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Spatial equity and factors associated
with intensive care unit bed allocation
in China
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Abstract

Background At present, unequal allocation of medical resources represents a major problem for medical service
management in China and many other countries. Equity of intensive care unit (ICU) bed allocation is essential

for timely and equitable access to medical care for critically ill patients. This study analysed the equity of ICU bed
allocation in 31 provincial regions in China, and the associated factors, to provide a theoretical basis for improvement
in the allocation of ICU beds.

Methods The equity of ICU bed allocation was investigated in 31 provincial regions in China in 2021. The Gini
coefficient combined with Lorenz curves were used to analyse the current status of ICU bed allocation by both
population and service area. The spatial heterogeneity and aggregation of ICU bed density were analysed using
the Global Moran’s index. The spatial distribution pattern was visualized via LISA maps using the Local Moran's
index. Three grey correlation models were constructed to assess the key factors influencing ICU bed density. Finally,
robustness analysis was performed to test the reliability of the results.

Results The allocation of ICU beds in China was highly inequitable by service area (Gini=0.68) and showed better
balance by population distribution (Gini=0.14). The distribution of ICU beds by service area was highly spatially
clustered (Global Moran's |=0.22). The bed utilization rate exhibited the strongest association with ICU bed density
by population. Registered nurses per 10,000 square kilometres was the strongest factor affecting ICU bed density by
service area.

Conclusions The allocation of ICU beds by population is better than by service area; the allocation by service area is
less equitable in China. These findings emphasise the need to implement better measures to reduce ICU bed equity
differences between regions and balance and coordinate medical resources. Service area size, bed utilization, the
number of registered nurses and other key factors should be considered when performing regional health planning
for ICU bed supply. This will increase the equitable access to critical medical services for all populations.
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Text box 1. Contribution to the literature

« The distribution of ICU beds by service area was highly
spatially clustered in China.

+ The bed utilization rate and the number of registered
nurses per 10,000 square kilometres exhibited the strongest
associations with ICU bed density.

+ A methodological process for analysing the distribution of
health resources was described.

+ICU bed planning should take into account regional socio-
economic conditions, health human resources and medical
services factors.

Background

The balanced allocation of high-quality medical resources
has always been a goal of the Chinese healthcare service.
While studies have identified large regional differences in
health resource allocation in China, a downward fluctu-
ating trend has been observed since 2008 [1, 2]. None-
theless, the contradiction between people’s demand for
quality medical services and the uneven distribution of
quality medical resources remains prominent. An imbal-
ance in the spatial distribution of health resources is the
main manifestation of inequity, especially between urban
and rural areas in China.

Intensive care unit (ICU) beds are important but scarce
medical resources in China and other countries globally.
A study by the American Society of Critical Care Medi-
cine in 2020 showed that there were 34.7 ICU beds per
100,000 people in the United States. Germany had 29.2
ICU beds per 100,000 people. South Korea had 10.6 ICU
beds per 100,000 people. However, China had only 3.6
ICU beds per 100,000 people. Many studies have exam-
ined the availability of critical care services in many
developed countries [3—6]. Results consistently show that
the number of ICU beds is increasing, but most of this
growth is occurring in a small number of highly popu-
lated regions. These findings highlight the need to imple-
ment inter-jurisdictional resource sharing during periods
of substantially increased demand. Inadequate ICU beds
lead to longer waits for critically ill patients, which
increases inpatient mortality [7, 8].

In 1974, Townsend [9] published a discussion on the
inequity of healthcare services in the Lancet. Since then,
scholars around the world have continued to examine
the fairness of the distribution of healthcare resources
at different levels, such as the national, urban and com-
munity levels [10—12]. Improving the spatial equity of the
distribution of healthcare resources is an important step
in achieving equity in healthcare delivery [13]. Evaluation
of intensive care services in hospitals is one of the most
important indicators of the equity of healthcare services
[14]. Song [15] found that spatial inequities in bed alloca-
tion can lead to disparities in access to care. At the same
time, an inequitable spatial distribution of beds could
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also significantly impact healthcare outcomes, leading to
higher cancer mortality rates for patients located outside
of cities [16]. A study in Italy [17] found that ICU beds
were more concentrated in densely populated urban
areas while rural areas did not have access to intensive
care services.

While a body of literature has explored the equitable
distribution of health resources or hospital beds, there
remains a lack of research on the equity of the distribu-
tion of ICU beds. For example, Xin and Yang found that
mental health beds and health resource allocation were
relatively equitably distributed with respect to the popu-
lation distribution; however, the distribution of mental
health beds by geographic region was inequitable [18,
19]. Although several studies have examined the relation-
ship between hospital bed allocation and equity, most
have only analysed the current situation. In addition,
existing research lacks an analysis of the factors affecting
critical care bed allocation.

Socioeconomic conditions may be an important factor
leading to spatial inequality of health resources. Phua et
al. found that the critical care bed capacity varies widely
across Asia and is significantly lower in low- and lower-
middle-income countries and regions, as compared to
upper-middle-income and high-income countries and
regions [20]. Studies have shown that the size of the
elderly population, local economic development, and
health investment by government departments are key
factors influencing the allocation of beds [21-25]. Health
human resources also make a spatial difference in the
bed distribution. Using a retrospective decadal analysis,
one study found that preferential policies have been suc-
cessful in increasing the number of beds in health facili-
ties, but not the number of healthcare workers in ethnic
minority regions. A large body of evidence supports an
association between medical services and the spatial
distribution of beds. Chow et al. found that the supply
of emergency department beds cannot keep pace with
the growing patient demand for acute care in California
[26]. In summary, socioeconomic conditions, human
resources for health, and healthcare delivery should
be considered as factors influencing critical care bed
allocation.

The aim of this study was to address the above gaps in
the literature by assessing the spatial equity of the distri-
bution of ICU beds in China and identifying key influ-
encing factors. This study also provides a standardized
methodological process for analysing the distribution of
health resources. The results offer a basis for policy deci-
sions and the allocation of intensive care resources in
China and other similar countries.
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Methods

Data source

The number of beds in this study was defined as the
actual number of beds in the intensive care medicine
departments of hospitals in 31 provinces and regions of
mainland China in 2021. The number of ICU beds, the
number of hospital admissions and discharges, the bed
utilization rate, the number of practising physicians, and
the number of registered nurses (RNs) were extracted
from the China Health Statistics Yearbook 2022. The
regional population and per capita GDP were derived
from the China Statistical Yearbook 2022. The service
area data were obtained from the Statistical Table of
Administrative Divisions published by the Ministry of
Civil Affairs.

Main variables

The main indicator, ICU bed allocation, was assessed
based on the number of ICU beds by population and by
service area. The number of ICU beds per 100,000 pop-
ulation (ICU bed density by population) was calculated
based on the total number of ICU beds in each province
in China in 2021 divided by the total population of the
corresponding province. Similarly, the number of ICU
beds per 10,000 square kilometres (ICU bed density by
service area) was calculated based on the total number of
ICU beds in each province in 2021 divided by the land
area of each province. According to the availability of
data, this study analysed the spatial distribution of ICU
beds by province in China in 2021.

The allocation of ICU beds is influenced by diverse and
complex factors including socioeconomic conditions,
health human resources, and medical services in every
province. The indicators of socioeconomic conditions
used in this study included the size of the population aged
65 years and above, per capita GDP, and health expendi-
ture as a percentage of fiscal expenditure. The indicators

Table 1 Variables in this study
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of health human resources included the number of prac-
tising physicians per 100,000 population, the number of
practising physicians per 10,000 square kilometres, the
number of RNs per 100,000 population and the number
of RNs per 10,000 square kilometres. The indicators of
medical services included the number of patients dis-
charged from ICU, the inpatient mortality rate, the bed
utilization rate, the average length of stay and the daily
inpatient bed days for physicians. The details are shown
in Table 1.

Statistical analysis

Figure 1 depicts a methodological flow chart of the study.
Based on the allocation of ICU beds in the 31 provincial
regions in China, fairness analysis and evaluation were
first performed using the Gini coefficients and Lorenz
curves. Second, the spatial heterogeneity and aggregation
of ICU bed allocation were evaluated via spatial auto-
correlation analysis. Third, grey relational models were
used to analyse the key factors influencing the allocation
of ICU beds. Finally, a robustness test was performed.
The health resource agglomeration degree (HRAD) was
examined to verify the Gini coefficient and spatial aggre-
gation analyses, and correlation analysis was performed
to test the robustness of the grey relational models.

Lorenz curves and Gini coefficients

The Lorenz curve is a curve that reflects the equity of
income distribution or property distribution in society. It
is now also widely used in studies of equity in the distri-
bution of health resources [27, 28]. This is accomplished
by using the cumulative percentage of the population or
area as the horizontal axis and the cumulative ratio of
ICU beds as the coordinates. Then, the Lorenz curve is
plotted by connecting these points. In a Lorenz curve
graph, the diagonal line is the line of absolute equity. The
closer the Lorenz curve is to the line of perfect equity, the

Variable Specific indicator Variable code
Dependent variables Number of ICU beds per 100,000 population Y,
Number of ICU beds per 10,000 square kilometres Y,
Socioeconomic conditions Population aged 65 years and above X,
Per capita GDP X,
Health expenditure as a percentage of fiscal expenditure X3
Health human resources Number of practising physicians per 100,000 population X4
Number of practising physicians per 10,000 square kilometres Xs
Number of registered nurses per 100,000 population Xs
Number of registered nurses per 10,000 square kilometres X,
Medical service Number of patients discharged from ICU Xg
Inpatient mortality rate Xq
Bed utilization rate X10
Average length of stay X1

Daily inpatient bed days for physicians X1y
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Fig. 1 Flow chart of the research methodology

better the equity. Absolute fairness is reached when the
Lorenz curve overlaps with the line of perfect fairness.

The Gini coefficient is widely used to assess inequities
in the distribution of health resources. It is the best quan-
titative indicator for evaluating the equity of resources
[29]. It is calculated by the ratio of the area between the
Lorenz curve and the diagonal versus the entire area
below the diagonal. The Gini coefficient ranges from 0 to
1. The higher the value of the Gini coefficient, the greater
the inequality. Different Gini coefficient values indicate
different degrees of fairness: a value less than 0.2 suggests
absolute fairness; a value between 0.2 and 0.3 suggests
relative fairness; a value between 0.3 and 0.4 suggests
adequate fairness; a value higher than 0.4 indicates rela-
tive unfairness; a value higher than 0.5 indicates absolute
unfairness [30]. In this study, the Gini coefficient was cal-
culated according to the following formula [31]:

G=1- Z Ll (X = Xiz1) (Yi+Yio) (1)

In the formula, # is the number of provinces (here,
n=31); X, is the cumulative proportion of the population
(or service area) of each province to the population (or
service area) of China; Y, is the cumulative proportion of
the number of ICU beds in each province to the number
of ICU beds in the country, ordered from the smallest to
the largest ICU bed ratio in each province. All data analy-
ses were performed in STATA 16.0.

Global and local spatial autocorrelation analysis

In order to assess the correlations between ICU beds
and their spatial locations in each province of China,
global and local spatial autocorrelation analyses were
performed by calculating the Global Moran’s Index and
Local Moran’s Index, respectively. The test level was set
at a=0.05. A Moran’s I greater than zero indicates that
the study unit has a positive spatial autocorrelation.
A Moran’s I less than zero indicates that the study unit
has a negative spatial autocorrelation. A Moran’s I equal
to zero indicates that the study unit has no autocorrela-
tion; it has a random distribution. The Global Moran’s I
was used to assess the overall spatial autocorrelation. The
Local Moran’s I was used to estimate the local autocor-
relations between individual provinces and their neigh-
bouring provinces by plotting the Local Indicators of
Spatial Association (LISA). The formula for the Global
Moran’s I is as follows [32]:

AT RT LW, (=) (- %)
= N2
(n W) 3 1 (3 %)

where # is the total number of provinces (#=31); x; and
x; are the population/service area of provinces i and j; ;
is the average number of ICU beds per population/ser-
vice area for the 31 provinces; and wj; is the spatial weight

between provinces i and j.
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The equation used to calculate Local Moran’s I is as fol-
lows [32]:

n(x —X) Y0 jLywy (x5 — X)
Z Ll(xi - 7<>2

The parameters in Eq. (3) are defined as described for
Eq. (2). The results of the Local Moran’s I analysis con-
tain five types. Among them, “high-high’, “high-low’,
“low-high” and “low-low” are four significant types. The
“high-high” and “low-low” types represent a high/low
level of ICU beds in a province and a high/low level of
ICU beds in its neighbouring provinces. The “high-low”
and “low-high” types represent high/low levels of ICU
beds in a province, but low/high levels of ICU beds in
neighbouring provinces. The “no statistically significant
difference” type means that there is no significant corre-
lation between the level of ICU beds in the province and
its neighbouring provinces. This indicates that the allo-
cation of ICU beds in each province is randomly distrib-
uted. The spatial autocorrelation analysis was performed
using Arc Gis 10.5 software.

=

i 7] ®3)

Grey relational analysis

In this study, GRA models were used to examine the
extent of influence of various indicators on the distribu-
tion of ICU beds by population/service area. GRA mod-
els have been successfully applied in many fields such as
engineering, management science, economics, environ-
mental science, energy and healthcare/nursing [33, 34].
In 1985, Deng [35] added grey relational grade (GRG) to
the GRA model; this model has a value between 0.5 and
1. The closer the value is to 1, the higher the correlation.
Three related GRA models were utilized in this study.
Deng’s GRA model measures the effect of one variable on
another [36]. Xy=(x,(1), x¢(2), ., Xo(n)) is the underlying/
reference sequence representing the dependent variable.
X=(x;(1), x(2), ., x;(n)) is a set of comparison sequences
representing the independent variables. GRG vy, or y(X,
X;) is derived after a series of operations. Deng’s GRG is
given by Eq. (4) and Eq. (5) [37]. Absolute GRG measures
the association or correlation between variables [38]. If
X= (x(1), x(2), ., x;(n)) and X]:(xj(l), xj(2), Y xj(n)) are
two data series representing two variables related to ICU
beds, the absolute GRG Eq. (6) is derived. The second
synthetic GRA (SSGRA) model is given by Eq. (7) [39].

¥ (Xo, Xi) Z 1y (%o (k)i (K)) (4)
minmin [X, (k) — x; (k)] + 0 maxmax |x, (k) — x; (k)]
7 (0 (K), 3 (k) = - e ©

[%o (k) — xi (k)] + 0 maxmax [%o (k)
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where 8€(0,1) is the discriminant coefficient; the value of
d is usually taken as 0.5 [39].

L+ Jsi| + |s]
i = —— " (6)

1+ Jsi] + [sj] + [si — s

n n n
where s; = / xdt; s = / X?dt; 8 —8j = / (\? — X;)) dt
1 1 1

N = (4 (1,5 (2), 5 )5 x = (4 (1),5(2),.,% ()

(k) =x (k) —x(1); (k) =x5(k) — ki (1),k=12,.,n

py=0%+(1—0)y; 0 € [0]] (7)
where P represents the second synthetic (SS) GRG; ¢
represents the absolute GRG; and y represents the GRG
between the grey data sequences X; and X;. Deng’s GRG
relies on grey relational/incidence coefficients of particu-
lar points, the absolute GRG relies on an integral (rela-
tively comprehensive) perspective, whereas the SS GRG
reflects the overall closeness between two sequences
based on particular points and integral perspectives.

HRAD

Spatial equity in the distribution of ICU beds was exam-
ined using the health resource agglomeration method
[40]. The HRAD reflects the proportion of the total num-
ber of ICU beds in a region that are clustered in 1% of the
country’s service area. HRAD>1 indicates that the fair-
ness of ICU bed allocation is high by geographic size in
a region. HRAD;=1 indicates that the allocation of ICU
beds by service area in a region is in absolute fairness.
HRAD;<1 indicates that the allocation of ICU beds by
service area in a region is in poor fairness [40]. The calcu-
lation formula is as follows:

HR;

i AR;/A;
HRAD; = 2« 100% = —2L 1
RAD; 1 x 100% HR,/A, (8)

where HR; denotes the number of ICU beds in a region;
HR,, denotes the total number of ICU beds in the coun-
try; A; denotes the service area of a region; and A,
denotes the service area of the country.

Correlation analysis

Spearman’s rank correlation analysis was performed
to test the robustness of the GRA results. The raw data
for the included variables affecting ICU bed density
were converted into rank data. Based on their average
descending position in the overall data, a corresponding
rank was assigned, and Spearman’s rank correlation coef-
ficients were calculated. Factors with high correlations
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were identified to explore the factors that play a domi-
nant role in the ICU bed density.

Results

Basic data on ICU beds

The distribution of ICU beds by population in the 31
provinces in 2021 is shown in Fig. 2. The distribution of
ICU beds by service area is shown in Fig. 3. It can be seen
that the overall distribution of ICU beds by population
was relatively uniform. Bed density by service area was
not uniform and was concentrated in more developed
provinces such as Beijing and Shanghai.

The national average number of beds per 100,000
population was 4.46 and the average number of beds
per 10,000 square kilometres was 213.0. Among the 31
provinces in China, the top three provinces in terms of
the number of beds per 100,000 population were Henan,
Xinjiang and Zhejiang; the bottom three provinces were
Ningxia, Tibet and Jilin. The top three regions in terms
of the number of beds per 10,000 square kilometres were
Shanghai, Beijing and Henan. The bottom three regions
were Inner Mongolia, Qinghai and Tibet. The allocation
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of ICU beds by population and service area in each prov-
ince in China is shown in Supplementary File 1.

Equity analysis of ICU beds

Lorenz curves of ICU beds by population and service
area at the provincial level in China are shown in Fig. 4.
The Gini coefficients of provincial-level ICU beds by
population and service area in 2021 were 0.14 and 0.68,
respectively. ICU bed allocation by population showed
absolute equity, but ICU bed allocation by service area
showed absolute unfairness.

Spatial autocorrelation analysis of ICU beds

In 2021, the Global Moran’s I for critical care beds by
population allocation was 0.04, but the pvalue was 0.51
(p>0.05). This indicates that the difference in ICU bed
configuration by population was not statistically signifi-
cant and there was no significant spatial autocorrelation.
The Global Moran’s I allocated by service area was 0.22
(p<0.05), showing significant spatial clustering. This
indicates that the areas with an abundance (or scarcity)
of ICU beds in the 31 provinces in China exhibited more
concentrated spatial geographic distributions.

Fig. 2 Distribution of provincial intensive care unit beds by population allocation, China, 2021
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Fig. 3 Distribution of provincial intensive care unit beds by service area allocation, China, 2021

Because the p-value of the Global Moran’s I for ICU
beds distributed by population was not significant, there
was no research significance for performing local auto-
correlation analysis for ICU beds allocated by population.
Thus, the local autocorrelation analysis only examined
ICU beds allocated by service area. The results of the
local spatial autocorrelation analysis of ICU beds dis-
tributed by area are shown in Fig. 5. The “high-high”
type was concentrated in Jiangsu and Zhejiang in eastern
China. The “low-low” type was concentrated in Xinjiang,
Tibet, Qinghai, Gansu Province, Sichuan, Ningxia and
Inner Mongolia in western China. The “high-low” type
was observed in Heilongjiang in the central region. There
were no “low-high” clusters. The overall picture is one of
“low-low” agglomeration in western China and “high-
low” agglomeration in central China. The central region
was characterized by “high-low” aggregation, with occa-
sional “low-low” aggregation. “High-high” clusters were
observed in the eastern region. The rest of the country
exhibited non-significant distributions.

Grey correlation analysis of ICU bed allocation

Factors affecting health resource allocation were
extracted according to a literature review. A total of 12
indicators in three major categories were screened and
analysed as variables affecting the allocation of ICU beds
in this study, as shown in Table 1.

The results of the grey correlation ranking of ICU beds
allocated by service area differed significantly from those
configured by population (Table 2). For ICU beds allo-
cated by service area, Deng’s GRA model and the SS GRA
model showed that the number of RNs per 10,000 square
kilometres significantly influenced (and was correlated
with) ICU bed allocation. In contrast, the absolute GRA
model showed that the number of practising physicians
per 100,000 population was the most important factor
in the distribution of ICU beds. This was followed by the
average length of stay in hospital, the number of RNs per
100,000 population, and the bed utilization rate.
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Fig. 4 Lorentz curve of intensive care unit beds by population and service area, China, 2021

Robustness analysis

Clustering degree analysis of ICU beds based on geographical
density

According to the geographical distribution of ICU beds,
there were obvious differences in the allocation of ICU
bed resources among different provinces. The average
HRAD of the 31 provinces was 3.06. This indicates that
the distribution of ICU bed resources was generally equi-
table. However, the HRAD values of Shaanxi, Yunnan,
Ningxia, Gansu, Heilongjiang, Jilin, Xinjiang, Inner Mon-
golia, Qinghai and Tibet were all less than 1. This indi-
cates that the allocation of ICU bed resources in these
regions was in a state of scarcity in terms of geographi-
cal distribution, and the fairness of service area allocation
was slightly worse. Aside from the 10 provinces men-
tioned above, the remaining 21 provinces had HRAD val-
ues of ICU beds greater than 1. This suggests that these
21 provinces had better equity in the allocation of ICU

bed resources. The difference between the province with
the largest and the smallest degree of clustering was 2237
times (Shanghai 22.37, Tibet 0.01). This verifies the exis-
tence of provincial inequity in the allocation of ICU beds
by service area and obvious geographic aggregation. The
full details of the HRAD analysis of ICU beds by service
area in China are presented in Supplementary File 2.

Correlation analysis

The density of ICU beds according to population was
positively correlated with only the number of discharged
patients. The correlation coefficient was 0.549. In con-
trast, the number of ICU beds by service area was corre-
lated with multiple variables. The ranking of correlation
coefficients from largest to smallest was as follows: the
number of practising physicians per 10,000 square
kilometres was 0.972; the number of RNs per 10,000
square kilometres was 0.968; the proportion of health



Chen et al. Archives of Public Health

(2024) 82:169

Not Significant

M High-High Cluster
High-Low Outlier
Low-High Outlier

M Low-Low Cluster

0 310 620 1.240 Mies

| ED TR W TS A -

Page 9 of 13

\

Fig.5 LISA map of provincial intensive care unit beds by service area, China, 2021

expenditure to fiscal expenditure was 0.697; the per cap-
ita GDP was 0.659; the utilization rate of hospital beds
was 0.533; the number of people aged 65 years and above
was 0.513. These results are consistent with the rank out-
come of the grey correlation analysis. The full correlation
analysis results are detailed in Supplementary File 3.

Discussion

The purpose of this study was to understand the spa-
tial equity of ICU bed allocation in mainland China and
explore the key factors influencing the density of ICU
beds, so as to provide a reference for the rational alloca-
tion of ICU beds.

The results revealed that there was significant unfair-
ness in the allocation of ICU beds by service area in
China. The distribution of beds in provinces and cities
was uneven and the gap was large. For example, the den-
sity of ICU beds in Shanghai and Beijing exhibited abso-
lute advantages. The numbers of ICU beds per 10,000
square kilometres in the three provinces in southwest
China were less than 1/10 of those in Shanghai and Bei-
jing. Even Hebei, which borders Beijing, was ranked at
the bottom of the eastern region. Previous studies have

assessed the equity of the allocation of health resources
in China, finding that the resource allocation in Xinjiang,
Guangdong, Gansu and other regions was quite differ-
ent, with unfair service allocation [41-43]. This is related
to the long-standing population-oriented bed allocation
policy in China. When service area allocation is taken
into account, sparsely populated regions like Inner Mon-
golia and Tibet will have fewer ICU beds. Health resource
allocation policy based on allocation by population rather
than by area can ensure a more equitable distribution of
beds. Similar results have been found in other studies
[44]. Bed allocation shows obvious economic clustering.
Regional economic imbalances are also an important fac-
tor affecting the distribution of beds.

A study in Iran found that when indicators of available
treatment beds are low and unevenly distributed, beds
can be allocated using criteria such as geography, demo-
graphics, length of stay and bed utilization to establish
a balance between demand and supply [45]. Similar to
the situation in China, there are significant regional dif-
ferences in the allocation of health resources in Sudan,
and a resource allocation model that takes into account
the population size and health outcome variables of each
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Table 2 Grey correlation evaluation of ICU bed allocation

Independent variable

ICU bed allocation by population

Rank

ICU bed allocation by service area

Rank
11

7

9

1

4

2

3

SS GRG
0.7054
0.8959
0.856

Rank

M

Absolute GRG

05121

Deng’s GRG

0.8986
0.9252
0.9371
0.9439
0.8534
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state has been adopted [46]. These strategies to address
unequal allocation of health resources by service area are
worthy of attention in developing countries.

In addition, the current results demonstrated that the
spatial distribution of ICU beds in China exhibited obvi-
ous geographical clustering. Among them, the high-high
area of ICU beds was mainly distributed in the eastern
region, and the low-low area was concentrated in the
western region. Jiangsu and Zhejiang, which are econom-
ically developed areas in the east, are densely divided,
and these two regions have some of the highest-quality
hospital resources in the country. Therefore, the num-
ber of ICU beds per square kilometre is high, resulting
in a high-high type area. In the geographically remote
western and some central regions, the large area leads to
an extreme shortage of ICU beds per square kilometre.
Research by Pan [47] demonstrated that western China
provinces are at a distinct disadvantage in terms of bed
allocation. The eastern provinces are able to allocate
more critical care beds due to the advantage of their rich
medical resources. Under the market economic system,
the allocation of health resources tends to cluster in the
central city. Another reason for the geographical agglom-
eration of ICU bed allocation is the regional imbalance
of economic development. Differences in location and
economic development affect the level of healthcare
resource concentration and produce the Matthew effect
(the poorer get poorer, the richer get richer). The cur-
rent results suggest that the Chinese government needs
to focus on the 10 provinces where HRAD values were
low, including Shaanxi, Yunnan, Ningxia, Gansu, Hei-
longjiang, Jilin, Xinjiang, Inner Mongolia, Qinghai and
Tibet. Geographic factors should be properly considered
in order to implement a more equitable regional alloca-
tion policy for ICU beds.

Several factors were found to influence ICU bed allo-
cation by population and service area. Here, we discuss
the top-ranked correlates. One of the most important
indicators influencing the allocation of beds by popula-
tion was the number of discharges from the ICU. This is
consistent with the findings of existing studies [48, 49].
This finding suggests that the demand for ICU beds in
a region is the central factor influencing the distribu-
tion of beds. This result implies that the ICU bed alloca-
tion strategy based on population is consistent with the
supply-demand economy principle in China. However,
ICU beds are a scarce health resource, thus, equity prin-
ciples are also very important. Allocation only according
to population may lead to spatial inequality. The current
results suggest that the strategy of allocating ICU beds by
population in China satisfies the economic principle of
balancing supply and demand. When critically ill patients
can be discharged quickly, the vacated beds can be used
for other patients in need of critical care, thus improving
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the efficiency of treatment and solving the problem of
insufficient beds in critical situations.

Previous studies have reported that nurses are more
closely associated with inpatient services [50]. The cur-
rent study examined the impact of the number of RNs
on ICU bed density. This variable ranked highly in the
bed density analysis both per 100,000 population and
per 10,000 square kilometres. RN allocation was more
sensitive to ICU bed density compared to practising phy-
sicians. The number of people over the age of 65 years
was also an important correlate of ICU beds allocated by
area. As the population ages, these older individuals may
be more likely to require critical care. The GDP per capita
was also associated with the allocation of ICU beds. This
is consistent with the results of Chen, who found that
GDP can have a positive impact on health resource allo-
cation [51]. According to the current study results, it is
recommended that the allocation of ICU beds be planned
and rationalized on the basis of the socioeconomic devel-
opment, demographic structure, health and disease
conditions, needs of different populations, and hospital
operations in the 31 provinces in China.

Conclusions

Reducing spatial inequality in ICU bed allocation by ser-
vice area should be one of the key policy objectives for
the high-quality development of China’s healthcare sys-
tem. The results of this study suggest that there is a large
disparity in the distribution of ICU beds per square kilo-
metre across different regions in China. However, there is
little disparity in the distribution of ICU beds per 100,000
population. No significant spatial autocorrelations were
observed in the aggregation of ICU beds by population
allocation, while significant aggregation was observed by
service area distribution. The bed utilization rate had the
strongest association with ICU bed allocation by popu-
lation. The geographic density of RNs was a strong fac-
tor associated with ICU bed allocation by service area.
Adequate numbers of practising physicians and RNs can
help to balance the critical care bed spatial allocation
and improve the spatial equity of access to critical care
services.

Strengths and limitations of the study

Several limitations of this study should be noted. First,
this study was cross-sectional. Therefore, it was not
possible to evaluate the trends in the evolution of criti-
cal care bed density during the recent healthcare reform
process in China or to explore causality. Moreover, this
study considered a limited number of correlates and may
have omitted important influential variables. Third, the
feasibility, cost-effectiveness and potential unintended
consequences of the policy recommendations proposed
in this study were not fully considered. Based on this,
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subsequent studies could conduct more detailed research
on the factors affecting ICU bed allocation.
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