and their own level of technical 
proficiency. Generally, physicians with greater access to resources and 
better training tend to feel more confident, enhancing their 
PBC. According to the TPB, PBC is significantly related to an 

FIGURE 1

The research model of primary care physicians’ providing BCSs intention.

FIGURE 2

A structural model of the theory of planned behavior.
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individual’s intention. Previous research has also shown that PBC 
effectively predicts physicians’ intentions to provide medical services 
(34, 37). Consequently, we propose the following hypothesis:

Hypothesis 3: PBC positively and directly influences primary care 
physicians' intention to provide BCSs.

The predictive utility of the TPB has been shown to improve when 
additional variables are integrated into the model (38, 39). Additionally, 
past behavior (PB) and knowledge have been incorporated into the TPB 
model in health-related studies, supporting their inclusion as variables 
to enhance the predictive power of TPB (40–42). Among primary care 
physicians, knowledge of BCS may indirectly influence their behavioral 
intentions through PBC and attitude. Greater knowledge enhances 
awareness of the benefits of screening, fostering a more positive attitude 
toward its provision. Moreover, prior experience with screening helps 
physicians build procedural familiarity, improving their perceived 
competence and reducing the perceived difficulty of the task. Such 
experience may also increase understanding among significant others, 
thereby enhancing the social support physicians receive when delivering 
screening services. Consequently, we propose the following hypotheses:

Hypothesis 4: Knowledge of BCS directly and positively influences 
primary care physicians’ attitudes toward BCSs.

Hypothesis 5: Knowledge of BCS directly and positively influences 
primary care physicians’ PBC regarding providing BCSs.

Hypothesis 6: Primary care physicians’ PB in providing BCSs 
influences their SN.

Hypothesis 7: Primary care physicians’ PB in providing BCSs 
influences their PBC.

Hypothesis 8: Primary care physicians’ PB in providing BCSs 
influences their knowledge of BCSs.

Materials and methods

Participants and data collection

This cross-sectional study was conducted from March 30 to June 1, 
2020. A multi-stage stratified cluster sampling method was used to 
select participants. In the first stage, Jiangsu Province was chosen as the 
primary sampling unit. Six prefecture-level cities—Lianyungang, 
Yancheng, Yangzhou, Nanjing, Changzhou, and Wuxi—were selected 
based on geographic location, socioeconomic status, and distribution 
of healthcare resources. In the second stage, two rural townships were 
selected from each city using probability proportional to size (PPS) 
sampling, resulting in a total of 12 townships. All maternal and child 
health institutions, community health service centers, health stations, 
township hospitals, and village clinics within these townships were 
included as survey sites. In the third stage, primary care physicians at 
these sites were recruited as study participants. Inclusion criteria 
required participants to be licensed healthcare professionals with prior 
experience in providing breast cancer screening (BCS). Exclusion 
criteria applied to physicians who were ill or otherwise unable to 

respond. Participants were first recruited through local primary health 
care centers. Those who consented to take part completed the study in 
meeting rooms at the respective centers. The research team consisted of 
trained graduate students. Before the formal experiment, trained 
investigators distributed paper questionnaires to all participants and 
explained the study objectives. Upon completing the questionnaire, 
each participant received a small gift valued at approximately 20 
RMB. The required minimum sample size was estimated using Raosoft,1 
assuming a 95% confidence level, a 5% margin of error, and a 50% 
response distribution, resulting in a recommended sample size of 384.

Questionnaire

The development of the questionnaire for this study followed a 
systematic process to ensure accuracy and validity. Based on our 
hypothesized model, we referred to existing literature (24, 30), utilized 
multiple tools to enhance the study, and refined our questionnaire. To 
ensure accurate representation of theoretical constructs (A, SN, PBC, 
PB, knowledge and intention) in the instrument, a pilot study was 
conducted by a panel comprising two experienced quantitative 
researchers and thirty primary care physicians. The panel reviewed the 
draft questionnaire and provided feedback to enhance its validity. 
Based on their suggestions, we revised the wording and phrasing of 
several items to improve clarity and comprehensibility. The finalized 
questionnaire comprises two sections:

(1) Demographic and sociological characteristics, including gender, 
monthly income, and educational background; (2) Intention to provide 
BCSs, assessed through six subscales. Contained five subscales: attitude 
toward BCSs, SN, PBC, behavioral intention to provide BCSs, PB and 
knowledge level of BCSs. The questionnaire was constructed as follows:

Attitude subscale
This subscale consisted of behavioral intention (3 items) and 

related outcome evaluations (3 items). These items measured three key 
aspects: Primary care providers’ perceived value of the screening work, 
satisfaction with performing screening tasks, and sense of 
accomplishment derived from engaging in screening activities. 
Respondents rated each item on a five-point Likert scale, where higher 
scores indicated a more positive attitude toward BCSs.

Subjective norm subscale
SN was calculated by multiplying the measures of normative 

beliefs (3 items) and motivation to comply (3 items). Respondents 
rated the perceived level of support from supervisors, colleagues, and 
visiting women using a five-point rating scale. Higher scores were 
strongly correlated with a higher SN.

Perceived behavioral control subscale
PBC refers to the perception of hindering or facilitating factors 

and reflects the personal resources enabling primary care physicians 
to engage in BCSs. The scale assessed elements such as the effectiveness 
of hospital equipment, workload, salary, and professional skills. 
Respondents rated PBC on a five-point Likert scale, where higher 

1  http://www.raosoft.com/samplesize.html
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scores indicated greater PBC among primary care physicians in 
performing BCSs.

Behavioral intention subscale
Behavioral intention (BI) toward BCSs was measured by three 

items: “I plan to provide BCSs for rural women” “I am willing to 
provide BCSs for rural women” and “I try to provide BCSs for rural 
women.” The response scale ranged from 1 (strongly disagree) to 5 
(strongly agree), with higher scores indicating a stronger intention 
among physicians to participate in BCSs programs.

Knowledge subscale
The BCS Knowledge Index was developed to assess primary care 

physicians’ understanding of BCS. The knowledge scale assessed 
participants’ understanding of breast cancer and breast cancer 
screening, including the correct technique for breast self-examination, 
the appropriate sequence of palpation, and the identification of 
population groups requiring histopathological examination, among 
other related topics. It comprised six items, each scored 1 for a correct 
response and 0 for an incorrect one. The total score, obtained by 
summing the item scores, ranged from 0 to 6, with higher scores 
reflecting greater knowledge of BCS among primary care physicians.

Past behavior subscale
Four items were used to measure primary care physicians’ past 

engagement in BCSs. These items evaluated their experience with 
conducting clinical examinations, performing mammography and 
ultrasonography, and providing preventive education to rural women. 
The response scale ranged from 1 (strongly disagree) to 5 (strongly 
agree), with higher scores reflecting more extensive experience in 
providing BCSs for rural women.

Data and statistical analysis

The database was created using EpiData version 3.1. Initially, all 
data were analyzed using descriptive statistics and exploratory factor 
analysis in SPSS version 23.0 (IBM Corp., Armonk, NY, USA). The 
model was constructed using exploratory factor analysis, and 
correlations between variables were assessed through the Kaiser–
Meyer–Olkin (KMO) test and Bartlett’s spherical test. Confirmatory 
factor analysis (CFA) was subsequently performed using structural 
equation modeling (SEM) to assess the model’s reliability and stability. 
Finally, Amos version 23.0 (IBM SPSS Amos, Armonk, NY, USA) was 
used to fit the hypothetical research model and analyze relationships 
between variables through the maximum likelihood estimation (MLE) 
method, with statistical significance set at p < 0.05.

Ethics approval

The study was conducted in accordance with the Declaration of 
Helsinki and approved by the Ethics Committee of Sir Run Run 
Hospital, Nanjing Medical University (Protocol code: 2019-SR-017; 
approved on August 19, 2019). Informed consent details were 
provided on the first page of the questionnaire. Participants completed 
the questionnaire after giving informed consent. All responses were 
collected anonymously.

Results

Sample characteristics

A total of 1,205 questionnaires were distributed, and 1,101 valid 
responses were collected, resulting in a valid response rate of 
91.37%. Questionnaires with extreme data were excluded. 
According to the recommendation by Bagozzi and Yi (43), the 
sample size meets the requirements for subsequent structural 
equation modeling analysis. The sample composition is shown in 
Table 1. The majority of respondents were female (90.7%), whereas 
only 9.3% were men. Most primary healthcare providers reported 
relatively low-income levels, with only 12.4% earning more than 
8,000 RMB per month. In terms of educational attainment, the 
majority (62.5%) held a bachelor’s degree. A substantial proportion 
(79.8%) were employed at community health service centers or 
township health centers.

Descriptive analysis

The results of the descriptive analysis were presented in Table 2. 
Primary care physicians in this study demonstrated a generally 
favorable attitude toward providing BCSs to rural women, the average 
mean score of variable attitude was 18.79 ± 4.53 (range: 5–25). 
However, participants reported limited support from colleagues, 
patients, and leaders during their daily practice of BCSs (mean = 17.00, 
SD = 3.94, score ranging from 5 to 25). Moreover, their PBC over 
engaging in BCSs was relatively low (mean = 11.18, SD = 3.76, score 

TABLE 1  Demographics and relevant characteristics of participants.

Demographic variables Frequency 
(N)

Percentage 
(%)

Gender

 � Male 102 9.3

 � Female 999 90.7

Monthly income (RMB)

 � ≤3,000 112 10.2

 � 3,000—5,000 373 33.9

 � 5,000—8,000 479 43.5

 � ≥8,000 137 12.4

Level of education

 � Master and doctor 27 2.5

 � Bachelor 688 62.5

 � Associate degree 297 27

 � Others 89 8.1

Type of hospital

 � Township health center 431 39.1

 � Village clinic 76 6.9

 � Rural community health center 448 40.7

 � Rural maternal and child health center 91 8.3

 � Other 55 5
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ranging from 5 to 25). Despite these challenges, the study revealed that 
primary care physicians exhibited a relatively high intention to provide 
BCSs for rural women (mean = 4.07, SD = 0.63, score ranging from 1 
to 5) and demonstrated a good knowledge level of BCSs, with a mean 
score of 3.93 ± 1.28 (range: 0–6). However, their experience in 
providing BCSs for rural women was relatively limited, with a mean 
score of 12.43 ± 3.70 (range: 4–20).

Instrument reliability and validity

SPSS 23.0 was employed to perform exploratory factor analysis 
on the collected data to verify the validity and reliability of the 
questionnaire. We  conducted both exploratory factor analysis 
(EFA) and confirmatory factor analysis (CFA). The sample was 
randomly divided into two groups, and half of the original data 
(N = 550) was used to perform the EFA. Factor analysis was first 
conducted. The Kaiser-Meyer-Olkin (KMO) value was 0.848 > 0.5, 
the approximate chi-square value of Bartlett’s test of sphericity was 
4438.024, and the significance probability was less than 0.001. 
These results indicate that the data were highly suitable for factor 
analysis (44). Principal component analysis was applied to extract 
common factors, and the maximum variance orthogonal rotation 
method was employed for data analysis. Four common factors 
with characteristic root exceeding 1 were extracted, with a 
cumulative contribution rate of 77%. The factor loadings of 
individual items ranged from 0.752 to 0.867. Cronbach’s alpha 
coefficients for all four dimensions were above 0.8, indicating high 
internal reliability.

Confirmatory factor analysis (CFA) was conducted on the 
remaining half of the data (n  = 551) using AMOS 23.0 to assess 
structural, convergent, and discriminant validity. The maximum 
likelihood method was applied to assess the model fit. The results 
indicated that the χ2/df ratio was 2.211 (<5), RMSEA (root mean 
square error of approximation) was 0.047 (<0.050), and SRMR 
(standardized root mean square residual) was 0.034 (<0.08). 
Additionally, CFI (comparative fit index), TLI (Tucker-Lewis index), 
and NFI (normed fit index) values all exceeded 0.90, demonstrating 
strong structural validity and a satisfactory model fit (45). As shown 
in Table  3, the standardized path coefficients for the four latent 
variables were all above 0.5. The average variance extracted (AVE) for 
each latent variable exceeded 0.5 (46), and the combined reliability 
surpassed 0.7 (47), indicating that the convergent validity is 
acceptable. Discriminant validity was assessed using the Fornell-
Larcker criterion (46, 48). As shown in Table 4, Attitude, SN, PBC, 
and BI were significantly correlated (p < 0.001), yet the correlations 
between constructs were all lower than the square root of their 

respective AVEs, indicating adequate discriminant validity. This 
finding indicates that the variables were closely interrelated yet 
distinct from one another. Therefore, the scale demonstrated 
satisfactory discriminant validity (49).

Test of structural equation model

In this study, the extended structural equation model included 
knowledge and PB as additional predictors of primary care physicians’ 
breast cancer screening behavior. Model fit and path analyses were 
performed using AMOS software. As shown in Table 5, the goodness-
of-fit indices indicated that the model achieved a satisfactory fit. The 
standardized path coefficients between latent variables are presented 
in Figure 3, while the hypothesis testing results are summarized in 
Table  6, the relationships among the variables in the structural 
equation model are all statistically significant (p < 0.001). Thus, all ten 

TABLE 2  The result of descriptive statistics.

Variable Mean ± SD Range

Attitude 18.79 ± 4.53 5–25

Subjective norm 17.00 ± 3.94 5–25

Perceived behavioral control 11.18 ± 3.76 5–25

Intention 4.07 ± 0.63 1–5

Knowledge of BCSs 3.93 ± 1.28 0–6

Past behavior 12.43 ± 3.70 4–20

TABLE 3  Convergent validity test (n = 550).

Variables Factor 
loading

CR AVE

Attitude ← A1 0.901 0.892 0.735

← A2 0.933

← A3 0.724

SN ← SN1 0.761 0.884 0.656

← SN2 0.896

← SN3 0.848

PBC ← PBC1 0.848 0.852 0.596

← PBC2 0.587

← PBC3 0.909

← PBC4 0.784

BI ← BI1 0.774 0.824 0.664

← BI2 0.800

← BI3 0.911

A, attitude; SN, subjective norm; PBC, perceived behavior control; BI, behavior intention; 
CR, combined reliability; AVE average variance extracted.

TABLE 4  Discriminant validity test (n = 551).

Variable Attitude SN PBC BI

Attitude 0.857

SN 0.591*** 0.810

PBC 0.284*** 0.375*** 0.772

BI 0.494*** 0.546*** 0.348*** 0.815

SN, subjective norm; PBC, perceived behavioral control; BI, behavior intention; Diagonals 
(in bold) represent the square root of the AVE. ***, p< 0.001.

TABLE 5  Results of structural equation modeling analysis (n = 1,101).

χ2/df CFI TLI NFI RMSEA SRMR

2.618 0.969 0.964 0.950 0.038 0.0411

χ2/df, relative chi-square and degrees of freedom; GFI, goodness of fit index; TLI, Tucker-
Lewis index; NFI, normative fit index; RMSEA, root mean square error of approximation; 
SRMR, standardized root mean square residual.
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hypotheses were supported, indicating that the relationships among 
the variables were statistically validated. As indicated by the results, 
attitudes towards BCS (β = 0.251, p < 0.001) and PBC (β = 0.140, 
p < 0.001) were significantly associated with primary physicians’ 
intention to provide BCSs. SN were strongly associated with attitudes 
among primary care physicians (β = 0.573, p < 0.001) and moderately 
associated with PBC (β = 0.258, p < 0.001) and BI (β = 0.352, 
p < 0.001). Additionally, knowledge about BCS significantly influenced 
PBC (β = 0.204, p < 0.001) and attitudes (β = 0.168, p < 0.001) among 
primary care physicians. However, past screening behavior had 
moderate effects on SN (β = 0.326, p < 0.001) and PBC (β = 0.370, 
p < 0.001) and knowledge (β = 0.368, p < 0.001).

Discussion

This study examined the multifaceted predictors of primary care 
physicians’ intention of providing BCSs to rural women. To our 
knowledge, this is the first study to examine physicians’ BCS behaviors 
using the TPB as a conceptual framework. Notably, 90.7% of 
participants were female, a pattern that aligns with the gender 
composition of rural primary healthcare personnel in China and the 
breast cancer screening context (50). In general, the results showed 
that primary care physicians held high intentions to provide BCSs. The 
findings of the present study align closely with those of a previous 
investigation conducted in Tianjin, China, which reported that 
approximately two-thirds of physicians were willing to engage in 

cancer screening (18). The high intention demonstrated by primary 
care physicians in this study may be attributed to a national BCS 
program launched in 2009 to provide screening services for women 
(51). This program highlights the importance of promoting BCS and 
reflects the government’s commitment to its widespread 
implementation. Such emphasis may increase primary care physicians’ 
willingness to provide screening services. The expanded TPB model 
accounted for 37% of the variance in consumption intentions, aligning 
with results reported in previous studies (52, 53). In accordance with 
the hypotheses based on the TPB, the results of the path analysis test 
ascertained that primary care physicians’ attitude, SN, PBC, PB and 
knowledge level can all directly or indirectly affect their intention to 
perform the BCSs. These findings confirm suggestions that the TPB is 
a suitable theoretical basis for understanding physicians’ intentions 
and behaviors (54–56).

In this study, attitude was found to have a positive impact on the 
BI of primary care physicians, this finding indicates that physicians’ 
awareness of the significance of BCS, combined with a sense of 
fulfillment and professional value derived from delivering such 
services, is positively associated with their intention to engage in this 
behavior. This conclusion aligns with research by Heena et al. (12) and 
Malve et al. (57). In this study, primary care physicians demonstrated 
positive attitudes toward BCS, suggesting broad acceptance of 
screening services within China’s primary care system. Additionally, 
we  found that screening-related knowledge indirectly influenced 
physicians’ intention to offer services through its impact on attitudes, 
this indicates that improving knowledge may help providers better 

FIGURE 3

The results of SEM analysis. BI, behavior intention; SN, subjective norm; PBC, perceived behavior control; PB, past behavior.
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understand the importance of BCS, thereby fostering stronger support 
for its implementation. A previous study indicates that in resource-
limited settings, physicians’ knowledge of tele-surgery is significantly 
associated with their attitudes toward its use (58). Furthermore, our 
findings suggest that external support—from colleagues or 
supervisors—can enhance service willingness by shaping more 
favorable attitudes, this may be  because support from significant 
others helps create a more favorable work environment, thereby 
enhancing primary care providers’ perceived value of participating in 
screening programs. For physicians with negative attitudes, developing 
deeply tailored messages to address their specific concerns can 
effectively help reshape their perspectives (38). For example, 
emphasizing that BCS is a priority in national health initiatives, 
highlighting the significant demand for these services among women, 
and underscoring the scarcity of providers can all serve to counteract 
negative attitudes and foster a more positive attitude.

In this study, SN has the most significant impact on the intention 
of primary physicians to provide BCSs. This suggests that physicians 
who receive support from their supervisors, colleagues, and patients 
are more likely to have a stronger intention to perform screening 
activities. Moreover, SN indirectly influenced BI through attitudes and 
PBC. These findings were consistent with previous studies, a study 
examining BI among family medicine residents identified SN as the 
strongest predictor of intention (β = 0.56, p < 0.001) (59). Another 
study demonstrated that conformity to colleagues’ practices or 
expectations significantly predicted healthcare providers’ intentions 
to perform vaginal examinations for female patients (60). Among all 
variable, SN2 (support from visiting women) had the highest factor 
loading (0.906), indicating that support from patients is the most 
influential factor in motivating primary care physicians, this finding 
underscores the importance of enhancing rural women’s recognition 
of primary care physicians as a method to strengthen physicians’ 
intentions to provide BCSs. In Chinese cultural contexts, rural women 
often hold more conservative attitudes toward their bodies and are 
therefore more likely to experience embarrassment or feelings of 
shame when undergoing physical examinations by others (25, 53). 
Discrete choice experiment result has also indicated that women 
prefer screening services provided by primary healthcare workers with 
a more positive attitude (61). Therefore, fostering a positive doctor-
patient relationship and enhancing rural women’s support for BCS 
conducted by primary healthcare providers may be an important way 

to strengthen these providers’ willingness to offer such services. A 
potentially feasible strategy is to disseminate accurate information 
about BCS to rural women, ensuring they have a comprehensive 
understanding of the basic procedures and what to expect during the 
screening process. This knowledge can help alleviate fear stemming 
from uncertainty. Moreover, hospitals should create a supportive 
environment, enhance the communication skills of primary healthcare 
providers, and build a trustworthy image of BCSs providers. Rural 
women who receive high-quality BCSs are more likely to support 
BCSs providers, thereby encouraging primary care physicians to 
provide these services with stronger intention and greater quality. 
Such reciprocal dynamics can create a virtuous cycle: support and 
encouragement from rural women increase primary care physicians’ 
SN and strengthen their intention to provide BCSs. In turn, these 
physicians are more capable of providing high-quality BCSs, further 
reinforcing rural women’s trust and support.

According to the TPB, PBC is a key predictor of an 
individual’s intention to perform a given behavior (31). In this 
study, participants reported the lowest scores on the PBC 
dimension, suggesting that primary care physicians in rural areas 
face considerable challenges in providing BCSs. These challenges 
include heavy workloads, insufficient equipment, and limited 
technical skills. Such practical barriers significantly undermine 
physicians’ intention to engage in BCSs. The significant 
disparities in financial resources and healthcare infrastructure 
between urban and rural regions in China have created persistent 
challenges for rural primary care facilities. Experienced and 
skilled physicians often prefer working in urban areas with better 
infrastructure and resources. In contrast, rural primary care 
facilities, which typically lack adequate support and 
opportunities, struggle to retain such professionals (62). 
Meanwhile, studies have indicated that rural primary healthcare 
institutions in China are often understaffed and lack essential 
screening equipment such as ultrasound and mammography 
devices. Only a small proportion are equipped to perform 
ultrasound imaging, mammography, HPV testing, and liquid-
based cytology (63, 64). These findings underscore the pressing 
need to address systemic issues limiting access to adequate 
equipment, resources, and skill training in rural areas. The health 
authority equipping primary care physicians with the skills and 
resources on BCSs would provide a pathway to improve their 

TABLE 6  Results of structural equation modeling analysis.

The hypothesis (H) S.E. C.R. Estimate P Supported

H1: BI ← attitude 0.031 0.004 0.251 *** Yes

H2: BI←SN 0.053 0.006 0.352 *** Yes

H2a: Attitude ← SN 0.704 0.038 0.573 *** Yes

H2b: PBC ← SN 0.258 0.031 0.258 *** Yes

H3: BI←PBC 0.021 0.005 0.140 *** Yes

H4: Attitude ← knowledge 6.197 1.379 0.168 *** Yes

H5: PBC ← knowledge 6.148 1.322 0.204 *** Yes

H6: SN ← PB 1.233 0.125 0.326 *** Yes

H7: PBC ← PB 1.399 0.138 0.370 *** Yes

H8: Knowledge ← PB 0.046 0.007 0.368 *** Yes

BI, behavior intention; SN, subjective norm; PBC, perceived behavior control; PB, past behavior.
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BCSs delivery behaviors. The central government should play a 
key role in balancing healthcare supply and demand by promoting 
more equitable allocation of medical resources across regions. To 
reduce barriers faced by primary care providers in delivering 
BCSs, rural health institutions should focus on both talent 
recruitment and professional development. On one hand, regular 
training programs should be provided to primary care physicians 
involved in screening to strengthen their knowledge and technical 
capacity (65). On the other hand, policies aimed at attracting and 
retaining skilled medical professionals in rural areas are essential 
(66). These include creating clear career advancement pathways, 
supporting continuing education, increasing investment in 
screening equipment, and improving government coordination 
and institutional support for screening programs at all levels of 
the rural healthcare system.

Our study also revealed that PB, as an external variable, 
indirectly influenced primary care physicians’ intentions to 
provide BCSs through its effects on knowledge, SN, and PBC, this 
finding aligns with some previous studies. Shi et al. incorporated 
past related health behaviors into the TPB model and found that 
elementary school students’ past oral health behaviors were 
associated with their intention to improve oral health behaviors 
(67). The overall level of PB reported in our sample was relatively 
low, suggesting that such screening is not yet routine among 
primary care providers, particularly in rural areas. These results 
emphasize the need to strengthen physicians’ screening 
experience and incorporate habit-forming strategies into policy 
interventions. Institutions may leverage this insight by creating 
opportunities for physicians with screening experience to share 
their knowledge and serve as role models. Therefore, institutions 
can take advantage of this finding. For instance, primary 
physicians who have been participating in screening services may 
set up a special team to regularly publicize their experience. At 
the same time, more obstetrics and gynecology specialists and 
general practitioners may be involved in BCS, so as to build a 
professional team.

Strength and limitations

One major strength of this study is its relatively large sample size 
(n = 1,101), which enhances the robustness of the findings. Another 
strength of this study lies in the adoption of a well-established social 
psychological framework—the TPB. Moreover, the inclusion of 
knowledge and PB as additional variables further enriched and refined 
the research model. Finally, unlike earlier research that focused 
primarily on the demand side, this study adopts a supply-side 
perspective by examining the factors influencing primary care 
physicians’ intention to provide BCSs.

Our study has limitations. Firstly, this is a cross-sectional study. 
As a result, the causal relationship between variables needs to 
be further verified. Secondly, this research only investigated factors 
of BI of primary medical staff instead of investigating the specific 
screening behavior. Although there is a strong correlation between 
intention and behavior, there remains a need to investigate actual 
screening service conducted by primary physicians. Moreover, only 

primary care physicians were studied in this research, many other 
allied health care professionals can impact screening behaviors. 
While this ensures a cohort with similar characteristics and 
measurable this is useful to prove efficacy it would be valuable to 
further study a more diverse cohort, the samples may be expanded 
in future studies. Finally, this study included only primary care 
physicians from Jiangsu Province, which may limit the 
generalizability of the findings. Future research should recruit 
physicians from additional provinces to enhance external validity.

Conclusion

Our study extended the TPB model by incorporating knowledge 
and PB to predict primary care physicians’ intention to provide BCSs 
for rural women in China. The study found that attitude, SN, PBC, 
knowledge and PB significantly influenced physicians’ intentions. 
These factors should be given greater attention in efforts to improve 
health outcomes among rural women. Furthermore, targeted 
interventions that enhance physicians’ knowledge and skills related to 
BCS, including regular training programs, professional competitions, 
educational lectures, and other structured activities, may effectively 
promote physicians’ engagement in BCS initiatives.
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Previous studies have extensively explored industrial innovation, but the

impact of downstream buyer market power on upstream industries remains

underexamined. Using a spatial Durbin model (SDM) and data from China’s

medical and pharmaceutical sectors (2001–2021), we analyze how buyer

market power affects pharmaceutical industry profitability. Key findings include:

(1) local buyer market power reduces local pharmaceutical profitability and

may also negatively affect other regions through spatial spillover, though

this spillover effect is weak. (2) Stronger regional economic ties amplify the

impact of local medical industry power on pharmaceutical profitability. (3)

Supplier countervailing power can mitigate the negative effects of buyer

power on pharmaceutical profits. (4) Buyer market power significantly harms

pharmaceutical profitability in western China and low capital-intensity sectors,

but not in eastern or central regions and high capital-intensity sectors. (5) Asset

specificity intensifies the negative impact of buyer power, while larger firm size

helps reduce it. (6) Buyers can lower pharmaceutical profitability by reducing

R&D investment. This study contributes to industrial organization theory by

revealing how downstream buyer power affects upstream profitability. It expands

empirical methods by incorporating spatial econometrics and offers policy

suggestions for improving pharmaceutical industry performance from a vertical

chain perspective.

KEYWORDS

buyer market power, seller countervailing power, profit, spatial Durbin model, spatial
spillover effect

1 Introduction

Buyer power refers to the market power possessed by the buyer in a market transaction.
Galbraith (1) expressed the buyer power for the first time as the market power owned
by the buyer, being able to countervail with the manufacturer. He believed that when
the seller occupies a dominant position in the industrial chain, the buyer can rely on
the counterbalance power to pass on the cost savings to consumers, finally reducing the
product price and improving consumer welfare. Galbraith (1) affirmed the emergence and
effect of buyer counterbalance power.

In the previous studies on the buyer counterbalance power the implied background
of the industrial chain is that the buyer power is relatively small and the seller power is
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dominant, thus it is called “buyer counterbalance power.” As the
market power from of downstream customers increased gradually,
the position of buyers and sellers in market transactions shifted. In
this situation, countervailing power of buyers to only necessary to
counter dominant supplier market power, but previous studies do
not consider what the impact on social welfare (however defined)
will be if buyer market power becomes dominant. Theoretically, in
the case of the industrial chain dominated by downstream buyer,
the effect of the buyer power may be the same as the effect of
counterbalance power. However, it may not be the same, because
the balance of the power between buyers and sellers shifted, and
buyer power has become a new kind of power.

Relying on the realistic background of the Chinese market,
we choose the pharmaceutical industry to carry out the research,
a typical industry with prominent buyer power. By virtue of
professional diagnosis, treatment knowledge and services, doctors
extend their market power in the diagnosis and treatment market
to the drug sales market. In this way, hospitals turned into
very powerful negotiating buyers, they tend to possess a strong
and indisputable bargaining power when facing pharmaceutical
companies. Compared with other industries, the pharmaceutical
industry is a typical industry where buyer power is prominent.
Therefore, it can be used as the appropriate research object of buyer
power effect.

The purpose of this paper is to empirically explore the
influence of buyer power on the supplier’s profit in the case of
the new buyer-led vertical relationship when the position of the
buyer and the seller changes. This paper adds to or expands
on existing literature on buyer countervailing or counterbalance
power in pharmaceutical markets. This study confirms that the
buyer power faced by pharmaceutical enterprises (the large buyer
counterbalance power developing to a certain stage) does exist and
is universal. When the position of the buyer and the seller changes,
in the case of the new buyer-led vertical relationship, the distortion
of the vertical relationship caused by the buyer power will have a
negative impact on the upstream industry. This effect is in contrast
to the beneficial effect of buyer counterbalance power (1).

Based on the spatial econometric model, this paper innovates
the research method of vertical relationship, which provides
evidence of the interaction between upstream and downstream
industries. Specifically, from the perspective of spatial spillover
effect, this paper empirically studies the inter-industry influence
mechanism, which explores the effect of excessive downstream
power on upstream industry. We have proved the theoretical
inference of the negative influence of buyer power on suppliers’
profits and provided evidence and theoretical enlightenment in this
regard, which is the unique theoretical significance of this paper and
its contribution to the research field of vertical relationship.

This paper can enrich the theory of industrial organization and
verify the effects and mechanisms of counterbalance power. The
significance of this paper is that it not only enriches the theory
of industrial organization and verifies the effects and mechanisms
of countervailing power. In terms of practical significance, when
facing the social problems of “high drug prices and expensive
medical treatment,” it can also provide references for the anti-
monopoly authorities to impose price cuts on drugs in the
industrial chain, limit the price regulation and reduce the drug
expenses for residences.

2 Conceptual framework

2.1 Buyer market power and
pharmaceutical industry’s profits

Under the context of vertical relationships in the industry
chain, the role of customers has become increasingly prominent
in the suppliers’ decision-making process and future development
prospects with the deepening division of labor and cooperation
between upstream and downstream industries (2, 3). Downstream
customers act as a link between suppliers’ products and consumers.
They transmit valuable feedback to manufacturers regarding
consumer preferences, and further convey essential information
related to product distribution. Moreover, they also provide sales
platforms for marketing suppliers’ products. Customers, as direct
downstream participants with a direct interest in suppliers, are the
source of suppliers’ profits and the basis of their survival, as well
as the most important stakeholders of the suppliers, other than the
investors. The buyer market power formed by the bargaining power
of downstream customers is related to the suppliers’ bargaining
position in market transactions, and their operations and roles
in price negotiations, which further affects the suppliers’ business
performance (4, 5).

First, the competitive advantage perspective. Buyers in
dominant negotiating positions in market transactions often seek
to maximize their own profits by means such as replacing trading
partners or taking products off the shelves (6–8). Decreasing
the suppliers’ operating efficiency and profitability could be
achieved by diverse tools, such as extracting rent from suppliers,
deferring payments to suppliers despite having sufficient funds,
capturing the downstream market and thus firmly control sales
channels, obtaining better trading conditions than competitors,
appropriating suppliers’ working capital through commercial credit
financing, prolonging suppliers’ business cycles, etc. (9, 10).

Second, the resource-dependence perspective. When the
market concentration of downstream customers is high or when
their purchases account for a relatively large proportion of the
suppliers’ sales, the suppliers are heavily dependent on downstream
customers and the buyers have strong market power this moment
(11–13). Relying on strong bargaining power, in addition to
forcing the suppliers to make greater concessions on their profits
through strategic behavior, buyers also puts the suppliers at risk
of terminating the relationships at any time and replacing the
counterparties (14, 15). Due to the practical need to prevent the
loss of customer resources and the breakdown of cooperative
relationships, suppliers must actively maintain close contractual
relationships with downstream customers so as to ensure the
stability of their market share (16, 17). Thus, suppliers need to
pay a high cost to maintain these contractual relationships, while
reducing their own profitability (18, 19).

Third, the perspective of relationship-specific investments and
transaction costs. When there is a particular relationship-
specific investment between a supplier and a buyer, the
supplier’ operational flexibility and the right of independent
decision-making is also reduced by the increased switching cost
(20–22). In case a downstream customer is facing a financial
crisis or is on the verge of bankruptcy, given the stable sales
channels, relatively fixed trading rules, and mutually agreed trading
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mechanisms established between the supplier and the downstream
customer over a long period of time, the supplier is likely to face
the risk of sales disruption due to the termination of the trading
relationship if it is difficult to find another alternative buyer within
a short period of time (23, 24). In this case, the relationship-specific
assets between the supplier and the downstream customer will
lose a lot of or even their entire original value (25–27), thereby
pushing up the supplier’s transaction costs, resulting in lower
market performance.

Fourth, the perspective of operational and financial risks. When
the market power of the downstream buyers is strong, it means
that there is higher market concentration of the downstream
customers and more frequent trading relationship between the
suppliers and the downstream customers (28–30). This over-
dependence on close trading relationships tends to increase the
potential risks for suppliers (31–33). On the one hand, it is
highly likely that downstream customers will achieve a backward
integration strategy by virtue of their competitive advantage and
break their partnership with the suppliers, the suppliers then
face difficulty in bringing products to market, and their business
risks rise (34–36). On the other hand, in case a downstream
customer is facing a financial crisis or is on the verge of
bankruptcy, it will largely transfer its own financial risk to its
trading partners, resulting in a significant reduction in suppliers’
profitability (37–39).

Hypothesis H1a: buyer power of local medical institutions can
diminish the profits of the local pharmaceutical industry via
various means of vertical control.
Hypothesis H1b: local medical institutions, following the same
mechanism in market transactions, can also transmit the market
power to pharmaceutical industries in other regions and depress
their profits.
Hypothesis H1c: buyer power of local medical institutions
reduces pharmaceutical industry profits in all provinces.

2.2 Buyer market power, corporate size,
and profit

Large-scale enterprises are more effective innovators and have
a bigger impact on the market (40). Their competitive edge
comes from a variety of business models and the advantages
of economies of scale, which allow them to cut costs, more
effectively use resources for R&D, and spread risk. These
benefits improve the external environment for innovation within
these businesses, fostering their passion for creative endeavors
and giving them more chances to succeed in innovation
(41–43). This relieves the pricing pressure and the risk of
innovative rents being extracted imposed by powerful downstream
consumers to some extent, which ultimately increases their
overall profitability (44–47). Based on this, we propose the
following hypothesis.

H2: The pharmaceutical industry is more likely to offset the
negative impact of the buyer market power on profits as
companies grow in size.

2.3 Buyer market power, asset specificity,
and profit

Due to its higher level of asset specialization, the
pharmaceutical sector differs from the whole industry in a
number of distinctive ways. Specific assets are characterized by
difficult conversion toward alternative uses, low liquidity, and
high conversion costs. As a result, attempts to rearrange these
specific assets have a major negative impact on their value (48, 49).
Suppliers are vulnerable to post-negotiation risks related to
the specific asset investment when they are faced by powerful
downstream purchasers. These risks include the possibility for
exploitation, entrapment, and unfavorable posture (50, 51). As
a result, suppliers’ revenues are reduced since they must comply
with the stringent requirements put out by buyers (52). Thus, we
propose the following hypothesis:

H3: The pharmaceutical industry experiences reduced profitability
when there is a higher degree of asset specificity, as greater
buyer market power exerts a negative influence.

3 Methodology

3.1 Establishment of vertical relationship

Sales revenue is the main source of profit for industrial
businesses, the claims presented in this research are well-supported
by the substantial correlation between profit and sales revenue,
which is measured at 0.9843 by using the Stata14.0 program. It
is crucial to understand that the pharmaceutical industry in each
particular location depends on sales revenue from 30 other buyer
markets in addition to the local buyer market when taking that
sector into account. A complex dynamic is introduced by the
vertical connection between the 31 pharmaceutical corporations
acting as sellers and the 31 medical enterprises acting as buyers.

In others terms, hospitals in any region have an impact on
the sales income (and subsequently the profit) of both local
pharmaceutical industry and pharmaceutical industries in nearby
regions. Figure 1 shows a vertical spatial relationship between the
independent and dependent variables, as opposed to the more
obvious 1×1 relationship depicted in Figure 2. In essence, the
independent variable has spatial and geographic implications on
the dependent variable.

FIGURE 1

Interaction diagram of regional vertical relationship.

Frontiers in Public Health 03 frontiersin.org190

https://doi.org/10.3389/fpubh.2025.1683074
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Guanyi et al. 10.3389/fpubh.2025.1683074

FIGURE 2

Vertical 1×1 relationship diagram.

3.2 Establishment and test of spatial Durbin
model (SDM)

By taking into account the spatial linkages between all of the
sections, the spatial panel analysis differs from the traditional
panel technique. As geographic information is added based on
the differentiated individual variables, it improves the accuracy of
estimation results and captures the influence of local independent
variables on local and regional dependent variables by including
spatial data with individual variables. Its usefulness is increased as
a result.

Spatial panel models include spatial autoregressive model
(SAR), spatial error model (SEM), and spatial Durbin model
(SDM). The general form of the spatial panel models is as follows:

yi,t = ρ

N∑
j=1

Wi,jyj,t + βxi,t + δ

N∑
j=1

Wi,jxj,t + ui + ηt + εi,t (1)

For the SDM model, its estimation procedure is as follows.
Firstly, Wald or LR statistics are used to test the two assumptions:
①H1

0 :δ = 0, ②H2
0 :δ+ρβ = 0. The two sets of hypothesis conditions

are employed to determine whether it is possible to simplify the
SDM into SAR or SEM. If both sets of hypotheses are disproven,
the choice is in favor of the SDM. Secondly, The Hausman test is
applied to determine the appropriate model specification between
fixed-effect and random-effect. Thirdly, if the fixed-effect model
is chosen as the appropriate specification, we need to choose
among the optimal estimation model among no fixed effect, spatial
fixed effect, temporal fixed effect, and spatial-temporal bidirectional
fixed effect.

Compared to ordinary least squares (OLS), SDM allows
decomposition of variable effects (especially the impact of market
power of local medical institutions, as large buyers, on industry
profits) into direct, indirect and total effects. Direct effect, indirect
effect, and total effect of SDM are presented in the Appendix.

3.3 Sources of data, explanations of
variables, and descriptive statistics

We used panel data samples from all 31 Chinese provinces,
autonomous regions, and centrally managed municipalities,

covering the years 2001 to 2021. The information was extracted
from a number of government sources, including the China
Statistics Yearbook on High Technology Industry, China Health
and Family Planning Yearbook, China Industry Economy
Statistical Yearbook, China Urban Life and Price Yearbook, and
China Statistical Yearbook. Extreme values for all continuous
variables were submitted to a Winsorization technique at the
1% level in order to reduce the influence of outliers. Stata 14.0,
ArcGIS 10.2, and Matlab (56) were used for the empirical analysis
and measurement. Attached Table 1 provides comprehensive
information on variable units, symbols, and definitions whereas
Attached Table 2 provides descriptive statistics for all variables.

3.3.1 Dependent and independent variables
(1) Dependent variable: it represents the yearly net earnings of

the regional pharmaceutical industry, adjusted by the GDP
deflator to eliminate the influence of inflation.

(2) Independent variable: the buyer market power is the main
independent variable being considered. In a novel vertical
relationship where the buyer retains dominance, the goal of
this study is to empirically investigate how the buyer market
power affects the profitability of suppliers. Buyer market power
is evaluated by counting all the hospitals in a particular area.
However, enterprise size may have an impact on the indication
of the seller countervailing power, measured by the total
number of pharmaceutical companies in a province. Given
the accessibility of data, it is possible to improve the model
by including such metrics, the total assets of pharmaceutical
industry in a province and the total industrial output value
of the pharmaceutical industry in a province, adjusted for
inflation, to assure the stability of the predictions.

In the study of the vertical relationship of industrial
organization, the market power of buyers and sellers is
interdependent, as the buyer market power gradually increases,
the seller power plays a countering function. This is known as the
interaction term of the buyer power and the seller countervailing
power. As a result, the seller power functions as a countervailing
power in the interaction term and acts as a moderating factor to
influence the relationship between the buyer market power and the
profitability of the pharmaceutical industry.

3.3.2 Moderating variables and mediating
variables

Enterprise size and asset specificity, two moderating factors
that can be evaluated separately, are both included in this study.
Asset specificity can be assessed by calculating the ratio of fixed
asset investment in the pharmaceutical industry relative to the
total asset investment at the end of the year, while corporate size
can be calculated by dividing the total industrial output value
of the pharmaceutical sector by the number of pharmaceutical
companies. Additionally, we included mediating variables to
investigate how the buyer market power affects supplier’s profit.
The pharmaceutical industry’s R&D investment is a proxy for these
mediating factors, and it is quantified as the ratio of internal R&D
spending to sales revenue.
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3.3.3 Control variables
We also chose to evaluate a number of significant aspects in

light of the results of the available research results. The barrier
to entry is one of them, and its impact is determined by the
amount of fixed asset investment. Additionally, it takes into account
government price regulation, which is established by ex-factory
price index of pharmaceutical industry divided by ex-factory
price index of the general industrial products in a province. The
difference between the current sales revenue and the previous sales
revenue divided by the current sales revenue is used to compute
the market demand growth rate. Per capita GDP; Return on assets
(calculated as net profits divided by total assets); Capital density
(determined by dividing fixed asset investments by the number
of employees); the density of R&D personnel (determined by the
ratio of R&D personnel to all employees), and the quantity of new
product development projects are additional factors considered.
The profitability of the pharmaceutical sector is significantly
influenced by these control variables.

3.4 Estimation strategy

3.4.1 Estimation method
Through this research, we tried to handle the complex

longitudinal many-to-many interaction by using the SDM
approach in cases when there is a paucity of granular data. Using
the ordinary least squares (OLS) method could result in biased
estimation findings due to the endogeneity problem, which is
caused by the dependent variable being encapsulated within the
independent variable. We propose using the Maximum Likelihood
Estimation (MLE) method to estimate the model parameters in
accordance with earlier works, including Elhorst (53) and Lee and
Yu (54).

3.4.2 The setting of benchmark model
The following spatial measurement model is constructed in

accordance with the chosen dependent variables, independent
variables, and control variables, as well as the goals of this research:

Profiti,t = ρ

N∑
j=1

Wi,jProfitj,t ++β1Bmpj,t + β2Smpi,t + β3Bmpi,t

· Smpi,t + δ

N∑
j=1

Wi,jBmpj,t + αX′
i,t + ui + ηt + εi,t (2)

In the model, Profiti,t stands for the profit, Bmpi,t for the buyer
power, Smpi,t for the seller power, X′

i,t for the matrix composed
of control variables, α for the coefficient vector corresponding to
the control variable matrix, β1 ∼ β3 for the coefficient of the
corresponding independent variable, and Wi,jBmpj,t for the spatial
spillover effect of the buyer power.

3.4.3 Construction of inverse distance space
weight matrix (W1) and economic distance spatial
weight matrix (W2)

W1 is constructed based on the linear Euclidean distance
between the two capital cities. When the buyer power in regions i
and j is equal, the influence on area k diminishes as the distance
between the two regions rises. This is the economic implication
of the inverse distance spatial weight matrix W1. This idea is
consistent with Tobel’s first law of geography, according to which
everything is connected to everything else, although connections
between distant objects are weaker than connections between
objects that are near to one another.

W1 =
{

0 (i = j)
1/dij (i�=j)

, d is the linear Euclidean distance

between the two capital cities.
When establishing the spatial weight matrix, it is essential

to consider two key factors: geographical distance and economic
distance. The buyer market power, serving as the central
variable, plays a pivotal role in the spatial spillover effect.
To put it differently, when regions i and j have the same
geographical distance as region k, the level of impact is positively
associated with the buyer power in regions i and j. In typical
circumstances, when the buyer power in region i surpasses that
in region j but is farther away from the seller, determining
the extent of impact on region k becomes challenging. In
accordance with previous research by Li et al. (55), an economic
distance spatial weight matrix W2 is established, incorporating
both the buyer power and geographical distance factors, as
illustrated below:

W2 = W1 · U = W1 · diag

⎛
⎝

−
E1
−
E

,
−
E2
−
E

, · · · ,
−
En
−
E

⎞
⎠

U = diag

⎛
⎝

−
E1
−
E

,
−
E2
−
E

, · · · ,
−
En
−
E

⎞
⎠

−
Ei = 1

t1 − t0 + 1

t1∑
t=t0

Ei,t

−
E = 1

N (t1 − t0 + 1)

N∑
i=1

t1∑
i=t0

Ei,t

In the equation, U stands for the diagonal matrix, which is
used to measure the relative size of the buyer power in different

regions;
−
Ei stands for the average of the total number of hospitals

in i region,
−
E is the average of the total number of hospitals

in all provinces, autonomous regions, and municipalities directly
under the central government, and t for different periods, t ∈
[2001, 2021], t0 = 2001, tl = 2021. W2 stands for the
influencing mechanism of the buyer under the joint action of
market power and spatial location on the profit of pharmaceutical
industry in different regions.
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3.5 Robustness test

3.5.1 Cluster standard error regressions for the
OLS

In the further test, the basic econometric specification is also
added to this paper, we use cluster standard error regressions for
the OLS as one of the robustness of the estimates, the regression
results are shown in Attached Table 3.

3.5.2 Measurement of the seller power according
to the total assets of the regional pharmaceutical
industry and total industrial output value of the
regional pharmaceutical industry

It becomes vital to carry out a robustness test when comparing
the seller countervailing power in region i relative to region
j by taking the number of pharmaceutical businesses into
consideration. This criteria is crucial to removing the influence
of the scale of enterprises from the calculation of relative power.
To be clear, even if both locations have an equal number of
pharmaceutical businesses, their relative market power may vary if
the pharmaceutical industry in one is more developed and includes
larger organizations. Therefore, it is essential to use measurement
indicators from diverse viewpoints. Examining the total assets of
the regional pharmaceutical industry and the total industrial output
value of the regional pharmaceutical industry is one way to address
this problem. We use Figure 3 to assess the sensitivity of results to
different measurement and spatial weight matrices, it is presented
as follows.

4 Results

4.1 Spatial weights matrices results

4.1.1 Regression analysis for inverse distance
space weight matrix (W1)

After testing, with respect to inverse distance space weight
matrix W1, all of the Wald statistics reject the null hypothesis of

δ = 0 and δ + ρβ = 0 at the significance level of 0.01, indicating
that the spatial Durbin model is the best choice. Hausman test
determines that the spatial-temporal bidirectional fixed effect is the
optimal estimation model, and the regression results are shown in
Table 1.

From Table 1, it can be known that:

(1) The coefficient δ of spatial spillover effect of the core variable,
buyer market power, exhibits a negative direction, and it does
not demonstrate statistical significance, indicating that the
spatial spillover effect of buyer market power is not significant.

(2) The buyer market power has a noteworthy negative direct
effect with a significance level of 0.01. This suggests that
the buyer market power of local medical institutions can
substantially diminish the local pharmaceutical industry’s
profits, confirming Hypothesis H1a. Furthermore, the adverse
indirect effect implies that local medical institutions, while
decreasing the local pharmaceutical industry’s profitability
through diverse vertical strategic actions, can also employ
this same mechanism to transfer their market power to
pharmaceutical industries in other regions, thereby reducing
their profits as well. Therefore, Hypothesis H1b is verified.
Nonetheless, the insignificance of the coefficient suggests
that within the context of spatial spillover effects in the
transmission mechanism, the local buyer market power does
not have a significant impact on reducing pharmaceutical
industry’s profits in other regions. This aligns with the
observed direction and significance level of W1ij · Bmpjt .
The overall effect is negative, indicating that it reduces the
profit of the pharmaceutical industry in all regions. Therefore,
Hypothesis H1c is verified.

(3) The absolute value of the coefficient of indirect effect is
significantly lower than the absolute value of the coefficient
of direct effect. This suggests that market players within the
same region have closer economic ties and market transaction
relationships. In this situation, the pharmaceutical industry,
acting as the supplier, is subject to a stronger vertical constraint
from the medical industry, acting as the buyer. Additionally,
rather than extending to other regions, the main sales channel

FIGURE 3

Robustness test of the sensitivity of results.
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TABLE 1 The regression results for inverse distance spatial weight matrix.

Explanatory variable Profit

Direct effect Indirect effect Total effect Pool regression

Buyer Power −0.028∗∗∗ (−4.545) −0.010 (−1.3054) −0.038∗∗∗ (−4.791) −0.022∗∗∗ (−4.042)

Seller power1 0.094∗∗∗ (3.663) 0.582∗∗∗ (3.925) 0.676∗∗∗ (4.441) 0.084∗∗∗ (3.354)

Buyer Power·Seller power1 1.850∗∗∗ (9.591) 6.835∗∗∗ (3.682) 8.685∗∗∗ (4.717) 1.725∗∗∗ (8.907)

Enterprise size 6.866∗∗∗ (3.384) 7.298∗∗ (2.094) 14.164∗∗ (2.155) 6.173∗∗∗ (2.987)

Asset specificity −142.368∗ (−1.774) −199.833∗∗ (−2.148) −342.201∗∗ (−2.145) −137.992∗∗∗ (−3.627)

Barriers to entry 0.162∗∗∗ (11.816) −0.365∗∗∗ (−3.310) −0.204∗ (−1.887) 0.169∗∗∗ (11.812)

Government price regulation −20.921 (−1.542) −1.361 (−0.022) −22.282 (−0.378) −21.228 (−1.566)

Market demand 3.930 (1.065) 16.014 (0.552) 19.944 (0.716) 3.581 (0.914)

Per capita GDP 2.410∗∗ (2.448) −4.664 (−1.072) −2.254 (−0.526) 2.459∗∗ (2.540)

Return on assets 248.756∗∗∗ (3.696) 52.968 (0.175) 301.724 (0.973) 250.217∗∗∗ (3.612)

Capital density 7,462.076∗∗∗ (3.120) 53,054.168∗∗∗ (5.669) 60,516.244∗∗∗ (6.694) 7,504.870∗∗∗ (3.165)

Density of R&D personnel 71.506∗∗∗ (3.227) 577.733∗∗ (2.548) 649.239∗∗∗ (2.924) 61.523∗∗∗ (2.696)

New products 0.006∗∗ (2.235) 0.054∗∗ (2.661) 0.060∗∗∗ (3.003) 0.005∗ (1.766)

W1·Bmp −0.714 (−0.954)

R2 0.920

Maximum likelihood −1,813.259

∗∗∗Means that it is significant at the 0.01 level.
∗∗Means that it is significant at the 0.05 level.
∗Means that it is significant at the 0.1 level.
The z value of the regression coefficient is in parentheses; The same as below. Due to the limitation of the software program on the exact number of decimal places, Bmp·Smp in the data matrix
is recorded in tens of thousands. The figures in brackets are standard errors, the same treatment has been applied to Tables 2–6 and the Appendix.

FIGURE 4

Economic implications for vertical markets.

for medications primarily operates inside the local area.
This circumstance creates what can be called an “economic
circle.” Figure 4 provides a visual representation of this idea,
showing how the downstream hospitals in region i and the
upstream pharmaceutical sector are essentially encircled in this
economic circle.

(4) The coefficient of direct effect of Bmpit · Smp1itshowing
the interaction of the vertical market power is positive and
significant at the level of 0.010. According to Equation 2,

the partial derivation of the dependent variable of profit
to the independent variable of the buyer power can lead
to the expression: ∂Profitit/∂Bmpit = β1 + β3Smpit . In
which, Q25(Smp) = 384, median(Smp) = 607, mean(Smp) =
684.5685, Q75 (Smp) = 926.5. In this way, the effect of profit
as a function of Bmp depends on the value of Smp is well
reflected, which avoids the effect of Bmp would be the effect
of this variable when Smp = 0. If the seller countervailing
power is taken into account as a moderating element, it can
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help balance the negative impacts of the buyer power on the
seller’s profitability, thus lessening the negative effects of the
buyer power. In essence, pharmaceutical companies have some
market power, namely, if they have a countervailing power,
they may be able to increase their own profits. The significance
of coefficient suggests that both buyers and sellers in the same
region exist as market trading entities with closer economic
relationships, and the downstream industry has a larger vertical
influence over suppliers. This is consistent with the fact that the
absolute value of buyer power has a much higher direct effect
than it does an indirect one.

(5) As to control variables, barrier to entry reduce industry
competition, as a result, incumbent businesses can profit
for a longer period of time from being the first to enter the
market. Pharmaceutical companies may be forced to abandon
R&D initiatives with uncertain or low-profit prospects due
to government-mandated price reductions and maximum
price regulations for particular medications. Expected returns
in the pharmaceutical industry are consequently drastically
reduced. Strong market demand produces a steady and
regular cash flow, which boosts the profits made by the
pharmaceutical industry. Profitability in the pharmaceutical
industry is positively correlated with the degree of economic
development in a certain area. Investments in innovation
are supported by revenue from business growth and
profitability, which also improves business performance.
Employee training and advanced knowledge are linked
to a company’s capacity for research and development,
which considerably boosts earnings. The pharmaceutical
industry has a high concentration of R&D workers, which is
indicative of the industry’s overall R&D capacity and long-
term growth potential, which benefits performance. Market
demand is determined by a drug’s efficacy, with specialized
pharmaceuticals with intricate production methods and high
levels of science and technology displaying promising market
potential and sizable earnings in comparison to conventional
drugs. National patent protection technology also enables
brand-name medicine producers to continue profiting from
their patents for an extended length of time.

4.1.2 Regression analysis for economic distance
spatial weight matrix (W2)

After testing, the Wald statistics of W2 reject the null
hypothesis of δ = 0 and δ + ρβ = 0 at the significance level of 0.01
both, which means that the SDM is the best choice. The Hausman
test indicates that the spatial fixed effect is the optimal estimation
model, and the regression results are shown in Table 2.

W2 further contends that buyer power has a negative impact
on local and other regional earnings of pharmaceutical industry.
However, there are no noticeable knock-on effects in other places
as a result of this impact. Our hypotheses H1a, H1b, and H1c
are therefore supported. There are closer trading relationships
and economic connections between the vertical industry chain
market entities in the same region. When pharmaceutical industry
has a countervailing power, they may be able to increase their
own profits. In terms of direction and significance level, the

coefficients of the control variables closely match the results shown
in Table 1.

4.2 Robustness test results

4.2.1 Regression analysis for OLS
As can be seen in attached Table 3, according to the coefficient

symbol and significance level of core variables Bmpi,t , Smpi,t ,
Bmpit ·Smp2it and control variables, the robustness of the regression
results can also be proved When the total number of regional
hospitals is used to measure the buyer power, and the number
of pharmaceutical enterprises is used to measure the seller power
under the setting of the inverse distance spatial weight matrix and
the economic distance spatial weight matrix.

4.2.2 Regression analysis for measurement of the
seller power according to the total assets of the
regional pharmaceutical industry and total
industrial output value of the regional
pharmaceutical industry

When buyer power is gauged by assessing the combined
count of regional hospitals, while the total assets of the
regional pharmaceutical industry are used to measure the seller
countervailing power. According to the Hausman test, the results
of the robustness test W1 using time fixed effects are shown in
Panel A of attached Table 4, whereas the results of the robustness
test W2 using both space and time bidirectional fixed effects are
shown in Panel B of attached Table 4. It also proves the robustness
of the regression results under the setting of W1 and W2.

The buyer power is gauged by assessing the combined
count of regional hospitals, while seller countervailing power is
evaluated by considering pharmaceutical industry’s total industrial
output. In accordance with the Hausman test, the outcomes of
the robustness tests, labeled as W1 and conducted with space
and time bidirectional fixed effects, are displayed in Panel A
of attached Table 5. Additionally, Panel B of attached Table 5
presents the findings of the W2 robustness test, which employs
a time fixed effect. The robustness of the regression findings are
further demonstrated.

4.3 Further analysis of heterogeneous
competitive environments

From the perspective of vertical relationships in the industrial
chain, the supplier’s competitive position and relative advantage
inside the vertical market are significantly shaped by the
heterogeneous external competitive environment. As a result, this
further affects the supplier’s negotiating position when dealing with
buyers, which ultimately affects their innovation performances. In
this study we further groups the pharmaceutical industry according
to different categories, and analyzed heterogeneity in terms of
geographic location and capital intensity. Table 3 presents the
results of our regression analysis.
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TABLE 2 The regression results for economic distance spatial weight matrix.

Explanatory variable Profit

Direct effect Indirect effect Total effect Pool regression

Buyer power −0.026∗∗∗ (−3.360) −0.006 (−0.176) −0.031∗ (−1.042) −0.026∗∗∗ (−3.490)

Seller power1 0.067∗∗ (2.642) 0.035 (0.514) 0.102 (1.607) 0.068∗∗∗ (2.730)

Buyer Power·Seller power1 1.664∗∗∗ (8.578) −0.271 (−0.386) 1.393∗ (1.958) 1.665∗∗∗ (8.800)

Enterprise size 4.141∗∗ (2.157) 15.742∗∗∗ (3.009) 19.883∗∗∗ (2.911) 3.569∗∗ (2.319)

Asset specificity −178.337∗∗ (−2.114) −238.217∗ (−1.8.8) −416.554∗∗ (−2.278) −183.224∗ (−1.859)

Barriers to entry 0.163∗∗∗ (11.834) −0.005 (−0.127) 0.159∗∗∗ (4.002) 0.164∗∗∗ (11.734)

Government price regulation −16.423 (−1.341) 13.223 (0.694) −3.200 (−0.417) −16.640 (−1.338)

Market demand 5.250 (1.396) −9.556 (−0.925) −4.306 (−0.417) 5.170 (1.374)

Per capita GDP 4.293∗∗∗ (4.689) 6.407∗ (1.978) 10.700∗∗∗ (3.496) 4.279∗∗∗ (4.876)

Return on assets 152.162∗∗ (2.245) 734.298 (1.048) 886.460 (1.235) 155.536∗∗ (2.217)

Capital density 4,098.043∗ (1.786) 91,800.137∗∗∗ (3.526) 95,898.179∗∗∗ (3.666) 4,329.165∗ (1.927)

Density of R&D personnel 63.552∗∗∗ (2.908) 109.807 (1.221) 173.359 (0.510) 63.860∗∗∗ (2.959)

New products 0.004 (1.546) −0.024∗∗∗ (−2.922) −0.020∗∗∗ (−2.343) 0.004 (1.469)

W2·Bmp −0.166 (−0.183)

R2 0.975

Maximum likelihood −1,838.134

∗∗∗Means that it is significant at the 0.01 level. ∗∗Means that it is significant at the 0.05 level. ∗Means that it is significant at the 0.1 level.

TABLE 3 Regression results for heterogeneous competitive environment.

Panel A classification by geographical region

Eastern regions Central regions Western regions

Buyer power W1 W2 W1 W2 W1 W2

Direct effect −0.266∗ (−1.834) −0.397∗ (−1.827) −0.186∗ (−1.797) −0.448∗ (−1.801) −0.586∗∗∗ (−3.004) −0.608∗∗∗ (−4.742)

Indirect effect −0.098 (−1.297) −0.063 (−1.278) −0.042 (−0.897) −0.112 (−1.416) −0.188 (−1.137) −0.315 (−1.304)

Total effect −0.364∗ (−1.776) −0.460∗ (−1.815) −0.231∗ (−1.860) −0.560∗ (−1.791) −0.773∗∗∗ (−3.118) −0.924∗∗∗ (−3.303)

Pool regression −0.220∗ (−1.858) −0.325∗ (−1.879) −0.191∗ (−1.850) −0.404∗ (−1.862) −0.524∗∗∗ (−3.920) −0.584∗∗∗ (−3.178)

Control Variables Control Control Control Control Control Control

Panel B classification by capital intensity

High capital intensity Low capital intensity

Buyer power W1 W2 W1 W2

Direct effect −0.125∗ (−1.826) −0.255∗ (−1.822) −0.375∗∗∗ (−5.008) −0.662∗∗∗ (−3.381)

Indirect effect −0.044 (−0.917) −0.090 (1.070) −0.092 (−1.271) −0.129 (−1.267)

Total effect −0.169∗ (−1.832) −0.345∗ (−1.903) −0.466∗∗∗ (−2.992) −0.791∗∗∗ (−4.098)

Pool regression −0.113∗ (−1.777) −0.244∗ (−1.791) −0.399∗∗∗ (−4.579) −0.689∗∗∗ (−3.639)

Control variables Control Control Control Control

∗∗∗Means that it is significant at the 0.01 level. ∗∗Means that it is significant at the 0.05 level. ∗Means that it is significant at the 0.1 level.

In the situation where data is unavailable, this paper can only
obtain data on the number of new products developed. We use
the mean value of capital intensity of the pharmaceutical industry
as categorical variables, the pharmaceutical industry is divided
into different categories of high capital density and low capital
density. By analyzing the correlation between capital intensity in
the pharmaceutical industry and the number of new products

developed using Stata 14.0 program, it can be concluded that
the correlation coefficient between the two variables is 0.9194.
The result indicates that capital intensity has a significant positive
correlation with the number of new products developed.

In the further analysis combined with Table 3 above, with
respect to inverse distance space weight matrix W1, the coefficients
of indirect effect do not pass the significance test, in accordance
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TABLE 4 Regression results of corporate size as a moderating variable.

Explanatory variable Profit

Direct effect Indirect effect Total effect Pool regression

Panel A W1

Buyer power −0.369∗∗ (−2.157) −0.109 (−0.917) −0.478∗∗ (−2.453) −0.341∗∗ (−2.216)

Enterprise size 5.597∗∗∗ (4.679) 10.121∗ (1.886) 15.718∗ (1.816) 5.179∗∗∗ (3.619)

Buyer power·Enterprise size 3.641∗∗∗ (2.774) 9.168∗∗ (2.126) 12.809∗∗ (2.371) 3.215∗∗∗ (3.091)

Control variables Control Control Control Control

Panel B W2

Buyer power −0.706∗∗ (−2.422) −0.243 (−0.752) −0.949∗∗ (−2.355) −0.749∗∗ (−2.356)

Enterprise size 3.546∗ (1.860) 22.175 (1.507) 25.721∗∗ (2.337) 3.383∗∗ (2.158)

Buyer power·Enterprise size 4.091∗∗∗ (3.561) 5.658 (1.121) 9.750∗∗ (2.189) 4.233∗∗∗ (3.237)

Control variables Control Control Control Control

∗∗∗Means that it is significant at the 0.01 level. ∗∗Means that it is significant at the 0.05 level. ∗Means that it is significant at the 0.1 level.

TABLE 5 Regression results of asset specificity as a moderating variable.

Explanatory variable Profit

Direct effect Indirect effect Total effect Pool regression

Panel A W1

Buyer power −0.247∗∗ (−2.171) −0.057 (−1.326) −0.303∗ (−1.856) −0.212∗∗ (−2.324)

Asset specificity −165.058∗ (−1.871) −217.116∗∗ (−2.306) −382.174∗∗ (−2.164) −170.153∗ (−1.796)

Buyer power·Asset specificity −0.241∗∗∗ (−3.030) −0.512∗∗ (−2.116) −0.753∗∗ (−2.216) −0.272∗∗∗ (−3.647)

Control variables Control Control Control Control

Panel B W2

Buyer power −0.425∗∗∗ (−2.997) −0.116 (−1.171) −0.541∗∗ (−2.143) −0.463∗∗∗ (−3.371)

Asset specificity −189.784∗ (−1.907) −252.656∗∗ (−2.613) −442.441∗ (−1.863) −195.271∗∗ (−2.124)

Buyer power·Asset specificity −0.512∗ (−1.872) −0.687 (−0.912) −1.199∗∗ (−2.448) −0.501∗∗ (−2.034)

Control Variables Control Control Control Control

∗∗∗Means that it is significant at the 0.01 level. ∗∗Means that it is significant at the 0.05 level. ∗Means that it is significant at the 0.1 level.

with the regression results in Panels A and B of Table 3, which
are consistent with the influence and transmission mechanism of
local buyer market power on pharmaceutical industry’s profit in
other regions as shown in Tables 1, 2. The coefficient of Bmpit
of pharmaceutical industry located in western region (defined
by low capital intensity) shows extremely significant coefficients
of direct and total effect at the 0.01 level. The pharmaceutical
industry located in the eastern and central regions (characterized
by high capital intensity) are weakly significant. The finding
is evidence buyer power is not of great concern for, at least,
value-adding innovations of new products developed, or even
potential patented value-adding innovations. Additionally, the
absolute values of the coefficients of Bmpit for the direct effect,
indirect effect, and total effect for the pharmaceutical industry
in the western region (defined by low capital intensity) are
noticeably higher than those for the pharmaceutical industry in
the eastern and central regions (characterized by high capital
intensity). This pattern is valid under the W2 conditions. An
increased reliance on sellers in market transactions has resulted
from the growth of pharmaceutical technology in the eastern and
central regions as well as pharmaceutical businesses’ ability in
research and development to produce new pharmaceuticals. As

a result, this has limited the outside options that downstream
customers have, increasing the supplier’s bargaining power. High
capital intensity businesses are more likely to seek innovation,
and their capacity to create innovative products strengthens
their clout in vertical transactions. In consequence, this reduces
the downstream customers’ market power while increasing the
suppliers’ countervailing power.

4.4 The test of moderating effect

In order to test Hypothesis 2 and Hypothesis 3, we established
Model (3):

Profiti,t = ρ

N∑
j=1

Wi,jIpj,t + β1Bmpi,t + β2Ki,t + β3Bmpi,t · Ki,t

+ δ

N∑
j=1

Wi,jBmpj,t + α1Govri,t + α2Demandi,t

+ α3Regi,t + α4Sprofiti,t + α5Roai,t + α6Capitali,t
+ ui + ηt + εi,t

(3)
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In the model, the moderating variable Ki,t includes the two
variables of corporate size (Size) and asset specificity (Asset). The
regression results are shown in Tables 4, 5.

Through the partial derivation of the dependent variable
innovation performance to Bmpit in Equation 3, the following
equation can be obtained: ∂Profitit/∂Bmpit = β1 + β3Sizeit ;
combined with the coefficient signs and significance levels of Bmpit ,
Sizeit , Bmpit · Sizeit as shown in Table 4, the following conclusion
can be reached: when corporate size is used as a moderating
element, it can improve the vertical squeeze of downstream
customer market power on the profits of the pharmaceutical
industry, and weaken the negative effect of buyer power. In other
words, the scale of the enterprise can play a positive regulatory role,
to a certain extent, alleviate the adverse effects of buyer power. As a
result, Hypothesis H2 is confirmed.

Through the partial derivation of the dependent variable
innovation performance to Bmpit in Equation 3, the following
equation can be obtained: ∂Profitit/∂Bmpit = β1 + β3Assetit .
Combined with the coefficient signs and significance levels of
Bmpit , Assetit , Bmpit · Assetit in Table 5, the following conclusion
can be reached: when asset specificity is used as a moderating
factor, it has the ability to intensify the damaging impact of
downstream customers’ market dominance on pharmaceutical
industry’s earnings, and enhance the negative effects of the buyer
market power. To put it another way, asset specificity can work as
a negative moderating element within the pharmaceutical industry,
further aggravating the unfavorable influence of the buyer market
power. Consequently, this validates the validity of Hypothesis H3.

4.5 Test of action mechanism

The pharmaceutical industry’s cutting-edge technological
features attract R&D spending, which is essential for boosting
product competitiveness, growing market presence, and attaining
steady growth. Downstream buyers using their market power to
limit suppliers’ R&D spending will inevitably lead to insufficient
innovation spending, which will stifle performance in this area.
In this study, we aim to strengthen the logical framework by
studying the impact mechanism utilizing mediating variables
given that the inverse association between a buyer’s influence
and innovation performance in the pharmaceutical industry has
already been verified. Model (4) is introduced in this study
to examine if buyer market power affects the pharmaceutical
industry’s R&D investment.

Rndi,t =ρ

N∑
j=1

Wi,jRndj,t + β1 Bmp i,t + β2Smpi,t + β3Bmpi,t

.Smpi,t + δ

N∑
j=1

Wi,jBmpj,t + αXi,t + ui + ηt + εi,t

(4)

In the model, Rndi,t stands for R&D investment and the
remaining variables have the same meanings as those in Equation 2.
It is worth mentioning that in the pharmaceutical industry within
any given region, when R&D investment is measured as the ratio
of internal R&D spending to sales revenue, considering that the

R&D spending is conducted across the entire country and the sales
revenue comes from both local and other regional buyer markets,
there exists a complex interaction in the vertical relationship. This
interaction remains to be addressed through a spatial measurement
model. The specific regression results are presented in Table 6.

Table 6 shows that the coefficient of Bmpit demonstrates
substantial negative values at varied levels in the regression findings
for W1 and W2. This suggests that the influence of buyer power
causes upstream suppliers in the industry chain to reduce their
R&D investments, which has a negative impact on earnings owing
to innovation limits. This thereby validates the method by which
buyer power affects the earnings of the pharmaceutical industry.

In further research, this paper explores the subdivision of R&D
spending into product R&D spending and process R&D spending
in depth, so as to observe the impact of buyer power on the two
forms of R&D spending respectively. Rndi,t is divided into Product
Rndi,t and ProcessRndi,t , the remaining variables have the same
meanings as those in Equation 2. The specific regression results are
presented in Tables 7, 8 respectively.

According to Tables 7, 8, the coefficient of Bmpit demonstrates
substantial negative values at varied levels in the regression findings
for W1 and W2. This suggests that the influence of buyer power
causes upstream suppliers in the industry chain to reduce their
product R&D investment and Process R&D Investment both, the
negative effect on earnings still holds when different forms of
innovative activities are constrained.

5 Conclusions and policy
recommendations

5.1 Conclusions

Using the data of China’s pharmaceutical industry and medical
industry from 2001 to 2021, this paper selects the pharmaceutical
industry, a typical industry with prominent buyer power, for
research based on the realistic background of China’s market.
This paper studied the upstream and downstream rivalries in
the pharmaceutical industry in the provinces of China. From
the perspective of spatial spillover effect, we construct a vertical
relationship between pharmaceutical industries in the 31 provinces
of the seller and medical industries in the 31 provinces of the
buyer, and empirically studies the influence mechanism between
industries, which explores the influence of market power from
downstream customers on the profits of pharmaceutical industry
in industrial organizations, as well as the effect on upstream
industries when the downstream power is too powerful. We found
the following conclusions.

(1) The buyer power faced by pharmaceutical industry (the large
buyer counterbalance power developing to a certain stage) does
exist and it is universal. When the position of the buyer and
the seller changes, in the case of the new buyer-led vertical
relationship, the distortion of the vertical relationship caused
by buyer power will have a negative impact on the upstream
industry. This effect is in contrast to the beneficial effect of
buyer counterbalance power (1).

(2) Factors that affect the decision-making of enterprises include
not only the structural characteristics of the industry
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TABLE 6 Buyer power and R&D investment in the pharmaceutical industry.

Independent variable Rnd

Direct effect Indirect effect Total effect Pool regression

Panel A W1

Buyer power −0.132∗∗ (−2.056) −0.031 (−1.124) −0.163 (−1.350) −0.131∗ (−1.957)

Control variables Control Control Control Control

Panel B W2

Buyer power −0.422∗∗∗ (−2.952) −0.031 (−0.821) −0.453∗∗∗ (−3.194) −0.408∗∗ (−2.338)

Control variables Control Control Control Control

Due to the limitation of the software program on the exact number of decimal places, Bmp, Smp, and Bmp·Smp in the data matrix are all recorded in tens of thousands. ∗∗∗Means that it is
significant at the 0.01 level. ∗∗Means that it is significant at the 0.05 level. ∗Means that it is significant at the 0.1 level.

TABLE 7 Buyer power and product R&D investment in the pharmaceutical industry.

Independent variable Product Rnd

Direct effect Indirect effect Total effect Pool regression

Panel A W1

Buyer power −0.078∗∗ (−2.371) −0.019 (−1.116) −0.094 (−1.437) −0.066∗∗ (−2.099)

Control variables Control Control Control Control

Panel B W2

Buyer power −0.257∗∗∗ (−3.855) −0.017 (−0.659) −0.267∗∗∗ (−4.337) −0.209∗∗ (−2.616)

Control variables Control Control Control Control

Due to the limitation of the software program on the exact number of decimal places, Bmp, Smp, and Bmp·Smp in the data matrix are all recorded in tens of thousands. ∗∗∗Means that it is
significant at the 0.01 level. ∗∗Means that it is significant at the 0.05 level. ∗Means that it is significant at the 0.1 level.

TABLE 8 Buyer power and process R&D investment in the pharmaceutical industry.

Independent variable Process Rnd

Direct effect Indirect effect Total effect Pool regression

Panel A W1

Buyer power −0.054∗∗ (−2.368) −0.014 (−1.385) −0.079 (−1.447) −0.049∗ (−1.896)

Control Variables Control Control Control Control

Panel B W2

Buyer power −0.165∗∗∗ (−3.649) −0.014 (−0.968) −0.179∗∗∗ (−3.822) −0.178∗∗ (−2.035)

Control variables Control Control Control Control

Due to the limitation of the software program on the exact number of decimal places, Bmp, Smp, and Bmp·Smp in the data matrix are all recorded in tens of thousands. ∗∗∗Means that it is
significant at the 0.01 level. ∗∗Means that it is significant at the 0.05 level. ∗Means that it is significant at the 0.1 level.

in the horizontal market, but also the vertical power
characteristics in the industrial organization. Downstream
industry characteristics also play a role in the decision-
making of upstream industries, in which market power is the
typical representative. This paper extends the industrial chain
hierarchy, the market power from downstream customers
in the industrial organization is included in the analysis of
the impact on the profits of upstream industry. The results
show that the local buyer power reduces the profit of the
pharmaceutical industry in the local and other provinces at the
same time, but the spatial spillover effect is not significant.

(3) The absolute value of the coefficient of direct effect is
significantly greater than that of the indirect effect. The
pharmaceutical industry and medical institutions within the

same region have closer market transaction relationship and
economic connection. In this situation, the pharmaceutical
industry, acting as the supplier, is subject to a stronger vertical
constraint from the medical industry, acting as the buyer.

(4) The interaction term of market power indicates that when
the seller counterbalance power is taken as the moderating
variable, the counterbalance power of the supplier can improve
the negative influence of the buyer power on its own profit and
weaken the negative effect of buyer power. In other words, the
pharmaceutical industry also has market power, when it has a
counterbalance power, its own profits would increase.

(5) When we take the number of regional hospitals as the
buyer power, the total assets and the total industrial output
value of the pharmaceutical industry as the measure of
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the seller power, the conclusions above are also proved to
be robust.

(6) This article explores the differentiation of countervailing
power among different categories of pharmaceutical industries
in a heterogeneous competitive environment, and confirms
that the pharmaceutical industry in the eastern and central
regions, as well as the high capital density (western regions, low
capital density), have stronger (weaker) countervailing power
compared to buyers.

(7) This article confirms that enterprise size can alleviate the
adverse impact of buyer market power on the profits of the
pharmaceutical industry, while asset specificity can exacerbate
this adverse impact. Furthermore, this study explores its
mechanism of action and confirms that the underlying
mechanism behind the negative impact of buyer market power
on the profits of the pharmaceutical industry is to reduce the
R&D investment level of the latter.

5.2 Policy recommendations

The pharmaceutical industry chain consists of the Active
Pharmaceutical Ingredient suppliers (API suppliers), the
pharmaceutical industry, and the medical industry (mainly
hospitals as the distribution terminal). The profit shares of
each stakeholder in the vertical market come from patients as a
specific consumer group. This study empirically concludes that
the market power of medical institutions drives the profits of
the pharmaceutical industry to flow to medical institutions and
reduces the performance of the pharmaceutical industry. The
immediate policies are as follows: (1) Regulatory bodies should
cater for heterogenous preferences of customers to encourage the
development of private hospitals, those who prefer (lower-priced)
public hospitals will use them and those who prefer (higher priced)
private facilities get what they want, thus reducing society’s reliance
on public hospitals. Increasing the number and geographical
distribution of community pharmacies in an equitable fashion so
as to increase market demand facing manufacturers and extend
patients’ choices of medicines, in order to increase access to care
(demand) for patients. In addition to overseeing the wholesale
price of medicines, regulators should also focus on supervising
the price of medicines sold at medical terminals. (2) Regulatory
bodies should strictly regulate and control the transaction
behavior of downstream customers, especially the medical
industry, and crack down on all kinds of unfair competition
imposed on pharmaceutical companies by the medical industry
drawing on their dominant market position and abusing their
market power. (3) Pharmaceutical companies in weaker market
positions or complex competitive environments need to continue
harmonious relationships with customers while also holding high
cash reserves to guard against unfavorably effect on short-term
production and operations brought by cash-flow risks and adverse
external shocks.

The pharmaceutical industry in China faces powerful
downstream buyers, and under the context that “hospitals” and
“drugs” are difficult to be separated in the short run, the inhibitory

effects of buyer power on the economic effect and behavioral
decisions of pharmaceutical companies will remain in place for
a longer period. The influence of horizontal market factors on
pharmaceutical companies changes with the external environment.
In the face of strong buyers, pharmaceutical companies could
boost their counterbalance power through a variety of channels.
The short-run policies are as follows: (1) With respect to supply
chain management, pharmaceutical companies should optimize
their relationships with downstream customers in the industrial
chain, both to preserve the stability of partners and to expand
the range of external options for downstream customers to
develop a diversified relationship network of suppliers-customers.
(2) The pharmaceutical enterprises not only need to rely on
continuous investment in research and development to maintain
its technological advantage but also must adopt effective market
strategies and product innovations to maintain its market
shares. At the same time, while pursuing short-term returns,
pharmaceutical enterprises should place greater emphasis on
the sustainability of future profit growth and their long-term
production and management capacity, in order to cope with
fierce horizontal market competition as well as vertical market
competition from downstream customers. (3) With respect to
vertical cooperation, pharmaceutical companies should establish
new information shared mechanisms of teamwork, risk-sharing,
and mutually-supported with large customers, extend and
strengthen the industry chain, enhance the level of trust between
both parties, so as to mitigate the negative effects of buyers on
suppliers’ profits. (4) With respect to negotiation skills and public
relations, pharmaceutical companies should establish professional
negotiation teams and devise differentiated negotiation strategies
for different downstream customers, so as to strategically cushion
the adverse effects of their inherent weaknesses relative to the
healthcare industry in market transactions, with a view to securing
more benefits in market transactions.

The long-run policies are as follows: (1) With respect
to corporate management, pharmaceutical companies should
strengthen the development of their independent innovation
capabilities and gain competitive advantages through product
and technological innovation in a fiercely competitive market
environment, with the aim of enhancing their performance.
Pharmaceutical companies should improve their governance
structure, optimize resource allocation, and implement diverse
strategies for innovation investment, in order to enhance their
competitive advantages in the market. (2) With respect to product
production, pharmaceutical companies should actively adjust their
development strategies to adapt to changes in market demand,
focus on a specific area of better medicine production (safer,
more health benefits, more cost-effective with lower manufacturing
costs), and enhance their bargaining power in market transactions
through value-adding products and services. (3) With respect
to market support and regulation, the government should build
a comprehensive innovation system, such as by increasing
innovation investment in basic research of pharmaceutical
companies and assisting pharmaceutical companies in their
innovative R&D. The government should formulate targeted and
differentiated subsidy policies based on the R&D situations of
different types of pharmaceutical companies and their market
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positions in the industrial chain, with the aim of guiding companies
to optimize the efficiency of their R&D investment.

6 Discussion

The findings of this study not only provide theoretical
foundations and practical approaches for regulating large buyer
groups (cartels) in vertical market transactions, but also assist
regulatory authorities in identifying and preventing potential
market risks, thereby safeguarding fairness and efficiency in
market competition. At the same time, the results help promote
more balanced interactions among upstream and downstream
enterprises in the pharmaceutical industry chain, and enhance
the overall stability and resilience of the industry chain.
Against the backdrop of multiple uncertainties facing the global
pharmaceutical supply chain, this research offers important insights
for policymakers and business leaders to optimize governance
mechanisms and strengthen risk resistance capabilities.
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Objective: Using knee arthroplasty as a case study, this research explores the

characteristics of length of stay (LOS) and hospitalization costs for Hong Kong

residents receiving medical treatment in mainland China.

Methods: Utilizing front-page medical record data of patients who underwent

knee arthroplasty at Hospital H, descriptive statistics, univariate analysis, and

mediation effect tests were conducted to analyze the impact of being a

Hong Kong patient on LOS and hospitalization costs.

Results: The study included 356 patients, predominantly older adults over

65 years old (77.25%), with a similar gender distribution. Hong Kong patients

had shorter LOS, shorter postoperative LOS, and lower hospitalization costs,

laboratory and examination costs, and medication costs. LOS fully mediated the

effect of being a Hong Kong patient on hospitalization costs.

Conclusion: Hong Kong residents seeking medical care in mainland China

are driven by factors distinct from those of non-local patients within mainland

China, with medical quality, efficiency, and cost being significant drivers of

cross-border healthcare seeking. It is essential to strengthen cross-border

medical collaboration between Shenzhen and Hong Kong, and the Greater Bay

Area as a whole, through institutional mechanisms, welfare benefits, long-term

follow-up, and health monitoring to ensure tangible medical benefits for Hong

Kong patients.

KEYWORDS

seeking medical care in mainland China, cross-border medical cooperation, knee
arthroplasty, length of stay, hospitalization costs

1 Introduction

The construction of healthcare integration in the Guangdong-Hong Kong-Macao
Greater Bay Area has provided institutional breakthroughs for innovations in cross-border
medical services. Since the Outline Development Plan for the Guangdong-Hong Kong-
Macao Greater Bay Area proposed the “Healthy Bay Area” strategy, policymakers have
gradually established a multidimensional framework for Shenzhen-Hong Kong medical
collaboration. This framework includes opening cross-border practice qualifications for
Hong Kong doctors, optimizing access mechanisms for pharmaceuticals and medical
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devices from Hong Kong and Macao, and promoting mutual
recognition of hospital accreditation standards between the two
regions (1, 2). These measures systematically address institutional
barriers to cross-border healthcare resource flows. This policy
system not only facilitates northbound healthcare-seeking for Hong
Kong residents but also reshapes the spatial distribution of medical
resource allocation within the Greater Bay Area through deep
integration of healthcare service supply (1).

Under the impact of special public health events, the healthcare
system in Hong Kong has faced practical pressures such as a
backlog of elective surgeries and extended service delivery cycles,
which further intensified the “demand spillover” effect of cross-
border medical care (3). During this period, medical institutions
in mainland China, leveraging their efficient service response
capabilities, became a significant supplementary force in alleviating
the healthcare difficulties faced by Hong Kong residents. Existing
research on cross-border medical behaviors has primarily focused
on medical tourism, border medical care, and healthcare demands
arising from cross-border work. The driving forces behind patient
mobility include shorter distances, higher-quality medical services,
or lower medical costs, exemplified by individuals traveling to
Hungary for dental and orthopedic treatments or UK-supported
NHS patients seeking care in Brussels and France in the early 2000s.
Notably, previous studies have generally identified a “dual-high”
phenomenon—longer length of stay (LOS) and higher medical
costs—among non-local patient groups compared to local patients
at the destination (4, 5). The reasons for this involve both objective
differences in patient case complexity and the relative highlighting
effect, under payment policy reforms, of better cost control for local
patients compared to non-local patients (4).

When Hong Kong residents seek medical treatment in
mainland China, do their characteristics of length of stay and
costs still align with the patterns observed in non-local medical
care models? On the one hand, compared to domestic non-local
medical care within China, which often occurs within the same
social system, medical seeking from Hong Kong to the mainland
involves crossing different social systems. Does this confer new
characteristics in terms of hospitalization costs and LOS? On
the other hand, compared to existing international cross-border
medical care, which often occurs across nations but within similar
social systems, this scenario is distinct. Therefore, this study focuses
on analyzing the characteristics of LOS and hospitalization costs
for voluntary cross-border medical care within a single country but
across different social systems.

This study focuses on knee arthroplasty procedures performed
in the orthopedic department of Hospital H, a preferred institution
for Hong Kong patients. As a demonstrative platform for
Shenzhen-Hong Kong medical cooperation, Hospital H recorded
3,676 inpatient discharges and 128,500 outpatient and emergency
visits for Hong Kong patients in 2023. The orthopedic department
had the highest number of inpatient discharges among Hong
Kong patients, with knee arthroplasty (including bicompartmental
and total knee arthroplasty) being the most common procedure.
Hospital H has established a significant brand aggregation effect in
the field of joint arthroplasty. Its patient volume and procedural
standardization level provide an ideal observation window for
studying cross-border medical care. Furthermore, hospital H

operates under a fixed annual salary system modeled after
Hong Kong’s public hospital compensation structure. This system
eliminates any financial incentive for physicians to treat local and
cross-border patients differently. Building upon the homogeneous
clinical pathway for knee arthroplasty, this unique salary model at
Hospital H, and the concentrated flow of cross-border patients, this
study aims to descriptively analyze the differences in length of stay,
costs, and related patterns between Hong Kong medical tourists
and local mainland patients undergoing elective arthroplasty at a
specific center in mainland China. It further seeks to explore the
underlying reasons and policy implications.

2 Materials and methods

2.1 Sample and data sources

Case data for this study were extracted from the front pages
of medical records of patients who underwent knee arthroplasty
at Hospital H between July 2023 and June 2024, totaling 363
cases. To ensure data validity and analytical accuracy, data
cleaning was performed to verify consistency between ICD-9-CM3
procedure codes and Chinese surgical names, with the primary
procedures identified as bicompartmental knee arthroplasty or total
knee arthroplasty. Patients with missing addresses, bilateral knee
arthroplasty, hospitalization costs exceeding three times the mean
were excluded. The final study cohort comprised 356 patients
(see Supplementary Figure 1). Their demographic characteristics
showed no statistically significant differences from the original
sample upon statistical analysis and comparison, as detailed in
Supplementary Table 1.

2.2 Variable definitions

The independent variable in this study was “whether the patient
is a resident of Hong Kong” (identified based on permanent
residence being Hong Kong). The dependent variables were “length
of hospital stay” and “hospitalization costs,” with “length of
hospital stay” also serving as the mediating variable. Existing
research suggests that hospitalization costs and length of stay
for knee arthroplasty are primarily influenced by disease-related
factors such as comorbidities, cost of medical consumables,
history of prior knee arthroplasty, and anesthesia method, as
well as demographic factors like gender and age. Socioeconomic
factors, including family support and personal financial conditions,
also play a role (6–8). Considering data availability, this study
ultimately incorporated the following measurement indicators:
age and gender for demographic information, marital status
for family support, comorbidity status (Carlson Comorbidity
Index, CCI score) for comorbidities, and anesthesia method
(spinal anesthesia/general anesthesia) and history of prior knee
arthroplasty for disease and treatment characteristics. The CCI
score was calculated by extracting ICD-10 codes from other
diagnoses listed on the front page of medical records and
computing a total score based on the CCI index calculation
table. Total hospitalization costs include only the expenses
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TABLE 1 Demographic and clinical characteristics of the sample.

Variables Category Mainland patients
143 (40.17%)

Hong Kong patients
213 (59.83%)

Total
356 (100%)

t/2 P

Age y≤65 31 (21.68%) 50 (23.47%) 81 (22.75%) 0.396 0.82

65<y≤75 90 (62.94%) 127 (59.62%) 217 (60.96%)

y>75 22 (15.38%) 36 (16.90%) 58 (16.29%)

Sex Male 42 (29.37%) 108 (50.70%) 150 (42.13%) 15.971 <0.001∗∗∗

Female 101 (70.63%) 105 (49.30%) 206 (57.87%)

Marital status Currently single 23 (16.08%) 55 (25.82%) 78 (21.91%) 4.742 0.029∗

Married with partner 120 (83.92%) 158 (74.18%) 278 (78.09%)

CCI score 0 80 (55.94%) 125 (58.69%) 205 (57.58%) 0.556 0.754

1 47 (32.87%) 69 (32.39%) 116 (32.58%)

≥2 16 (11.19%) 19 (8.92%) 35 (9.83%)

Anesthesia type Spinal anesthesia 84 (58.74%) 137 (64.32%) 221 (62.08%) 1.131 0.288

General anesthesia 59 (41.26%) 76 (35.68%) 135 (37.92%)

Prior knee
arthroplasty

No 117 (81.82%) 171 (80.28%) 288 (80.90%) 0.131 0.718

Yes 26 (18.18%) 42 (19.72%) 68 (19.10%)

Hospital stay duration 9.87 ± 4.07 8.93 ± 3.02 9.31 ± 3.50 6.156 0.014∗

Preoperative days 3.19 ± 1.95 3.04 ± 1.75 3.10 ± 1.83 0.546 0.460

Postoperative days 6.68 ± 3.40 5.89 ± 2.55 6.21 ± 2.94 6.193 0.013∗

Medical service fees 10,728.91 ± 2,333.31 10,282.07 ± 1,783.42 10,461.56 ± 2,031.07 4.178 0.042∗

Examination/laboratory fees 2,655.57 ± 804.84 2,459.11 ± 811.84 2,538.03 ± 813.63 5.045 0.025∗

Material costs 12,799.82 ± 1,235.31 12,856.64 ± 1,095.11 12,833.82 ± 1,152.11 0.208 0.649

Medication costs 803.99 ± 547.15 670.36 ± 296.16 724.04 ± 420.04 8.852 0.003∗∗

Hospital-acquired infections 0 0 0 – –

Total costs 26,988.29 ± 3,285.29 26,268.18 ± 2,737.06 26,557.44 ± 2,985.97 5.033 0.025∗

∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001.
Age and CCI index were adjusted using the Bonferroni correction.

incurred during the hospital stay and do not cover post-discharge
care costs.

2.3 Research hypotheses

H1: Hong Kong patients have a longer length of hospital stay
compared to mainland patients.

H2: Hong Kong patients incur higher hospitalization costs
compared to mainland patients.

2.4 Statistical analysis methods

Data organization and analysis were performed using SPSS 25.0
statistical software. Mediation effect testing was conducted using
the Process v2.13 plugin. Statistical analysis methods included
descriptive statistics, univariate analysis, and mediation effect
testing (Bootstrap method).

3 Results

3.1 Demographic and clinical
characteristics

As shown in Table 1, the study included 356 patients
undergoing unilateral knee arthroplasty, with 213 (59.83%) being
Hong Kong residents. The majority (217, 60.96%) were aged 65–
75 years, with a higher proportion of females (206, 57.87%) than
males. Most patients (278, 78.09%) were married and not divorced.
Clinically, most patients (205, 57.58%) had a CCI score of 0, 221
(62.08%) underwent spinal anesthesia, and 68 (19.10%) had a prior
history of knee arthroplasty.

3.2 Univariate analysis

As presented in Table 1, compared to non-Hong Kong patients,
Hong Kong patients showed a higher proportion of females,
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TABLE 2 Results of multivariable linear regression analysis and mediation effect test for hospital stay duration and hospitalization costs in patients
undergoing knee arthroplasty.

Variable Mediator: hospital stay duration Dependent variable: hospitalization costs

Coeff Boot Mean LLCI ULCI Coeff Boot Mean LLCI ULCI

constant 8.92 8.95 6.87 11.00 19,323.05 19,323.97 18,182.00 20,416.07

HK patient −0.93 −0.94 −1.70 −0.21 16.30 12.32 −363.80 399.79

Married with partner −1.24 −1.24 −2.38 −0.18 −174.52 −179.67 −611.62 250.51

General anesthesia 0.50 0.49 −0.25 1.26 685.84 689.75 264.61 1,111.37

Prior knee arthroplasty −0.48 −0.49 −1.35 0.41 −731.57 −729.09 −1,214.74 −280.27

Female 0.36 0.36 −0.34 1.04 61.05 60.85 −296.22 428.29

Age (ref: ≤65 years)

65<y≤75 0.35 0.35 −0.45 1.13 101.03 102.69 −345.41 533.69

y>75 1.72 1.71 0.51 2.91 437.12 433.95 −216.07 1,062.50

CCI score (ref: 0)

1 0.53 0.53 −0.26 1.36 674.34 668.50 264.40 1,079.89

≥2 0.72 0.70 −0.51 2.00 1,105.19 1,095.93 446.24 1,821.56

Hospital stay duration 641.68 641.81 578.45 707.30

R2 = 0.822, P < 0.001 R2 = 0.397, P < 0.001

Effect BootSE BootLLCI BootULCI

X→ Y 16.30 196.19 −369.59 402.19

X→ M→ Y −599.23 243.77 −1,097.71 −133.79

The analysis excluded variables with VIF >2 to mitigate multicollinearity.
Bootstrap samples = 5,000, Confidence level for confidence intervals = 95%.

a lower proportion of married individuals, shorter hospital
stay durations, and lower hospitalization costs. No significant
differences were observed in prior knee arthroplasty history,
anesthesia type, or comorbidity status. The shorter hospital stay
duration was attributed to reduced postoperative hospitalization
time, with no significant difference in preoperative stay. Regarding
costs, Hong Kong patients incurred lower medical service fees,
examination/laboratory fees, and medication costs, except for
material costs. Regarding medical quality, none of the knee
arthroplasty patients experienced complications or hospital-
acquired infections during their hospitalization.

3.3 Mediation effect test of length of
hospital stay

A mediation effect test was conducted with hospitalization
costs as the dependent variable, length of hospital stay as the
mediating variable, whether the patient was from Hong Kong
as the independent variable, and age, gender, marital status,
comorbidities, anesthesia method, and history of prior knee
arthroplasty as control variables. The results are presented in
Table 2. After controlling for other factors, Hong Kong patients
undergoing knee arthroplasty had an average hospital stay 0.93
days shorter than non-Hong Kong patients. Compared to the
group aged 65 and below, the average length of stay increased by
0.35 days and 1.72 days for the groups aged 65–75 and over 75,

respectively. Patients who were married with a living spouse or
not divorced had an average hospital stay 1.23 days shorter than
those who were unmarried, divorced, or widowed. In contrast,
gender, comorbidities, and history of prior knee arthroplasty had
no significant impact on the length of stay.

After controlling for other factors, there was no significant
difference in average hospitalization costs between Hong Kong and
non-Hong Kong patients undergoing knee arthroplasty. Compared
to patients with a CCI score of 0, the average hospitalization costs
increased by CNY 649.44 and CNY 1,082.54 for those with scores
of 1 and 2 or above, respectively. Patients who received general
anesthesia had an average hospitalization cost increase of CNY
731.74 compared to those who received spinal anesthesia. For each
additional day of hospital stay, the average hospitalization cost
increased by CNY 641.73. At this point, age, gender, marital status,
and other factors had no significant impact on hospitalization costs.

The length of hospital stay fully mediated the effect of whether
the patient was from Hong Kong on hospitalization costs.

3.4 Mediation effect analysis of
hospitalization and cost structure

Using hospitalization costs as the dependent variable, and
preoperative length of stay, postoperative length of stay, medical
service fees, laboratory and examination fees, material costs,
and medication costs as mediating variables, with Hong Kong
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patient status as the independent variable and age, gender, marital
status, comorbidities, anesthesia method, and history of prior knee
arthroplasty as control variables, a mediation effect analysis was
conducted. The results, as shown in Supplementary Tables 1–6,
are as follows: the mediation effect of preoperative length of stay
was not significant; postoperative length of stay fully mediated
the effect of Hong Kong patient status on hospitalization costs;
medical service fees partially mediated this effect; laboratory and
examination fees fully mediated the effect; the mediation effect
of material costs was not significant; and medication costs fully
mediated the effect of Hong Kong patient status on hospitalization
costs. This indicates that Hong Kong patients had shorter
postoperative hospital stays and lower laboratory/examination and
medication costs, while no significant differences were observed
in preoperative length of stay or material costs compared to
mainland patients.

4 Discussion and conclusion

The results of this study indicate that Hong Kong patients
undergoing knee arthroplasty exhibited both lower hospitalization
costs and shorter lengths of stay, contrasting with the “dual-
high” phenomenon observed in domestic non-local medical care.
This suggests that the drivers for Hong Kong patients seeking
medical care outside their region may differ from those in other
parts of the country. Mediation effect analysis revealed that
the length of hospital stay fully mediated the impact of Hong
Kong patient status on hospitalization costs. Structurally, Hong
Kong patients had shorter postoperative hospital stays and lower
laboratory/examination and medication costs. However, in terms
of healthcare quality, none of the patients acquired a hospital
infection during their hospitalization, indicating that the quality
of care was not compromised. Nevertheless, due to the lack of
long-term follow-up data, we cannot assess whether the long-term
outcomes are comparable. Thus, this study demonstrates that for
knee arthroplasty, Hong Kong patients seeking medical care in
mainland China can achieve a balance among medical efficiency,
quality, and economic benefits.

4.1 Institutional drivers for optimized
hospitalization cycles among Hong Kong
patients

The findings of this study are completely opposite to the
initial hypotheses (H1, H2). The study originally hypothesized that
Hong Kong patients would have longer hospital stays and higher
costs. This assumption was potentially based on factors faced
by cross-border patients, such as language and cultural barriers,
unfamiliarity with the local healthcare system, and potentially
more complex preoperative conditions, all of which could
prolong hospitalization and increase medical expenses (9, 10).
However, this hypothesis overlooked a more critical determinant:
the unique healthcare-seeking motivations of the medical
tourist cohort.

On one hand, the primary motivation for Hong Kong patients
seeking care in mainland China is likely to circumvent the
protracted waiting times in Hong Kong’s public hospitals. Although
the Hong Kong public healthcare system adheres to the principle of
universal access (2), it faces persistent pressure from long waiting
lists for elective surgeries. As of June 30, 2024, the number of
patients waiting for total joint replacement in Hong Kong reached
33,951, with the median waiting time being longest in Kowloon
West at 51 months and shortest in New Territories West at 7
months (3). This situation objectively creates a push factor for
patients to seek care in regions with higher service efficiency. On
the other hand, evidence suggests that if the waiting time for
knee arthroplasty exceeds three months, it can lead to increased
healthcare costs and reduced health-related quality of life (HRQoL)
over the subsequent decade (11). In a different context, another
study indicates that Australia’s knee arthroplasty registry represents
a cost-effective undertaking for the government (12).

From the patient’s perspective, when considering healthcare
accessibility, safety, and economic factors, the inability of the
local Hong Kong system to meet timely demand makes seeking
cross-border alternatives a rational choice to overcome resource
constraints. It is noteworthy that although the Hong Kong SAR
government has attempted to alleviate cross-border healthcare
barriers through extended welfare schemes, institutional gaps in
inpatient coverage remain, leaving patients highly sensitive to
indirect costs. Currently, no Hong Kong government medical
welfare schemes provide coverage for inpatient care; arrangements
like the Elderly Health Care Voucher are only applicable to
outpatient services. Consequently, these patients prioritize highly
efficient and expedited services. Once clinical discharge criteria are
met, they have a strong incentive to be discharged quickly and
return to Hong Kong.

On the other hand, Hospital H operates under a fixed salary
system, eliminating any financial incentive for physicians to
prolong hospital stays or increase services for revenue generation.
For self-paying Hong Kong patients, shortening the LOS directly
reduces their total costs. The standardized clinical pathway
management implemented at Hospital H effectively balances
healthcare quality with patient preferences. By employing flexible
discharge mechanisms that return postoperative decision-making
power to patients, this institutional design aligns supply-side
capabilities with demand-side preferences, constituting a key factor
in reducing the hospitalization cycle.

Therefore, the rejection of our research hypotheses powerfully
demonstrates that under specific institutional arrangements and
driven by patient motivations, cross-border healthcare can manifest
as a model characterized by higher efficiency and lower costs.
This finding provides a fresh perspective for understanding
the diverse models of cross-border medical care. Furthermore,
although the mediation analysis confirmed that LOS is a key
mechanism explaining the cost differences—a relatively direct
causal pathway—this study lacks qualitative data (e.g., in-depth
patient decision interviews, healthcare provider perspectives) to
uncover the root causes behind the observed differences in
LOS. Investigating these underlying reasons represents a crucial
direction for future research.
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4.2 Cross-border synergistic effects in cost
control mechanisms

This study found that the reduction in hospitalization costs was
primarily associated with decreases in laboratory/examination fees
and medication costs, while no significant change was observed
in material costs. This may be related to the clinical pathway for
knee arthroplasty, where postoperative expenses largely consist of
imaging evaluations, laboratory monitoring for conditions such
as thrombosis, and daily prophylactic medications for infection
and thrombosis prevention (13). The shortened hospital stay
may have directly influenced the arrangement of postoperative
monitoring and medication use, or partially shifted inpatient
medical services to outpatient care in Hong Kong (13, 14).
However, due to the lack of available data, it is not possible
to further investigate whether these medical measures were
implemented during subsequent follow-ups.

The differentiated performance of cross-border medical costs
reveals a deeper interaction between payment systems and
organizational incentives. Unlike the conventional pattern in which
non-local patients in mainland China incur higher costs due to
treatment complexity, the cost control observed among Hong Kong
patients stems from multi-system synergies: First, the decision-
making motivation for cross-border medical care has shifted from
“technical attraction” to “efficiency priority,” reducing the potential
for cost premiums associated with critical conditions (5, 15).
Second, the fixed salary system at Hospital H, modeled after Hong
Kong’s public sector, severs the link between physician income and
medical practices, transforming clinical pathway implementation
from passive compliance to active optimization (16). Third,
the integration of healthcare management philosophies between
Shenzhen and Hong Kong has fostered a unique cost containment
mechanism—while hospitals in mainland China generally face
pressure to shift costs under payment reform, Hospital H has
achieved endogenous compression of hospitalization costs through
institutional coupling (17, 18). This cross-border synergistic cost-
control pathway suggests that the marginal benefits of payment
policy adjustments may be limited and need to resonate with
organizational reforms in personnel management and quality
culture (19, 20).

4.3 Conclusion

This study demonstrates that the hospitalization duration
and cost characteristics of Hong Kong residents seeking medical
care in mainland China reflect a unique cross-border healthcare
logic: the long-standing pressure from elective surgery waiting
times within Hong Kong’s public healthcare system, coupled
with gaps in cross-border inpatient coverage, drives patients
toward efficiency-oriented mainland institutions to achieve
optimal outcomes in medical quality, efficiency, and cost at
the individual level. By implementing standardized clinical
pathways and flexible discharge mechanisms, Hospital H
ensures medical quality while meeting patients’ demands for
autonomous decision-making during postoperative recovery,

forming the core driver for optimized hospitalization cycles.
At the cost control level, the institutional synergy between
Shenzhen and Hong Kong is the fixed salary system eliminates
financial incentives for overutilization of medical services, while
efficiency-driven healthcare decisions reduce non-essential
service consumption, collectively shaping a cost-containment
paradigm for cross-border care. However, due to the lack of
long-term follow-up data, it remains unclear whether accelerated
discharge affects long-term outcomes or offsets the survival
benefits gained from timely treatment. This study indicates
that current Shenzhen-Hong Kong medical collaboration
has evolved from mere service substitution to systemic rule
restructuring, urgently requiring institutional innovations
to overcome barriers to resource mobility and achieve a
transition from short-term resource complementarity to long-term
system integration.

4.4 Policy recommendations

First, establish a tiered cross-border healthcare security
system. Priority should be given to expanding direct payment
channels for inpatient costs incurred by Hong Kong residents
in the mainland, and exploring the development of cross-border
settlement platforms for commercial health insurance. This would
gradually upgrade the current transitional “welfare portability”
into institutionalized arrangements. Second, innovate cross-border
tiered healthcare collaboration models. Leveraging Hong Kong’s
specialist expertise and the mainland’s primary care network,
joint efforts should be made to develop referral guidelines and
teleconsultation mechanisms. This would facilitate the diversion
of elective surgeries such as knee arthroplasty to the mainland,
while preserving Hong Kong’s core role in managing complex cases.
Third, strengthen postoperative follow-up and the monitoring of
patient-reported outcomes. By utilizing information technology,
we can achieve remote high-quality follow-ups, health monitoring,
and health education, thereby better evaluating the effectiveness of
cross-border medical services.

4.5 Study limitations

(1) The most significant limitation of this study is
selection bias. The Hong Kong patient cohort represents a
self-selected group who may possess greater payment capacity,
higher health literacy, and more urgent healthcare needs,
while simultaneously facing the pressure of out-of-pocket
payments. Consequently, the observed differences in length of
stay and costs between them and local patients likely reflect
these pre-existing characteristics rather than a pure effect
of geographical origin. Therefore, the findings of this study
should be interpreted as a description of a specific medical
tourism model, not as conclusions from a strict comparative
effectiveness analysis.

(2) The study’s sample size is relatively limited, drawing
data only from patients who underwent knee arthroplasty at
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Hospital H within a one-year period, which may be insufficient
to fully represent the overall landscape of northbound healthcare-
seeking from Hong Kong. Furthermore, the study focused
solely on knee arthroplasty and did not encompass other types
of cross-border medical services, thus the generalizability of
the conclusions requires further validation. Although multiple
influencing factors were considered, other unmeasured variables
might also affect length of stay and costs, potentially limiting
the precision of the analytical results. Moreover, the absence of
long-term follow-up data prevents any assessment of long-term
efficacy benefits.

(3) The hospitalization costs in this study only reflect the
direct costs incurred during the hospital stay from the healthcare
provider’s perspective. They do not include the additional expenses
borne by Hong Kong patients and their families, such as
transportation, accommodation, meals, and potential costs for
accompanying persons. These costs effectively shift a portion of the
economic burden from the healthcare system to patient families.
Similarly, post-discharge expenses for rehabilitation, follow-up
visits, or complication management were not included. Thus, our
conclusion of lower costs is strictly confined to the inpatient
hospitalization period.

(4) The conclusions of this study are primarily applicable to
medical institutions that have implemented a fixed annual salary
system. This characteristic of Hospital H makes it not broadly
representative of hospitals in mainland China, and caution is
warranted when extrapolating these findings to settings where fixed
salaries constitute a low proportion of physician compensation.
However, as China is currently promoting an increase in the
proportion of fixed salaries within physician compensation from
the top down, this study may hold some reference value for future
healthcare scenarios.

Future research should expand sample sizes, integrate patient-
reported outcomes, link outpatient and inpatient data, broaden the
range of diseases studied, and comprehensively calculate the full
patient disease burden. This would enable a precise assessment of
the short-, medium-, and long-term impacts of changes in costs
and efficiency, thereby enhancing the reliability, applicability, and
practical significance of the conclusions.
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