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ABSTRACT

Objective Little is known about spatial variability of
hospitalisation rate (HR) of patients with rheumatoid
arthritis (RA) worldwide, especially in China.

Methods A cross-sectional study was conducted among
patients with RA admitted to hospitals in Hunan Province.
Global Moran’s /and local indicators of spatial association
were used to explore the geospatial pattern of the HR of
patients with RA. Generalised estimating equation analysis
and geographically weighted regression were used to
identify the potential influencing factors of the HR of
patients with RA.

Results There were a total of 11599 admissions, and

the average HR was 1.57 per 10 000 population in Hunan.
We detected different cluster patterns of the HR among
patients with RA by local indicators of spatial association.
Age, ethnicity, average temperature, average temperature
range, average rainfall, regions, gross domestic product
per capita, and doctors and hospitals per 10000 people
were risk factors for the HR. However, only average
temperature, gross domestic product per capita and
hospitals per 10000 people showed different regression
coefficients on the HR in different counties. The increase in
hospitals increased the probability of HR from east to west
in Hunan with a positive coefficient, while temperature
decreases increased the risk of HR from south to north
negatively. Similarly, the growth of gross domestic product
per capita decreased the probability of HR from southwest
to northeast.

Conclusion A non-random spatial distribution of the HR of
patients with RA was demonstrated in Hunan, and average
temperature, gross domestic product per capita and
hospitals per 10000 people showed different regression
coefficients on the HR in different counties. Our study
indicated that spatial and geostatistics may be useful
approaches for further study among patients with RA.

INTRODUCTION

Rheumatoid arthritis (RA) is an autoim-
mune disease characterised by abnormal
synovial hyperplasia and progressive destruc-
tion of cartilage and bone, affecting approx-
imately 0.5%-1% of the adult population
worldwide." * Although the aetiology and
pathogenesis of RA remain unclear, it is
generally believed that multifactorial factors
are involved, combining genetic predisposi-
tions®*and a variety of environmental factors,
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This is the first spatial analysis of geographical
variation in the hospitalisation rate of patients with
rheumatoid arthritis (RA) at the district and county
levels in Hunan, China.

= The data came from secondary and tertiary hospi-
tals from provincial administrative databases, which
increased accuracy.

= Geospatial analysis, a promising in-depth approach
in the study of RA, was used.

= Many risk factors, such as air pollutants, were not
fully investigated due to a lack of data.

such as smoking, infection, microbiota, air
pollution and climate factors.”

There are differences in the incidence of
RA. Alamanos et al'’ showed that RA varies
geographically, with southern European
countries having lower median incidence
rates than northern European countries and
North America. Geographical variation in
incident RA has also been observed at the
regional level in the USA."' '* The findings
suggest women living at higher latitudes may
be at greater risk for RA. Furthermore, the
risk of RA may be greater for locations that
occur earlier in residential histories. Similar
geographical clusters were observed for other
autoimmune diseases, such as systemic lupus
erythematosus, dermatomyositis, polymyositis
and vasculitis."*™"® Recently, Liu et al found a
notable rural-urban variation in RA preva-
lence in Alberta, Canada. However, little is
known about what is behind these geograph-
ical differences. Geostatistics are emerging
tools that combine statistical, geograph-
ical and epidemiological methodologies in
describing the spatial characteristics of both
infectious and non-infectious diseases, which
may be a promising in-depth approach in the
study of RA, providing more information on
genetic, socioeconomic and environmental
information while simultaneously taking
into account their spatial diversity. Most of
the previous work on the pathogenesis and

BM)

Ge Y, et al. BMJ Open 2023;13:e075088. doi:10.1136/bmjopen-2023-075088 1

* (s3gv) Jnaladns juswaublasug
| 8p anbiyde.bollqig souaby 1e GZoz ‘€T aunr uo /woo'fwg uadofwg/:dny woiy pspeojumoq €202 18qWSAON 2 U0 8805/0-£202-uadolwa/9eTT 0T se paysiignd 1siy :usdo riNg

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold


http://bmjopen.bmj.com/
http://orcid.org/0000-0003-4378-6990
http://orcid.org/0000-0001-8071-5927
http://dx.doi.org/10.1136/bmjopen-2023-075088
http://dx.doi.org/10.1136/bmjopen-2023-075088
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2023-075088&domain=pdf&date_stamp=2023-10-24
http://bmjopen.bmj.com/

prevalence of RA explores potential risk factors using
classical statistical techniques.

The hospitalisation rate (HR) is an important index
which can reflect the local medical and health service
capacity and, to some extent, may indicate the prevalence
and onset of disease.'® In addition, hospitalisation of
patients consumes the majority of medical resources. To
date, the application of geospatial analyses in the HR of
patients with RA and its risk factors, especially in China,
is lacking in the literature. Therefore, we conducted a
geospatial study to explore the spatial distribution of the
HR of patients with RA in Hunan province from a global
to local scale and to investigate the potential geograph-
ical, socioeconomic, environmental and healthcare risk
factors while simultaneously considering their spatial
diversity.

MATERIAL AND METHODS

Study location

Hunan Province is located in the southern-central China
(24°38'N-30°08'N, 108°47'E-114°15’E), with a total area
of 211800 km?’ (http://www.gov.cn/guoqing/2005-09/
18/content_5043917.htm). The terrain is a horseshoe-
shaped landform surrounded by mountains on three
sides and facing the north, and it has a subtropical
monsoon climate. Hunan Province has jurisdiction over
14 prefecture-level administrative regions, including
13 prefecture-level cities and 1 autonomous prefecture.
There are 36 municipal districts, 19 county-level cities,
60 counties and 7 autonomous counties, totalling 122
county/district-level divisions. In 2019, Hunan Province
had a total population of 73.1953 million people and a
gross domestic product (GDP) of 3975.21billion yuan
(http://tjj.hunan.gov.cn/). The Dongting Lake region is
an area around Dongting Lake, which is located south
of the middle reaches of the Yangze River and north of
Hunan Province. In terms of administrative regions, the
Dongting Lake region includes 21 counties and districts
belonging to Yueyang, Yiyang and Changde in Hunan
Province, with a land area of approximately 31 700 km?,
accounting for 15% of the province’s total area. The
Dongting Lake region is a famous ‘land of fish and rice’,
rich in natural resources, with a large population and
relatively high economic level. In this study, Hunan Prov-
ince was chosen as the representative region of southern-
central China, which has four distinct seasons with a
varied climate throughout the year and contains many
geographical elements, such as mountains and lakes.
These geographical advantages are helpful for studying
the effects of the HR of patients with RA on population
health and extrapolating the results.

Data collection

This study enrolled patients aged 16 or older who were
admitted to secondary or tertiary hospitals with main
diagnosis of RA from 1 January 2019 to 31 December
2019 using the statistical information Direct Reporting

System of the Hunan Health Commission. RA-related
records were identified as those with the International
Classification of Diseases, 10th Revision codes of M05.X
or M06.X. The admission times of patients were collected
as well as their individual demographic data, including
age, sex, permanent address, place of origin, residential
postcode and vital status. In this study, we used the perma-
nent address to define the patient’s location rather than
his or her place of origin. The names, ID numbers and
telephone numbers of patients were deidentified in the
data collection phase. Data confidentiality principles were
followed throughout this study. Patients and the public
were not involved in the design, conduct, reporting or
dissemination plans of our research.

The independent variables were selected based on the
literature review and a priori expert knowledge about
the variables that were known to be associated with the
time as well as on their availability in the dataset.” """
Meteorological data (temperature, air pressure and
rainfall) were collected from the China Meteorological
Data Network (https://data.cma.cn/). Map information
came from the standard map service system (http://bzdt.
ch.mnr.gov.cn/). Spatiotemporal kriging interpolation
analysis was used to complement the daily meteorolog-
ical data for each district/county of Hunan Province in
2019, then the average annual value was calculated as
the total daily value divided by 365 days. The popula-
tion, economy (GDP; GDP per capita, PGDP) and health
resource (number of doctors, number of beds, number
of hospitals) data for each district/county were collected
from Hunan Statistical Yearbook 2019 (http://tjj.hunan.
gov.cn/). The HR of patients with RA in Hunan and in
each district/county were calculated per 10000 popula-
tion (the total RA admissions divided by the number of
permanent residents), as well as GDP, PGDP, numbers
of doctors, numbers of beds and numbers of hospitals.
ArcGIS V.10.8 was used to make a spatial distribution
map of the HR and other variables in Hunan Province at
the district/county level. The same colour with different
shades indicates the variables, the darker the colour, the
greater the values of the variables in this area.

Data checking and data screening were also carried out:
(1) logical verification was performed by removing cases
with obvious logical errors and duplication, such as indi-
viduals with 0 hospitalisation costs. Patients with multiple
admissions on the same day were counted as a single
admission; (2) missing data, such as cases with missing
vital information (such as present residence, household
registration address or discharge diagnosis information)
were deleted; (3) for outliers, graphical representation
and Q-test were used to discriminate univariate outliers,
and multivariate outliers were determined by Mahala-
nobis distance. The discovered outlier data were verified
for deletion or conversion.

Statistical methods

In this study, quantitative data were presented as the
medians and the 25th—75th percentile IQRs. Data, such
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as demographic data, meteorological conditions, socio-
economic factors and medical resources, were described
as frequency (percentage) percentiles. The x* method
was used for intergroup comparisons of categorical vari-
ables, and the statistical significance level was corrected
by Bonferroni correction. Global spatial autocorrelation
analysis and local spatial autocorrelation analysis were
used to determine whether the HR of patients with RA
was clustered in the province and to analyse the index of
local spatial autocorrelation. The included variables were
divided into county and individual levels. To analyse the
influencing factors more scientifically, a generalised esti-
mating equation (GEE) in two levels was used (district/
county level and individual level) to identify the influ-
encing factors of the HR of patients with RA. ORs and
95% CIs) were calculated, and variables with a p<0.05
were considered candidates for the geographically
weighted regression (GWR) model, which was used to
reveal the spatially varying relationships between the RA
admission rates and the influencing factors and a set of
location-specific parameter estimates. We also conducted
Ordinary least square (OLS) and collinearity tests on vari-
ables that can be included in GWR to ensure that vari-
ables were not omitted. Data were analysed by using SPSS
statistical software (V.26.0, IBM) and ArcMap (V.10.8,
ESRI, Redlands, California, USA). Districts and counties
served as the basic units for spatial analysis (n=122).

Global spatial autocorrelation analysis

The global spatial autocorrelation analysis started from
the macrolevel of the whole province and compared
the mean value of the attribute in the general area and
the attribute value for each spatial unit to obtain the
average degree of association between the HRs of RA in
various districts/counties across the province. That is, we
conducted an analysis on whether the HR of patients with
RA was clustered within the province. Global Moran’s /is
a commonly used global correlation index ranging from
-1 to 1.* 150 indicates a positive spatial correlation at the
given significance level. The larger the value is, the more
pronounced the spatial correlation; a high HR of RA accu-
mulates in space with a high HR of RA and a low HR of
RA accumulates spatially. /<0 indicates a negative spatial
correlation. The smaller the value is, the more significant
the spatial difference, and the greater the tendency of a
high HR of RA to cluster with low HR of RA. If /=0, the
observations are randomly distributed in space.”’ This
method describes whether there is a clustering phenom-
enon but cannot confirm where the clustering area is.

Local spatial autocorrelation analysis

The local indicator of spatial association (LISA) is the
analysis index of local spatial autocorrelation analysis.” In
this study, LISA was used to measure the degree of spatial
dependence between the RA admission rates of a district/
county and the RA admission rates of its neighbouring
districts/ counties and identify its spatial cluster pattern in
a local space. There are four spatial correlation patterns:

high-high (H-H) cluster, low-low (L-L) cluster, high-low
cluster and low-high cluster. The H-H cluster and L-L
clusters indicated that the HR of RA had a strong positive
spatial correlation. The two patterns indicated that the
high-HR RA areas were adjacent to the high-HR RA areas,
and the low-HR RA areas were adjacent to the low-HR RA
areas. The high-low cluster and low-high cluster signified
that the HR of RA had a strong negative spatial correla-
tion. The two patterns mean that high-HR RA areas are
adjacent to low-HR RA areas.

Two-level GEE

The GEE is used to estimate the parameters of the gener-
alised linear model, which was first proposed by Zeger et al
in 1986.% It is a regression model for analysing correlation
data by using the quasi-likelihood estimation method to
estimate parameters in the generalised linear model and
repeated measurement data. In addition to the normal
distribution, the GEE uses the connection function to
fit the stress variables of binomial distribution, Poisson
distribution, gamma distribution and other distributions
into corresponding statistical models, which solves the
problem of non-independence of repeated measurement
data and can obtain robust parameters.

In this study, we used the GEE at two levels (district/county
level and individual level) to study the influencing factors of
HR of patients with RA. The dependentvariable was the HR of
the patients with RA, and according to the literatures review,
independent variables at the district/county level included
(1) environmental factors, such as the average temperature,
average temperature range, average air pressure, average
rainfall, whether the location was the Dongting Lake region
and seasons; (2) socioeconomic indicators, including PGDP,
GDP and population and (3) healthcare resources, including
the number of doctors, number of beds and hospitals per
10000 people. Independent variables at the individual level
included sex, age and ethnic group. The correlation among
the variables were tested. A pair of variables with a correlation
coefficient greater than 0.7 were considered to be strongly
correlated, and we also took VIF>b as the basis for collin-
earity.”* A better variable was selected to be included in the
model according to the clinical significance and the good-
ness of fit of the model. Finally, sex, ethnicity, age, average
temperature, average temperature range, average rainfall,
Dongting Lake area, PGDP, number of hospitals and number
of doctors were chosen for the final regression model, as our
preliminary analyses found that there was a high correla-
tion between average temperature and average air pres-
sure (r=—0.8674), number of beds and number of doctors
(r=0.940), and GDP and PGDP (r=0.787).

Geographically weighted regression

GWR considers spatial dependency by performing several
separated regressions, identifying significant geograph-
ical clusters within the studied area.”” Additionally, GWR
produced an estimate for the association between the HR
of patients with RA and its predictor variables from analysis
of the local spatial variability for each district and county.
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Table 1 Characteristics of hospitalisations of patients with rheumatoid arthritis in Hunan in 2019
Hospitalisations (n, %) Hospitalisation rate (per 10000 people) P value
Total 11599 (100) 1.57
Gender <0.001
Male 3376 (29.1) 0.91
Female 8223 (70.9) 2.32
Age groups in years <0.001
16-18 28 (0.2) 0.024*t
19-59 4694 (40.5) 0.86
>60 6877 (59.3) 10.71*
Ethnic group <0.001
Han 11211 (96.7) 1.88
Ethnic minorities 388 (3.3) 0.58
Region <0.001
Dongting Lake 2491 (21.48) 2.06
Non-Dongtin Lake 9108 (78.52) 1.61
Seasons <0.001
Spring (March-May) 3195 (27.6) 0.44
Summer (June-August) 3139 (27.1) 0.43%
Autumn (September-November) 2848 (24.6) 0.39%
Winter (December-February) 2417 (20.8) 0.33%

*Compared with the 19-59 years group, p<0.01.
TCompared with 60 years and above group, p<0.01.
FCompared with the spring (March-May), p<0.01.

It is assumed that the regression coefficient is a function of
regional geographical location and changes in geographical
location. In this study, meaningful independent variables
from the GEE results were selected for the GWR model. The
Akaike information criterion (AIC) and R? were adopted to
build the best fit model for analysis; the smaller the AIC and
larger the R? were, the better model was. Based on Raza O et
al,25 the GWR model with one independent variable can be
expressed as follows:

yi = Bo (wivi) + B1 (wivi) xi+€;

where u, and v, are the coordinates of the ith location,
and S, (u, v) is the local intercept for ith location, f, (u,
v) is the estimated local regression coefficient for the ith
location and ¢, is the random error at the ith location.

Patient and public involvement
Patients or the public were not involved in the design,
conduct, reporting or dissemination plans of our research.

RESULTS

Characteristics of hospitalisations of patients with RA in
Hunan

Basic and admission information of patients with RA is shown
in table 1. In 2019, the total number of hospitalisations of
patients with RA in Hunan Province was 11 599, including
8223 (70.9%) females and 3376 (29.1%) males (2.441:1). The
median age of the admitted patients with RA was 63(P,,=54,

P_=70) years. Patients aged 60 and above accounted for
59.3% (6877), those aged 19-59 accounted for 33.9% (4694)
and those aged 16-18 accounted for 0.2% (28). The total HR
was 1.57 per 10000 people, and significant differences were
found in terms of sex, age groups, ethnic groups, regions
(whether the patients were located in the Dongting Lake
region) and seasons ($<0.001). The HR of patients with RA
was much higher among female, elderly people (=60 years),
those of Han ethnicity and in the region around Dongting
Lake ($<0.01). Regarding admission time, there was a higher
HR of patients with RA in spring than in summer, autumn
and winter (p<0.01).

Distribution of the HRs of patients with RA and demographic
data, meteorological conditions, socioeconomic factors and
medical resources among 122 counties and districts in Hunan
Online supplemental table 1 lists the basic information of
demographic data, meteorological conditions, socioeco-
nomic factors, medical resources and HRs for patients with
RA at the district/county level (n=122). Higher HRs of
patients with RA were observed in the central area, the north-
east region and the Dongting Lake basin in Hunan Province
(figure 1). In contrast, the lowest HRs were observed in
regions mainly located in the mountainous areas. There was
only one patient with RA admitted in Wu lingyuan District,
Zhang jiajie, with a low HR of 0.01 per 10000 people, while
in Xiangxiang, a city near the provincial capital of Changsha,
the HR was 26.57 per 10000 people. A significant variation
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Figure 1

Distribution of the HR and average demographic data, meteorological conditions, socioeconomic factors and

medical resources among 122 districts and counties in Hunan in 2019. A non-random distribution of HR for patients with
RA was demonstrated in 122 districts and counties in Hunan (A), and distribution of demographic data (population per10
000 people, sex portion (F/M); B-C), meteorological conditions (temperature, air pressure, temperature range, rainfall; D—
G), socioeconomic factors (GDP, PGDP; H-l) and medical resources (doctors, beds, hospitals per 10000 people; J-L) were
different in Hunan. GDP, gross domestic product; HR, hospitalisation rate; PGDP, per capita gross domestic product; RA,

rheumatoid arthritis.

in the distribution of HRs among patients with RA was noted
in different districts and counties as well as the distribution
of other climatic factors, socioeconomic indicators and
medical resources (figure 1).

Global and local spatial autocorrelation of the HRs of patients
with RA among 122 districts and counties in Hunan, China
Global spatial autocorrelation analysis showed a globally
spatiality of the HR of patients with RA in Hunan Prov-
ince (Moran’s /=0.2585, Z=4.0318, p<0.000). LISA analysis
detected two HH pattern clusters (Ningxiang county and

Shuangfeng county) in the central regions of Hunan, in
which high RA admission rates close to neighbours were
also associated with high RA admission rates. Eleven LL
pattern clusters were also observed in the northwestern
and southern mountainous areas in Hunan, indicating
districts and counties with low RA admission rates with
neighbours with low RA admission rates (figure 2, online
supplemental table 2). Notably, six L-L clusters (four
districts and two counties) were found in Hengyang
city. We also found one high-low pattern cluster and
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Figure 2 Spatial distribution clusters of the HR of patients with RA among 122 districts and counties in Hunan in 2019 by
local indicators of spatial association (LISA) analysis. LISA analysis indicates clusters according to high and low HR distribution

patterns. HR, hospitalisation rate; RA, rheumatoid arthritis.
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Table 2 The two-level GEE analysis for risk factor of the HR of patients with RA in Hunan in 2019

95% ClI

Variables OR P value Lower Upper
(Intercept) 216.868 - <0.001 150.845 311.788
Gender

Female 1.036 0.213 0.848 1.151

Male 1
Age

16-18 0.089 <0.001 0.024 0.139

19-59 0.837 <0.001 0.742 0.913

>60 1
Ethnic group

Han 4.482 <0.001 3.341 5.868

Ethnic minorities 1
Temperature 0.876 <0.001 0.785 0.983
Temperature range (°C) 1.459 <0.001 1.246 1.641
Rainfall (mm) 0.997 <0.001 0.996 0.999
Region

Non-Dongting 1

Dongting Lake 1.340 <0.001 1.145 1.511
PGDP 0.953 <0.001 0.936 0.983
Doctors (per 10000 people) 0.965 <0.001 0.948 0.971
Hospitals (per 10000 people) 1.167 <0.001 1.157 1.181

Estimated ORs were compared with the reference (OR=1) in each group.
GEE, generalised estimating equation; HR, hospitalisation rate; PGDP, per capita gross domestic product; RA, rheumatoid arthritis.

five low-high pattern clusters in Hunan. The global and
local spatial autocorrelation coefficients were considered
significant at p<0.05.

Factors including demographic indicators, meteorological
conditions, socioeconomic conditions and medical resources
were associated with the HR of patients with RA in Hunan in
two-level GEE analysis

In the two-level GEE analysis, age, ethnicity, average
temperature, average temperature range, average rainfall,
regions (whether the patients were located in the Dongting
Lake region area or not), PGDP and the number of doctors
and hospitals per 10000 people were risk factors for hospi-
talisation among patients with RA, sex was not a risk factor
(p=0.213, table 2). Among the factors, the average tempera-
ture range and number of hospitals per 10000 had a slightly
positive effect on the HR of patients with RA (OR 1.459; 95%
CI 1.246 to 1.641; p<0.001; OR 1.167; 95% CI 1.157 to 1.181;
#<0.001). In contrast, the risk of hospitalisation was nega-
tively correlated with temperature, rainfall, PDGP, number
of doctors per 10000 people (OR 0.876; 95% CI 0.785 to
0.983; p<0.001; OR 0.997; 95% CI 0.996 to 0.999; p<0.001;
OR 0.953; 95% CI 0.936 to 0.983; p<0.001; OR 0.965; 95%
CI 0.948 to 0.971; $<0.001). The subgroup analysis demon-
strated the risk of hospitalisation in the Han group, the
elderly group (=60 years), and the Dongting Lake region

group was much higher than that in the minority group,
the younger group (<60 years) and the non-Dongting Lake

region group ($<0.001).

The impact of average temperature, PGDP and number of
hospitals on the HR of patients with RA among 122 districts
and counties in Hunan by GWR analysis

To further identify risk factors that had the greatest geospa-
tial impact on the spatial distribution of HRs among patients
with RA, we performed a multivariate spatial regression anal-
ysis using GWR based on the above GEE analysis.

The GWR model showed that average temperature,
PGDP, hospitals per 10000 people were independent
influencing factors for the HR of patients with RA with
spatial trend (R® 0.521; adjust R* 0.493; AIC 124.543).
The distinctive spatial impact of each significant variable
on the HR of patients with RA is indicated in figure 3.
The effect of average temperature and PGDP on the HR
of patients with RA in Hunan Province was negative. The
great reduction in temperature, the lower of the PGDP
and the higher the HR of patients with RA. Overall, the
influence of temperature on the HR decreased from the
south of Hunan to the northern regions (regression coef-
ficient -0.0548 to —-0.0546)and the HR of patients with
RA in the south was more likely to be affected by average
temperature. Similarly, the influence of PGDP decreased
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Figure 3 The effect of average temperate, PGDP and hospitals per 10000 on the hospitalisation rate (HR) of patients with
rheumatoid arthritis (RA) among 122 districts and counties in Hunan by GWR analysis. Average temperate, PGDP and hospitals
per 10000 show distinctive spatial impact on HR of patients with RA. GWR, geographically weighted regression; PGDP, per

capita gross domestic product.

from the southwest to the northeast regions in Hunan,
which means that the HR of patients was more likely to
be affected by PGDP in the southwest (regression coef-
ficient —0.0637 to —0.0634). In contrast, the impact of
the number of hospitals per 10000 people on the HR
of patients with RA was positive and increased from the
eastern to the western regions; the greater the number of
hospitals was, the higher the HR of people was, especially
in western Hunan (regression coefficient 0.0257-0.0258).
The GWR analysis suggested that the HR of patients with
RA was indeed affected by local temperature, PGDP and
the number of hospitals and varied by region.

DISCUSSION

RA is a chronic autoimmune disease and a leading cause
of working disability, and this situation will become more
serious with the increase of ageing. Although the aeti-
ology is not entirely clear, RA is a multifactorial disease
involving genetics, immunology and environment. The
ultimate therapeutic goal for RA is to achieve long-term
disease remission or low disease activity. Thus, the manage-
ment of RA requires collaboration not only between
patients and health provider but also the formulation of
corresponding medical policies, medical resource alloca-
tion and support from the government. There are large
gaps in economic conditions, medical resource allocation
and medical service efficiency among different regions
in China and even different cities in the same province,
and meteorological conditions differ by region. In this
study, the spatial distribution of the HR of patients with
RA by district/county was first evaluated, and its associ-
ation with demographics, meteorological conditions,

socioeconomic indicators and medical resources, taking
spatial dependence into account, by GWR analysis and
GEE analysis was investigated in Hunan, a southern-
central province in China with a median national PGDP
level. To the best of our knowledge, this is the first spatial
analysis study on the HR for patients with RA in China.
In 2019, the annual HR for RA was 1.57 per 10000
people in the whole province, but we found a notable vari-
ation from 0.01 case/10 000 population to 26.57 cases/10
000 population between geographical areas. The HR of
patients with RA was significantly higher in the central and
northeast areas and the Dongting Lake region in Hunan.
We identified 2 H-H clusters located in the northeastern
and central region and 11 L-L clusters located in moun-
tain areas. Furthermore, we investigated the possible risk
factors associated with disparities in the HR of patients
with RA in Hunan. Notably, age, ethnicity, temperature,
temperature range, rainfall, Dongting Lake area, PGDP
and number of doctors and hospitals per 10000 people
were risk factors ($<0.001) in the GEE analysis. However,
only temperature, PGDP and number of hospitals per
10000 people were related to the risk of hospitalisa-
tion among patients with RA in GWR when considering
spatial dependence. In total, patients in regions with
lower temperature, lower PGDP or more hospitals per
capita had a higher risk of hospitalisation. Notably, the
influence of temperature, PGDP and number of hospi-
tals on the HR of patients with RA in Hunan varied by
region. These spatial variations and risk factors should be
considered when designing evidence-based interventions
and planning programmes to improve RA care in Hunan.
Our findings highlight the need for regional approaches
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for the planning and delivery of RA care as well as the
management of patients with RA. Further studies should
investigate the underline pathogenesis of the difference
in HRs among patients with RA in Hunan, especially the
relationship with temperature, PDGP and numbers of
hospitals per 10000 people.

A total of 11 599 patients with RA were admitted to
hospitals in Hunan in 2019, with a female predominate,
and the mean age was 63 (54, 70) years old, which was
similar to the results in other reports in China.’ In our
study, the HR of RA was 1.57 per 10000 population, which
was much lower than the prevalence of RA (approximately
0.5%-1% of the adult population). In recent years, a
decrease in the number of RA hospitalisation in Western
countries has been reported. The number of RA hospi-
talisation in Washington, USA, decreased from 202.6 per
100000 population in 1995 to 87.3 per 100000 popula-
tion in 2002.'° In New Zealand, the HR of RA decreased
from 11.3 to 8 per 100000 inhabitants between 1995 and
2002.%° In Canada, the annual HR of RA was decreased
from 15.4 to 12.4 per 100000 population between 2000
and 2002.%” Due to the lack of data on the HR of patients
with RA in Hunan, even in China, it is difficult to know
whether the HR will decrease or increase, but there has
been dynamic change in recent years. On one hand, the
HR may increase because of the overall improvement
in the numbers of rheumatologists and departments in
hospitals, access to information and health insurance
system coverage in low-income areas for patients. On the
other hand, as an increasing number of patients with
RA are detected early and receive better management, a
decline in the HR of patients with RA might occur.

The spatial distributions of infectious diseases have been
extensively studied,™ ™" for the spread of the pathogenic
microbial agent. However, non-communicable diseases in
humans also show clustering in space. Such is the case for
heart diseases, diabetes and autoimmune inflammatory
rheumatic diseases.'”*' ™’ Sapina et alfound thatincidences
of childhood IgA vasculitis and IgA vasculitis-associated
nephritis in Croatia were not randomly distributed but
clustered in space.” An enormous variation in the HRs
of patients with RA among 122 districts and counties in
Hunan was found, ranging from 0.01 to 26.57 per 10000
population. In addition, the existence of spatial autocor-
relation was observed in the HR of RA in our study. H-H
clusters of HR for patients with RA were found in Ningx-
iang county and Shuangfeng county in the northeastern
and central areas, showing higher positive HR autocor-
relations in those areas. Ningxiang county is located in
the capital city of Changsha. Five L-L clusters were found
dispersed partially in the northwestern, southeastern and
southern mountainous areas, while other six L-L clusters,
belonging to Hengyang city, were located in the south-
central part of Hunan. Surprisingly, Shuangfeng county,
an H-H cluster, was near the L-L clusters in Hengyang city.
One of the possible reasons may be their geographical
differences. The terrain of Shuangfeng is closer to the
northern and central plains but separated from the latter

by Mountain Hengshan. However, subsequent questions
arise and should be discussed: why do these hotspots and
cold spots occur, and how can they be explained?

Previous studies using GAMs and GLS have shown that
incident RA varies geographically at the regional level in
the USA as well as worldwide."' ' The findings suggested
that women living at higher latitudes may be at greater
risk for RA. Furthermore, the risk of RA may be greater for
older locations with a longer residential history. Recently,
a significant rural-urban variation in RA prevalence in
Alberta, Canada, was reported in 2021."° The authors
reported factors such as obesity, socioeconomic factors,
genetic and environmental factors such as aboriginal and
immigrant status, and local meteorological conditions
may partially explain these variations.

Consistent with the HR, the demographic characteris-
tics, meteorological conditions, socioeconomic indicators
and healthcare resources also demonstrated geospatial
discrepancies at the district and county levels in our study.
In addition, we found that age, ethnicity, temperature,
temperature range, rainfall, Dongting Lake region, PGDP
and number of doctors and hospitals per 10000 people
were risk factors for hospitalisation among patients with
RA in the GEE analysis.

However, if we consider the spatial variation, only
temperature, PGDP and number of hospitals per 10000
people affected the risk of hospitalisation among patients
with RA with spatial dependence using the GWR model.
There have been many studies on the effect of tempera-
ture on RA incidence, joint pain and medical seeking
behaviours, such as clinic visits or admissions; however,
the results are conflicting, which may be mainly explained
by different statistical analysis methods and adjustment
for climate covariates. Recently, Huang et af’ reported
the exposure to cold temperatures increased the risk
of RA admissions in Anhui using spatiotemporal series
analysis with a distributed lag non-linear model. Notably,
we found that the influence of temperature on the HR
was negative regardless of whether spatial dependence
was considered. A significant trend was demonstrated
in which the effect of temperature on the HR increased
from north to south. When the temperature dropped,
the risk of hospitalisation among patients with RA in the
southern area increased slightly compared with that in
the northern area. This result indicated that geospatial
analysis may provide a new approach in future studies to
address the conflicting influence of climate factors in RA
and other autoimmune and inflammation diseases. Low
temperatures were also associated with increased risks
of all types of inflammation-related diseases in Yanchi
County, Ningxia, China (RR 4.344, 95%CI 2.887 to
6.535).” Abundant evidence indicates that extreme high
or low temperatures could increase risks of mortality and
morbidity for cardiovascular and respiratory diseases.”*’
Some researchers believe that the underlying reasons may
be that inflammatory factors such as interlukin-6 and C
reactive protein play an important role in triggering the
adverse effects of low or extreme temperatures.” >
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It is well known that lower socioeconomic status
increases the risk of RA prevalence, functional decline
and overall mortality rate over time.*”*! In this study, we
also demonstrated that lower PGDP was associated with
a higher risk of hospitalisation among patients with RA,
and the effect of GDP showed spatial variation in different
regions in Hunan. The HR of patients with RA seemed
more likely to be affected by the PGDP in the southwest,
while it was much lower in the northeast region. Greater
attention should be given to the economic situation
of patients with RA in the southwest region, and more
should be done to improve their poverty. In addition,
the inequalities in healthcare, low accessibility to health-
care centres and limited health coverage offered to the
patients may also be responsible for the HR of RA. In this
study, the number of hospitals per 10000 people had a
positive effect on the HR of patients with RA. In addition,
the impact of the number of hospitals per 10000 people
on the HR of patients with RA was positive, increasing
from the eastern to the western regions in Hunan. The
greater the number of hospitals was, the higher the HR,
especially in western Hunan. This was consistent with
the lack of healthcare centres in the western region of
Hunan. Thus, increasing access to healthcare centres
and the disrupting barriers to healthcare delivery would
greatly benefit patients with RA in western Hunan in the
future. Large-scale studies based on epidemiological and
physiological data are necessary to further determine
whether there are differences in the HR of RA and the
related mechanisms behind the influence of tempera-
ture, economic level and medical resources on the HR
of patients with RA. The GWR analysis suggested that
inequalities in healthcare and major disparities in indi-
vidual income and local temperature may be responsible
for the HR of patients with RA in Hunan. However, there
are also other factors that affect the HR of RA.

This study has strengths and limitations. First, we
applied spatial analysis to explore the geographical vari-
ation in the HR of patients with RA at the district and
county levels, which may fill the gap in the knowledge
of the HR of patients with RA at local levels in Hunan,
providing important information for healthcare plan-
ning. Second, our study indicated that geospatial analysis
may be a promising in-depth approach in the study of
RA, providing more genetic, socioeconomic and environ-
mental information. However, several limitations must be
taken into consideration when interpreting the results.
First, this was a cross-section study from Hunan Prov-
ince that used provincial administrative databases from
secondary or tertiary hospitals as the source. All of these
factors may have led to biases. Previous studies suggest
that the RA case definition using health administrative
databases has excellent sensitivity when multiple physi-
cian claims are included.” Due to the lack of rheuma-
tologists in primary hospitals in Hunan, we believe that
these estimates may largely represent the true number of
hospitalisations for patients with RA in Hunan Province.
However, these data have inherent limitations and should

be interpreted with caution. Second, we used the annual
average data of climate factors for analysis, ignoring their
short-term influence on the patients, which needs to be
further studied in subsequent studies. Third, there are
numerous determinants of the HR of patients with RA;
nevertheless, a number of risk factors, such as air pollut-
ants, were not investigated in the present study due to
the lack of data, which may be considered as a limitation
of the present study. Fourth, GWR can analyse the HR of
RA from multiple spatial factors but ignores the different
spatiotemporal scales of various factors. Thus, for a more
reasonable analysis, we first took a two-level GEE to iden-
tify significant variables. Finally, it is not possible to accu-
rately ascertain individual exposures, which may have led
to certain measurement biases.

CONCLUSION

A non-random spatial distribution of the HR of patients
with RA was demonstrated in Hunan. In addition, average
temperature, PGDP and hospitals per 10000 people
showed different regression coefficients across the regions
on the HR of patients with RA. Our study indicated that
spatial and geostatistics may be useful approaches for
the further study in RA to provide more information on
genetic, socioeconomic and environmental risk factors
while taking into account their spatial diversity.

Author affiliations

"Department of Rheumatology and Immunology, The Second Xiangya Hospital of
Central South University, Changsha, Hunan, China

%Clinical Medical Research Center for Systemic Autoimmune Diseases in Hunan
Province, Changsha, Hunan, China

*Department of Epidemiology and Medical Statistics, Xiangya School of Public
Health, Central South University, Changsha, Hunan, China

“Information Statistics Center of Health Commission of Hunan Province, Changsha,
Hunan, China

Acknowledgements We thank the Information Statistics Center of Health
Commission of Hunan Province for their support with data access and all agencies
who provided the meteorological data.

Contributors YG and SW designed, analysed the results and wrote the manuscript.
QS supervised the manuscript and data curation. JS and JT designed, supervised
and edited the manuscript as guarantor.

Funding This work was supported by National Natural Science Foundation of
China (No. 81701622), National Science& Technology Foundational Resource
Investigation Program of China (No. 2018FY100900), Natural Science Foundation
of Hunan (No. 2022JJ40674, No. 2020JJ4772 and No. 2021JJ30893), Natural
Science Foundation of Changsha (No. kq2202409).

Map disclaimer The inclusion of any map (including the depiction of any
boundaries there), or of any geographic or locational reference, does not imply
the expression of any opinion whatsoever on the part of BMJ concerning the legal
status of any country, territory, jurisdiction or area or of its authorities. Any such
expression remains solely that of the relevant source and is not endorsed by BMJ.
Maps are provided without any warranty of any kind, either express or implied.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval This study was approved by the Ethics Committee of the Second
Xiangya Hospital of Central South University (xyeyy-kg-190119).

10

Ge Y, et al. BMJ Open 2023;13:¢075088. doi:10.1136/bmjopen-2023-075088

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

* (s3gv) Jnaladns juswaublasug
| 8p anbiyde.bollqig souaby 1e GZoz ‘€T aunr uo /woo'fwg uadofwg/:dny woiy pspeojumoq €202 18qWSAON 2 U0 8805/0-£202-uadolwa/9eTT 0T se paysiignd 1siy :usdo riNg


http://bmjopen.bmj.com/

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. The data
that support the findings of this study are available from the correspondence
authors, JS (shijch@csu.edu.cn) and JT(tianjing001@csu.edu.cn), on reasonable
request.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Yan Ge http://orcid.org/0000-0003-4378-6990
Jingcheng Shi http://orcid.org/0000-0001-8071-5927

REFERENCES

1 Scott DL, Wolfe F, Huizinga TWJ. Rheumatoid arthritis. Lancet
2010;376:1094-108.

2 Huang LJ, Zha JJ, Cao NW, et al. Temperature might increase the
hospital admission risk for rheumatoid arthritis patients in Anging,
China: a time-series study. Int J Biometeorol 2022;66:201-11.

3 Karami J, Aslani S, Jamshidi A, et al. Genetic implications in the
pathogenesis of rheumatoid arthritis; an updated review. Gene
2019;702:8-16.

4 Constantin A, Navaux F, Lauwers-Cances V, et al. Interferon gamma
gene polymorphism and susceptibility to, and severity of, rheumatoid
arthritis. Lancet 2001;358:2051-2.

5 Liu X, Tedeschi SK, Barbhaiya M, et al. Impact and timing of
smoking cessation on reducing risk of rheumatoid arthritis among
women in the nurses' health studies. Arthritis Care Res (Hoboken)
2019;71:914-24.

6 Arleevskaya MI, Albina S, Larionova RV, et al. Prevalence and
incidence of upper respiratory tract infection events are elevated
prior to the development of rheumatoid arthritis in first-degree
relatives. Front Immunol 2018;9:2771.

7 Zhang X, Zhang D, Jia H, et al. The oral and gut microbiomes
are perturbed in rheumatoid arthritis and partly normalized after
treatment. Nat Med 2015;21:895-905.

8 Wu Q, Xu Z, Dan YL, et al. Association between traffic-related air
pollution and hospital readmissions for rheumatoid arthritis in Hefei,
China: a time-series study. Environmental Pollution 2021;268:115628.

9 Wang J, Yu L, Deng J, et al. Short-term effect of meteorological

factors on the risk of rheumatoid arthritis hospital admissions: a
distributed lag non-linear analysis in Hefei, China. Environmental
Research 2022;207:112168.

Alamanos Y, Voulgari PV, Drosos AA. Incidence and prevalence

of rheumatoid arthritis, based on the 1987 American college of
rheumatology criteria: a systematic review. Semin Arthritis Rheum
2006;36:182-8.

Vieira VM, Hart JE, Webster TF, et al. Association between
residences in U.S. northern latitudes and rheumatoid arthritis: a
spatial analysis of the nurses' health study. Environ Health Perspect
2010;118:957-61.

Costenbader KH, Chang SC, Laden F, et al. Geographic variation in
rheumatoid arthritis incidence among women in the United States.
Arch Intern Med 2008;168:1664-70.

Tian J, Zhang D, Yao X, et al. Global epidemiology of systemic lupus
erythematosus: a comprehensive systematic analysis and modelling
study. Ann Rheum Dis 2023;82:351-6.

Muro Y, Sugiura K, Hoshino K, et al. Epidemiologic study of clinically
amyopathic dermatomyositis and anti-melanoma differentiation-
associated gene 5 antibodies in central Japan. Arthritis Res Ther
2011;13:R214.

Liu X, Barber CEH, Katz S, et al. Geographic variation in the
prevalence of rheumatoid arthritis in Alberta, Canada. ACR Open
Rheumatol 2021;3:324-32.

16

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

Almutairi K, Nossent J, Preen DB, et al. The temporal association
between hospital admissions, biological therapy usage and direct
health care costs in rheumatoid arthritis patients. Rheumatol Int
2022;42:2027-37.

Venetsanopoulou Al, Alamanos Y, Voulgari PV, et al. Epidemiology
of rheumatoid arthritis: genetic and environmental influences. Expert
Rev Clin Immunol 2022;18:923-31.

Mclnnes IB, Schett G. The pathogenesis of rheumatoid arthritis.

N Engl J Med 2011;365:2205-19.

Smolen JS, Aletaha D, Mclnnes IB. Rheumatoid arthritis [published
correction appears in lancet. 2016 Oct 22;388(10055):1984]. Lancet
2016;388:2023-38.

Pfeiffer DU, Robinson TP, Stevenson M, et al. Spatial analysis in
epidemiology. OUP Oxford, 2008.

Shaweno D, Karmakar M, Alene KA, et al. Methods used in the
spatial analysis of tuberculosis epidemiology: a systematic review.
BMC Med 2018;16:193.

Rezaeian M, Dunn G, St Leger S, et al. Geographical epidemiology,
spatial analysis and geographical information systems: a
multidisciplinary glossary. J Epidemiol Community Health
2007;61:98-102.

Zeger SL, Liang KY, Albert PS. Models for longitudinal data:

a generalized estimating equation approach. Biometrics
1988;44:1049-60.

Asuero AG, Sayago A, Gonzalez AG. The correlation coefficient: an
overview. Crit Rev Anal Chem 2006;36:41-59.

Raza O, Mansournia MA, Rahimi Foroushani A, et al. Geographically
weighted regression analysis: a statistical method to account for
spatial heterogeneity. Arch Iran Med 2019;22:155-60.

Collings S, Highton J. Changing patterns of hospital admissions for
patients with rheumatic diseases. N Z Med J 2002;115:131-2.

Rai SK, Avifia-Zubieta JA, McCormick N, et al. Trends in gout and
rheumatoid arthritis hospitalizations in Canada from 2000 to 2011.
Arthritis Care Res (Hoboken) 2017;69:758-62.

Chowell G, Rothenberg R. Spatial infectious disease epidemiology:
on the cusp. BMC Med 2018;16:192.

Caprarelli G, Fletcher S. A brief review of spatial analysis

concepts and tools used for mapping, containment and risk
modelling of infectious diseases and other illnesses. Parasitology
2014;141:581-601.

Zhang Y, Liu M, Wu SS, et al. Spatial distribution of tuberculosis and
its association with meteorological factors in mainland China. BMC
Infect Dis 2019;19.

Casper M, Kramer MR, Quick H, et al. Changes in the geographic
patterns of heart disease mortality in the United States: 1973 to
2010. Circulation 2016;133:1171-80.

Silman A, Harrison B, Barrett E, et al. The existence of geographical
clusters of cases of inflammatory polyarthritis in a primary care
based register. Ann Rheum Dis 2000;59:152-4.

de Carvalho Dutra A, Silva LL, Pedroso RB, et al. The impact of
socioeconomic factors, coverage and access to health on heart
ischemic disease mortality in a Brazilian Southern state: a geospatial
analysis. Glob Heart 2021;16:5.

Sapina M, Frkovic M, Sestan M, et al. Geospatial clustering of
childhood IgA vasculitis and IgA vasculitis-associated nephritis. Ann
Rheum Dis 2021;80:610-6.

Wang Q, Zhao Q, Wang G, et al. The association between ambient
temperature and clinical visits for inflammation-related diseases in
rural areas in China. Environmental Pollution 2020;261:114128.
Green H, Bailey J, Schwarz L, et al. Impact of heat on mortality

and morbidity in low and middle income countries: a review of the
epidemiological evidence and considerations for future research.
Environ Res 2019;171:80-91.

Zhao Q, Li S, Coelho M, et al. Geographic, demographic, and
temporal variations in the association between heat exposure and
hospitalization in Brazil: a nationwide study between 2000 and 2015.
Environ Health Perspect 2019;127:17001.

Hampel R, Breitner S, Riickerl R, et al. Air temperature and
inflammatory and coagulation responses in men with coronary or
pulmonary disease during the winter season. Occup Environ Med
2010;67:408-16.

Schneider A, Panagiotakos D, Picciotto S, et al. Air temperature
and inflammatory responses in myocardial infarction survivors.
Epidemiology 2008;19:391-400.

Izadi Z, Li J, Evans M, et al. Socioeconomic disparities in functional
status in a national sample of patients with rheumatoid arthritis.
JAMA Netw Open 2021;4:€2119400.

Chen CH, Huang KY, Wang JY, et al. Combined effect of individual
and neighbourhood socioeconomic status on mortality of rheumatoid
arthritis patients under universal health care coverage system. Fam
Pract 2015;32:41-8.

Ge Y, et al. BMJ Open 2023;13:075088. doi:10.1136/bmjopen-2023-075088

11

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

* (s3gv) Jnaladns juswaublasug
| ap anbiydeiBol|gig sousby 1e GZoz ‘€T aung uo /wod fwg uadolway/:dny woll pspeojumod "€20Z J8qWBAON tZ U0 8805/0-£202-uadolwa/ogTT 0T Se paysiignd 1siiy :uado rING


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-4378-6990
http://orcid.org/0000-0001-8071-5927
http://dx.doi.org/10.1016/S0140-6736(10)60826-4
http://dx.doi.org/10.1007/s00484-021-02207-9
http://dx.doi.org/10.1016/j.gene.2019.03.033
http://dx.doi.org/10.1016/s0140-6736(01)07143-4
http://dx.doi.org/10.1002/acr.23837
http://dx.doi.org/10.3389/fimmu.2018.02771
http://dx.doi.org/10.1038/nm.3914
http://dx.doi.org/10.1016/j.envpol.2020.115628
http://dx.doi.org/10.1016/j.envres.2021.112168
http://dx.doi.org/10.1016/j.envres.2021.112168
http://dx.doi.org/10.1016/j.semarthrit.2006.08.006
http://dx.doi.org/10.1289/ehp.0901861
http://dx.doi.org/10.1001/archinte.168.15.1664
http://dx.doi.org/10.1136/ard-2022-223035
http://dx.doi.org/10.1186/ar3547
http://dx.doi.org/10.1002/acr2.11251
http://dx.doi.org/10.1002/acr2.11251
http://dx.doi.org/10.1007/s00296-021-04985-2
http://dx.doi.org/10.1080/1744666X.2022.2106970
http://dx.doi.org/10.1080/1744666X.2022.2106970
http://dx.doi.org/10.1056/NEJMra1004965
http://dx.doi.org/10.1056/NEJMra1004965
http://dx.doi.org/10.1093/acprof:oso/9780198509882.001.0001
http://dx.doi.org/10.1093/acprof:oso/9780198509882.001.0001
http://dx.doi.org/10.1186/s12916-018-1178-4
http://dx.doi.org/10.1136/jech.2005.043117
http://dx.doi.org/3233245
http://dx.doi.org/10.1080/10408340500526766
http://dx.doi.org/31029072
http://dx.doi.org/12013305
http://dx.doi.org/10.1002/acr.23012
http://dx.doi.org/10.1186/s12916-018-1184-6
http://dx.doi.org/10.1017/S0031182013001972
http://dx.doi.org/10.1186/s12879-019-4008-1
http://dx.doi.org/10.1186/s12879-019-4008-1
http://dx.doi.org/10.1161/CIRCULATIONAHA.115.018663
http://dx.doi.org/10.1136/ard.59.2.152
http://dx.doi.org/10.5334/gh.770
http://dx.doi.org/10.1136/annrheumdis-2020-218649
http://dx.doi.org/10.1136/annrheumdis-2020-218649
http://dx.doi.org/10.1016/j.envpol.2020.114128
http://dx.doi.org/10.1016/j.envres.2019.01.010
http://dx.doi.org/10.1289/EHP3889
http://dx.doi.org/10.1136/oem.2009.048660
http://dx.doi.org/10.1097/EDE.0b013e31816a4325
http://dx.doi.org/10.1001/jamanetworkopen.2021.19400
http://dx.doi.org/10.1093/fampra/cmu059
http://dx.doi.org/10.1093/fampra/cmu059
http://bmjopen.bmj.com/

	Geospatial analysis of the hospitalisation rate of patients with rheumatoid arthritis in Hunan: a cross-­sectional Chinese study
	Abstract
	Introduction﻿﻿
	Material and methods
	Study location
	Data collection
	Statistical methods
	Global spatial autocorrelation analysis
	Local spatial autocorrelation analysis
	Two-level GEE
	G﻿﻿﻿eographically ﻿﻿w﻿﻿eighted ﻿﻿r﻿﻿egression﻿

	Patient and public involvement

	Results
	Characteristics of hospitalisations of ﻿patients with RA﻿ in Hunan
	Distribution of the HRs of patients with RA and demographic data, meteorological conditions, socioeconomic factors and medical resources among 122 counties and districts in Hunan
	Global and local spatial autocorrelation of the HRs of ﻿patients with RA﻿ among 122 districts and counties in Hunan, China
	Factors including demographic indicators, meteorological conditions, socioeconomic conditions and medical resources were associated with the HR of ﻿patients with RA﻿ in Hunan in two-level GEE analysis
	The impact of average temperature, PGDP and number of hospitals on the HR of ﻿patients with RA﻿ among 122 districts and counties in Hunan by GWR analysis

	Discussion
	Conclusion
	References


