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Abstract
Healthcare resources are the foundation and guarantee of the health service sys-
tem, and high-level, highly equitable healthcare resources are the safeguard of
people’s health. Taking Gansu Province as an example, this study analyzes
the differences in the level and equity of healthcare resources across 14 cities
and prefectures in Gansu Province from 2010 to 2017 based on health resource
agglomeration degree, coefficient of variation, Gini coefficient, Theil index and
its decomposition, and employs the Geographical Detector Model to analyze
influencing factors. The results show that: (1) From 2010 to 2017, the level
and equity of healthcare resources in Gansu Province increased overall. (2) The
distribution of healthcare resource level and equity exhibits a southeast > north-
west pattern, with economically better-off Longzhong and Longdong regions
outperforming other areas, among which Lanzhou City has the highest resource
level and equity. (3) The per capita level and equity of healthcare resources in
Gansu Province are superior to those per unit land area; due to its vast area and
relatively low population agglomeration degree, the per capita equity in the Hexi
region is significantly better than its land area-based equity. (4) The overall dis-
parity in healthcare resource levels in Gansu Province has gradually decreased,
and the equity of healthcare resources has been notably improved; meanwhile,
intra-regional differences have diminished while inter-regional differences have
gradually increased, with internal differences in the Hexi and Longzhong regions
being the main contributors to the overall disparity in Gansu Province. (5) Eco-
nomic level is the dominant factor influencing healthcare resource levels, the
interaction between per capita GDP and population aging with other factors
shows high explanatory power, while the explanatory power of natural factors
has increased year by year.
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Abstract

Medical and health resources constitute the foundation and guarantee of a
health service system, and high-level, highly equitable medical resources are
essential for public health. Taking Gansu Province as an example, this study
analyzes differences in the level and equity of medical and health resources across
14 prefecture-level cities and autonomous prefectures using health resource ag-
glomeration degree, coefficient of variation, Gini coefficient, Theil index and its
decomposition. The geographical detector model is employed to analyze influ-
encing factors. Results show that: (1) From 2010 to 2017, the overall level and
equity of medical and health resources in Gansu Province increased, with the
level rising by 14.96%. (2) The distribution of resource level and equity exhibits
a southeast-to-northwest pattern, with economically developed Longzhong and
Longdong regions outperforming other areas. Lanzhou City demonstrates the
highest resource level and equity. (3) Per capita medical and health resource
levels and equity in Gansu are superior to area-based metrics. Due to its vast
territory and relatively low population density, the Hexi region shows signifi-
cantly better per capita equity than area-based equity. (4) Overall disparities
in medical and health resource levels across Gansu are gradually decreasing, with
equity showing marked improvement. Meanwhile, intra-regional differences are
diminishing while inter-regional differences are increasing. Internal differences
within the Hexi and Longzhong regions constitute the main contributors to
overall provincial disparities. (5) Economic level represents the dominant factor
affecting medical resource levels. The interaction between per capita GDP and
population aging with other factors shows strong explanatory power, while the
influence of natural factors is increasing annually.

Keywords: medical and health resource level; equity; regional differences; ge-
ographical detector

Introduction
The “Healthy China 2030”Planning Outline emphasizes that “health is an
essential requirement for promoting people’s comprehensive development and
a fundamental condition for economic and social development,”and proposes
requirements for optimizing the health service system and establishing a sound
medical service system. Medical and health resources are crucial manifesta-
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tions of the health service system. Adequate and equitable medical resources
safeguard public health and represent an inherent requirement for building a
harmonious society. Meanwhile, high-level, high-equity medical resources can
improve admission and cure rates, thereby reducing infection and mortality rates.
Since the new medical reform policy was introduced, China’s medical and health
standards have gradually improved. By 2017, the number of hospitals increased
from fewer than 20,000 to 31,000, and the number of health technicians rose
from 7.8 million to 12 million. However, in recent years, rapid urbanization has
substantially increased public demand for medical and health resources, exacer-
bating the mismatch between population and existing resources.

China’s uneven economic development and significant regional environmental
differences have led to the concentration of medical and health resources in large
cities and central urban areas, creating a dual “siphoning effect”on health re-
sources and patients. This has resulted in a severe“inverted triangle”pattern in
medical resource allocation, constraining coordinated regional development and
social equity. To address regional imbalances in medical and health resources,
the Ministry of Health, Ministry of Finance, and National Population and Fam-
ily Planning Commission jointly issued the“Opinions on Promoting the Gradual
Equalization of Basic Public Health Services”in 2009, which called for narrowing
inter-regional gaps in medical and health resources. The“Healthy China 2030”
Planning Outline further emphasizes improving the fairness of health resource
allocation. Against this background, studying the spatial-temporal differentia-
tion of medical and health resources and analyzing their influencing factors is of
great significance for regional medical resource planning and implementing the
Healthy China strategy.

Gansu Province, located in northwestern China’s inland region and a key im-
plementation area of the Belt and Road Initiative, remains a typical economi-
cally underdeveloped area due to historical and natural constraints. During the
12th Five-Year Plan period, although medical and health resource coverage in
Gansu increased substantially, low levels and poor equity persist. Analyzing
the spatial-temporal trends of medical resource levels in Gansu from 2010 to
2017 and clarifying regional differences can provide references for formulating
reasonable medical and health policies in underdeveloped regions and facilitate
rational resource allocation during public health emergencies to meet public
medical needs.

International research on regional allocation of medical and health resources
began earlier and has formed a relatively systematic and mature framework.
Scholars consider whether medical resource allocation is equitable as an im-
portant criterion for measuring national medical security levels. Against this
background, studies have examined spatial allocation of medical resources at
different levels, analyzed the current situation and contradictions between dif-
ferent medical needs and resource allocation, focused on the equity of medical
human resource allocation, and explored the influence of economic levels and
population characteristics on medical resource equity. Domestic research on
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medical and health resources is relatively macroscopic, typically analyzing eq-
uity, fairness, and accessibility from provincial scales or urban-rural comparison
perspectives, with some scholars also examining medical human resource levels.
Research areas have concentrated on national or central and eastern regions,
with limited or outdated studies on western regions, relatively single evaluation
indicators, and insufficient exploration of reasons for equity differences.

Given these gaps, this study takes Gansu Province as the research object, using
data from 2010 to 2017 at provincial and prefecture levels. Based on the guid-
ing indicators of the “National Medical and Health Service System Planning
Outline (2015-2020)”and existing research, an indicator system is established
to explore the level and equity of medical and health resources in Gansu and
its 14 prefecture-level cities and autonomous prefectures, analyze their differ-
ences, and use geographical detectors to identify main factors influencing these
differences. This provides references for formulating medical and health policies
tailored to underdeveloped regions.

1. Materials and Methods
1.1 Data Sources

Medical and health resource indicators were selected based on principles of avail-
ability and irreplaceability. According to the “National Medical and Health
Service System Planning Outline (2015-2020)”and the current status of com-
munity health services and hospital health service systems in China, and refer-
encing existing domestic and international research, the number of medical and
health institutions, hospital beds, public health technicians, practicing (assis-
tant) physicians, registered nurses, and the number of equipment units valued
above 10,000 yuan were selected to measure medical and health resource levels.
Data for 2010-2017 were obtained from the Gansu Provincial Health Statistics
Yearbook, Gansu Provincial Health and Family Planning Statistical Materials,
and the Gansu Provincial Health and Family Planning Development Statistical
Bulletin.

1.2 Research Methods

1.2.1 Health Resource Agglomeration Degree Health Resource Agglom-
eration Degree (HRAD) is used to evaluate the equity of medical and health
resources. The“National Medical and Health Service System Planning Outline
(2015-2020)”states that medical and health resource levels should consider both
land area and population size. Therefore, this study uses HRAD to analyze
the equity level of medical and health resources in Gansu Province. Popula-
tion Agglomeration Degree (PAD) represents the proportion of the province’s
population concentrated in a region’s land area, calculated as:

𝑃𝐴𝐷 = 𝑝𝑛
𝑃 × 100% ÷ 𝐴𝑛

𝐴 × 100%
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where PAD is population agglomeration degree, 𝑝𝑛 is the population of the nth
prefecture, 𝑃 is the total provincial population, 𝐴𝑛 is the land area of the nth
prefecture, and 𝐴 is the total provincial land area.

HRAD measures the equity of medical and health resources from the perspective
of provincial land area, representing the proportion of provincial medical and
health resources concentrated in a region’s land area:

𝐻𝑅𝐴𝐷 = 𝑦𝑛
𝑌 × 100% ÷ 𝐴𝑛

𝐴 × 100%

where HRAD is health resource agglomeration degree, 𝑦𝑛 is the medical and
health resource level of the nth prefecture, and 𝑌 is the provincial medical and
health resource level.

The equity of medical and health resources measured by population is defined
as HRAD/PAD. The evaluation criteria for medical resource equity are: when
HRAD = PAD = 1, the region’s medical resources are in absolute equilib-
rium; when HRAD/PAD > 1, the region has excess medical resources; when
HRAD/PAD < 1, the region has insufficient medical resources and poor equity.

1.2.2 Regional Difference Measurement The coefficient of variation, Gini
coefficient, and overall Theil index are used to measure overall changes in med-
ical resource levels across 14 prefectures within the 2010-2017 range. The coef-
ficient of variation describes the degree of difference in medical resource levels,
with larger values indicating greater differences:

𝐶𝑣 =
√ ∑𝑁

𝑛=1(𝑉𝑛− ̄𝑉 )2

𝑁
̄𝑉

where 𝐶𝑣 is the coefficient of variation, 𝑁 is the total number of prefectures
in Gansu (14), 𝑉𝑛 is the medical resource allocation level of the nth prefecture,
and ̄𝑉 is the average level across all prefectures.

The Gini coefficient measures the equity of medical resource levels:

𝐺 = 1
𝑁 (𝑁 + 1 − 2

𝑁
∑
𝑛=1

(𝑁 + 1 − 𝑛)𝑉𝑛)

where 𝐺 is the Gini coefficient and 𝑉𝑛 is the cumulative proportion of medical
resource levels from the 1st to the nth prefecture in ascending order.

The overall Theil index analyzes overall differences in medical resource levels in
Gansu. Based on this, Gansu is divided into four regions: Hexi (Jiayuguan,
Jinchang, Wuwei, Zhangye, Jiuquan), Longzhong (Lanzhou, Baiyin, Dingxi,
Linxia), Longdong (Pingliang, Qingyang), and Longnan (Tianshui, Longnan,
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Gannan). The Theil index decomposition is used to measure intra-regional and
inter-regional differences:

𝑇𝑡𝑜𝑡𝑎𝑙 = 𝑇𝑏𝑒𝑡𝑤𝑒𝑒𝑛 + 𝑇𝑤𝑖𝑡ℎ𝑖𝑛 =
𝐼

∑
𝑖=1

𝑃𝑖 log 𝑃𝑖
𝑌𝑖

+
𝐼

∑
𝑖=1

𝑃𝑖

𝐽
∑
𝑗=1

𝑝𝑖𝑗 log
𝑝𝑖𝑗
𝑦𝑖𝑗

where 𝑇𝑡𝑜𝑡𝑎𝑙 is the overall Theil index, 𝑇𝑏𝑒𝑡𝑤𝑒𝑒𝑛 is inter-regional difference,
𝑇𝑤𝑖𝑡ℎ𝑖𝑛 is intra-regional difference, 𝐼 is the number of groups (4), 𝑃𝑖 is the
population of group 𝑖, 𝑌𝑖 is the total medical resource level of group 𝑖, 𝑝𝑖𝑗 is
the population of city 𝑗 in group 𝑖, 𝑦𝑖𝑗 is the medical resource level of city 𝑗 in
group 𝑖, and 𝑌𝐼 is the overall medical resource level of group 𝑖.

1.2.3 Geographical Detector Geographical detectors can be used to detect
spatial stratified heterogeneity and reveal underlying driving factors. Factor
detection and interaction detection in the geographical detector model are em-
ployed to identify key factors influencing differences in medical resource levels.
Specific algorithms are detailed in reference [21].

2. Results Analysis
2.1 Overall Level of Medical Resources

From 2010 to 2017, the overall level of medical resources in Gansu Province
showed an upward trend, increasing from 0.12 to 0.14 [Figure 1: see original pa-
per]. The growth rates in the Hexi, Longzhong, Longdong, and Longnan regions
were 24.60%, 11.51%, 14.91%, and 12.28%, respectively, reflecting continuous
improvement in Gansu’s medical resource levels alongside social development.

2.2 Spatial-temporal Distribution of Medical Resource Level and Eq-
uity

Significant gaps exist in medical resource levels and equity among the 14 prefec-
tures, with varying ratios of health resource agglomeration degree to population
agglomeration degree. To visually represent spatial distribution characteristics,
this study maps the spatial-temporal distribution of medical resource levels and
compares it with equity distribution.

2.2.1 Spatial Distribution Characteristics of Medical Resource Level
Medical resource levels in Gansu show substantial spatial differentiation, pre-
senting a southeast-to-northwest pattern. Longzhong and Longdong regions
have relatively high levels, while Hexi and Longnan regions have relatively low
levels. At the prefecture level, Lanzhou has the highest level, followed by Tian-
shui, Pingliang, and Longnan, while Jiayuguan, Jinchang, and Gannan have
lower levels. From 2010 to 2017, all prefectures except Jinchang (which slightly
decreased) showed upward trends. Jiayuguan, Wuwei, and Dingxi experienced
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growth rates of 50.79%, 31.96%, and 41.84%, respectively, with overall improve-
ment in the Hexi region.

2.2.2 Spatial Distribution Characteristics of Medical Resource Equity
As shown in [Figure 2: see original paper], the spatial distribution of medical
resource equity in Gansu also presents a southeast-to-northwest pattern, largely
consistent with the distribution of resource levels. Longzhong and Longdong
regions show higher overall equity, while Longnan and Hexi regions show rela-
tively poor equity. Lanzhou has the highest level and equity. From 2010 to 2017,
medical resource equity in 11 prefectures increased, with growth rates of 9.61%
in Longdong, 23.39% in Longzhong, 21.72% in Hexi, and 9.30% in Longnan.

2.3 Evolution Trend of Medical Resource Level Differences

The coefficient of variation, Gini coefficient, and Theil index measure differ-
ences in medical resource levels, with Theil index decomposition analyzing intra-
regional and inter-regional differences. The overall difference in medical resource
levels in Gansu shows a general downward trend despite fluctuations [Figure 3:
see original paper]. Specifically, the coefficient of variation decreased from 0.67
to 0.62 (a 7.46% decline), the Gini coefficient decreased from 0.35 to 0.31 (an
11.56% decline), and the Theil index decreased from 0.21 to 0.18 (a 14.29% de-
cline). The decreasing fluctuation amplitude indicates that overall differences
declined annually from 2010 to 2017, with improving overall equity and gradual
stabilization. This demonstrates the effectiveness of new medical reform policies,
which have improved the fairness of medical resource allocation in Gansu, with
the overall imbalance showing a downward trend despite minor fluctuations in
individual years.

Using the Theil index decomposition at three time nodes (2010, 2013, 2017)
reveals that different factors caused disparities at different times . In 2010, intra-
regional contributions exceeded 50%, indicating that overall differences were
mainly caused by intra-regional disparities. In 2017, inter-regional contributions
exceeded 50%, indicating that overall differences were mainly caused by inter-
regional disparities among the four major regions. The contribution of intra-
regional differences shows a general downward trend, with Hexi, Longzhong,
and Longdong all showing declining trends, while Longnan shows a significant
increase. The contribution of inter-regional differences fluctuated and declined
from 2010 to 2013 but rose significantly from 2013 to 2017, indicating gradually
increasing inter-regional differences, particularly between Hexi and Longdong
regions. In summary, while the equity of medical resource levels in Gansu has
improved overall, unreasonable layout structures have affected the balance and
fairness of medical services, with particularly significant gaps between regions.

2.4 Analysis of Influencing Factors

Medical resource level differences are caused by multiple factors. Based on
existing research [22-24] and the“National Medical and Health Service System
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Planning Outline (2015-2020)”, influencing factors are categorized into socio-
economic development level, population distribution, and topographic factors
.

2.4.1 Factor Detection shows the explanatory power of various influencing
factors on medical resource levels at the prefecture level in Gansu. Results
indicate that economic and population factors are the dominant factors affecting
medical resource distribution. Overall, both show strong explanatory power.

(1) Among economic factors, the proportion of non-agricultural industry
shows the highest explanatory power, followed by per capita GDP.
The explanatory power of medical expenditure proportion is increasing.
Economic level determines medical resource levels and is a fundamental
influencing factor. Economically developed areas like Lanzhou have
higher population agglomeration and greater demand for medical re-
sources. Investment in medical and health services determines local
resource levels.

(2) Among population factors, urbanization rate shows higher explanatory
power, while population aging shows decreasing influence. Population fac-
tors are decisive for medical resource levels and play a leading role in re-
source allocation decisions. Urbanization has the most prominent impact
on medical resource levels in Gansu’s prefectures—higher urbanization
rates create greater demand. Population aging increases medical, reha-
bilitation, and elderly care needs, but rising health awareness among the
elderly has improved their overall health levels, slightly reducing demand
for medical resources.

(3) Although topographic factors show relatively low overall explanatory
power, their influence is strengthening and showing an upward trend.
Terrain affects the accessibility of medical resources. Research by Liu
Ze et al. [25] indicates that in remote mountainous areas with complex
terrain, transportation limitations affect the availability of medical
services. Gansu has complex topography—the Hexi region is relatively flat
with better resource accessibility, while Longzhong and Longdong have
numerous valleys, and Longnan has high altitude and rugged terrain with
relatively poor resource accessibility. Additionally, terrain determines
hospital site selection. With economic development and urbanization, the
“climbing slope”phenomenon has emerged. When urban construction
land is insufficient, whether medical resources also need to“climb slopes”
will be a decisive factor.

2.4.2 Interaction Detection Interaction detection compares the q-values
of individual factors with those of factor interactions to analyze interaction
types between any two factors. Using 2017 as an example, interaction detection
was performed based on factor detection results. The findings show that any
combination of two factors interacts to affect medical resources, with interaction
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explanatory power greater than that of single factors, primarily through bi-
factor enhancement and secondarily through non-linear enhancement .

Before 2010, interactions were mainly bi-factor enhancement and non-linear en-
hancement, with the interaction between non-agricultural industry proportion
and population aging showing the highest explanatory power. After 2013, non-
linear enhancement weakened, gradually shifting to bi-factor enhancement, with
interactions between population aging and per capita GDP and between popula-
tion aging and urbanization rate showing the highest values, followed by the in-
teraction between urbanization rate and slope. In 2017, bi-factor enhancement
dominated, with interactions between population aging and per capita GDP
and between population aging and urbanization rate showing higher values. By
2017, bi-factor enhancement remained dominant, though the explanatory power
of interactions between population aging and other factors slightly decreased,
while interactions between non-agricultural industry proportion and other fac-
tors significantly increased, with the interaction between per capita GDP and
non-agricultural industry proportion showing the highest value. Overall, inter-
actions between per capita GDP, population aging, and other factors show high
explanatory power.

3. Discussion
From 2010 to 2017, medical resource levels in Gansu Province steadily improved
while equity differences gradually declined, generally consistent with national
medical service system development trends [26], indicating effective implemen-
tation of new medical reform policies since 2009 and laying the foundation for
equalizing basic public services and improving the public service system.

The study found that economic development level is the dominant factor caus-
ing regional differences in medical resource levels, consistent with national re-
search findings that economically developed regions have more balanced medical
resources [27]. Therefore, governments at all levels should strengthen differen-
tiated allocation policies, increase funding and subsidies for medical and health
services in underdeveloped areas, improve local supply capacity, and promote
balanced development. The study also found that topographic factors are not
dominant in causing regional differences in Gansu’s medical resources, but their
explanatory power is increasing annually. Related research shows that remote
mountainous areas have low medical resource levels due to geographical and
environmental constraints [28]. Therefore, it is necessary to optimize salary
benefits and employment subsidies in remote mountainous areas, promote the
introduction of medical talent, improve local public medical service experience,
and alleviate the current imbalance in spatial distribution of medical resources.

This study has several limitations. Due to data availability constraints, the
analysis is limited to the prefecture-level scale and does not analyze the status
of individual medical resource indicators. Future research should consider more
micro-level scales such as county-level medical resource levels and equity, and
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strengthen analysis of individual medical resource indicators.

4. Conclusion
Medical and health resource levels guarantee public health, and an equitable, fair
medical service system can not only better satisfy people’s pursuit of healthy
lives but also promote harmonious social development. This study analyzes
medical resource levels and regional differences in Gansu from 2010 to 2017 at
both provincial and prefecture levels, and identifies influencing factors using
geographical detectors. The main conclusions are:

(1) Medical resource levels in Gansu Province showed growth from 2010 to
2017, increasing from 0.12 to 0.14. The growth rates in Hexi, Longzhong,
Longdong, and Longnan regions were 24.60%, 11.51%, 14.91%, and
12.28%, respectively, with Hexi showing the most significant growth.

(2) Both medical resource levels and equity in Gansu present a southeast-
to-northwest pattern. Economically developed Longzhong and Longdong
regions have relatively higher levels and equity than other areas, with
Lanzhou, Pingliang, and Longnan showing relatively high overall equity.

(3) Per capita medical resource levels and equity in Gansu are superior to area-
based metrics. The HRAD/PAD ratio in the Hexi region is significantly
higher than 1 due to its vast territory and relatively low population density,
resulting in better per capita equity than area-based equity.

(4) Overall differences in medical resource levels across Gansu gradually de-
creased from 2010 to 2017, indicating successful new medical reform poli-
cies and improved equity. Intra-regional differences are diminishing while
inter-regional differences are increasing, with internal differences in Hexi
and Longzhong regions being the main contributors to overall provincial
disparities.

(5) The explanatory power of influencing factors varies by year. Per capita
GDP, non-agricultural industry proportion, and urbanization rate
strongly influence medical resource levels and are decisive factors. The
interaction between population aging and per capita GDP with other
factors shows the strongest explanatory power. Economic and population
factors significantly impact medical resource levels, while terrain’s
influence continues to increase.
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