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Abstract

become a major challenge.

Background “Three-medical linkage”is a key concern of the healthcare system reform deepening in China, while it
has not achieved the expected outcomes yet. The issues of “no-linkage” or “linkage without moving”have increasingly

Methods Data was obtained from various Yearbooks in China. Coupling coordination degree and gravity models
were employed to analyze the spatio-temporal evolution pattern of the “three-medical linkage”in 31 provinces. The
combination forecasting method was used to forecast the development trend of the “three-medical linkage!We
constructed the obstacle degree model to identify the main obstacles to coordinated development.

Results The overall development of the three systems exhibited a continuous upward trend. The coupling
coordination grade of the “three-medical linkage” system has progressed from the disorderly development stage to
the transitional stage in most provinces. The Beijing-Tianjin-Hebei and Yangtze River Delta regions are the most closely
connected. Regional disparities in the degree of coupling coordination will widen in the future. The number of people
benefiting from maternity insurance, per capita total health expenditure, and new drug research and development
(R&D) costs hindered the coordinated development of the three systems.

Discussion Highlighting the improvement of the “three-medical linkage”is essential. Under the goals of Healthy
China and SDG3 (Good Health and Well-being), further efforts are needed to address systemic barriers and
institutional deficiencies. The Chinese government should increase capital input to overcome major obstacles and
carefully evaluate the imbalance in regional development.
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Background

Healthcare service inequity, health investment ineffi-
ciency, and disorders in pharmaceutical management are
common challenges in various countries [1]. To address
these challenges, numerous countries have developed
healthcare models tailored to their contexts. For instance,
the UK relies on a centralized system emphasizing hierar-
chical referrals and coordinated care through its National
Health Service (NHS), whereas the US operates a highly
decentralized, market-oriented model with fragmented
management of healthcare services, insurance, and phar-
maceuticals [2, 3]. The social health insurance system of
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Germany emphasizes collaboration between insurers
and healthcare providers, whereas Japan focuses on cost
containment and universal access through strict regula-
tory oversight. However, none of these models explicitly
integrate healthcare services, insurance mechanisms, and
pharmaceutical supply into a unified reform framework
[4, 5].

The Sanming healthcare reform in China is a system-
atic reform conducted against the backdrop of a new
medical reform. In 1978, China initiated market-oriented
economic reforms that disrupted the original public med-
ical insurance and healthcare service delivery systems to
some extent [6]. The granting of autonomy to hospitals
without the corresponding public financial support has
led healthcare institutions to become increasingly profit-
driven [7]. This resulted in growing disparities in medical
services between urban and rural areas as well as across
different regions [8—10], widening gaps in healthcare
poverty and health outcomes among provinces, declin-
ing equity in healthcare access, and reducing efficiency
of health investment. The concern of “expensive and
difficult access to healthcare” has become increasingly
prominent [11]. To address these challenges, the Chinese
government has been dedicated to exploring a new path
of medical reform tailored to its national characteristics
since the beginning of the 21st century. The new medi-
cal reform follows a “practice-understanding-practice”
model, continuously advancing in depth. During this
process, various regions have actively explored reform
strategies, resulting in numerous exemplary cases [12].
For instance, Shanghai has expanded its “1+1+1” fam-
ily doctor contract model, Yancheng from the Jiangsu
Province has introduced personalized medical service
packages, and Yiyang from the Henan Province has inno-
vated DRGs management methods. Among the numer-
ous cases, the Sanming healthcare reform has gained the
widest recognition and continues to be widely imple-
mented [13, 14]. The core of this reform lies in control-
ling the excessive growth in hospital expenditure through
comprehensive systemic reforms [15]. Studies have vali-
dated the effectiveness of the Sanming healthcare reform
[13, 15]. Following its success, the National Health Com-
mission issued a notice summarizing the experiences of
Sanming City and encouraging provinces nationwide to
promote the Sanming model [12].

Reform has always focused on specific areas due to the
lack of integration in the Chinese healthcare system and
the interference of various vested interests [16—18]. How-
ever, in the Sanming healthcare reform, the “integrated
reform of medical treatment, medical insurance, and
medicines supply (the “Three-Medical linkage’)” is the
essence of the reform [19]. Focusing on the connotation,
the three major systems involved in the reform encom-
pass core components of healthcare system and represent
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key elements within the broader healthcare framework
[20]. Specifically, according to the World Health Organi-
zation (WHO), the healthcare system can be divided into
six core building blocks: health services, health work-
force, health information systems, essential medicines
(vaccines, and technologies), health financing, and lead-
ership and governance [21]. The medical services system
corresponds to the organization and provision of health
services, the medical insurance system aligns with health
financing, and the pharmaceutical system responds to
essential medicines and products. By focusing on these
goals, the Sanming Reform promoted multidimensional
changes in the medical field [22]. Public hospital reforms
involve the elimination of drug-based supplementary
income and implementation of comprehensive reforms
in procurement mechanisms, staffing, and regulatory
frameworks. To improve the medical insurance system, it
seeks to explore the Chinese payment methods, expand
coverage, and enhance protection. Pharmaceutical pro-
duction and distribution further ensure the supply of
medicines and establish a strictly centralized bidding and
procurement system for medicines and consumables.
These measures reduce drug prices and regulate the aver-
age medical insurance cost per visit. Overall, the reform
implementation can reduce the share of out-of-pocket
health expenses [23], promote allocation and utilization
of health resources [24], and enhance patient satisfaction
[25].

Currently, research on the coordinated development of
the medical and health fields mainly focuses on the fol-
lowing aspects: First, the relationship between health
and other social systems. Society represents a complex
and interdependent system wherein various subsystems,
including healthcare, ecology, and economy, exhibit
intricate and multifaceted coupling relationships. Some
studies have found that healthcare systems are associ-
ated with external environments, such as economic
[26], natural [27], policy [28], legal [29], public opinion
[30], and humanities environments [31, 32], as shown in
Fig. 1. Understanding and recognizing the relationship
between other social and healthcare systems will help
better address healthcare concerns. Second, a relation-
ship exists between the subsystems within the healthcare
system. A deep coupling and coordination was observed
among the medical treatment, medical insurance, and
medicines supply systems, and these systems are closely
related and influence each other, as shown in Fig. 1. The
pharmaceutical industry affects the profitability of medi-
cal service institutions from the perspective of the rela-
tionship between medical treatments and the medicines
supply. Only when the pharmaceutical industry reaches
an advanced level can it significantly promote coordi-
nated development with the medical service industry
[33], and, in turn, medical services will determine the
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Medical treatment

Fig. 1 The relationship of the Three-Medical systems

use and sales of drugs. Insurance coverage is an impor-
tant indicator of the supply and use of essential medicine
from the perspective of the relationship between medical
insurance and medicines supply [34]. The entry of drugs
into healthcare has a direct impact on investment in the
pharmaceutical industry and can drive pharmaceutical
innovation by actively promoting the use of medicines
[35]. In addition, a close relationship exists between
medical treatment and insurance. Whether people have
medical insurance, and the degree of medical insurance,
can significantly affect the utilization of medical services
and their behavior in seeking medical treatment [36, 37].
The cost and quality of medical services also affect the
choice of medical insurance payment method [38]. How-
ever, these studies only emphasize the theoretical impact
of internal system interactions and lack empirical valida-
tion of the actual collaborative relationships. Therefore,
integrating reforms across medical treatment, medical
insurance, and medicines supply and assessing the coor-
dination level is essential.

We conducted this study to assess the spatiotemporal
evolution patterns of the Three-Medical linkage and sub-
systems, identify the main obstacles, and predict future
trends. Evidence were drawn from panel data encompass-
ing 31 provinces in mainland China from 2009 to 2021.
The specific research objective were as follows: (1) Deter-
mining the level of coordinated development among
the Three-Medical Linkage on a spatial-temporal scale
and coordination of internal subsystems. (2) Identifying
the main obstacles to the development of coordination.
(3) Predicting future coordinated development trends.
Clarifying these issues offers a comprehensive analy-
sis of the coordination dynamics between the medical

Change the medical
insurance drug list

Natural
environment

treatment, medical insurance, and medicines supply
systems in China. Identifying the key obstacles and fore-
casting future trends will provide valuable insights for
policymakers and researchers aiming to enhance health-
care system integration. These findings can also guide
similar reforms in other developing countries and under-
score the importance of balanced internal development
within the healthcare system to achieve Sustainable
Development Goal 3 (Good Health and Well-being).

Methodology
Data sources
The data used in this study were sourced from publicly
available annual reports to ensure scientific reliability.
These include the China Health Statistical Yearbook,
China Statistical Yearbook, China Labor Statistical Year-
book, China Social Statistical Yearbook, China High-Tech
Industry Statistical Yearbook, China Pharmaceutical
Yearbook and Provincial Statistical Yearbooks. We used
interpolation methods to address those missing values.
The division of regions into eastern, central, and west-
ern categories was based on the China Health Statistical
Yearbook. The eastern region includes 11 provinces and
municipalities: Beijing, Tianjin, Hebei, Liaoning, Shang-
hai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong,
and Hainan. The central region comprises 8 provinces:
Shanxi, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei,
and Hunan. The western region consists of 12 provinces,
autonomous regions, and municipalities: Inner Mon-
golia, Guangxi, Chonggqing, Sichuan, Guizhou, Yunnan,
Tibet, Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang.
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Research variables

This study adhered to the general standards for health-
care service ratings set by the World Health Organization
and World Bank, as well as the specific requirements out-
lined in key documents such as Healthy China 2030 Plan
and the 14th Five-Year Plan period (2021-2025). Follow-
ing the principles of comprehensiveness, scientific rigor,
hierarchical structure, and practicality, we developed an
evaluation index system for the coordinated develop-
ment of the Three-Medical linkage. This was based on
existing research [39-41] and consultations with rel-
evant experts. Ultimately, we established three subsys-
tems, nine primary indices, and 30 secondary indicators,
as shown in Table 1. First, we selected “Fairness, Service

Table 1 Construction of the evaluation index system
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Efficiency, and Sustainability” as dimensions based on
the evaluation criteria of the World Health Organization.
Specifically, fairness is reflected in the accessibility of
medical services, measured by the availability of health-
care resources per thousand people. Service efficiency is
primarily demonstrated by the efficiency of healthcare
provision, particularly inpatient services. The sustainabil-
ity of healthcare services is assessed based on the stabil-
ity and long-term viability of medical expenses, with a
particular focus on government expenditure. This aligns
with the core principle of “Maintaining public welfare is
the fundamental value orientation of China’s healthcare
system [42]” Second, we fully considered the primary
social contradictions in China and leveraged existing

Subsystem Primary Secondary indicators Units Type Weight
index
Medical treatment (T) Fairness T1 Number of Health Technicians per Thousand Population person + 0.110
T2 Number of Hospital Beds per Thousand Population bed + 0.116
T3 Number of Healthcare Institutions per Thousand Population unit + 0.150
Service T4 Average length of stay day - 0.015
Efficiency 75 Bed utilization rate % + 0.030
T6 Average number of diagnosis and treatment per physician per  freq + 0177
day
T7 Average number of inpatient days per physician per day day + 0.061
Sustain- T8 Proportion of medical income to total income % + 0.027
ability T9 Proportion of medical and health expenditure to fiscal % + 0.096
expenditure
T10 per capita total health expenditure CNY + 0218
Medical insurance (I) Fairness 11 Insurance coverage rate % + 0.039
12 Employee basic medical insurance per capita expenditure CNY + 0.096
13 Resident basic medical insurance per capita expenditure CNY + 0.167
Safeguard 14 reimbursement ratio % + 0.063
Level 15 number of people benefiting from maternity insurance 10 thousand + 0.366
people
16 Direct medical assistance expenditure 10 thousand + 0.148
CNY
Sustain- I7 Revenue and expenditure ratio % + 0.080
ability I8 Accumulated surplus ratio % + 0.037
19 The ratio of fund expenditure growth to GDP growth % - 0.002
110 The ratio of fund expenditure growth to fiscal expenditure % - 0.002
growth
Medicines supply (5) Scale & S1 Number of enterprises unit + 0.097
Efficiency  $2 Number of employees person + 0.105
S3 Pharmaceutical sales 10 thousand + 0.122
CNY
Innovation  S4 R&D personnel full-time equivalent person-year + 0.154
capability S5 new drug R&D costs 10 thousand + 0.223
CNY
S6 Proportion of New Product Sales in Main Business Revenue % + 0.063
S7 Number of patents piece + 0.186
Develop- S8 Personnel growth rate % + 0.007
ment S9 Main Business Revenue Growth Rate % + 0.011
potential 510 New product growth rate % + 0.032

The weights in Table 1 were calculated using the entropy weight method, and the specific calculation formula is provided in the entropy weight method section
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research on the high-quality development of the health-
care system [14, 43]. The basic medical insurance system
must continually promote social equity, ensure adequate
medical coverage, and achieve sustainable development.
Therefore, we constructed an evaluation index system
for medical insurance based on the following dimen-
sions: “Fairness, Safeguard Level, and Sustainability”
Third, considering the characteristics of pharmaceutical
industry and relevant literature, we selected “Scale & Effi-
ciency, Innovation capability and Development potential”
as secondary indicators. This reflects the need for econo-
mies of scale and sustainable development of the industry
[44].

Methods

Data standardization method

To address the issue of inconsistent measurements,
which may cause comparison bias, we standardized the
data. The standardization methods differ for the positive
and negative indicators, as shown in Eq. (1). and Eq. (2).

e a;j — min(a;;
Positive indicators: 7;; = J (a:5)

1)

maz(ai;) — min(ai;)

maz(a;;) — a;;

Negative indicators: r;; = (2)

max(a;;) — min(ag;;)

where a;; denotes the raw value of the i-th indicator for
the j-th province and r;; represents the dimensionless
value after standardization. max (a;;) and min (a;;)
represent the maximum and minimum values of the
i-th indicator across provinces, respectively. Indicator
weights were calculated. To prevent p;;=0, 0.0001 was
added to the formula, as shown in Eq. (3).

Tij
T )

Entropy weight method

Entropy weight method is a commonly used objective-
weighting method. It evaluates all assessed objects by
calculating the relative distance between the optimal and
worst solutions [45]. After normalizing the raw indicator
data, the weight of each indicator was determined using
the entropy weight method, as shown in Egs. (4) and (5).

1 m
€ = 7@21‘,:11717 In(pij) @)
wy = e )
sl —¢
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where m is a constant related to the number of indica-
tors and the scope of the study period. Subsequently, we
calculated the overall score for each system using Eq. (6).

Ui = Yot jwiriy (6)

Coupling coordination degree model (CCDM)

Coupling refers to a phenomenon in which two or more
systems influence each other through various interac-
tions. The degree of coupling reflects the degree of inter-
dependence and mutual constraints between systems.
However, the degree of coupling alone might not accu-
rately reflect the developmental status of each system.
When the values of the subsystems were relatively low,
a high degree of coupling was observed. This situation
clearly does not align with the optimal coordinated devel-
opment. Therefore, a coordination index is introduced to
provide a more comprehensive reflection of the coordi-
nation levels among the subsystems [46]. In recent years,
with an increasing emphasis on high-quality healthcare
development, more scholars have started using CCDM to
study issues associated with coordinated development in
the healthcare sector [47-49]. The coupling coordination
degree (CCD) was calculated as follows:

noU;
C = - H =1 - (7)
(Gt )
T= Z;l:loéiUi, Z?Zlai =1 (8)
D= VCXT= i, U <0l (9)

1 n "
<E Zi:l Ui)
where C denotes the coupling degree, which is distrib-
uted in the interval [0,1]. A higher C value indicates a
smaller degree of dispersion between the subsystems.

When calculating the coupling degree among the three

3YUrUUs

medical systems, the expression was C' = Z—F 155

U;, U; and Ug are comprehensive scores for medical
treatment, medical insurance, and medicines supply,
respectively. T denotes the coordination degree, while
D represents the coupling coordination degree. In most
studies, the importance of each subsystem is assumed to
be the same [50], hence « ; was given the same weight. A
higher D value indicates stronger coupling, a more robust
synergistic relationship, and greater coordination in the
development between systems. We categorized the CCD
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into 10 different levels [51]. These classifications are pre-
sented in Table 2.

Gravity model

The gravity model is effective for measuring spatial inter-
actions. This model was derived from the law of universal
gravitation by Newton [52], which states that the force
between two objects is directly proportional to their
masses and inversely proportional to the square of their
distances. The gravity model has been widely applied in
various fields such as tourism [53], technological coop-
eration [54], and rural development [55]. This study used
the gravity model to calculate the strength of spatial
connections in the CCD among provinces. This enables
a more accurate understanding of the spatial patterns
of the Three-Medical linkage. The formula is given by
Eq. (10).

(10)

where R;; represents spatial association strength of
the CCD between provinces i and j. Di and Dj denote
CCD of provinces i and j, respectively. G;; is actual dis-
tance between provinces i and j, measured in kilometers
between their capital cities. K is the gravity constant, typ-
ically set to 1.

Prediction model

Considering the data types and distribution character-
istics, we employed the mean GM (1,1) and Holt linear
trend methods to forecast changes in the coordination
development of the Three-Medical linkage from 2022
to 2030. Using Grey System Software 7.0 and SPSS 26.0,
the above models were constructed to calculate forecast-
ing values. This study employed a combination forecast-
ing method to aggregate and weigh the predicted values

Table 2 Classification of coupling coordination degree

Types of Degree of Grade
coordinated coupling
development coordination
Disordered 0<D<0.1 C1 extreme incoordination
development 0.1<D<02 C2 severe incoordination
02<D<03 C3 moderate incoordination
03<D<04 C4 slight incoordination
Transitional 04<D<05 C5 approaching incoordination
development 05<D <06 C6 slight coordination
Coordinated 06<D<0.7 C7 primary coupling coordination
development 07<D<08 C8 moderate coupling
coordination
08<D<09 C9 good coupling coordination
09<D<1 C10 superior coupling

coordination
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to mitigate the performance decline that may result from
using a single model. This method effectively prevents
the issue of different single models by focusing on various
aspects of the data. It also allows information to comple-
ment each other, thereby enhancing the overall predictive
accuracy of forecasts [56]. Here, we used the inverse of
mean-squared error method to assign weights, which is
a commonly used approach in combination forecasting.
Details are provided in Eq. (11).

=

S

szjilhj:lg’g’ ...... J

Zj:l S_E

where §; represents the sum of squared errors of the
i-th model. Models with smaller sums of squared errors
received higher weights, whereas those with larger sums
received lower weights.

Obstacle degree model

The CCDM can only analyze the CCD among the sys-
tems of various provinces, but it cannot further explore
the influencing factors. Compared with methods such as
the subtractive set pair potential and partial connection
numbers, the obstacle degree model is a simple and effec-
tive approach for identifying key influencing factors [57].
This study employed an obstacle degree model to identify
the critical factors impeding the coordinated develop-
ment of the three medical sectors and proposed targeted
actionable measures to facilitate harmonious progress.
The formula is shown in Eq. (12).

(1 —7ij) X wij
Do (L= rig) x wi

Qij = (12)

where 1 — r;; represents the deviation degree, calculated
as the difference between the standardized value of a sin-
gle indicator and 100%. w;; is the corresponding weight
of this indicator and );; is the degree of the obstacle.

Results

Comprehensive evaluation results

We drew three-dimensional dynamic kernel plots to visu-
ally represent the overall development level, distribution
evolution, extension, and polarization trends (Fig. 2). The
following observations were made:

(1) The distribution centers of the comprehensive
evaluation values for the three medical systems
exhibited a consistent rightward shift. This signifies
a general upward development trend. Notably, a
significant move to the right and a stable upward
trend have been observed in the medical treatment
and insurance systems. This phenomenon reflects
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Fig. 2 Dynamic evolution plot of overall development levels

the ongoing improvements in the medical and health
insurance systems of China, with a stable growth
trajectory. However, the distribution center for the
medical treatment system shifted significantly to the
left in 2020. The decline in the overall development
may be rooted in the COVID-19 pandemic. This
emergency adds pressure to the healthcare system
and results in the disruption of medical services [58]
(2) The comprehensive development levels of the three
medical systems exhibited a right-tailed distribution
pattern. However, an obvious system heterogeneity
existed. The medical insurance system exhibited
a less pronounced right tail, indicating a more
balanced development across provinces. In contrast
medical treatment and medicines supply systems
exhibited more pronounced right tails, reflecting
notable disparities in development levels among the
provinces. Despite the overall lower evaluation of
pharmaceutical systems, some regions demonstrated
much higher development levels, contributing to
the most severe right tails in the medicines supply
system.
(3) Only a single peak existed in the medical insurance
system between 2009 and 2015. This indicates that
no significant polarization characteristics existed in
the development of the medical insurance system. Its
dynamic evolution map exhibited multiple side peaks
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in 2016, signifying the emergence of polarization. In
contrast, the medical treatment and medicines supply
systems exhibited multiple side peaks from 2009 to
2021, indicating clear polarization characteristics.
Additionally, peak shapes of the medical insurance
system were the narrowest, followed by those of
medical treatment and pharmaceutical systems.
However, over the sample period, the peaks of
the medical insurance system gradually widened,
suggesting an increasing trend in regional disparities.
(4) All three medical systems exhibited a shift toward
multiple peaks, with a gradually wider span between
the peaks. This suggests the potential presence of
the “Matthew Effect” The most notable aspect is
the medicines supply system. It exhibited a bimodal
distribution in 2009, which gradually transitioned
to a multimodal distribution over time. The number
of peaks increased significantly in 2021, with clear
distances between them. This trend reflects the
intensifying multi-level differentiation and the

progressively widening gap in development levels
across regions.

Coupling coordination results

We primarily evaluated the coupling coordination situ-
ation of the three medical systems at a comprehensive
level, along with internal pairwise evaluations.
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The Three-Medical linkage systems

We calculated the CCD of the three medical systems in
each province from 2009 to 2021. Table 3 presents the
results of the study. Additionally, by applying the classi-
fication criteria for CCD outlined in Table 2, a heat map
was generated using the Origin software to visually rep-
resent these findings (Fig. 3). The results demonstrated
the following:

(1) From a temporal perspective, the CCD of three medical
systems gradually increased, with values ranging
between 0.25 and 0.75. In 2009, the maximum and
minimum CCD were 0.454 and 0.270, respectively.

By 2021, these values had risen to 0.744 and 0.347,
respectively. This change may be attributed to the fact
that, since the implementation of the “New Medical
Reform” policy in 2009, China has significantly
increased its focus on the healthcare sector,
continuously intensified investment, and progressively
enhanced institutional frameworks [14]. In terms of
coupling coordination level, most provinces in 2009
were in the 0.3—0.4 range, classified as the disordered
development stage. Over time, the coordination level
improved and transitioned to intermediate stages.
Some provinces surpassed a coupling coordination level
of 0.6 and entered the coordinated development phase.
However, most provinces only reached the primary
coupling coordination grade (C7), with only a few
provinces achieving a moderate coupling coordination
grade (C8).

(2) From a spatial perspective, Guangdong, Jiangsu,
Zhejiang, Shandong, Beijing, Shanghai, and Sichuan
consistently ranked highest in terms of CCD. Most
of these provinces are located in the eastern region,
which is characterized by relatively advanced
economic conditions and well-developed healthcare
systems. This finding indicated that the level of
coordination among the three medical systems may
be closely associated with economic development.
The regional disparities in the CCD across China
widened between 2009 and 2021. In 2009, Zhejiang
had the highest CCD at 0.454, whereas Qinghai had
the lowest CCD at 0.270, with a gap of 0.183. By
2021, Guangdong had a score of 0.744, whereas Tibet
had the lowest score at 0.347, with the gap increasing
to 0.396. Although most provinces have improved
their coordination, the trend has been inconsistent.
Guangdong exhibited the fastest growth, with an
increase of 76.5%. As the largest economy of China,
Guangdong has the largest population and has
consistently ranked the highest in the GDP rankings
for several years. It also boasts top-tier health
indicators and superior medical infrastructure [59].
These factors provide a robust foundation for the
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three-medical linkage. However, the growth trend

in certain provinces was relatively sluggish, with the
CCD in Tibet exhibiting a downward trend. This
indicates that despite substantial support for Tibetan
medicine from local and national governments,
other provinces, and international institutions over
the past few decades [60], the issue of coordinated
development in the healthcare system may still
require further attention.

The internal pairwise systems
We measured CCD between each pair of subsystems
(Fig. 4). From a temporal perspective, the CCD for all
three internal pairwise systems increased annually. How-
ever, growth trends varied among the different pairs. The
CCD between the medical treatment and insurance sys-
tems was relatively stable and consistently increased over
time. Specifically, the coordination level between medi-
cal insurance and medicines supply systems was lower
compared to others in 2009, with a range of 0.2-0.4.
However, the minimum CCD between medical treatment
and insurance systems exceeded 0.35 in the same year. By
2021, all 31 provinces had a better correlation between
the medical treatment and insurance systems, with most
reaching a slight coordination level (C6). However, the
CCD of medical treatment and medicines supply systems
differs significantly and the distribution of provinces
ranged from moderate incoordination (C3) to moderate
coordination (C8). This observation indicates that in the
three medical linkage, the medical treatment and insur-
ance systems had established relatively stable connec-
tions, but the connection with the medicines suppply
system was insufficient. This may be associated with pre-
vious imperfect systems in the pharmaceutical industry
in China and insufficient government supervision [61].
From a spatial perspective, the trends in the develop-
ment of coordination between medical treatment and
medicines supply systems and between medical insur-
ance and medicines supply systems were quite consistent.
Specifically, Beijing, Guangdong, Jiangsu, Shandong,
Zhejiang, and Sichuan provinces exhibited significantly
higher levels of coordination development than others,
aligning with the overall degree ranking of the Three-
Medical linkage system, which suggests that to achieve
a high level of the three-medical linkage, coordination
among the subsystems should be enhanced.

Spatial connectivity results

This study estimated the spatial connectivity strength of
the Three-Medical linkage across 31 provinces in main-
land China. Owing to space constraints, the analysis
is illustrated using data from five periods: 2009, 2012,
2015, 2018, and 2021. Strength was classified into five
levels using the natural breaks classification method. To
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Fig. 3 Coupling coordination grades of the Three-Medical systems

facilitate observations, spatial connectivity with weak ties
was omitted (Fig. 5).

From a temporal perspective, in 2009, the strongest
connections were emerged between Beijing and Tianjin,
Shanghai and Zhejiang, and Jiangsu and Anhui. In 2012,
except for the weakened connections between Hunan
and Hubei, Hunan and Jiangxi, and Jilin and Liaoning,
the overall spatial connection network remained simi-
lar to the 2009 network. In 2015, the spatial connection
intensity among provinces remained largely consistent
with that observed in 2012, indicating a degree of stabil-
ity in interprovincial linkages. By 2018, the connections
between the three northeastern provinces weakened,
dropping to the third tier. However, this connectivity
had strengthened again by 2021. In the same year, the
increasing influence of Beijing led to a closer connec-
tion with Shandong and the spatial connections among
Hubei, Hunan, and Jiangxi were re-strengthened, form-
ing a stronger “triangular” distribution. This phenom-
enon may be attributed to the Paired Assistance Policy
during the COVID-19 pandemic. China provided large-
scale assistance to 16 cities in Hubei Province outside
Wuhan, effectively addressing the public health emer-
gency [62]. Furthermore, the above results also suggest

I I I I I I I I
2014 2015 2016 2017 2018 2019 2020 2021

Year

that the outbreak of public health emergencies may have
enhanced the spatial linkages for the coordinated devel-
opment of healthcare sectors across provinces, leading to
strengthened integration among neighboring regions.
From a spatial perspective, interprovincial connections
have continuously increased over the years. The eastern
provinces exhibited the strongest spatial connections,
whereas the western provinces had weaker spatial ties.
Overall, the Beijing-Tianjin-Hebei and Yangtze River
Delta regions serve as high-intensity connection hubs
with relatively stable interprovincial connections within
these areas. Additionally, while the Hubei-Hunan-Jiangxi
region and three northeastern provinces exhibit strong
connections, their stability is comparatively weak.

Combination forecasting results
We employed a combination of the Holt linear trend
method and the GM (1,1) grey forecasting model to
improve prediction accuracy, with both methods passing
the model validation. Considering the policy guidance of
the plan for a Healthy China 2030, we set 2022-2030 as
the forecast period.

The forecast results are as follows. (1) Overall, the CCD
of the three medical systems from 2022 to 2030, whether
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Fig. 4 The coupling coordination degrees in internal pairwise systems

in the ternary or binary subsystems, shows a year-by-
year increase in predicted values. However, the growth
rates will vary across systems (Fig. 6), with medical treat-
ment and medicines supply linkage exhibiting the slow-
est growth. (2) The predicted values for all systems in
the eastern and central regions will exceed 0.6 by 2030,
reaching a stage of coordinated development. In contrast,
growth in the western region will remain slow, and almost
all systems will remain in a transitional stage, except for
medical treatment and insurance linkage. Notably, the
coordination level of the medical insurance and medi-
cines supply systems of the eastern region is predicted to
increase rapidly from 2022 to 2030. It will nearly achieve
good coupling coordination(C9), with an increase of 0.2
over these 9 years. (3) When ranking these systems by
regional gaps from smallest to largest, the order is medi-
cal treatment and insurance linkage, the Three-Medical
linkage, medical treatment, and medicines supply link-
age, and medical insurance and medicines supply linkage.
The forecasting results for medical treatment and insur-
ance linkage indicate that the central and western regions
will experience convergence between 2022 and 2030.
However, regional disparities within all the systems are
likely to continue widening.

Jilin Hunan

Anhui

Henan

Heilongjiang

Hubei

Identification of the obstacles

Based on the aforementioned results, we calculated the
obstacle degrees for the 30 indicators in the Three-Med-
ical linkage (Fig. 7). Notably, the obstacles for each prov-
ince in each year was converted to a mean because they
encompassed multiple years. The ranking of obstacle
degrees for the different subsystems exhibited significant
heterogeneity. The three main obstacles in the medical
treatment system were per capita total health expen-
diture (T10), average number of patients handled per
physician per day (T6), and number of healthcare institu-
tions per thousand people (T3). The primary obstacles in
the medical insurance system were the number of peo-
ple benefiting from maternity insurance (I5), per capita
expenditure of basic medical insurance for residents (13),
and direct medical assistance expenditure (I6). Simul-
taneously, the three primary obstacles in the medicines
supply system were new drug research and development
(R&D) costs (S5), number of patents held (S7), and full-
time R&D personnel usage (54).

From the comparison in Additional file 1, the obstacle
degree of the number of people benefiting from mater-
nity insurance is the highest among all the indicators,
with an average value of 42.2%. Increasing the number
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Fig. 6 Future trends forecast of the Three-Medical linkage and between subsystems coupling coordination from 2022 to 2030

of people with maternity needs is a key concern that
should be addressed in the future. In addition, the obsta-
cle degrees for new drug R&D costs and per capita total
health expenditure exceeded 20% in most provinces,
ranking second and third among all indicators, respec-
tively. These hindered the Three-Medical linkage. Even
in economically developed first-tier cities, such as Beijing
and Shanghai, a serious shortage persisted.

Discussion

Address provincial differences in the Three-Medical linkage
This study revealed significant provincial disparities in
the spatiotemporal evolution of the Three-Medical link-
age, which merits further exploration. These differences
could be attributed to several factors.

First, heterogeneity in economic development across
provinces creates disparities in resource allocation, policy
implementation, and infrastructure quality. For instance,
Jiangsu Province, with its strong economic foundation,

advanced healthcare infrastructure, and demonstrates
effective coordination among the medical treatment,
insurance, and supply systems. Key success factors
include proactive government policies, substantial finan-
cial investment, and innovative public-private partner-
ships [63]. In contrast, Guizhou Province, characterized
by a relatively underdeveloped economy, faces systemic
challenges such as limited resources and fragmented pol-
icy enforcement [64]. Nonetheless, targeted programs,
such as telemedicine initiatives, have shown promise in
addressing healthcare accessibility in underserved areas.

Second, demographic and geographical variations play
crucial roles. Provinces with aging populations or higher
disease burdens, such as Liaoning [65], often struggle
with increased demand for healthcare services and insur-
ance coverage, which complicates the coordination of the
Three-Medical systems. Geographically isolated regions
such as Xinjiang face logistical challenges that weaken
the integration of medical systems [8].
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Third, the extent of government intervention and pol-
icy prioritization varies across regions, influencing the
depth and effectiveness of the implementation of the
Three-Medical linkage. Provinces with proactive policy
frameworks and higher administrative efficiency, such as
Zhejiang, often achieve better coordination outcomes.
By contrast, regions with weaker governance structures
may struggle to overcome barriers to integration. For
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instance, disparities in funding allocation and limited
interdepartmental collaboration in underperforming
provinces highlight the importance of tailored interven-
tions to strengthen governance and institutional support.

To address these provincial disparities and promote
the equitable development of the Three-Medical link-
age, a multi-pronged approach is essential. Policymak-
ers should prioritize region-specific strategies such as
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increasing financial investment in underdeveloped areas,
fostering cross-sector collaboration, and enhancing the
adaptability of healthcare policies to local demographic
and geographical conditions. In addition, successful prac-
tices in provinces such as Jiangsu and Zhejiang should
be systematically evaluated and adapted to regions with
similar challenges to ensure scalable and sustainable
solutions. Leveraging technologies, such as telemedi-
cine and digital health platforms, can further bridge gaps
in accessibility and efficiency, particularly in remote or
resource-constrained areas. These targeted measures will
contribute to developing a harmonious and coordinated
Three-Medical linkage framework across China.

Adapt multiple measures to improve coupling
coordination degree of the Three-Medical linkage
Macro-level

On the one hand, as shown in Fig. 2, the medical insur-
ance system of China exhibits the most stable growth
and smallest regional disparity. This reflects the efforts
of the government to build the largest medical secu-
rity network of the world from a near-zero base, which
is praised by the World Bank as unparalleled [66]. Over
the past decade, healthcare reforms have established
a nearly universal health insurance system with broad
and multi-tiered coverage [67]. Currently, basic medi-
cal insurance covers>95% of the population annually,
with more than 1.33 billion individuals insured. Previous
studies have confirmed its high coverage and effective-
ness [68—70]. However, the medical insurance system is
exhibiting signs of “multi-polarization” indicating persis-
tent development imbalances. Future efforts should focus
on narrowing benefit disparities between systems and
regions. In addition, the medical treatment system exhib-
ited the highest level of development but experienced
a noticeable decline in 2020. Therefore, the impacts of
the COVID-19 pandemic can be speculated. According
to the first key survey of the World Health Organiza-
tion, 90% of healthcare systems in the world have been
affected by the pandemic [71]. Enhancing the resilience
of healthcare system during the post-pandemic era is
important [72]. Therefore, establishing a robust national
emergency response network is essential [73]. This would
ensure that resources, such as medical supplies, equip-
ment, and personnel, are mobilized efficiently across
regions. The government should foster international col-
laboration and develop an early warning plan to mitigate
health inequalities.

On the other hand, the aging population of China,
along with improvement in living standards and dispos-
able income, has made pharmaceutical industry one
of the most affected sectors [74]. However, as shown in
Fig. 2, compared to the medical treatment and insurance
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systems, the overall development of the medicines sup-
ply system remains unsatisfactory. Significant dispari-
ties exist among the provinces, indicating highly uneven
regional development. This aligns with the previous
findings of Yi Z and Li L [75]. Therefore, developing a
top-level design, implementing national-level strategic
planning, and providing institutional and political sup-
port are essential. Targeted support should be provided
to provinces with underdeveloped pharmaceutical sec-
tors. All of these measures will further promote pharma-
ceutical industry chain improvement and a specialized
division of labor. Simultaneously, the CCD of the Three-
Medical linkage still needs improvement, especially in
terms of regional equality. According to the forecast
results, the eastern region is expected to reach nearly
0.8 by 2030, falling into the moderate coupling coordina-
tion grade (C8). Although the western region will still be
below 0.6, the transitional development stage remains.
Therefore, the comprehensiveness, systematicity, and
coordination of reforms must be enhanced.

Micro-level

An insufficient number of people benefiting from mater-
nity insurance has significantly hampered the coordina-
tion of the Three-Medical linkage. This is rooted in the
global reality of birth rates drop-off [76], with China
being no exception. To increase the birth rate, the Chi-
nese government implemented several policies, including
the introduction of the three-child policy in May 2021
[77]. Zhang et al. suggested that, in order to broaden
the coverage of maternity insurance, a potential strat-
egy could be the reduction of premium rates, which may
effectively stimulate higher demand for maternity insur-
ance [78].

Additionally, per capita total health expenditure and
new drug R&D costs are adverse factors. This aligned
with the actual situation. First, despite remarkable eco-
nomic growth in China over the past few decades and a
marked increase in healthcare expenditure [79], the per
capita total health expenditure of China remains inad-
equate [80]. In 2021, expenditure was $843.21, which is
63.74% of the world average and ranks 69th among WHO
member states. Second, drug discovery and development
are lengthy and costly [81]. Previous findings indicate
that most provinces in China currently have insufficient
funding for the R&D of new drug. Therefore, continued
efforts are needed to increase funding for new drug R&D
and total health expenditure.

Limitations

First, this study identified the main obstructive factors
affecting the Three-Medical linkage, but only within the
medical system. Further analysis of both internal and
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external dimensions is needed to explore the factors
influencing the Three-Medical linkage. Second, to ensure
horizontal comparisons among provinces, all data were
sourced from public yearbooks, which inevitably intro-
duced a lag. Third, we built an evaluation framework
and utilized various yearbooks to consider the different
dimensions as comprehensively as possible. However,
this may include subjective bias. A more objective and
comprehensive measurement indicator and data source
need to be explored to facilitate broader international
comparisons. Additionally, despite ongoing improve-
ments in the healthcare system and new policies, we have
not yet analyzed the impact of policy changes on the
Three-Medical linkage.

Conclusions

This study explains the spatial-temporal evolution pat-
terns of the Three-Medical linkage between subsystems,
identifies the main obstacles, and predicts future trends
in 31 provinces of China from 2009 to 2021. The findings
were as follows:

(1) All the Three-Medical systems showed continuous
growth trends, with U;> U;> Us. The medical
insurance system exhibited the lowest regional
disparity, as indicated by its narrow peak, although
the differences are gradually increased.

(2) The CCD of the Three-Medical linkage and between
subsystems have a fluctuating upward trend in
China. The CCD in economically developed regions,
such as Beijing, Guangdong, Jiangsu, Shandong,
and Zhejiang, is significantly higher compared to
other provinces. This suggests a potentially close
relationship between economic development and the
coordinated operation of the three medical sectors.

(3) The insufficient number of individuals covered by
maternity insurance, inadequate health expenditure,
and new drug R&D costs are the primary obstacles
hindering the coupling coordination development.

(4) The spatial connectivity is strongest between the
Beijing-Tianjin-Hebei region and Yangtze River
Delta. However, connection instability is observed in
the northeastern provinces as well as in the Hubei,
Hunan, and Jiangxi regions, with prospects for
further strengthening.

(5) The disparities in CCD between different regions
of China will continue to widen. The CCD of the
Three-Medical linkage and internal pairwise systems
will range from 0.4—0.8 from 2022 to 2030. No
regions have attained the grade of “good coupling
coordination” (C9).
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