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Abstract

Background: Regional health collaborative development, through constructing a
rationally structured and functionally positioned regional collaborative entity to
provide continuous medical services, by fully implementing resource integration
and information sharing, and leveraging the service characteristics and exper-
tise of regional medical centers and community health service centers, can truly
achieve the goal of optimizing resource allocation. Existing evaluation indica-
tors for regional health collaborative development are primarily outcome-based,
relatively singular, and lack systematicity. Relevant research is needed to fill
the gaps in this field.

Objective: This study aims to construct an evaluation index system for regional
health collaborative development, providing a scientific basis for assessing re-
gional collaborative development capacity.

Methods: Through research methods such as literature analysis and semi-
structured interviews, elements of regional health collaborative development
were collected to preliminarily construct an evaluation index system. Subse-
quently, 19 experts familiar with regional health collaboration in Shanghai
(from general practice, medical education, administrative management, and
public health management) were selected using stratified sampling as consulta-
tion subjects. From December 2020 to March 2021, two rounds of consultation
were conducted using the Delphi method, and the Analytic Hierarchy Process
was employed to evaluate the weights of indicators at all levels and test
the logical consistency of indicators at all levels, ultimately establishing the
evaluation index system for regional health collaborative development.

Results: The effective response rates for the two rounds of expert consultation
questionnaires were 95.0% and 100.0%, respectively, with expert authority co-
efficients of 0.87 and 0.92, respectively. The preliminarily constructed regional
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health collaborative development index system comprised 4 first-level indica-
tors, 12 second-level indicators, and 31 third-level indicators. The weights of
the 4 first-level indicators were 0.387, 0.296, 0.187, and 0.130, respectively. The
consistency ratios for indicators at all levels were <0.100.

Conclusion: The preliminarily constructed evaluation index system for regional
health collaborative development demonstrates strong scientific rigor and prac-
ticality, can identify problems and deficiencies in collaborative models serving
community health service centers, and lays a theoretical and practical founda-
tion for guiding regional model practice in subsequent steps.
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Abstract

Background: Coordinated regional health development aims to optimize re-
source allocation by constructing a well-structured and functional regional col-
laborative system to provide continuous medical services, leveraging the unique
features and strengths of medical centers and community health centers within a
region via fully integrating resources and sharing information. However, current
available systems for assessing coordinated regional health development mainly
focus on outcomes, which are relatively non-diversified and unsystematic, thus
further research is required to fill this gap.

Objective: We aimed to construct an evaluation system for coordinated re-
gional health development to provide scientific evidence for evaluating the coor-
dinated development capacities of regions.

Methods: We collected essential factors related to coordinated regional health
development through a literature review and semi-structured interviews, and
used them to construct a draft version of the Coordinated Regional Health
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Development Assessment System (CRHDAS). Then we selected 19 experts who
were familiar with coordinated regional health development (engaging in general
medicine, medical education, administrative management, and public health
management) from Shanghai using stratified sampling to attend two rounds of
online combined with offline Delphi questionnaire surveys from December 2020
to March 2021 to determine the weights of the indicators and test the logical
consistency of the weights of indicators at each level using Analytic Hierarchy
Process. After that, we established the final version of CRHDAS.

Results: The effective response rate and authoritative coefficient were 95.0%
and 0.87, respectively, for the first round of survey, and were 100.0% and 0.92,
respectively, for the second round of survey. The CRHDAS consists of four first-
level indicators (with corresponding weights of 0.387, 0.296, 0.187 and 0.130),
12 second-level indicators, and 31 third-level indicators. The consistency ratios
for the weights of three levels of indicators are <0.100.

Conclusion: The CRHDAS is of high-level scientificity and practicality, which
can help identify problems and deficiencies of the collaboration mode between
community health centers, providing a theoretical and practical basis for guiding
coordinated regional health practice in the future.

Keywords: Coordinated regional health development; Community health ser-
vices; Outcome assessment, health care; Health inequities; Index system

Introduction

Since the reform and opening up, China’s medical system has undergone con-
tinuous deepening. In this process, researching the positioning of medical in-
stitutions at various levels, promoting the implementation of the hierarchical
diagnosis and treatment system, fostering rational healthcare-seeking patterns,
and advancing the development of China’s health undertakings have become
key priorities of medical system reform [1]. While Shanghai has been enhanc-
ing its chronic disease management and health education capabilities, it has
also shifted the focus of its current medical and health system reform to the
construction of regional medical centers. As a crucial lever for realizing the hi-
erarchical diagnosis and treatment system, regional medical center construction
plays an important and pivotal role in establishing broad coverage of health
resources, meeting people’s needs for diagnosis and treatment of common and
frequently occurring diseases, and improving the medical technology capabilities
of primary-level medical and health institutions. In November 2019, the Shang-
hai Municipal Government issued the “Implementation Opinions on Enhancing
Regional Medical Service Capacity and Improving the Hierarchical Diagnosis
and Treatment System,” launching the first batch of 25 regional medical cen-
ters, with an additional 21 centers added by 2021. The goal is to address the
contradiction between people’s growing medical service demands and the unbal-
anced and insufficient development of medical resources, promote the scientific
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layout and rational utilization of medical resources, and provide higher-quality,
higher-level, equalized, and homogenized basic medical service systems for re-
gional populations [2].

Coordinated regional health development refers to the overall planning of med-
ical resources to achieve their optimal utilization within a specific region, co-
ordinating the cooperation and development between regional medical centers
and community health service centers. It should include medical collaboration,
research cooperation, and talent resource sharing [3-4]. The evaluation of re-
gional medical center construction is a complex process, and a complete set
of theoretical research and assessment standards is currently lacking. Existing
indicators related to medical center construction can be categorized into sev-
eral types: evaluation indicators for regional medical quality [5], performance
evaluation of medical consortia [6], and medical cost evaluation indicators [7-
8]. Upon analysis and comparison, these evaluation indicators are primarily
“outcome”-based, lacking research on “structure” and “process” indicators, and
have not formed a systematic evaluation indicator system for coordinated re-
gional health development. This study analyzes the construction goals and
content of Shanghai’s regional medical centers in terms of coordinated regional
health development, and uses scientific methods to study the service capacity of
regional medical centers. The aim is to construct a systematic, comprehensive,
and scientific regional medical center evaluation and construction indicator sys-
tem oriented toward “public welfare” and “functional positioning,” forming a
real-time, dynamic evaluation and supervision system for regional medical cen-
ters, and providing guidance for the construction of regional medical centers
through evaluation-promoted development.

Methods

Literature Review and Semi-Structured Interviews

In August 2021, we conducted a computer-based search of CNKI, VIP, and
Wanfang Data using the Chinese search terms “medical consortium,” “medical
collaboration,” “evaluation system,” “performance assessment,” and “indicator
system” to obtain literature related to regional health collaboration, with the
search period from January 1, 2010 to May 1, 2021. We reviewed current
progress in regional health collaboration, organized evaluation indicator sys-
tems, and constructed a theoretical framework pool for the evaluation indicator
system. From October 1, 2020 to December 1, 2021, we used semi-structured
interviews to select doctors and health policy managers engaged in regional med-
ical center projects to understand their opinions and suggestions on evaluation
indicators. Based on these results, we established an indicator system item pool,
which was then discussed by the research team to delete and integrate items,
preliminarily constructing a coordinated regional health development evaluation
indicator system consisting of 4 first-level indicators, 11 second-level indicators,
and 32 third-level indicators.

R4
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Delphi Method for Indicator System Development

Expert Consultation Questionnaire Design The expert consultation
questionnaire included the following sections: (1) Expert background infor-
mation, including years of practice, highest education level, and professional
title. (2) A consultation form for the coordinated regional health development
evaluation indicator system, with each indicator evaluated using a 5-point
Likert scale and a space for modification comments to allow experts to describe
their views and provide suggestions on indicators. (3) Indicator familiarity and
scoring basis, with familiarity divided into 6 levels and scoring basis divided
into work experience (0.5, 0.4, 0.3), theoretical analysis (0.1, 0.2, 0.3), intuitive
feeling (0.1, 0.1, 0.1), and domestic and international literature (0.1, 0.1, 0.1),
each categorized into small, medium, and large levels.

Expert Selection We selected experts from Shanghai who were familiar with
coordinated regional health development. To ensure comprehensive and broad
expertise, the panel included not only general medical experts but also medi-
cal education experts, public health management experts, and administrative
management experts responsible for general practice-related fields. Selection cri-
teria were: (1) More than 5 years of work experience in health management and
some understanding of coordinated regional health development; (2) Bachelor’s
degree or higher and associate senior professional title or above; (3) Willingness
to actively participate based on personal opinions and cooperate to complete
the consultation; (4) Deep understanding and comprehension of the consulta-
tion content.

Delphi Procedure From December 2020 to March 2021, we conducted two
rounds of expert consultation using a modified Delphi method. After question-
naire collection, we analyzed expert opinions and calculated the coefficient of
variation (CV), mean importance score, and full-score ratio for each indicator.
We used threshold methods to screen indicators, with threshold criteria of mean
importance score > 3.50, full-score ratio > 20%, and CV < 0.25. After the first
round, we combined expert opinions with group discussions to delete and adjust
relevant indicator content, provided feedback to experts, and redistributed the
revised indicator system for the second round.

Analytic Hierarchy Process for Weight Determination

Based on expert interview results, we divided the average importance scores
into basic importance and decision importance. The Analytic Hierarchy Pro-
cess (AHP) used a 9-point scale to create pairwise comparison matrices. We
assigned values to the relative importance of indicator pairs based on decision
importance and calculated the consistency ratio (CR) for the pairwise com-
parison matrices. If CR < 0.100, the consistency of the hierarchical ranking
was considered satisfactory. Based on expert consultation results, we first used
AHP software to establish a three-level structural model for the coordinated
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regional health development evaluation indicator system, then completed the
AHP consultation questionnaire design for indicator weighting questions, and
finally imported expert scores to calculate weight results.

Statistical Analysis

We used Excel 2016 and SPSS 23.0 software for statistical analysis, with count
data expressed as relative numbers. Expert positive coefficient = number of
valid Delphi interview results / number of included experts [9]. Expert au-
thority coefficient = (expert’s judgment basis + expert’s familiarity with the
issue) / 2, where judgment basis = theoretical analysis + practical experience
+ domestic and international references 4+ subjective judgment, and familiarity
scores were assigned as: very familiar = 0.9, relatively familiar = 0.7, generally
familiar = 0.5, not very familiar = 0.3, unfamiliar = 0.1. We used AHP to
determine indicator weights at all levels and test logical consistency, with P <
0.05 considered statistically significant.

Results
Expert Panel Characteristics

Among the 20 experts invited, 19 ultimately responded to the survey question-
naires. Among the 19 experts, 10 were male and 9 were female; all had more
than 10 years of practice experience; 12 held bachelor’s degrees, 4 held master’s
degrees, and 3 held doctoral degrees; 7 experts were very familiar with the field,
and 12 were relatively familiar with the field (Table 1 ).

Expert Response Rates and Authority

The first round of expert consultation (January 2021) distributed 20 question-
naires, with 19 valid questionnaires returned, yielding an effective response rate
of 95.0%. The second round (February—March 2021) distributed 19 question-
naires, with 19 valid questionnaires returned, yielding an effective response rate
of 100.0%.

Expert Authority Coefficients

The first round’s judgment basis, familiarity, and authority coefficient were 0.84,
0.90, and 0.87, respectively. The second round’s judgment basis, familiarity, and
authority coefficient were 0.91, 0.93, and 0.92, respectively.

Indicator Modification and Finalization

After the first round of consultation, the mean importance scores for first-level
indicators were 4.42-4.84, with CV of 0.08-0.11; for second-level indicators,
4.21-4.95, with CV of 0.05-0.11; and for third-level indicators, 4.11-4.84, with
CV of 0.08-0.17. Based on indicator screening criteria, expert consultation,
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and research group discussions, we made the following modifications: (1) Added
2 second-level indicators under first-level indicators: “Implementation of inte-
grated specialist-generalist community disease joint diagnosis, treatment, and
prevention” and “Establishment of information systems”; no indicators were
deleted. (2) Added 7 third-level indicators: “Internet-based medical care,”
“Coordinated medical service mechanism,” “Establishment of imaging diagno-
sis centers and ECG review centers,” “Appointment services for senior hospi-
tal experts,” “Stakeholder evaluation of two-way referral,” “Number of commu-
nity physicians participating in training,” and “Level of community project ap-
proval”; no indicators were deleted; 2 indicators were modified: “Expert commu-
nity visits” was changed to “Experts conducting teaching clinics in community”
and “Experts conducting teaching ward rounds and difficult case discussions in
community,” and “Total regional referral volume” was changed to “Trends in
total upward and downward referral volume within the region.”

After the second round, the mean importance scores for first-level indicators
were 4.60—4.93, with CV of 0.052-0.110; for second-level indicators, 4.13-4.83,
with CV of 0.086-0.136; and for third-level indicators, 4.13—4.86, with CV of
0.07-0.24. No further modifications were suggested by experts in the second
round.

Final Indicator System

The final coordinated regional health development assessment system consists of
4 first-level indicators, 12 second-level indicators, and 31 third-level indicators.
The importance scores, coefficients of variation, weights, and combined weights
of the indicator system are shown in Table 2 . The CR values for all levels of
indicators were <0.100, indicating reasonable indicator weight settings.

Discussion
Importance and Practicality of the Indicator System

Coordinated regional health development through overall planning can effec-
tively adjust and optimize the structural layout of medical resources. By estab-
lishing regulations and systems, different types of medical and health institu-
tions within a region can develop in a differentiated manner with complementary
advantages, forming a synergistic mechanism. This provides multi-level quality
medical services, facilitates the shift of health promotion work toward primary-
level institutions, ensures vertical integration of medical and health resources,
and promotes the formation of a hierarchical diagnosis and treatment pattern.
Through rational resource allocation, it improves the overall capacity and level
of medical health technology services to meet population health needs.

In the process of coordinated development between tertiary hospitals and
primary-level medical and health institutions within a region, both parties
need a profound understanding of collaborative cooperation, while the ef-
fectiveness of synergy depends on the establishment of good collaborative
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capabilities [10]. The significance of constructing this evaluation indicator
system lies in three aspects: (1) Summarizing practical experience in
coordinated regional health development. Using the evaluation system
can comprehensively and intuitively understand and assess the current status
of coordinated development between regional medical centers and community
health service centers. Shanghai currently has 46 regional medical centers, each
collaborating with community health service centers across different districts
of Shanghai, with varying degrees of collaborative development and potentially
lacking exchange and communication of collaborative experience. By applying
unified evaluation standards, horizontal and vertical comparisons can be made
among peer institutions, leading to more rational understanding of coordinated
development, thereby standardizing development pathways and truly imple-
menting proper developmental positioning [11]. (2) Providing evaluation
references for relevant administrative departments. By evaluating the
collaborative service capacity of medical and health institutions, those with
stronger comprehensive capabilities can be identified for prioritized cultivation
and resource allocation [12]. (3) Deepening practical application of
coordinated regional health development. The process of applying the
evaluation system is also a process of summarizing and absorbing collaborative
development experience. The obtained experience can be standardized and
further applied to revise and improve the evaluation indicator system, enabling
both evaluators and evaluatees to identify weak links and advantages in the
collaboration process, thereby targeting shortcomings and truly achieving
evaluation-promoted construction to deepen practical application.

Analysis of Indicator System Results

Following the basic construction principles of indicator systems and combining
them with the target requirements of coordinated regional health development
connotation elements, this study referenced three aspects for indicator construc-
tion: (1) Rationality principle. Starting from the layout of tertiary hospitals
supporting communities within the region to ensure clear and rational system
design. (2) Systematic principle. Coordinated regional health development
is based on the development needs of community health service centers, adopt-
ing a three-dimensional model for community support. Therefore, this study
used the Analytic Hierarchy Process to design the indicator system to ensure a
more comprehensive and systematic evaluation system. (3) Guidance princi-
ple. The evaluation indicator system design should reflect the actual situation
of achieving synergistic effects and mutual support to comprehensively enhance
collaborative capabilities.

The developed coordinated regional health development assessment system for
regional medical centers includes 4 first-level indicators, 12 second-level indica-
tors, and 31 third-level indicators. Among the 4 first-level indicators, “Organiza-
tional management implementation” has the highest weight of 0.387, followed by
“Regional medical collaboration,” “Research collaboration,” and “Talent cultiva-
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tion collaboration,” with weights of 0.296, 0.187, and 0.130, respectively. This
result indicates that experts unanimously agree that organizational management
implementation plays the most critical role in the indicator system. Coordinated
regional health development is a consortium constructed by district-level hospi-
tals and communities for common development. Its organizational management
differs from that of individual hospitals. Due to the complexity of involved
units, the systems related to operation and management affect whether the
regional health collaborative system can operate efficiently. Only with collabo-
rative value concepts, filling institutional gaps, and establishing a clear rights
and responsibilities benefit distribution mechanism can effective cooperation
among individuals within the regional health collaborative system be ensured
to achieve a “one plus one greater than two” effect [13]. Some scholars have
suggested establishing management departments such as councils and supervi-
sory boards to coordinate internal and external interest relationships, improve
the management system of medical consortia, and ensure the effectiveness and
fairness of policies within the regional health collaborative system to avoid low
efficiency and interest conflicts [14].

Among second-level indicators, “Talent cultivation strategy” has the highest
weight, indicating that experts have high expectations for shaping general prac-
tice medical talents through multiple channels and levels. Through the talent
cultivation collaboration model of regional health, providing support for inno-
vative talent team construction and human resources for primary-level medical
and health institutions within the region is an important condition for improv-
ing their service capacity. Conducting further study and continuing education
within the regional health collaborative system can improve clinicians’ diagnosis
and treatment levels, reserve professional talents for the regional health collab-
orative system, and provide human resources support for its sustainable and
high-quality development. Among third-level indicators, the weight of further
study is slightly higher than that of continuing education and training. Both are
important pathways for enhancing the capabilities of primary-level physicians,
especially general practitioners. Medical education is lifelong education, and re-
gional health collaborative systems with relatively close geographical locations
can reduce the impact of time and space factors and improve the accessibility
of further study and continuing education [15-16].

Coordinated regional health development is extremely important for improving
regional health service quality, and constructing an evaluation indicator sys-
tem has certain theoretical and practical significance for guiding coordinated
regional health development. The evaluation system constructed in this study
covers medical collaboration, research collaboration, talent cultivation collabora-
tion, and other contents, and can be primarily applied as a systematic indicator
system for evaluating the current status of coordinated regional health develop-
ment in Shanghai’s regional medical centers.
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