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Abstract

Objectives This study aims to identify the dimensions and evolutionary pathways of China's high-performing
national healthcare system, as well as the interaction mechanisms between the digital and traditional healthcare
dimensions.

Methods This study first constructs a high-performing healthcare evaluation index comprising four dimensions:
digital healthcare, healthcare resource allocation, healthcare output, and healthcare effectiveness. It next presents
a multilevel structural dynamic factor model to examine the evolutionary pathway of China’s national healthcare
system. It then analyses the interaction mechanism of each healthcare dimension based on the impulse response
function.

Results First, the upward trend in the overall performance of China’s high-performing national healthcare system
demonstrates that it is significantly improving. Second, the overall performance of China's high-performing national
healthcare system has been most impacted by healthcare effectiveness and least impacted by healthcare output.
The performance is trending upward for digital healthcare and healthcare resource allocation but downward for
healthcare output and effectiveness. Third, increasing healthcare resource allocation and output promotes digital
healthcare. The improvement in digital healthcare performance significantly and positively impacts healthcare
effectiveness, while having weaker effects on healthcare resource allocation and healthcare output.

Conclusions The performance of China’s high-performing national healthcare system is improving. However,
healthcare resource allocation and health outcomes require further optimisation, and the integration capacity of
traditional healthcare with digital healthcare must be strengthened.

Keywords High-performing healthcare, Indicator system, Multilevel structural dynamic factor model, Evolution,
Interaction mechanism
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Introduction

Providing high-performing healthcare is challenging
worldwide, particularly as a paradigm shift in the preva-
lence of predominantly chronic and non-communicable
diseases is projected to significantly increase healthcare
costs across countries [1]. Indeed, poor healthcare qual-
ity is a serious impediment to reducing mortality [2].
Therefore, reforming healthcare has become a key focus
of policymakers in various countries. A healthcare sys-
tem is defined as high-performing if it can effectively
respond to the evolving demands for medical services
and deliver improved and trustworthy medical services
[2]. High-performing healthcare is characterised by its
systemic nature, meaning that its realisation is jointly
impacted by its medical services’ objectives, struc-
ture, processes, and outcomes [3]. As Daniels noted [4],
healthcare services not only have economic attributes
related to profit-seeking and competitiveness but also
have social attributes focusing on fairness and social wel-
fare. Healthcare system reforms must find a more reason-
able balance between its economic and social attributes
to achieve the profit goals of healthcare providers and the
fair distribution of healthcare services [5, 6]. However,
the definition of high-performing healthcare remains
unclear [7], which prevents not only the development of
clear norms for practice but also the ability to generalise
research findings across countries.

The definitions and measures of ‘high-performing
healthcare’ vary considerably across studies, possibly due
to the market nature of healthcare systems. While Kruk
et al. [2] stated that a high-performing healthcare sys-
tem should provide sustainable, equitable, trustworthy,
and efficient healthcare, the healthcare market is known
to possess greater uncertainty in quality than other com-
modities [8]. Moreover, the plurality of definitions for
‘high-performing healthcare’ partly stems from differ-
ences in measurement subjects, such as hospitals [9,
10], primary care facilities [11], and national healthcare
systems [12]; this study focuses on national healthcare
systems. Finally, overall healthcare performance can gen-
erally be divided into input, process, and output qualities
[13]. Studies such as Ahluwalia et al. [7] have defined the
concept of interest mainly based on the multidimensional
performance of healthcare services (e.g. quality of care,
cost, and accessibility).

Notably, as information technology continues to
improve, digital technology will holistically impact the
healthcare system’s service delivery processes and perfor-
mance [14]. Digital technologies and data have become
fundamental inputs for healthcare, with electronic medi-
cal records, health information systems, and various
types of sensors widely used [15]. Therefore, integrating
digital technologies with healthcare services has become
inevitable [16], and digital technologies will change the
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division of labour in healthcare [17], service delivery, and
healthcare performance [18]. Given this context, a natu-
ral question is how digital healthcare will affect tradi-
tional healthcare delivery and, in turn, overall healthcare
system performance. However, few studies have incor-
porated digital healthcare into frameworks assessing
healthcare performance [19].

Among all systems, those in healthcare are some of
the most complex [20]. In these systems, any unidimen-
sional change will not drive it to improve in performance.
Therefore, healthcare system reforms emphasise efforts
to influence the organisation and delivery of healthcare
services via system-level changes [21]. Due to this com-
plexity, particularly the non-linear interactions of micro-
agents in complex systems [22], healthcare performance
assessment must encompass the healthcare system’s mul-
tidimensional performance. That is, dynamic changes in
the relationships of interest between the healthcare sys-
tem’s constituent agents will affect each agent’s behaviour
and strategies, often leading to discrepancies between
the practice and policy expectations of high-performing
healthcare. Therefore, research must clarify the definition
and extension of high-performing healthcare and explore
the interaction mechanisms of its internal components
from a system perspective to help policymakers realise
high-performing healthcare.

Therefore, we construct a high-performing healthcare
evaluation index to examine the evolutionary pathway
and internal interactions of China’s national healthcare
system. Since 2009, China has implemented healthcare
reforms to provide higher-performing healthcare ser-
vices, but its outcomes have not met policy expectations
[23]. After 2015, China’s healthcare market began pro-
moting the use of electronic medical records and health
information systems, which are proposed as potential
mechanisms to facilitate the development of a high-
performing healthcare system. Therefore, we first con-
structed a healthcare high-performing evaluation index,
including traditional and digital healthcare services in
its framework. Then, we employed a multilevel struc-
tural dynamic factor model to capture the evolutionary
pathway of a high-performing national healthcare system
and its dimensions in China. Finally, we used the impulse
response function to explore the interaction mechanisms
of the dimensions within China’s national healthcare
system.

This study offers three main contributions that address
gaps in the literature. Firstly, most previous studies
have measured high-performing healthcare through the
dimensions of healthcare quality, cost, and accessibility
[7] while overlooking the impact of digital healthcare.
Therefore, we constructed a high-performing evaluation
index incorporating digital and traditional healthcare
services in its evaluation framework. This index can more
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comprehensively capture the characteristics of high-
performing healthcare. Secondly, healthcare systems
are complex and evolve dynamically, and static research
offers only a limited perspective on their performance.
To address this limitation, we use a multilevel structural
dynamic factor model to examine the dynamic evolu-
tion of China’s national healthcare system from 2017
to 2023. Thus, we explore the evolutionary pathway of
China’s national healthcare system, allowing us to ascer-
tain its systematic and localised development trends and
provide evidence for policy and management to support
high-performing healthcare. Finally, the interactions of
the participating agents within the healthcare system
lead to deviations from the practices and expectations
of a high-performing healthcare system. Therefore, we
used impulse response functions to examine the interac-
tion mechanisms of the dimensions of China’s national
healthcare system to identify the currently most and
least important dimensions and discuss whether digital
and traditional healthcare services can synergistically
contribute to realising high-performing healthcare. This
study deepens systems thinking in healthcare research
and, in turn, refines our understanding of high-perform-
ing healthcare.

Theoretical model construction

High-performing healthcare

High-performing healthcare systems can be measured
at three levels: inputs, processes, and outcomes. The
Committee on Quality of Health Care in America [24]
described six domains of high-performing healthcare:
safe, effective, equitable, patient-centered, timely, and
efficient. Kruk et al. [2] further defined this concept as
healthcare that can respond to changes in healthcare
needs with continual improvement while remaining
trustworthy. Ahluwalia et al. [7] found that while a con-
sistent definition of high-performing healthcare is lack-
ing, existing studies have mainly focused on healthcare
quality, cost, and accessibility as dimensions. Finally,
while healthcare systems can be examined at multiple
levels, this study examines China’s healthcare system at
the national level.

A national-level healthcare system is complex, as its
performance depends on the evolution and interactions
of its subsystems [25]. As non-linear interactions occur
between micro-agents in complex systems [23], different
characteristics will emerge at the macro level as micro-
agents adjust their operational strategies according to the
needs of their interests [26]. For example, while China
launched its healthcare reform in 2009 to improve the
quality of the healthcare system by integrating health-
care services, hospitals often refuse to refer patients to
other healthcare organisations to maximise their profit
[11]. This practice will manifest at the macro level as a
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deviation between the practical outcomes of healthcare
system reforms and policy expectations [12]. Therefore,
to capture the meaning of high-performing healthcare
in detail, we must develop and employ a definition that
includes multiple dimensions of healthcare service per-
formance. Consequently, we constructed an index for
evaluating high-performing healthcare, as detailed in the
following section.

Construction of a high-performing healthcare evaluation
index

A high-performing healthcare evaluation index for China
must be constructed based on the current objectives of
China’s healthcare reform. According to the Donabedian
model, healthcare performance reflects the values and
goals of the current healthcare system and society; there-
fore, it is defined pluralistically and dynamically [27]. In
China, the distribution of healthcare resources has long
been imbalanced due to the uneven allocation of medical
resources and social development [28], which has exac-
erbated the conflict between healthcare accessibility and
affordability, making it one of the foremost medical con-
tradictions in Chinese society [28, 29]. To improve the
quality and efficiency of healthcare, China has adopted
the integration of healthcare resources as a core measure
in its healthcare reform. With the development of digi-
tal technologies, the Chinese government has introduced
policies such as the ‘14 th Five-Year Plan for National
Health Informatization’ to promote the sharing of medi-
cal data and the integration of resources and to encour-
age the use of digital technologies to empower healthcare
reform [30].

Notably, the digital transformation of the healthcare
field is proceeding at an unprecedented pace [31]. Elec-
tronic health records, blockchain, and the Internet of
Things have been widely applied [32]. Electronic health
records store patient information digitally, facilitat-
ing information sharing among healthcare institutions,
insurance companies, and patients, thereby enhancing
the continuity of medical services [33]. In addition, artifi-
cial intelligence can analyse patients’ clinical data to pro-
vide personalised treatment recommendations, laying the
foundation for implementing precision medicine [34].
The combination of artificial intelligence and robotics,
especially in telemedicine, has improved the equitable
distribution of medical resources [35]. Digital technolo-
gies not only enhance the cost-effectiveness of medical
services but also change the structure of the healthcare
system [36, 37]. However, while digital technologies pro-
vide patients with more personalised and timely medi-
cal services, they also bring new challenges to academic
research and industry practice [38]. Therefore, how to
assess the scale and characteristics of digital health-
care and how digital healthcare will impact traditional
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medical services have become urgent research questions
[19].

Since digital healthcare has become integral to health-
care services, we have incorporated digital and tradi-
tional healthcare services into our evaluation framework.
Based on existing research, we define high-performing
healthcare systems as those evolving dynamically and
capable of delivering timely, effective, and efficient
healthcare services. As shown in Table 1, the Donabedian
model divides healthcare performance into three dimen-
sions (structure, process, and outcome), with efficiency
significantly influencing the performance of all three [27].
Braithwaite et al. [39] conducted a comparative analysis
of healthcare performance measurement frameworks in
countries such as the United States, Australia, and Can-
ada, and found that although these frameworks gener-
ally cover core dimensions such as healthcare capacity,
effectiveness, quality, and efficiency, there are significant
differences in the selection of specific indicators. Com-
bining the Donabedian model with the objectives of
China’s healthcare reform, this study’s high-performing
healthcare evaluation index comprises three dimensions:
healthcare resource allocation, healthcare output, and
healthcare effectiveness. Since digital healthcare func-
tions as a healthcare resource input and directly affects
the process and outcome of healthcare services, we mea-
sured it as a separate dimension.

Digital healthcare

Digital healthcare emphasises using information and
big data technologies to deliver high-performing health-
care services [40]. It manifests in various forms, includ-
ing medical decision support [34], telemedicine [41],
and internet-based healthcare [42]. As both a healthcare
resource and an integral part of healthcare services, digi-
tal healthcare assumes the dual roles of structure and
process within this study’s framework. China’s ‘14 th
Five-Year Plan for National Health Informatization’ advo-
cates for advancing ‘Internet + Healthcare’ in large gen-
eral hospitals, with expanding digital healthcare forming
the foundation for its implementation [30]. Therefore,
this study selected indicators such as the scale of inter-
net medical users, online pharmaceutical retail sales, and

Table 1 The dimensions of the Donabedian model

Dimension Description

Healthcare Using healthcare outcomes (e.g. recovery, function,

outcome and survival) as quality indicators.

Healthcare Assessing the healthcare process directly, including

process the appropriateness of information, the rationality of
diagnosis and treatment, and technical competence.

Structural Studying the environment and tools in which care

assessment occurs, such as facilities, equipment, and personnel
qualifications.

Efficiency Includes both logical and economic efficiency.
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the online consultation market to assess the development
status of digital healthcare in China across two dimen-
sions: (i) user scale and activity and (ii) market scale.

Healthcare resource allocation

Healthcare resource allocation refers to distribut-
ing resources to improve population health and maxi-
mise welfare [43]. It measures healthcare structure and
typically includes information, physical, and financial
resources [44]. Therefore, this study sets the second-
ary indicators for the healthcare resource allocation
dimension as healthcare resources and facilities, medi-
cal expenditures, and insurance coverage, corresponding
to the structural assessment in the Donabedian model.
This study selected the tertiary indicators for the health-
care resource allocation dimension based on Feng et al.
[12], who used the number of beds and equipment stock
as indicators of healthcare resource input, and The Com-
monwealth Fund [45], which used insurance coverage
and medical expenditures as indicators of the healthcare
system.

Healthcare output

Healthcare output measures healthcare outcomes,
including the health status of the population and the
economic burden of service provision [2]. Among the
indicators of health outcomes, mortality rate is the most
widely used quality indicator [46, 47]. However, the num-
ber of deaths in the population is relatively small, mak-
ing it challenging to assess broader health outcomes.
Other common indicators of health outcomes include life
expectancy [48] and child health status [49]. Healthcare
services should also be economically efficient, as medi-
cal costs are an important factor affecting public access
to healthcare [48]. Therefore, healthcare output mea-
surements must consider the medical costs associated
with healthcare utilisation [50]. Consequently, this study
divided healthcare output into two dimensions (eco-
nomic burden and health status) and selected the corre-
sponding tertiary indicators.

Healthcare effectiveness

Healthcare effectiveness refers to the efficient use of
healthcare resources to enhance the overall perfor-
mance of the healthcare system [2]. A high-performing
healthcare system should be able to provide effective
institutional operations and medical services at lower
costs [48]. Healthcare effectiveness is commonly mea-
sured using indicators such as bed utilisation [33], pre-
natal examination, and hospital delivery rates [2]. In
China, where healthcare institutions are responsible
for their own finances, bed turnover rates, the average
number of patients treated per physician per day, and
the average number of inpatient bed days per physician
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are important indicators of institutional operational effi-
ciency [51]. The prevention and control of infectious dis-
eases also reflect the performance of public health [2].
Therefore, this study divided healthcare effectiveness into
three dimensions: healthcare service utilisation, health-
care operational efficiency, and health environment and
disease prevention.

Figure 1 illustrates the four dimensions of the evalua-
tion index system and their alignment with the Donabe-
dian model, and Table 2 lists its indicators.

Methods

Model design

While the high-performing healthcare evaluation index
comprises many indicators, many vary over a short
period and cannot be effectively evaluated using the
classical small model approach. Therefore, we examined
each dimension’s evolutionary pathway and interaction
mechanisms in this index based on a multilevel structural
dynamic factor model.

A core assumption of this multilevel structural dynamic
factor model is that the variability in the observed vari-
ables stems from unobservable factors at different levels
[52]. As shown in model (1), we employed a model to
decompose the fluctuation of each indicator into a global
factor, a local factor, and an idiosyncratic factor. Among
them, the global factor measures the comprehensive
performance of the healthcare system, the local factor

efficiency;

resources;

Structure and Outcome

Digital Healthcare
User Scale and Activity;
Market Scale;

Structure

Healthcare Resource Allocation

Resources and Facilities;
Medical Expenditures;
Insurance Level;

Mission and Purpose
Improve the quality and

Integrate healthcare

Advance digital health;
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measures the overall performance of healthcare services
in a particular dimension, and the idiosyncratic factor is
only affected by a single indicator.

yft = )\flglt +)\f292t +- ")\JGAMMt + /\fffft
F NS S5+ AN e+ 1 M
k:17273K7J:17257Jk7t:17277T

Where yj—“t represents the ;M observation of dimen-
sion k in the high-performing healthcare evaluation
index in period ¢, g;; is the ith global factor of the index in
period ¢, fF is the /™ local factor of dimension k in period
L, ,u;?t is the idiosyncratic factor of the /™ observation of

dimension k in period ¢, and )\JGZ» and )\ﬁ’“ are the factor

loadings of the global factor of yft and the local factor of
dimension k, respectively.

Per model (1), the observed indicators of dimension
k are affected by the local and global factors in the health-
care system. This model decomposes the fluctuation of
high-performing healthcare evaluation indicators and
reduces the observed indicators of each dimension.

If we set:

Y= W) axas k=12 K3 j=1,2,---, Jx;

Gt:(git)MXh 7':1727 7M; t:1727 7T

Process

Healthcare Effectiveness

: P 1
Healthcare service utilization; 1
Healthcare operational efficiency; | }
Health environment and disease | }
prevention; !
1
1
1
1
1
1

Outcome

Healthcare Output

Economic Burden;
Health Status;

Fig. 1 The conceptual framework of the high-performing healthcare evaluation index
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Table 2 High-performing healthcare evaluation index system
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Dimension Secondary Indicators

Tertiary Indicators

Digital healthcare User scale and activity

Market scale
Resources and facilities

Healthcare resource allocation

Medical expenditures

Insurance coverage

Healthcare output Economic burden

Health status

Healthcare effectiveness Healthcare service utilisation

Healthcare operational efficiency

Health environment and disease prevention

Internet medical user scale

Internet medical user utilisation rate

Online pharmaceutical retail sales

Intelligent healthcare market scale

Online consultation market scale

Number of beds in health institutions

Total area of healthcare facilities

Total value of equipment for medical and health institutions
Government health expenditures

Social health expenditures

Personal health expenditures

Total assets of health institutions

Number of employees insured

Number of insured persons in urban and rural areas
Income of the medical insurance fund

Cumulative balance of the health insurance fund

Per capita medical costs for outpatients

Per capita medical expenses for hospitalised patients
Infant mortality rate

Maternal mortality rate

Prevalence of low birth weight among children aged <5 years
Life expectancy per capita

Prenatal screening rate

Rate of hospitalised births

Number of health education activities conducted
Annual hospitalisation rate of the population

Bed utilisation rate

Number of discharges per bed
Average number of consultations per day by physicians

Average number of inpatient bed days per physician per day
Number of bed turnovers

Morbidity rate for category A and B infectious diseases
Drinking water hygiene monitoring pass rate

F¥ = (ff)nex1, k=1,2,---

/—"? = (/lét)h-XL k=12,
Then, model (1) can be expressed as:

Yi":Ak{gé}+uf7k:1,2,-~-,K;t:1.,2,~-~,T )

t
In model (2), AF = [AZ,AII?], k=1,2,---, K, where

Ak = ()\JGZ) Juex M. Model (2) aligns with the following
assumptions [52]:

(1) A’é and A% are lower triangular matrices with
positive diagonal elements and A* is the full
column rank;

(i) E(pfFi,F, -

7F{():0: k:172a"'7K;

(i) E(ubui[F},F2, - FK) =0, itk=12- - K;
(iv) E(u?tuft\F%,F?7~-- JFEY=0, k=1,2,
: 7Ka 27&]:1727 aJkH t:1727 7T;and

(v) aserial correlation may exist between ,uft in different
periods.

In addition, the global factor G; and local factor F; obey
the VAR(1) process:

{%tt } :‘I’{ %‘;t_l }‘*'ntv t=12,---,T (3)

t—1

Where F; = (F},F2 ..
following assumptions:

-, FK)’. Model (3) satisfies the
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i _ [ M |ud ot O - e T
(1) nt_ { ntF ] N(Ov[ O O'% ])7 t_ 1727 7T7 and

(i) m, and p, and their lag orders are independent, and
the variances of both 1,4 and 1, - are unit matrices.

The non-zero elements of matrix ¥ in model (3) indicate
that the index’s dimensions are affected by their perfor-
mance in the previous period and the prior performance
of the other dimensions. The collective interaction of the
dimensions determines the comprehensive performance
of the healthcare system.

This study used RStudio for Gibbs sampling and Kal-
man filtering methods to estimate the parameters of
models (1) and (2) above.

If we set:

Yt:(Y%’Yth" 7YtK)/7 t=1,2,---,T

Xt:(GtaFt)lv t:1a27 7T

M= (“27“%2’ 7“’{()/a t= 1327"' 7T
Then, models (2) and (3) can be expressed as:
Yt:AXt+utat:1a25"'aT (4')

Xt:‘I’Xt—1+ntat:2537"'7T (5)

e ~ 1id.N(0,R), m, ~id.N(0,Q). The covariance
matrix of X; is Py = var(Xy|Y1,Ys, -+, Yg). The
key steps in Kalman filter estimation include prediction
and correction. First, the factor levels and their corre-
sponding covariance matrix are predicted:

Xt‘t,]_: ‘IlXt—17 t= 273, M ,T
Pt|t—1: ‘IlPt—l\t—l‘Il/ + Q7 t=23,---,T

The predicted values X;;_; and Py;_; are then cor-
rected using the observed indicator Y:

Xt:Xt\tfl + Kt(Yt - AXt|t71)7 t=2,3,--- 7T
Pt\t = (I - KtA) Pt\tfh t= 2537 o 7T
K, =Py A'(APy, A’ +R) =P, AR
Where K is the Kalman gain.

Since Gibbs sampling can converge to the true values of
the parameters independent of the prior distribution, this
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study used the multivariate normal distribution as the a
priori distribution of the model parameters, with 5000
Gibbs burn-in-stage samples and 15,000 samples. Please
see the Supplementary Material for details of the param-
eter estimation results.

Data sources and processing

The digital healthcare data were obtained from the China
Internet Network Information Center and the China
Business Industry Research Institute website. The data
on resources and facilities and the economic and expen-
diture aspects of the healthcare resource allocation
dimension were obtained from the RESSET database.
The insurance coverage data were obtained from the offi-
cial website of the National Healthcare Security Admin-
istration. The healthcare output and effectiveness data
were obtained from the China Statistical Yearbook and
the Statistical Information Center. The high-performing
healthcare evaluation index comprises four primary and
33 observation indicators covering the period from 2017

5

t02023: T =7, K =4, and ) J, = 33 in model (2). In
k=1

addition, we regarded G, and F} as one-dimensional to

ensure that the local and global factors have greater eco-

nomic meaning.

In addition, due to missing data for some indicators
(e.g. the number of health education activities conducted
in China in 2020), we employed cubic spline interpola-
tion to estimate the missing data and complete the data
for some indicators for 2022 and 2023 based on the grey
prediction model.

We also standardised the raw data to elimi-
nate the influence of the indicator scale. If X;; is
a positive indicator, the normalisation process is:
Xit = (X — XMy /(X Moz — X Miny - 0f X5, s
a negative indicator, the normalisation process is:
Xy = (XMow — X3,) /(X Maw — XMin) Where XMow
and XM are the indicator’s maximum and minimum
values within the study period.

Table 3 presents a descriptive statistical analysis of the
tertiary indicators in the high-performing healthcare
evaluation index system for China. It shows the maxi-
mum, minimum, mean, and standard deviation of each
indicator from 2017 to 2023 (i.e. the distribution of the
values of each indicator). Given the mean, a larger stan-
dard deviation indicates greater fluctuation in the indica-
tor). Table 3 offers an intuitive description of the current
state of China’s national healthcare system and lays the
foundation for further discussion of the evolutionary
pathways and interaction mechanisms of each dimension.
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Table 3 Descriptive analysis of the high-performing healthcare system evaluation index

Tertiary Indicators maximum minimum mean standard deviation
Internet medical user scale 41393.00 10515.16 24318.86 11753.28
Internet medical user utilisation rate 0.38 0.20 0.27 0.07
Online pharmaceutical retail sales 622.00 70.00 29243 213.52
Intelligent healthcare market scale 62.85 4.87 2313 20.53
Online consultation market scale 515.00 30.00 216.29 178.36
Number of beds in health institutions 1014.29 794.03 908.50 76.88
Total area of healthcare facilities 1204.09 790.94 979.22 151.07
Total value of equipment for medical and health institutions 21850.22 11321.67 16241.12 3754.80
Government health expenditures 25971.08 15205.87 2030391 3967.70
Social health expenditures 4178745 2225881 3175148 6887.54
Personal health expenditures 2465233 15133.60 19921.63 3329.84
Total assets of health institutions 711870118.00 349619767.53 496794387.39 125276828.11
Number of employees insured 37093.88 30802.50 34087.77 2365.24
Number of insured persons in urban and rural areas 104.39 96.29 101.00 2.79
Income of the medical insurance fund 33355.16 19246.34 25909.57 5153.17
Cumulative balance of the health insurance fund 47755.56 2000343 3259239 10143.52
Per capita medical costs for outpatients 367.60 257.00 31224 39.56
Per capita medical expenses for hospitalised patients 11649.25 8890.70 1030891 994.62
Infant mortality rate 6.80 4.55 548 0.77
Maternal mortality rate 19.60 14.98 17.05 161
Prevalence of low birth weight among children aged <5 years 140 1.03 1.18 0.20

Life expectancy per capita 79.10 76.70 77.84 0.89
Prenatal screening rate 98.28 96.50 97.30 0.68
Rate of hospitalised births 99.93 99.90 99.90 0.01
Number of health education activities conducted 31.98 6.15 15.21 10.29
Annual hospitalisation rate of the population 19.03 16.13 17.35 1.07

Bed utilisation rate 85.00 65.62 76.34 7.92
Number of discharges per bed 30.70 2245 24305.56 336
Average number of consultations per day by physicians

Average number of inpatient bed days per physician per day 8.20 643 7.35 0.72
Number of bed turnovers 1.90 137 1.66 0.21
Morbidity rate for category A and B infectious diseases 3230 23.74 2846 352
Drinking water hygiene monitoring pass rate 222.06 165.21 197.71 23.74

Results

Evolutionary pathway of China’s high-performing national
healthcare system

We employed a multilevel structural dynamic factor
model to estimate the global factor (GloFactor) of Chi-
na’s high-performing national healthcare system and the
local factor of each dimension to examine the evolution-
ary pathway of the overall system and its dimensions.
The GloFactor was jointly influenced by the performance
of each dimension and its interaction; it measured the
comprehensive performance of China’s high-performing
national healthcare system. The local factor for health-
care resource allocation (MRFactor) reflects the over-
all status of traditional medical resources and facilities,
medical expenditures, and insurance coverage. The local
factor for digital healthcare (DMFactor) reflects the
development level of the digital healthcare market size
and user scale. Similarly, the HOFactor and IPFactor

reflect the overall performance of healthcare output and
healthcare effectiveness, respectively.

This study measured the global factor of China’s high-
performing national healthcare system and the local fac-
tors of each dimension from 2017 to 2023 based on the
previously described multilevel structural dynamic fac-
tor model. Figure 2 shows the development trend of each
factor, revealing the evolutionary pathway of China’s
high-performing national healthcare system and each
dimension.

The GloFactor of China’s high-performing national
healthcare system shows an increasing trend, while the
evolution pathways of the local factors in each dimension
differ significantly. The increasing GloFactor indicates
continued improvements in the overall performance of
China’s high-performing national healthcare system and
that the reform of China’s healthcare system has been
effective. Among the local factors, the DMFactor shows
an increasing trend, reflecting improvements in digital
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Fig. 2 Evolutionary pathway of China’s high-performing national healthcare system from 2017 to 2023

healthcare. This trend, indicated by various indicators,
may reflect the expansion of the digital healthcare mar-
ket and the increase in the public’s online medication
purchases. Unlike the DMFactor, the MRFactor shows a
more moderate increase, increasing significantly before
2019 and stabilising afterwards. This trend implies that
healthcare resource allocation in China’s high-perform-
ing national healthcare system peaked in 2019, and fur-
ther optimisation requires additional policy design and
support.

In contrast, the HOFactor and IPFactor showed a con-
tinuous decreasing trend. The increase in life expectancy
and decreases in various mortality rates suggest improv-
ing healthcare output. However, increasing per-visit
medical costs for outpatients and inpatients may cause
an imbalance between healthcare output costs and health
outcomes, leading the HOFactor to decrease. The IPFac-
tor may be decreasing due to reduced resource utilisa-
tion efficiency. Despite significant improvements in the
health environment and disease prevention, the decrease
in physicians’ daily consultations and hospital bed turn-
overs reflects a decrease in traditional medical service
efficiency, impacting the overall performance of health-
care effectiveness.

Despite these declines, the reform of China’s high-per-
forming national healthcare system has achieved notable
success, as the GloFactor and DMFactor have increased
steadily. The primary concern is that the performance of
traditional healthcare services is inconsistent with policy
expectations, particularly regarding healthcare output.
Incorporating digital healthcare services constitutes
an important approach to realising a high-performing

national healthcare system. However, the evolutionary
pathways of the IPFactor and HOFactor indicate that
digital healthcare has not evolved in the same direc-
tion as the healthcare output and effectiveness of tradi-
tional healthcare. Therefore, we explored the interaction
mechanisms of the dimensions of China’s high-perform-
ing national healthcare system using impulse response
functions.

Interaction mechanisms of China’s high-performing
national healthcare system
Since the dimensions in high-performing national health-
care systems are interrelated and interact. Changes due
to the external environment or the performance of other
dimensions will lead to the adjustment of all dimensions.
According to complex systems theory, when a positive
external shock suddenly hits a dimension in the sys-
tem, the other dimensions respond in two ways: positive
and negative feedback. Positive external shocks refer to
changes in external variables that positively impact the
system, while negative external shocks refer to changes
in external variables that negatively impact the system.
Possible sources of positive external shocks are policy
development or sudden increases in healthcare demand.
For example, a sudden infectious disease outbreak may
substantially increase healthcare output, and such a
shock may enhance the performance of both the health-
care effectiveness and healthcare resource allocation
dimensions.

We use impulse response analysis to quantify the
impact of different shocks on the model, thereby reveal-
ing the interactions between various factors and their
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contributions to the evolution of the system. If a positive
synergistic relationship exists between two dimensions,
a positive feedback relationship will manifest as a posi-
tive impulse response outcome. If a conflict of resources
or short-term interests exists between two dimensions, a
negative feedback relationship will manifest as a negative
impulse response outcome.

The model used in this study can uncover the complex
dynamic interaction network among the examined fac-
tors. The non-zero elements in the matrices of model (3)
indicate that each dimension of China’s high-performing
national healthcare system is not only influenced by its
own performance in the previous period but also by the
performance of other dimensions in the previous period.
In addition, the interactions among the factors are asym-
metric. For example, the impact of an external shock to
the DMFactor on the IPFactor differs in both the path
and magnitude from the impact of an external shock to
the IPFactor on the DMFactor. This asymmetry reflects
the complex interactions among the factors. When the
DMFactor experiences an external shock, its impact on
the IPFactor includes not only its direct effect on the
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IPFactor but also indirect effects transmitted through
other factors.

Moreover, when the confidence interval of the impulse
response does not contain zero, the positive or negative
feedback is considered significant at this point. Therefore,
examining the interaction mechanisms of the dimensions
of China’s high-performing national healthcare systems
can lead to a better understanding of its evolutionary
pathway and its deviation relative to policy expectations.
Figures 3, 4, 5, 6, 7 and 8 reveal the direction and magni-
tude of the interactions among the dimensions of China’s
high-performing national healthcare system when they
experience sudden positive external shocks.

Interaction mechanisms between global and local factors

Figure 3 shows the impulse responses of the GloFactor
when the four dimensions of China’s high-performing
national healthcare system are subjected to a posi-
tive external shock of one unit of standard deviation.
When the performance of all four dimensions improves,
they all positively affect the GloFactor, but this positive
effect gradually fades after one year. Therefore, realising
a high-performing national healthcare system requires
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Fig. 3 Impulse responses of the GloFactor when each dimension experiences a positive external shock
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Fig. 4 Impulse responses of each dimension when the GloFactor experiences a positive external shock

continuous improvement in all healthcare dimensions.
Figure 3 also shows that the IPFactor has the greatest
impact on the GloFactor, indicating that healthcare effec-
tiveness is critical to the healthcare system. In contrast,
the HOFactor has the smallest impact on the GloFactor,
indicating that simply improving healthcare output has
only a minimal effect on improving the overall perfor-
mance of the healthcare system during the study period.

Figure 4 reveals the impulse responses of each dimen-
sion when the GloFactor is subjected to a positive exter-
nal shock of one standard deviation unit. The MRFactor
was the most affected, followed by the DMFactor. In con-
trast, the HOFactor and IPFactor were not significantly
affected. This observation suggests that improvements
in the overall performance of China’s high-performing
national healthcare system promote the performance
of healthcare resource allocation and digital healthcare
but not of healthcare output and effectiveness, possibly
because improving healthcare output and effectiveness
requires more input resources. Therefore, neither can be
effectively improved in the short term.

Interaction mechanisms between digital healthcare and
other traditional healthcare services

Figure 5(a) shows the impulse responses of the DMFactor
when the other healthcare dimensions are subjected to
a positive external shock of unit standard deviation. The
MRFactor had the greatest impact on the DMFactor. A
positive external shock to the MRFactor, such as increas-
ing healthcare facilities or rationally allocating healthcare
resources, promotes improvements in digital healthcare.
In addition, a positive external shock to the HOFactor,
such as a sudden increase in healthcare demand, pro-
motes improvements in digital healthcare. However, a
positive external shock to the IPFactor does not signifi-
cantly impact the DMFactor. Therefore, improvements
in healthcare effectiveness do not impact the market size
and user activity of digital healthcare.

Figure 5(b) shows the impulse responses of the other
dimensions when the DMFactor is subjected to a positive
external shock of unit standard deviation. The DMFac-
tor had the greatest impact on the IPFactor, suggesting
that an increase in the market size or user scale of digi-
tal healthcare promotes healthcare effectiveness. When
Fig. 5(a) and (b) are compared, it becomes apparent that
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Fig. 5 Impulse responses of (a) the DMFactor and (b) the other dimensions to a positive external shock

while improvements in the MRFactor and HOFactor lead
to improvements in the DMFactor, improvements in the
DMFactor lead to smaller improvements in the MRFactor
and HOFactor. Therefore, overemphasising the impor-
tance of digital healthcare may overestimate its role in
building high-performing national healthcare systems.

Interaction mechanisms between healthcare resource
allocation and the other dimensions

Figure 6(a) shows the impulse responses of the MRFac-
tor when the other dimensions are subjected to a posi-
tive external shock of unit standard deviation. Figure 6(b)
shows the impulse responses of the other dimensions
when the MRFactor is subjected to a positive external
shock of unit standard deviation. When Fig. 6(a) and (b)
are compared, it is evident that stronger bidirectional
relationships have been formed between DMFactor and
MRFactor and between IPFactor and MRFactor. In addi-
tion, the HOFactor is most affected by a positive external
shock to the MRFactor, but a positive external shock to
the MRFactor does not significantly affect the HOFac-
tor. Therefore, an increase in healthcare output increases
the demand for healthcare resource allocation, but an

increase in healthcare resource allocation alone does not
significantly increase health output.

Interaction mechanisms between healthcare output and the
other dimensions

Figure 7(a) shows the impulse responses of the HOFac-
tor when the other dimensions are subjected to a posi-
tive external shock of one unit of standard deviation.
Figure 7(b) shows the impulse responses of the other
dimensions when the HOFactor is subjected to a positive
external shock of one unit of standard deviation. Figure 7
shows that a positive external shock to the DMFactor and
the MRFactor does not significantly impact the HOFac-
tor. However, a positive external shock to the HOFactor
promotes improvements in the MRFactor and DMFactor.
In addition, a stronger bidirectional relationship exists
between HOFactor and IPFactor.

Interaction mechanisms between healthcare effectiveness
and the other dimensions

Figure 8(a) shows the impulse responses of the IPFactor
when the other dimensions are subjected to a positive
external shock of one unit standard deviation. Figure 8(b)
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Fig. 6 Impulse responses of the (a) MRFactor and (b) the other healthcare dimensions to a positive external shock

shows the impulse responses of the other dimensions
when the IPFactor is subjected to a positive external
shock of one standard deviation unit. A positive external
shock to the DMFactor, MRFactor, and HOFactor sig-
nificantly and positively affected the IPFactor, with the
HOFactor having the greatest effect. A sudden increase
in healthcare output enhances healthcare effectiveness
in the short term. Notably, an increase in healthcare
effectiveness can drive the optimisation of healthcare
resource allocation but does not significantly affect digi-
tal healthcare.

Discussion and conclusions

High-performing healthcare has become a key focus in
many countries. The key to developing a high-perform-
ing healthcare system is to balance the social and eco-
nomic attributes of healthcare services [3]. However,
there remains no consistent definition of high-perform-
ing healthcare or a proven measurement framework [7],
leading to diverse reforms across countries aimed at pro-
viding high-performing healthcare. In addition, health-
care systems are complex, as their overall performing
depends on the interactions of internal agents [25], and

these interactions are non-linear [23]. Notably, the wide-
spread adoption of digital technologies is likely to impact
existing organisational structures [14]. Exploring the
interactions between digital healthcare and traditional
healthcare activities is essential for understanding the
dynamic evolutionary characteristics of high-performing
healthcare in the context of digitalisation.

This study aimed to reveal the evolutionary pathway
of China’s high-performing national healthcare system.
It developed and utilised a high-performing national
healthcare evaluation index comprising four dimen-
sions: digital healthcare, healthcare resource allocation,
healthcare output, and healthcare effectiveness. Based on
existing research, this study defined a high-performing
national healthcare system as a dynamic evolutionary
system that can provide timely, effective, and efficient
healthcare services. Healthcare systems are complex
and unstable; their inputs, processes, and outcomes are
always dynamic and interactive. The developed high-per-
forming national healthcare evaluation index integrates
digital and traditional healthcare services into a unified
measurement framework containing ten secondary and
33 tertiary indicators and covering healthcare human and



Feng et al. BMC Health Services Research (2025) 25:697

Shock to DMFactor

0.05 -
0.00 - X
-0’05 = 1 1 1 ' 1 1 1
1 2 3 4 5 6 7
Shock to IPFactor
S
o 0.15
k3]
S 0a0-
o
- 0.05 -
—
o
@
b 0.00 -
c
[}
Q -0.05-
0
]
m ) 1 1 1 1 1 1
1 2 3 4 5 6 7
Shock to MRFactor
0.10 -
" \X
0.00 -
-0.05 -
' ' ' ' ' ' '
1 2 3 4 5 6 7
time
a

Shock to HOFactor

Page 14 of 17

Response of DMFactor

0.2-
N \
0.0 -
-0.1-
' ' ' ' ' ' '
1 2 3 4 5 6 7
Response of IPFactor
0.2-
N \
0.0 -
-0.1-
' ' ' ' ' ' '
1 2 3 4 5 6 7
Response of MRFactor
03-
0.2-
" K
0.0 -
0.1~
1 1 1 1 1 1 1
2 3 4 5 6 7
time
(b)

Fig. 7 Impulse responses of (a) the HOFactor and (b) the other dimensions to a positive external shock

material resources, healthcare costs, and the quantity and
efficiency of healthcare outputs.

The multilevel dynamic factor model employed in
this study indicated that the evolutionary pathways of
the global and local factors of China’s high-performing
national healthcare system are not entirely consistent
with the policy expectations of the technology-enabled
healthcare reform. The coexistence of idle and insufficient
medical resources in primary healthcare institutions and
large general hospitals is a long-standing contradiction
in China’s healthcare system [28]. China has adopted
the sharing and collaboration of medical resources as a
core means of establishing a high-performing healthcare
system [53]. China’s ‘14 th Five-Year Plan for National
Health Informatization” also encourages medical institu-
tions to use digital technologies to enhance their medi-
cal services [30]. However, the evolutionary pathways of
the local factors for digital healthcare, healthcare out-
put, and healthcare effectiveness are not aligned. While
digital healthcare and healthcare resource allocation
have increased significantly in China since 2017, health-
care output and effectiveness in traditional medical
services have decreased, suggesting that technological

development is not synonymous with social progress
[54]. Digital transformation has an embedded nature,
empowering actors to achieve their goals and visions
[55]. The failure of traditional medical services to inte-
grate digital healthcare may impede the value creation of
digital healthcare [56].

This study explored the interaction mechanisms of the
dimensions using impulse response functions to exam-
ine how the practices used to create a high-performing
national healthcare system in China deviate from expec-
tations. Our findings show that healthcare effectiveness
is the most important factor in creating a high-perform-
ing national healthcare system in China, while health-
care output is the least important factor. The Chinese
healthcare market’s fee-for-service approach has left the
issue of overmedication unresolved [51]. Establishing a
high-performing national healthcare system in China
must involve strengthening government regulation, and
healthcare services should focus more on efficiency than
the number of outputs. Studies have suggested that over-
all healthcare performance in China can be improved
by promoting digital healthcare [11, 23]. This study
found that when digital healthcare improves, healthcare
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Fig. 8 Impulse responses of (a) the IPFactor and (b) the other dimensions to an external positive shock

effectiveness and overall healthcare significantly improve,
confirming that promoting digital healthcare enhances
healthcare effectiveness and overall healthcare per-
formance. In contrast, digital healthcare has a weaker
impact on healthcare resource allocation and output.
Overall, digital healthcare exhibited a weak bidi-
rectional relationship with both healthcare resource
allocation and healthcare output but a unidirectional
relationship with healthcare effectiveness. Under the
Donabedian model, healthcare resource allocation and
the user scale and activity of digital healthcare corre-
spond to the structure of healthcare, healthcare output
and market scale in digital healthcare correspond to
the outcome of healthcare, and healthcare effectiveness
focuses more on the process of healthcare. The unidi-
rectional relationship between digital healthcare and
healthcare effectiveness indicates that developing digital
healthcare can significantly enhance healthcare effec-
tiveness (i.e. digital healthcare optimises the processes
of traditional medical services). This finding is consis-
tent with the findings of Ghosh et al. [14]. However, the
weak bidirectional relationship of digital healthcare with
both healthcare resource allocation and healthcare out-
put suggests that digital healthcare primarily serves as

a supplement to traditional healthcare structures and
outcomes. Changes in traditional healthcare struc-
tures and outcomes are more easily transmitted to digi-
tal healthcare, while improvements in digital healthcare
have a weaker supportive effect on traditional healthcare
resource allocation and healthcare output. This finding
indicates that the optimisation of traditional medical
service processes and outcomes through digital health-
care is limited. Differences in healthcare resources and
infrastructure may be significant barriers to the impact of
digital healthcare on healthcare resource allocation and
output.

This study suggests that digital healthcare contributes
to enhanced system performance, but it also reveals the
limitations of its impact on traditional medical services.
Future policies and practices should focus more on opti-
mising the traditional healthcare system, especially in
improving healthcare resource allocation and output,
while promoting the organic integration of digital and
traditional healthcare.

The high-performing healthcare evaluation index
developed in this study, based on the Donabedian model
and incorporating digital healthcare, offers a valuable
reference for other countries facing similar challenges in
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medical resource distribution and digital transformation
to China. However, given that organisational structure,
policy environment, and resource allocation vary signifi-
cantly among healthcare systems in different countries,
the developed index and conclusions of this study may
require appropriate adjustments according to local goals
and values when directly applied to other countries.

This research can be expanded through the following
two approaches. Firstly, this study assumed that each
factor obeyed the VAR(1) process. Future studies could
improve our model and estimate the coefficient matri-
ces among the factors more accurately. Secondly, this
study focused on China’s national healthcare system, and
the context may differ from country to country. Future
studies could explore the evolutionary characteristics of
healthcare systems by incorporating heterogeneous fac-
tors (e.g. environment and healthcare structure).
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