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Abstract
Background: China is leveraging artificial intelligence technology to enhance
the standardization and homogenization of primary healthcare services, thereby
driving universal health coverage and demonstrating global leadership in digital
health.

Objective: To empirically reveal the influence mechanism of AI-enabled pri-
mary healthcare service performance and propose corresponding optimization
pathways.

Methods: This study selected the large-scale, multi-center policy pilot case of
the “Ultrasound AI-Assisted Diagnostic System”deployed across 109 public
medical institutions throughout Puyang City, Henan Province from July 2022
to May 2024 as the research subject. The organizational change dynamics model
served as the primary theoretical framework, questionnaire survey as the main
data collection method, and descriptive statistical analysis, exploratory factor
analysis, confirmatory factor analysis, variance analysis, and structural equation
modeling as the principal data analysis methods.

Results: A total of 429 valid questionnaires were obtained. The AI-enabled
primary healthcare service performance evaluation indicator system designed in
this study comprises two dimensions: internal optimization performance and
social adaptation performance. The social adaptation performance of system
application was higher than its internal optimization performance. The applica-
tion not only generated direct performance outcomes such as improved medical
quality and enhanced operational efficiency, but also led to more prominent
improvements in social adaptation performance including sustainable develop-
ment and satisfaction. The main contextual trigger factors for performance im-
provement were “policy environment,”“industrial support,”and “achievement
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transformation,”while the primary enabling factors were“medical insurance sup-
port,”“technical level,”and“purchasing power.”The three key optimization path-
ways for enhancing AI-enabled primary healthcare service performance were:
“policy environment/industrial support → technical level → social adaptation
performance/internal optimization performance,”“policy environment/industrial
support → purchasing power → social adaptation performance,”and“policy en-
vironment/achievement transformation → medical insurance support → social
adaptation performance/internal optimization performance.”

Conclusion: Based on a comprehensive understanding that deploying medical
AI equipment possesses dual values of profitability and public welfare, public
sectors should adopt multiple policy instruments. Starting with creating leading
and encouraging policy environments, strengthening the completeness of indus-
trial support, and accelerating the cultivation of achievement transformation
mechanisms, they should continuously exert efforts in enhancing the technical
level of medical AI equipment, strengthening the equipment purchasing power of
primary healthcare institutions, and accelerating the inclusion of AI diagnostic
applications into medical insurance reimbursement, thereby further improving
the performance of AI-enabled primary healthcare services.
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Abstract

Background: China is leveraging artificial intelligence technology to enhance
the standardization and homogeneity of primary health services, driving uni-
versal health coverage and demonstrating global leadership in digital health.
Objective: To empirically reveal the influence mechanism of artificial intelli-
gence (AI) empowering the performance of primary health services and propose
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corresponding optimization paths. Methods: This study examined a large-
scale, multi-center policy pilot case of the “ultrasound AI-assisted diagnostic
system”deployed across 109 public medical institutions in Puyang City, Henan
Province, from July 2022 to May 2024. The Organizational Change Dynamics
Model served as the primary theoretical framework, with questionnaire surveys
as the main data collection method. Descriptive statistical analysis, exploratory
factor analysis, confirmatory factor analysis, variance analysis, and structural
equation modeling were employed as the primary data analysis methods. Re-
sults: A total of 429 valid questionnaires were obtained. The performance
evaluation index system for AI-empowered primary health services designed in
this study comprised two dimensions: internal optimization performance and
social adaptation performance. The social adaptation performance of system
applications was higher than internal optimization performance. Applications
not only yielded direct performance outcomes such as improvements in medical
quality and operational efficiency but also generated more prominent enhance-
ments in social adaptation performance, including sustainable development and
satisfaction. The main situational triggers for performance improvement were
“policy environment,”“industrial support,”and “technology transfer,”while
the primary enabling factors were “medical insurance support,”“technological
level,”and“purchasing power.”Three key optimization paths for enhancing AI-
empowered primary health service performance were identified: (1) “policy en-
vironment/industrial support → technological level → social adaptation perfor-
mance/internal optimization performance,”(2) “policy environment/industrial
support → purchasing power → social adaptation performance,”and (3)“policy
environment/technology transfer → medical insurance support → social adapta-
tion performance/internal optimization performance.”Conclusion: Based on
a full understanding that deploying medical AI equipment carries dual values
of profitability and public benefit, public sector agencies should adopt diverse
policy tools. Starting from creating a leading and encouraging policy environ-
ment, strengthening the integrity of industrial support, and accelerating the
cultivation of technology transfer mechanisms, sustained efforts should be made
to improve the technical level of medical AI equipment, enhance primary health
institutions’equipment purchasing capacity, and accelerate the inclusion of AI
diagnostic applications in medical insurance payments, thereby further improv-
ing the performance of AI-empowered primary health services.

Keywords: artificial intelligence; primary health services; empowerment; per-
formance; influence mechanism; policy pilot; structural equation model

1. Introduction

China is actively seeking to leverage next-generation artificial intelligence tech-
nology to enhance the standardization and homogeneity of primary health ser-
vices, drive universal health coverage, and demonstrate global leadership in
digital health. As President Xi Jinping emphasized, the concept of “compre-
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hensive health and wellness”should be established to promote the 下沉 of health
resources, advance county-level medical community construction, improve grass-
roots infrastructure conditions, enhance medical service quality and efficiency,
and facilitate the effective operation of the hierarchical diagnosis and treatment
system. In recent years, revolutionary breakthroughs in artificial intelligence
technology have enabled its effective application in broad health domains, in-
cluding disease screening and prediction, health management, assisted diagnosis,
chronic disease management, and rehabilitation therapy, thereby expanding the
development space for health services and creating conditions for improving the
performance of China’s primary health services.

Theoretically, AI’s empowerment of primary health services encompasses at least
three aspects: first, improving disease diagnostic accuracy to enhance healthcare
system operational efficiency and reduce overall medical expenditures; second,
using diagnostic standardization and intelligence as a foundation to enhance the
feasibility of mutual recognition of test results, avoid duplicate examinations,
and promote rebalancing of high-quality medical resources across regions; and
third, improving the technical capabilities of general practitioners at primary
health institutions to enhance the equity and accessibility of medical services.
However, due to practical limitations, few studies have empirically revealed how
public sector agencies can enhance the effectiveness of AI empowerment in pri-
mary health services. This study addresses this gap by examining the policy
pilot case of the“ultrasound AI-assisted diagnostic system”deployed across 109
public medical institutions in Puyang City, Henan Province, using the Organiza-
tional Change Dynamics Model as the theoretical framework and questionnaire
surveys as the primary data collection method to empirically reveal the influ-
ence mechanism of AI empowerment on primary health service performance and
propose corresponding optimization paths.

2. Methods

2.1 Study Object This study selected the large-scale, multi-center policy
pilot case of the “ultrasound AI-assisted diagnostic system”deployed across
all 109 public medical institutions in Puyang City, Henan Province, from July
2022 to May 2024. On July 11, 2022, the General Office of Puyang Munici-
pal People’s Government issued the “Notice on Promoting the Application
of AI-Assisted Diagnosis and Treatment Systems and Palm Vein Intelligent
Recognition Systems,”deploying medical AI equipment across all medical in-
stitutions in the jurisdiction. As an important component of this initiative, the
AI-SONIC™ ultrasound AI-assisted diagnostic system, built upon China’s inde-
pendently developed “DE-Light”deep learning technology platform, integrates
core cutting-edge technologies in artificial intelligence, medical imaging, and in-
formation security to establish an intelligent diagnosis and treatment framework
that combines image recognition, feature extraction, diagnostic judgment, and
report generation. The system possesses multiple core functions, including ultra-
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sound image standardization, real-time analysis, and high-precision recognition,
supporting automatic detection, benign/malignant determination, and quanti-
tative analysis for thyroid, breast, carotid artery, pelvic floor, and other areas,
while automatically generating high-precision examination reports suitable for
diagnostic support, training, teaching, and research data collection.

By May 31, 2024, the AI-SONIC™ ultrasound AI-assisted diagnostic system
had been deployed across 109 public medical institutions (Level 1 and above) in
Puyang City, with 291 modules installed (30 in tertiary institutions, 66 in sec-
ondary institutions, and 195 in institutions below secondary level), screening a
total of 281,663 individuals and detecting 3,129 thyroid nodule patients. System
deployment effectively improved diagnostic capabilities and service efficiency at
primary health institutions: the time for issuing ultrasound examination reports
was reduced from approximately 15 minutes to 0.2 seconds, physicians’daily pa-
tient capacity increased from 20-25 to approximately 40 patients (a 37.5%-50.0%
efficiency gain), and the detection accuracy for nodules and plaques reached 97%,
with benign/malignant judgment accuracy exceeding 95%—significantly higher
than the national average for attending physicians in ultrasound departments
of top-tier hospitals (approximately 75%). Moreover, examination data became
more detailed; for instance, when carotid intima thickening was detected, the
system provided precise values to two decimal places (e.g., 1.38, 1.69), far more
precise than conventional hospital reports that typically provided ranges (e.g.,
1-2, 2-3), and could automatically calculate stenosis ratios. Additionally, nearly
75% of ultrasound patients returned from county-level hospitals to township
and community health institutions, strengthening primary diagnosis capacity
and reducing duplicate examinations. In terms of medical insurance economics,
if reimbursed at 5-10 yuan per person-time, the new payment expenditure would
be only 1/14 to 1/7 of duplicate examination costs, achieving cost savings of
85.7%-92.9%. These data fully demonstrate the system’s significant role in ex-
panding screening coverage and improving ultrasound diagnostic efficiency and
accuracy, marking a demonstrative step forward in Puyang City’s construction
of an AI medical service system.

2.2 Theoretical Framework Performance Evaluation System:“Perfor-
mance”can accurately characterize the behavior and outcomes of AI empower-
ment in primary health services. Perceived performance can depict the public’
s overall perception of service quality, offering more comprehensive explanatory
power than input-output efficiency evaluation and better reflecting public value.
Based on the“task performance-contextual performance”model, this study devel-
oped a comprehensive performance evaluation framework encompassing internal
optimization performance (medical quality and operational efficiency) and social
adaptation performance (sustainable development and social satisfaction).

Organizational Change Dynamics Model: This study introduced the Or-
ganizational Change Dynamics Model as the theoretical framework for analyz-
ing influence mechanisms, effectively explaining how the dynamic transmission
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mechanism of equipping primary health institutions with medical AI devices
improves performance. The model emphasizes that organizational performance
improvement results from the interaction between external driving forces and
internal organizational capacity responses. Following this logic, this study de-
fined technology transfer, policy environment, and industrial configuration as
externally-driven independent variables, representing the mature foundation of
AI technology entering medical practice, the degree of institutional support
and protection, and the industrial ecosystem support for technology applica-
tion implementation—key external situational triggers for AI medical system
deployment at the grassroots level. Simultaneously, drawing on the theoretical
perspective of“capacity adaptation and internalization transformation”in orga-
nizational change, the study further introduced technological level, purchasing
power, and medical insurance support as mediating variables, reflecting primary
health institutions’absorption and response capabilities to technological change
as core internal enabling factors. Among these, “technological level”reflects
the advancement of the AI system itself, representing the technical prerequisite
affecting primary health institutions’adoption willingness and usage effective-
ness;“purchasing power”reflects primary health institutions’financial capacity
for equipment procurement and maintenance; and“medical insurance support”
is a key factor measuring whether AI system applications possess institutional-
ized, sustainable conditions. This variable setting logic aligns with the“external
drive-internal response-performance outcome”theoretical chain in the Organi-
zational Change Dynamics Model, providing clear theoretical justification and
structural support for subsequent empirical analysis.

2.3 Statistical Methods This study used SPSS 27.0 software for descrip-
tive statistical analysis, exploratory factor analysis, confirmatory factor analysis,
and variance analysis of questionnaire data. Quantitative data were expressed
as (x̄±s). Independent samples t-tests were used for comparisons between two
groups, and one-way ANOVA for comparisons among three or more groups.
LSD post-hoc test results were referenced if homogeneity of variance assump-
tions were met; otherwise, Tamhane’s T2 test results were consulted. AMOS
software was used for structural equation model path testing, with the appli-
cation performance of the deployed ultrasound AI-assisted diagnostic system
as the dependent variable, and technology transfer, policy environment, indus-
trial configuration, technological level, purchasing power, and medical insurance
support as independent and mediating variables. Reliability testing used Cron-
bach’s 𝛼 coefficient >0.8 as the standard, and validity testing used KMO value
>0.8 and Bartlett’s sphericity test significance level <0.05 as standards. Sys-
tem application performance was calculated using equal weighting of indicators;
performance >5 indicated high perceived system performance. P<0.05 was con-
sidered statistically significant.
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3. Results

3.1 Sample Characteristics Among the 429 valid samples, 61 (14.2%) were
male and 368 (85.5%) were female. Age distribution was highest in the 21-30
years group (40.3%). Educational background was concentrated in junior college
(51.0%) and bachelor’s degree (46.6%). Work experience was most commonly
1-5 years (29.4%). Detailed demographic characteristics are presented in Table
1 .

3.2 Performance Evaluation System The AI-empowered primary health
service performance evaluation index system designed in this study included
two dimensions (internal optimization performance and social adaptation per-
formance), four domains (medical quality, operational efficiency, sustainable
development, and satisfaction), and 17 specific indicators (Table 2 ). Empirical
measurement yielded a Cronbach’s 𝛼 coefficient of 0.987 for the performance
evaluation index system, indicating high reliability. The KMO test value was
0.967 (>0.9 and close to 1), and Bartlett’s sphericity test significance level
was 0<0.05, indicating good theoretical indicator validity and suitability for fac-
tor analysis. Using principal component analysis to extract two fixed factors
and varimax rotation, the cumulative explained variance of the two factors was
86.229%. All indicator factor loadings were >0.5, and except for indicators 4 and
5, all other indicators aligned with the original conceptualization. Indicators 4,
5, 8, and 11 showed cross-loadings; however, since these indicators measured
important content without alternative items measuring the same content, they
were retained.

To further ensure the appropriateness of the performance system structure, con-
firmatory factor analysis was conducted. Initial results showed that all measure-
ment indicators’standardized loading coefficients were >0.8 and <0.95, and reli-
ability coefficients were >0.7 and <0.9, meeting standard requirements, though
model fit parameters had not yet reached reasonable standards. After modifica-
tion based on AMOS modification indices, the chi-square to degrees of freedom
ratio was 2.482 (<3), Goodness of Fit Index (GFI) was 0.961 (>0.9), Adjusted
Goodness of Fit Index (AGFI) was 0.924 (>0.9), and Root Mean Square Er-
ror of Approximation (RMSEA) was 0.059 (<0.08), reaching ideal status. The
composite reliability (CR) of the two performance system factors was 0.973 and
0.968 (both >0.7), and the average variance extracted (AVE) was 0.879 and
0.793 (both >0.5), meeting standard requirements and indicating acceptable
reliability and convergent validity for both factors.

3.3 System Application Performance Analysis The surveyed group’s
perceived performance of the AI-assisted diagnostic system after deployment at
the grassroots level (hereinafter“system application”) ranged from 5.00 to 5.34
across indicators, with small differences between means and relatively small
standard deviations, indicating overall high performance evaluation. Across
the two dimensions, the system’s social adaptation performance was higher
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than its internal optimization performance. Applications not only produced
direct performance outcomes such as improved medical quality and operational
efficiency but also generated more prominent enhancements in social adaptation
performance, including sustainable development and satisfaction. The indicator
“increased direct revenue of medical institutions”showed the lowest performance
(5.00$±$1.76), suggesting that, considering short-term economic benefits and
without inclusion in medical insurance fund payments, some concerns remain
regarding the procurement of medical AI equipment (Table 3 ).

3.4 Demographic Differences in Performance Comparisons of internal
optimization performance, social adaptation performance, and total perfor-
mance across different genders and educational levels showed no statistically
significant differences (P>0.05). However, comparisons across different
age groups and work experience durations revealed statistically significant
differences in all performance dimensions (P<0.05) (Table 4 ).

3.5 Influencing Factors Design and Analysis Guided by Greenwood and
Hinings’Organizational Change Dynamics Model, this study identified six fac-
tors influencing AI empowerment of primary health services: three situational
triggers (technology transfer, industrial support, policy environment) and three
enabling factors (technological level, purchasing power, medical insurance sup-
port) (Table 5 ). Performance influencing factor analysis showed all indicators
scored >5 (on a 7-point scale), indicating that all stakeholders involved in the
application project considered these factors to significantly impact system ap-
plication performance.

3.6 Structural Equation Model Analysis Based on the theoretical founda-
tions of organizational change dynamics, situational triggers, enabling factors,
and their mechanisms, and considering the specific context of AI-empowered
primary health services, a structural model of variable relationships was con-
structed (Figure 1 [Figure 1: see original paper]). Results showed that both
situational triggers and enabling factors affected overall performance, with situa-
tional triggers primarily influencing social adaptation performance and enabling
factors influencing both internal and external performance. Situational triggers
also affected performance by empowering enabling factors.

Structural equation model path testing using AMOS software, with grassroots
ultrasound AI-assisted diagnostic system application performance as the depen-
dent variable and technology transfer, policy environment, industrial configu-
ration, technological level, purchasing power, and medical insurance support
as independent and mediating variables, yielded initial model fit results below
ideal values. After modification based on software-generated modification in-
dices, the corrected model achieved a chi-square to degrees of freedom ratio of
2.947 (<3), GFI=0.929 (>0.9), AGFI=0.879 (<0.9), RMSEA=0.067 (<0.08),
TLI=0.974 (>0.9), and CFI=0.983 (>0.9). Except for AGFI, all important fit
indices reached ideal values, indicating satisfactory model fit.
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Path analysis results showed that except for three paths (“technology transfer
→ technological level,”“technology transfer → purchasing power,”and “in-
dustrial support → social adaptation performance”), all other paths demon-
strated positive effects on system application performance (P<0.05) (Table 6
). Overall, the effects and pathways of situational triggers and enabling fac-
tors on performance were validated. Specifically, three key optimization paths
for enhancing AI-empowered primary health service performance were identi-
fied: (1)“policy environment/industrial support → technological level → social
adaptation performance/internal optimization performance,”(2)“policy environ-
ment/industrial support → purchasing power → social adaptation performance,”
and (3) “policy environment/technology transfer → medical insurance support
→ social adaptation performance/internal optimization performance.”

4. Discussion

The deployment of ultrasound AI-assisted diagnostic systems at the grassroots
level in Puyang City, Henan Province, represents a public health service in-
novation project closely integrated with cutting-edge technology. Faced with
current shortages in total primary health resources and imbalanced allocation
of high-quality health resources, deploying ultrasound AI-assisted diagnostic sys-
tems at the grassroots level is of great significance for enhancing the capacity of
primary health institutions to provide quality services, promoting hierarchical
diagnosis and treatment, enabling examination result mutual recognition, and
reducing government medical insurance expenditures. This initiative provides
excellent global experience in “AI technology empowering primary health ser-
vices”and serves as a practical exemplar for building a“new era rural barefoot
doctor”model. Based on empirical analysis of the influence mechanism of AI
empowerment on primary health service performance in Puyang City, three key
recommendations are proposed.

4.1 Public Sector Should Fully Understand the Dual Value of Medi-
cal AI Deployment Regardless of which situational trigger is considered, AI
empowerment of primary health services effectively enhances both social adapta-
tion performance and internal optimization performance through the mediation
of enabling factors such as technological level, purchasing power, and medical in-
surance support. Policy environment and technology transfer as situational trig-
gers directly contribute to social adaptation performance improvement. There-
fore, despite some health institutions’concerns about short-term returns from
procuring medical AI equipment, AI empowerment of primary health services
generates positive externalities, with the public value created by system appli-
cations being even more pronounced than the direct operational value created
for primary health institutions.
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4.2 Medical AI Industrial Support Should Be Highlighted and Valued
Research results indicate that optimizing industrial support is a crucial lever
for enhancing the technological competitiveness of medical AI products and
strengthening primary health institutions’willingness and capacity to purchase.
The importance of technology transfer cannot be overlooked.

4.2.1 Actively Develop the Medical AI Industry: First, medical AI prod-
ucts such as assisted diagnostic systems should be included in rural revitaliza-
tion and health poverty alleviation projects and promoted to national and global
markets. Second, standardization of medical AI industries and products should
be emphasized to form replicable and scalable advanced experiences. Third,
industry-academia-research collaboration projects should be promoted through
policy guidance and financial support to facilitate deep cooperation among medi-
cal institutions, universities, research institutes, and AI enterprises, accelerating
the clinical application and transformation of medical AI achievements.

4.2.2 Establish Specialized Research Funds: Research funds should be
established with different amounts and cycles of support plans set according
to different R&D stages (basic theoretical research, technology application de-
velopment, product clinical validation, etc.) to precisely support innovation
exploration at each stage. R&D innovation platforms should be built by in-
vesting in specialized medical AI research centers, laboratories, and industrial
parks to provide advanced hardware facilities, massive medical data resources,
and convenient technical exchange and cooperation spaces for research teams.
Talent cultivation and recruitment should be strengthened by adding medical
AI-related majors and courses in universities and vocational colleges, establish-
ing specialized scholarships to encourage students to engage in learning and
research in this field, and supporting universities and enterprises to jointly cul-
tivate targeted talents. Highly attractive talent introduction policies should be
formulated, including generous compensation packages, research start-up funds,
and housing security, to recruit top AI scientists, medical experts, and interdis-
ciplinary talents globally.

4.3 Policy Environment Is the Critical Starting Point for Enhanc-
ing AI-Empowered Primary Health Service Performance The policy
environment is an unavoidable key starting point for enhancing AI-empowered
primary health service performance. Only with policy support can AI system
technological level, primary health institutions’purchasing power, and medical
insurance support be more effectively improved. Therefore, strengthened macro
health policy support should be advanced within the framework of deepening
medical reform.

4.3.1 Government Should Serve as a “Guide”: Financial security and
institutional supply should be further strengthened to fulfill government respon-
sibilities in organizing medical services and increase investment in intelligent
infrastructure for primary health institutions. The successful experience of
Puyang City in deploying AI-assisted diagnostic systems should be referenced
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by establishing special working groups, clarifying work priorities and task divi-
sions, creating work assignment tracking systems, and implementing safeguard
measures to promote rapid and widespread application of AI-assisted diagnostic
systems and accelerate the promotion and application of high-tech AI products
in primary health institutions, enabling scientific and technological achievements
to benefit the people more quickly, better, and in greater numbers.

4.3.2 Establish Financial Subsidy Mechanisms Adapted to Local Eco-
nomic Levels: To enhance primary institutions’capacity to introduce and
operate AI systems and improve their purchasing willingness, specialized finan-
cial subsidy funds should be established for primary health institutions pur-
chasing medical AI equipment and software to reduce procurement costs and
enhance their ability to introduce advanced technologies, particularly in areas
with scarce medical resources. First, a medical service-oriented charging mecha-
nism should be constructed to timely include clinically effective and profession-
ally recognized new technologies and projects in the medical insurance payment
and pricing system. Second, salary structures should be optimized by imple-
menting the “two allowances”policy to mobilize the enthusiasm of primary
medical staff in participating in intelligent transformation. Finally, integrated
health system construction should be promoted by strengthening coordination
between primary institutions and public health, wellness, and other resources
to build a“health-centered”service system that promotes deep integration and
collaborative application of AI systems across disease prevention, diagnosis, and
rehabilitation.

4.3.3 Strengthen Medical Insurance Support: Although AI-assisted diag-
nostic systems have been applied in primary health institutions in Puyang City,
they have not yet been included in medical insurance fund payment scope nor
have medical service fee standards been established. Appropriate AI-assisted
diagnostic medical service fee standards should be formulated and included in
medical insurance fund payment scope, as the increased medical insurance ex-
penditure would be far lower than the“waste”of medical insurance funds caused
by duplicate examinations, with estimated cost reductions of 85.7%-92.9%. Tak-
ing thyroid ultrasound AI as an example, five provinces nationwide (Hebei,
Shandong, Shanxi, Jiangsu, and Guizhou) have already included it in provin-
cial medical service pricing projects. Accelerating the inclusion of AI-related
diagnostic services as medical insurance fund payment items is recommended.

In summary, the sustainable development of AI-empowered primary health ser-
vices depends not only on the advancement of technology itself but also on
coordinated support from multiple policy areas, including finance, medical in-
surance, personnel, and service systems, to truly achieve the medical reform
goals of“improving efficiency, reducing costs, and increasing equity.”Due to the
rarity of“large-scale multi-center”pilot cases, data scarcity, and low availability,
this study primarily used subjective perception data supplemented by objective
data to analyze the influence mechanism of AI empowerment on primary health
service performance. Future research can further introduce indicators such as
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usage frequency and depth to achieve higher precision and more dimensional
validation of AI-empowered primary health service performance as medical AI
equipment is deployed more extensively and intensively across more domains.
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