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ABSTRACT Arthritis is a public health issue that is of global concern. Arthritis is one of the chronic
diseases with a high incidence of middle-aged and older adults. The patients have paid a heavy price for this
and caused a substantial economic burden on society. In this study, we used spatial autocorrelation, spatial
cluster analysis, multiple logistic regression, and random forest models to analyze the spatial distribution and
possible risk factors for arthritis in elderly Chinese and assess arthritis risk. Global spatial autocorrelation
analysis and significance test results show that Moran’s I of arthritis spatial autocorrelation in 2011, 2013,
and 2015 are statistically significant, so there is significant spatial autocorrelation three years. The results of
local spatial autocorrelation and spatial clustering analysis show that the aggregation areas of arthritis patients
are mainly in the southwest, northwest, and central China. Multivariate logistic regression analysis showed
that gender, age, education level, Body Mass Index (BMI), Center for Epidemiologic Studies Depression
Scale score (CES-D), altitude, region, weather temperature, hypertension, lung, liver, heart, stroke, digestive,
and kidney disease were all arthritis affects factors (P < 0.05). Compared with the multi-factor Logistic
regression model, the random forest model better assesses performance and higher fit. The fitting accuracy
is 82.2% in the random forest model, which is better than the multi-factor Logistic regression model
(66.6%). According to the assessment risk map generated by the random forest model, Northeast, Southwest,
Northwest, South, and Central are high-risk areas for arthritis. These results provide benchmark data for the
control and prevention of arthritis diseases.

INDEX TERMS Middle-aged and older adults, arthritis, spatial analysis, risk factors, logistic regression
modeling, random forest modelling, risk assessment.

I. INTRODUCTION
Arthritis is a chronic autoimmune disease characterized by
joint destruction and dysfunction. Arthritis has many induc-
ing factors and complex pathogenesis, one of the common
causes of dysfunction and limited activity in middle-aged
and older adults. Most older people develop arthritis in their
lives due to physical aging [1]. When patients have arthritis,
it will seriously affect their psychological, physical, and daily
life, thus reducing their quality of life [2]. Arthritis can make
joints and tissues painful and stiff [3]. Besides, arthritis can
affect mobility, sleep duration, and social engagement. The

The associate editor coordinating the review of this manuscript and
approving it for publication was Jenny Mahoney.

quality of life of patients with arthritis is worse than that of
healthy people [4]. Arthritis is significantly associated with
physical and emotional problems, and adults with arthritis
are less likely to be physically active than adults without
arthritis [5]. Also, people with arthritis often suffer from
anxiety or depression [6]. Previous studies have reported that
the incidence of arthritis in people is closely related to sex [7],
education [8], and BMI [9]. Treating arthritis can also lead to
high medical costs [10]. Because most arthritis is painful to
treat due to its long course of disease and lingering, arthritis
poses a severe threat to the health of middle-aged and older
adults [11]. It poses a massive social and economic burden.

In a study conducted in 2011 and 2012, the overall inci-
dence of arthritis among Chinese adults aged 45 or older
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was 31.4% [12]. A study conducted in 2013 found that
58.48 percent of arthritis patients in southwest China had
functional disabilities [13]. According to the relevant report,
from 2013 to 2015, about 54.4 million (22.7%) middle-
aged and older adults in the United States suffered from
arthritis, 29.3% of them were aged 45-64, and 49.6% were
over 65 [14]. The incidence of arthritis increases with age,
so middle-aged and older people can be severely affected by
arthritis [15]. With the aging process acceleration in China,
the incidence rate of arthritis is relatively high, so the inci-
dence of arthritis in middle-aged and older adults in China
is worth noting [12]. According to a study, the difference
between the southern and northern regions is mainly tempera-
ture and humidity. Simultaneously, in cold and humid places,
the incidence of arthritis is higher [16].With the improvement
in economic conditions, the heating system in the northern
regions has greatly improved and less people work outside
than before. The cold weather may not affect people’s joints
in the northern regions; however, there are more rains in
the southern regions than northern regions, and the southern
region is more humid, which may be contributable to the
higher incidence of arthritis [17].

At present, there are few studies on the spatial distribution
characteristics and risk assessment of arthritis in middle-aged
and older adults in China, and most of the studies mainly
focus on the risk factors of arthritis [18]–[20]. Research the
spatial distribution characteristics of arthritis and use it to
determine key prevention and control areas to help relevant
departments efficiently evaluate andmanage arthritis. Explor-
ing the main risk factors of arthritis can provide a scientific
basis for establishing and improving regional arthritis preven-
tion and control measures. Therefore, this paper will combine
the distribution characteristics and risk factors of arthritis to
further research arthritis in middle-aged and older adults in
China.

Machine learning has been widely used in many fields,
especially in health care [22] . In this study, a logistic regres-
sion model based on epidemiological research and a random
forest model based on machine learning theory was used to
analyze the related factors of arthritis in Chinese middle-aged
and older adults and establish a risk assessment model. Com-
pare the pros and cons of the two risk assessment models
by sensitivity, specificity, assessment agreement rate, AUC,
and Youden index, and select a model with better assessment
effect to draw a map of arthritis disease risk assessment,
which can be more intuitively observed Areas with a higher
risk of arthritis. It is hoped that by analyzing the charac-
teristics of arthritis spatial distribution, influencing factors,
and disease risk assessment of the Chinese middle-aged and
older adults, it will provide a scientific basis for developing
prevention and treatment plans and measures.

II. DATA AND METHODS
A. DATA COLLECTION AND PROCESSING
This study’s main subjects are 51332 cases of arthritis in the
elderly in 2011, 2013, and 2015 in China. The data related

to middle-aged and elderly arthritis comes from the China
Health and Retirement Longitudinal Study (CHARLS) [22].
CHARLS is a major project funded by the National Nat-
ural Science Foundation of China. The CHARLS project
conducted survey visits in 150 counties and 450 commu-
nities (villages) in 28 provinces (autonomous regions and
municipalities) in China in 2011, 2013, and 2015. The target
group is the middle-aged and older adults aged 45 and above.
The CHARLS survey promotes interdisciplinary research on
China’s aging issues and provides a more scientific basis for
formulating and improving China’s relevant policies [22].

1:4 million national geographic map data comes
from the National Basic Geographic Information Cen-
ter (http://nfgis.nsdi.gov.cn).The temperature data comes
from the National Science and Technology Basic Condi-
tion Platform-National Earth System Scientific Data Shar-
ing Service Platform-Loess Plateau Scientific Data Center
(http://loess.geodata.cn).

B. ARTHRITIS DEFINITION
Arthritis is a common chronic disease, which generally refers
to inflammatory diseases that occur in human joints and
surrounding tissues [2]. The clinical manifestations are joint
redness, swelling, heat, pain, dysfunction and joint deformi-
ties. In addition to joint pain, arthritis is also accompanied by
joint swelling and movement disorders. Even some patients
have joint deformities and disability, leading to labor loss.
Besides, this survey did not distinguish the types of arthritis,
so we did not research by type of arthritis [12].

C. ARTHRITIS AND OTHER HEALTH CONDITIONS
The variables of interest included demographic factors (age,
gender and education), self-reported diseases (hypertension,
chronic lung diseases, liver diseases, heart diseases, stroke,
kidney disease, and digestive diseases), biomedical mea-
sures (BMI and CES-D), health-related behavior (smoking
and drinking), and other factors (regional division, annual
mean temperature, average altitude). The demographic fac-
tors, self-reported diseases, biomedical measures, and health-
related behavior data all come from CHARLS.

D. INDEX EVALUATION STANDARDS
BMI (body mass index) [23] was calculated as weight
divided by height, expressed as kilogram per square meter.
The Chinese-specific cut-offs for general adiposity were
used, with underweight defined as BMI<18.5 kg/m2, nor-
mal weight as BMI 18.5–23.9 kg/ m2, overweight as BMI
24.0–27.9kg/ m2, and general obesity as BMI≥28.0kg/
m2 [24]. The CHARLS measured the symptoms of depres-
sion using the Center for Epidemiologic Studies Depression
Scale score (CES-D) [26] . The CES-D was validated pre-
viously in an older Chinese population and widely used in
Chinese studies [26]. The Center for Epidemiologic Studies
Depression Scale score (CES-D) items had ten questions,
and each item was scored varying from 0 to 3. We summed
up all items to derive a CES-D-10 score (0–30, a higher
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score indicating more depressive symptoms). A previous
survey showed that the cutoff point of 10 had high levels
of sensitivity (0.85) and specificity (0.80) in Chinese older
adults [27]. Thus, we used 10 as the cutoff to generate the
binary depression symptoms variable.

E. SPATIAL AUTOCORRELATION ANALYSIS AND
SPATIAL DISTRIBUTION
Spatial autocorrelation is a technique tIhat can measure and
analyze spatial clustering in data and calculate the degree
of correlation between observations in the entire geographic
space [28]. Moran’s I is usually used for spatial autocorre-
lation analysis [29]. In this paper, Moran’s I analysis aims
to study the spatial distribution pattern of arthritis in China’s
elderly. Moran’s I include global Moran’s I and local Moran’s
I, which respectively reflect the target’s spatial autocorrela-
tion from the global and local [30]. In our study, the global
Moran’s I reveal the overall spatial autocorrelation of the
entire country, while the local Moran’s I focus on each
administrative region and its surrounding areas. The global
Moran’s I index is between −1 and 1 [31]. When evaluating
parameters, if P≥0.05, the spatial distribution of arthritis in
the study area is likely to result from a random spatial process.
If P<0.05 and the Z score’s value is positive, it indicates
a positive spatial correlation, then the spatial distribution of
arthritis is a spatial aggregation pattern. If P<0.05 and the
Z score’s value is negative, it is expressed as a negative
spatial correlation, then the spatial distribution of arthritis
is a discrete spatial mode [32]. Local Moran’s I is used to
indicate each provincial unit’s spatial autocorrelation with
surrounding units [33]. Local Moran’s I can detect four types
of clusters, respectively reflect high-high (HH, high incidence
of unit surrounded by a high incidence of unit), high-low
(HL, high incidence of unit surrounded by a low incidence of
unit), low-low (LL, low incidence of unit surrounded by a low
incidence of unit) and low- high (LH, low incidence of unit
surrounded by a high incidence of unit) clusteringmodel [34].

Because the local spatial autocorrelation analysis only
reveals each city’s relative state and county unit, not the
absolute incidence of arthritis. Therefore, based on the maxi-
mum and minimum incidence of arthritis in 2011, 2013, and
2015, we divided 31 municipal and county units in China into
five categories on the hierarchical chart. The darker the red,
the higher the incidence of arthritis.

F. SPATIAL CLUSTER ANALYSIS
Spatial cluster analysis was performed using SaTScan soft-
ware to detect spatial clustering or high-risk middle-aged and
elderly arthritis locations in 2011, 2013, and 2015. Use ‘‘pure
spatial analysis’’ to test whether the incidence of arthritis is
randomly distributed in space, and if not, to evaluate the sta-
tistical significance of the arthritis group. Calculate the like-
lihood ratio test to determine whether the cluster has the
same risk within or outside a specific area. Through repeated
calculations 9999 times Monte Carlo, if the P-value <0.01,
then explore the clustering’s statistical significance. In the

data analysis, a discrete Poisson model is used because it is
assumed that the number of patients with arthritis in each
administrative district is Poisson distributed. The maximum
spatial cluster size of data clustering is 50% and 25% of
the risk population in the spatial window, and the maximum
spatial cluster size of 50% of the risk population is adopted.
The result of cluster relative risk (RR) of pure spatial data
clustering is input and linked to ArcGIS software for visual-
ization.

G. LOGISTIC REGRESSION MODEL
In this study, based on the Multi-factor Logistic Regression
model, all risk factors were sequentially analyzed by single
factor logistic regression analysis and multi-factor logistic
regression analysis to estimate the model’s various factors
and parameters. Perform a single factor logistic regression
analysis of the risk factors that may be associated with arthri-
tis. This analysis can study the impact of each risk factor
on arthritis and its correlation [35]. To further analyze the
comprehensive impact of various factors on the incidence
of arthritis, the statistically significant factors (P-value <

0.05) selected in the single-factor logistic regression analysis
were included in the multi-factor logistic regression analysis.
Simultaneously, evaluate the goodness of fit of the model,
analyze the significance of the model’s regression coeffi-
cients, and the impact of each risk factor on the incidence.
In the regression analysis, the Backward Wald method was
used to exclude factors that were not statistically significant
(P-value>0.05). The introduction and elimination criteria
were both 0.05, the critical classification value was 0.5(When
the critical classification value>0.5 has arthritis, <0.5 does
not have arthritis.), and the maximum number of iterations
was 20. Aftermultiple iterations of themodel, factor variables
that are not statistically significant are deleted. The factor
and multi-factor logistic regression analysis are completed by
statistical analysis software SPSS 25.0 software.

H. RANDOM FOREST MODEL
The random forest can deal with nonlinear problems, has
good anti-noise ability, and is not easy to fall into overfit-
ting. Compared with the traditional multiple linear regression
model, the random forest algorithm does not need to set the
function form in advance and overcome the complex inter-
action between covariables [36], [37]. The building blocks
of the decision tree-based modeling approach, the random
forest model, are bootstrapped and are called bagged aggre-
gates [38], [39]. Random forest models randomly use bagging
to identify features, thereby separating each node by selecting
the most critical possible to assess or predictive variables,
which will improve the model’s accuracy without causing
over-fitting [40]. At present, the random forest model has
been widely applied in predict and assess soil moisture [41],
shallow water level [42], hydrology [43], and environmental
management [44]. In random forest, factors with significant
influence in logistic regression are included as independent
variables into random forest modeling, and whether arthritis
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is present as the dependent variable. The total data is divided
into a training set and test set according to 7:3. The model
parameters are trained through the training set for the assess-
ment of the test set.

III. EXPERIMENTS AND RESULTS
A. CASE ANALYSIS
By analyzing the gender and age distribution of arthritis cases
reported in China in 2011, 2013, and 2015 (Figure 1,2 and
3), we could obtain more intuitive information. In 2011, the
overall incidence was highest in the 65-69 age group (40.7%)
and women (47.8%), and highest in men (34.8%) in the
70-74 age group. In 2013, the overall incidence was highest
in the 65-69 age group (42.3%) and the female age group
(49.6%), while the male age group (35.6%) was highest in
the 70-74 age group. In 2015, the overall incidence (54.2%),
female incidence(61.1%), and male incidence(47.3%) was
highest in the 70-74 age group. In addition, regardless of the
age group, female’s incidence is higher than that of male and
the total incidence.

FIGURE 1. Incidence of arthritis by gender in 5-year age groups in the
CHARLS 2011 national survey.

FIGURE 2. Incidence of arthritis by gender in 5-year age groups in the
CHARLS 2013 national survey.

B. SPATIAL AUTOCORRELATION ANALYSIS
Spatial autocorrelation analysis is divided into global spatial
autocorrelation and local spatial autocorrelation. The global

FIGURE 3. Incidence of arthritis by gender in 5-year age groups in the
CHARLS 2015 national survey.

TABLE 1. Global spatial autocorrelation analysis and significance rest
results.

spatial autocorrelation represents the whole region’s geo-
graphical differences, while the local spatial autocorrelation
represents the local cluster differences.

1) GLOBAL SPATIAL AUTOCORRELATION
Table 1 shows the global spatial autocorrelation analysis and
significance test results in 2011, 2013, and 2015. In 2011,
2013, and 2015, Moran I’s spatial autocorrelation in arthritis
was 0.690929, 0.789083, and 0.878335, respectively, which
were statistically significant when P≤0.001. Therefore, there
was significant spatial autocorrelation in these three years.
In the global spatial autocorrelation analysis, Moran I in
arthritis was more significant than 0, with a positive cor-
relation, and the range in the past five years ranged from
0.690929 to 0.878335, showing an apparent upward trend.
This suggests that spatial autocorrelation and geographic dif-
ferences in the disease will increase over time.

2) LOCAL SPATIAL AUTOCORRELATION ANALYSIS
In 2011, 2013, and 2015, the HH clustering characteristics
of arthritis were mainly found in Chongqing and Gansu,
Shaanxi, Sichuan, Yunnan, Hunan, Hubei, Guizhou, and
Guangxi in China. Regions with LL clustering character-
istics are mainly located in Beijing, Tianjin, Heilongjiang,
Jilin, Liaoning, Shaanxi, Hebei, Shanxi, Shandong, Henan,
Jiangsu, Zhejiang, Jiangxi, Fujian, and Inner Mongolia
Autonomous Region (Figure 2, 3, and 4).

In 2011, 2013, and 2015, arthritis’s spatial characteristics
did not change significantly in northern China, while HH,HL,
LH, and LL clusters were more evident in southern China
(Figure 4, 5, and 6). Moreover, regions with HH clustering
characteristics are mostly concentrated in northwest, south-
west, South, and Central China. In contrast, areas with LL
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FIGURE 4. The spatial clusters of arthritis in 2011.

FIGURE 5. The spatial clusters of arthritis in 2013.

FIGURE 6. The spatial clusters of arthritis in 2015.

clustering characteristics are mostly concentrated in North,
East, and northeast China. It can be seen that the incidence
of arthritis in the northwest, southwest, South, and Central
China is significantly higher than that in North, East, and
Northeast China.

C. SPATIAL DISTRIBUTION OF ARTHRITIS IN
MIDDLE-AGED AND OLDER ADULTS IN CHINA
Figures 7, 8, and 9 show the incidence of arthritis in
middle-aged and older adults in different provinces in 2011,
2013, and 2015. The lowest and highest values in 2011,
2013, and 2015 were 0.000001 and 0.906250, respectively.
In 2011,2013, and 2015 the high incidence of arthritis in
middle-aged and older adults in China was mainly concen-
trated in southwest China (The darker the red, the higher the
incidence of arthritis.).

FIGURE 7. The geographical distribution of the incidence of arthritis
in 2011.

FIGURE 8. The geographical distribution of the incidence of arthritis
in 2013.

D. SPATIAL CLUSTERS OF ARTHRITIS IN CHINA
Table 2 and Figure 10 show the statistically significant space
clusters for 2011, 2013, and 2015. Space scan tests identi-
fied three arthritis space clusters between January 1, 2011,
and December 31, 2015 (P <0.01). From January 1, 2011,
to December 31, 2015, themost likely clusters were observed,
including 22 locations with a radius of 749.69 km, mainly
distributed in Yunnan, Sichuan, Chongqing, Guangxi, Hubei,
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FIGURE 9. The geographical distribution of the incidence of arthritis
in 2015.

TABLE 2. Results of spatial clustering test for the incidence of arthritis in
Chinese middle-aged and elderly people in 2011, 2013 and 2015.

Shaanxi, and Guizhou. Secondary cluster1 contains 7 loca-
tions with a radius of 181.73km, spread primarily on Jiangxi
and Hunan. Secondary cluster2 includes three areas, mainly
concentrated in Anhui Province.

E. SUBJECTS INCIDENCE OF ARTHRITIS
Among 33,934 subjects, the incidence of arthritis was 38.9%.
Among the 13399 arthritis patients, men accounted for
42.81%, and women accounted for 57.2%. The highest pro-
portion of patients in the 60-64 age group is 19.5%. The
proportion of arthritis patients with gastrointestinal diseases
(38.0%) is higher than those without arthritis (20.0%). The

FIGURE 10. Space clusters of arthritis in the elderly in China in 2011,
2013 and 2015.

proportion of arthritis patients with hypertension (34.0%) is
higher than those without arthritis (27.0%). The proportion of
people with arthritis who drink alcohol (58.0%) is higher than
those without arthritis (56.0%). The proportion of smokers
(39.3%) among arthritis patients is lower than those without
arthritis (43.0%). The education level of arthritis patients is
mainly middle and low education level, and their illiteracy
accounts for 30.1%, followed by elementary school educa-
tion level (24.3%). Patients with a BMI between 18.5 and
23.9 accounted for the highest proportion (48.9%), followed
by patients with BMI between 24.0 and 27.9 (30.9%).36.7%
of patients showed depression. Geographically, the propor-
tion of arthritis patients living in the southwest region is
26.2%, which is higher than that in other areas. When the
annual average temperature of the respondent’s residence is
15.1∼20.0◦C, the incidence of arthritis is the highest, being
52.1%. According to altitude, patients living in areas below
200 meters above sea level account for the highest proportion
(46.6%).

F. LOGISTIC REGRESSION ANALYSIS OF FACTORS
ASSOCIATED WITH ARTHRITIS
The results showed that gender, age, educational level,
BMI, CES-D, altitude, geographical location, and average
air temperature all had effects on the incidence of arthri-
tis. The risk was higher in women than in men (OR=1.23,
P<0.001), and in the 65-69 age group than in other age
groups (OR=1.45, P<0.001). Patients with the digestive
disease had a higher risk of arthritis than those with other
chronic conditions (OR=2.05, P<0.01). The risk of arthritis
in middle-aged and older adults decreases with increasing
educational attainment. The highest risk was associated with
a BMI of 28.0 OR greater (OR=1.96, P<0.01). Those with
depressive symptoms had a higher risk of arthritis than those
without (OR=1.48, P<0.01). The risk of arthritis in the mid-
dle and older adults in southwest Chinawas higher than that in
other regions (OR=2.99, P<0.01), followed by central China
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TABLE 3. Characteristics of the participants by arthritis status in the
2011, 2013 and 2015 national survey.

TABLE 3. (Continued.) Characteristics of the participants by arthritis
status in the 2011, 2013 and 2015 national survey.

(OR=1.76, P<0.01). Besides, annual mean air temperature
and mean altitude were risk factors for arthritis.

G. RISK ANALYSIS OF ARTHRITIS
In this study, sensitivity, specificity, assessment agreement
rate, AUC (area under the ROC curve), and Youden index
were used to evaluate the assessment model. The multi-factor
Logistic regression analysis was used to establish the arthritis
risk assessment model on the training set to assess the test
set. The sensitivity was 0.372, the specificity was 0.849, the
assessment consensus rate was 0.666, the AUC was 0.687,
and the Youden index was 0.221. The random forest algo-
rithm was used to establish an arthritis risk assessment model
on the training set to assess the test set. The sensitivity was
0.822, the specificity was 0.746, the assessment agreement
rate was 0.822, the AUC was 0.872, and the Youden index
was 0.569(Table 5 and Figure 11). Therefore, it can be seen
that the assessment consensus rate of the random forest model
for a disease is higher than the diabetes risk assessment
model established by multi-factor Logistic regression anal-
ysis. In addition, the random forest model cannot explain the
function direction of independent variables and the relative
risk degree of influencing factors, but multi-factor Logistic
regression analysis can define the model and variables well.

The data set is randomly divided into a training set and a
test set according to 7:3. The training set is used to establish
a random forest model and a multi-factor Logistic regression
model, and the test set is used to test the assessment effects
of the multi-factor Logistic regression model and the random
forest model. The assessment value of the arthritis incidence
probability is obtained through the model calculation, and the
risk assessment map of the test set is obtained by using the
inverted distance weight space interpolation method based
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TABLE 4. Multivariate factors affecting the occurrence of arthritis in
middle-aged and older people Logistics linear regression analysis.

TABLE 5. Multi-factor logistic regression model and random forest model
fitting results.

on the assessment probability value. To verify whether the
model’s expected risk result is consistent with the actual inci-
dence of arthritis, ArcGIS 10.6 is used to overlay the actual
incidence of the test set with the arthritis risk assessment
map. In the assessment map of arthritis risk generated by
the random forest algorithm model (Figure 12), the high-risk
assessment areas are mainly located in Sichuan, Chongqing,

FIGURE 11. ROC curve of random forest model (a) and multi-factor
logistic regression model (b).

FIGURE 12. Disease risk assessment (Random forest model).

FIGURE 13. Disease risk assessment (Multi-factor logistic regression
model).

Guizhou, Guangxi, Hubei, Hunan, Gansu, Shaanxi, Liaoning,
Jilin, Heilongjiang, and eastern Inner Mongolia Autonomous
Region. The assessment results are consistent with the actual
incidence. The multi-factor Logistic regression model gener-
ated arthritis risk assessment map (Figure 13), the assessment
results are far from the real incidence rate.
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IV. DISCUSSION
In China, arthritis poses a severe threat to the people and
society, especially the elderly. Before the age of 69, the inci-
dence of arthritis is gradually increasing with age. Although
the incidence of arthritis after 69 years of age has declined
compared with the previous, the incidence is still very high,
so the age growth is an essential factor in arthritis [16]. Also,
in this study, it can be seen that the high incidence of arthritis
in the middle-aged and elderly in China is mainly in the age
group of 65-69 years, indicating that this age group has more
arthritis patients.

Gender is also one of the essential factors affecting the
incidence of arthritis. It can be seen from this study that
the incidence of arthritis in Chinese middle-aged and older
women is higher than that of men, which is consistent with
the results of a previous study [12]. The higher incidence of
female arthritis may also be related to their physiological rea-
sons. Although all patients with arthritis have disorders of the
internal environment of sex hormones, the difference between
men and women is more prominent. Therefore, changes in
women’s hormone levels may be one of the reasons for the
higher incidence of arthritis in women. Consequently, it can
be seen that arthritis is still a public health issue worthy of
attention in our country [4]. If this situation is not improved,
more and more middle-aged and older adults will have arthri-
tis. It will inevitably place a heavy burden on society.

In 2011, 2013, and 2015, the Moran’s I coefficient of
arthritis incidence in my country was between 0.690929-
0.878335 and showed an increasing trend. The research
results show that the incidence of arthritis in my country is
non-random in spatial distribution, and there is a positive
spatial autocorrelation. The degree of local spatial autocorre-
lation is different from the incidence of arthritis, but there is a
correlation in some aspects. The local spatial autocorrelation
analysis is based on the correlation and comprehensive con-
sideration of regional geography, population, and other fac-
tors. It can describe the relationship between the incidence of
arthritis in a specific spatial area and the surrounding spatial
area [45]. Local spatial autocorrelation analysis found that the
High-High distribution pattern of arthritis is mainly concen-
trated in Gansu, Sichuan, Chongqing, Yunnan, and Hunan.
These provinces are also areas with high arthritis incidence,
and these ‘‘hot spots’’ areas should continue to be strength-
ened for monitoring and prevention. Low-Low distribution
models are mainly concentrated in Beijing, Tianjin, Hebei,
Liaoning, Shanxi, Shandong, Henan, Jiangsu, Zhejiang, and
Anhui. For areas with ‘‘cold spots’’ where arthritis is affected,
especially areas with Low-High distribution, one cannot relax
vigilance to avoid an increase in arthritis incidence.

As a supplement to local spatial autocorrelation analysis,
spatial scanning statistics detect the specific conditions of
arthritis incidence space and aggregation range simultane-
ously and give a risk assessment. The retrospective discrete
Poisson distribution model scanned three spatiotemporal
clustering regions. There are some discrepancies with spatial
autocorrelation analysis results due to the different principles

of analysis methods. The spatial scan detected that Most
likely clusters were mainly distributed in Yunnan, Sichuan,
Chongqing, Guangxi, Hubei, Shaanxi, and Guizhou. Sec-
ondary cluster1 is primarily distributed in Jiangxi and Hunan.
Secondary cluster2 mainly gathers in Anhui, which is consis-
tent with the research results of local spatial autocorrelation.

With the increase of age, the rise in body mass, the pro-
longation of the disease course, the patient’s body’s immune
function is abnormal, the function of many systems is weak-
ened, and multiple diseases are prone to occur. In previous
studies, it was also found that arthritis can induce other
chronic diseases. Nakamura et al. [46] reported that chronic
inflammation in arthritis patients combined with drug expo-
sure and its toxic effects increases kidney disease risk. This
study found that hypertension, chronic pneumonia, liver dis-
ease, heart disease, kidney disease, and gastrointestinal dis-
ease are all risk factors for arthritis. Li et al. [12] also found
this relationship but did not make an explanation. However,
the scholar found that the relationship between arthritis and
liver disease is still uncertain, and it exists in both directions
with other chronic diseases.

In the study, it was found that the lower the academic
background, the higher the incidence of arthritis in the elderly.
It may be because the increase in education level often leads
to higher income and better living conditions, which affects
the elderly’s health. Besides, the level of education reflects
the patient’s understanding and acceptance of chronic dis-
eases to a certain extent. People with high education level
may pay more attention to their daily maintenance, thereby
reducing the risk of illness.

People who are overweight and obese also have a relatively
high risk of arthritis, especially for osteoarthritis. From a
weight-bearing point of view, the weight load caused by
obesity will overload the weight-bearing joints (knee joint,
hip joint, etc.). This may cause uneven stress on the joint
surface and disorder of joint function, resulting in the loss
of cartilage and the formation of osteophytes, which in turn
leads to osteoarthritis [47].

In addition, domestic studies have confirmed that
long-term pain in patients with arthritis can cause varying
degrees of mental health problems such as anxiety and
depression. This study found that people with depressive
symptoms have a high risk of arthritis, which may be due to
the chronic exposure of patients with depression to negative
emotions. Its hypothalamic-pituitary-adrenal dysfunction and
peripheral release of glucocorticoids are accompanied by
activation of the sympathetic nervous system and decreased
activation of the parasympathetic nervous system, leading to
autoimmune diseases and increasing the risk of arthritis [48].

The study also found that the average altitude, geograph-
ical location, and average temperature are strictly related to
the incidence of arthritis in the elderly. Respondents living
below 200 meters above sea level have a much lower risk
of arthritis than those surveyed living above 200 meters.
The risk of disease in Southwest China is much higher than
in other areas, which is consistent with the results of local
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spatial autocorrelation and spatial scanning. The result that
the incidence was higher in southern regions was not con-
sistent with Tie’s findings [20]. It was supposed that the
difference between southern regions and northern regionswas
mostly temperature and humidity, and a higher incidence of
arthritis can occur where it is cold and damp [20]. With the
improvement in economic conditions, the heating system in
the northern regions has greatly improved and fewer people
work outside than before. The cold weather may not affect
people’s joints in the northern regions; however, there are
more rains in the southern regions than northern regions,
and the southern region is more humid, which may be con-
tributable to the higher incidence of arthritis [16]. There is
spatial heterogeneity in the influencing factors of arthritis
incidence. The critical prevention and control areas for arthri-
tis are mainly concentrated in South, Central, Northwest,
and Southwest China. Different provinces (municipalities and
autonomous regions) should carry out health education and
health promotion in response to the risk factors of arthri-
tis. Besides, this survey did not distinguish between arthri-
tis types, so we cannot estimate the incidence by type of
arthritis.

The traditional data analysis method is difficult to avoid the
interaction between the respective variables. As an emerging
machine learning algorithm, the random forest algorithm
runs steadily, does not require data sets, and does not have
overfitting and collinearity problems. Therefore, it is widely
used in disease risk assessment. Casanova et al. [49] used data
from the Jackson Heart Research Cohort to predict arthritis
risk through multi-factor Logistic regression analysis and
random forest algorithm. They found that the random forest
algorithm’s prediction accuracy was higher than the multi-
factor Logistic regression analysis.

In the random forest algorithmmodel’s arthritis risk assess-
ment map, the assessment result is consistent with the actual
incidence rate. The multi-factor Logistic regression model
generated an arthritis risk assessment map. The assessment
results and the actual incidence have a large gap. So the
random forest algorithm model can achieve a more accu-
rate arthritis risk assessment effect. The use of data mining
algorithms to establish a concise and accurate arthritis risk
assessment model is an innovative research point on assessing
arthritis disease risk in middle-aged and older adults in China.
The random forest algorithm has a good effect in assessing
arthritis risk, but multivariate logistic regression analysis has
an intuitive explanation for arthritis risk factors. Therefore,
the advantages of the two models should be combined in
practical applications to make them play the most significant
value in disease risk assessment. Because CHARLS did not
investigate information such as geography and environment,
the impact of these two factors on arthritis was supplemented
in this article, making the research results more convincing.
Finally, the discovery of risk factors should be interpreted
with caution, because different forms of arthritis have various
risk factors, so our findings may differ from the research on
specific kinds of arthritis.

V. CONCLUSION
Firstly, in this paper, spatial autocorrelation and spatial
clustering analysis were used to analyze arthritis’s spatial
distribution characteristics. Secondly, we used the logistic
regression model to explore the risk factors of arthritis in
detail. Finally, the logistic regression model and the random
forest model were used to assess arthritis risk in middle-aged
and older adults in China. The results showed that the aggre-
gation areas of patients with arthritis were mainly southwest,
northwest, and Central China. Education level, BMI, CES-
D, altitude, region, temperature, sex, age, hypertension, liver,
heart, kidney, digestive, stroke, and lung disease all had
effects on arthritis. The random forest algorithm’s assessment
accuracy is higher than that of the logistic regression model,
and the assessment results show that the high-risk regions
are located in the northeast, southwest, northwest, and central
China. Therefore, our method can not only analyze the spatial
distribution characteristics and influencing factors of arthritis
but also accurately assess the risk of arthritis. In addition,
CHARLS only investigated the data of two provinces in
China in 2012. Our research scope is the spatial distribution
characteristics and risk assessment of Chinese middle-aged
and older adults, so we did not use the 2012 data. In the
2014 survey, CHARLS did not have chronic diseases (includ-
ing arthritis), so there is no 2014 data in our study. We will
continue to follow up on this study after the data of CHARLS
is updated, and we will explore more excellent methods in the
following research.
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