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A B S T R A C T   

Background: Considering its high prevalence, estimating the risk of arthritis in middle-aged and 
older Chinese adults is of particular interest. This study was conducted to develop a risk pre-
diction model for arthritis in community-dwelling middle-aged and older adults in China. 
Methods: Our study included a total of 9599 participants utilising data from the China Health and 
Retirement Longitudinal Study (CHARLS). Participants were randomly assigned to training and 
validation groups at a 7:3 ratio. Univariate and multivariate binary logistic regression analyses 
were used to identify the potential predictors of arthritis. Based on the results of the multivariate 
binary logistic regression, a nomogram was constructed, and its predictive performance was 
evaluated using the receiver operating characteristic (ROC) curve. The accuracy and discrimi-
nation ability were assessed using calibration curve analysis, while decision curve analysis (DCA) 
was performed to evaluate the net clinical benefit rate. 
Results: A total of 9599 participants were included in the study, of which 6716 and 2883 were 
assigned to the training and validation groups, respectively. A nomogram was constructed to 
include age, hypertension, heart diseases, gender, sleep time, body mass index (BMI), residence 
address, the parts of joint pain, and trouble with body pains. The results of the ROC curve sug-
gested that the prediction model had a moderate discrimination ability (AUC >0.7). The cali-
bration curve of the prediction model demonstrated a good predictive accuracy. The DCA curves 
revealed a favourable net benefit for the prediction model. 
Conclusions: The predictive model demonstrated good discrimination, calibration, and clinical 
validity, and can help community physicians and clinicians to preliminarily assess the risk of 
arthritis in middle-aged and older community-dwelling adults.   

1. Introduction 

Arthritis is a chronic inflammatory disease characterised by joint inflammation, synovial tissue swelling, joint stiffness, etc [1]. The 
most common types of arthritis are rheumatoid arthritis (RA), osteoarthritis (OA), psoriatic arthritis and inflammatory arthritis [2]. 
Arthritis has a high prevalence worldwide. An investigation demonstrated that the prevalence of arthritis in middle-aged and older 
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adults in China was 31.4% [3]. In 2010–2012, 22.7% of all adults in the US were reported to have arthritis [4]. Studies have 
demonstrated a global prevalence of approximately 1% for RA [5,6]. Arthritis significantly affects the physical and mental well-being 
of individuals [7,8]. This could be reflected in physical pain [9,10], sleep limitations, high levels of stress and psychological distress 
[11]. Given the high incidence and significant impact of arthritis on an individual’s quality of life, early detection is critical for the 
effective management of this chronic disease. 

Arthritis was associated with a negative impact on the health of middle-aged and older adults [12]. Possible risk factors for arthritis 
included age and gender [3], obesity [13], perceived stress [14], and joint pain [15]. Researchers have pointed that population aging 
may be one of the predictors of arthritis [16]. The onset of the disease was most commonly observed in individuals aged 50–75 years 
[17]. Therefore, a risk-prediction model for arthritis in community-dwelling middle-aged and older adults may be useful for early 
detection and prevention. A model for predicting arthritis in community-dwelling individuals is therefore required. 

Research on risk prediction models for arthritis has developed in the following aspects. Possible predictors in risk prediction models 
for knee osteoarthritis included age, female, BMI, occupational risks, family history, and knee injury [18]. The development of the 
stroke risk of prediction model for rheumatoid arthritis patients included possible predictors such as sex, age, systolic blood pressure, 
c-reactive protein [19]. The simplified version of the risk prediction model for knee osteoarthritis included possible predictors such as 
age, BMI, and knee injury [20]. Nevertheless, to the best of our knowledge, research on a risk-predictive model for arthritis in 
middle-aged and older adults in community-dwelling settings remains limited. Thus, it is necessary to develop an appropriate model 
that can facilitate the early identification of arthritis in community-dwelling middle-aged and older adults. 

The development of arthritis risk prediction models that could allow early screening for arthritis and regulation of relevant factors, 
was an important measure for preventing arthritis in middle-aged and older adults in communities. Therefore, we aimed to develop a 
risk prediction model for arthritis in community-dwelling middle-aged and older adults. 

2. Materials and methods 

2.1. Study design and data source 

Data were obtained from The China Health and Retirement Longitudinal Study (CHARLS), a nationally representative longitudinal 
survey in China. The CHARLS collects data on Chinese households and individuals aged ≥45 years to analyse the aging of the Chinese 
population. In 2011, 17,705 participants from 10,257 households were recruited across China’s 28 provinces, including 150 counties 
or districts and 450 villages [21]. All participants were followed up every 2 years after the baseline survey. The data are publicly 
available (http://charls.pku.edu.cn/en), and we had no direct contact with the participants [22]. 

In this cross-sectional study, using data obtained from the CHARLS 2015 survey; data included information on demographic 
backgrounds, health status and functioning, health care, biomarkers, and blood-based bioassays [23]. The inclusion criteria for this 
study were: 1) individuals aged ≥45 years; 2) having data information regarding on having or not having arthritis. The exclusion 
criteria were: 1) persons aged <45 years; 2) missing values with more than 10% in the interested variables. Mean imputation was used 
to replace the missing values (<10%). A total of 9599 participants were included in this study. The participants were selected for 
screening in a randomized manner, maintaining a 7:3 ratio between the training and validation groups. Ultimately, 6716 (70%) and 
2883 (30%) individuals were assigned to the training and validation groups, respectively. Participants were classified as having or not 
having arthritis. 

2.2. Outcome and predictor variables 

The outcome measure was the presence of arthritis. The answer to “Have you been diagnosed with arthritis or rheumatism by the 
doctor?” was defined as arthritis or no arthritis. Based on the answer to this question, we refer to a broad definition of arthritis [3], 
rather than a specific form of arthritis. This study used the demographic background, health status and functioning, blood-based 
bioassays, and biomarkers of participants as predictor variables. Fourteen predictor variables were considered in this study, 
including gender, age, marital status, trouble with body pains, the parts of joint pain, sleep time(h)/Day, health satisfaction, life 
satisfaction, hypertension, dyslipidaemia, diabetes, heart diseases, BMI, and residence address. 

The demographic background factors included age, gender, residence address, and marital status. Gender was classified as either 
male or female. Residence address was defined as a city or town/village. Marital status was classified into three groups: married with 
spouse present, married but not living with spouse, and others (separated/divorced/widowed/never married/cohabitating). 

Health status and functioning factors included trouble with body pains, the parts of joint pain, sleep time(h)/Day, health satis-
faction, life satisfaction, hypertension, dyslipidaemia, diabetes, and heart diseases. Trouble with body pains was obtained from the 
question “Are you often troubled with any body pains?” which was answered by “yes” or “no”. The parts of joint pain were obtained 
from the question “On what part of your body do you feel pain? Please list all parts of the body you are currently feeling pain.” The 
parts of joint pain were classified as either “<2” or “≥2”. Sleep time was obtained from the question “How many hours of actual sleep 
did you get at night?”. Health satisfaction was obtained from the question “How satisfied are you with your health?” which was 
answered by “completely satisfied = 0, very satisfied = 1, somewhat satisfied = 2, not very satisfied = 3, not at all satisfied = 4”. Life 
satisfaction was obtained from the question “Please think about your life as a whole. How satisfied are you with it?” which was 
answered by “completely satisfied = 0, very satisfied = 1, somewhat satisfied = 2, not very satisfied = 3, not at all satisfied = 4”. Data 
on hypertension, dyslipidaemia, diabetes and heart diseases were obtained from the same question “Have you been diagnosed with 
[disesae] by the doctor?”, which was answered by “yes” or “no”. Biomarker factors included the BMI, obtained from the participant’s 
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height and weight. BMI was classified as either “<30 kg/m2” or “≥30 kg/m2”. 

2.3. Statistical analysis 

Statistical analyses were performed using IBM SPSS 25.0 and R4.2.2. First, continuous variables were presented as mean ±
standard deviation, while categorical variables were reported as frequencies and percentages. Differences between groups were 
evaluated using the Chi-squared test or Fisher’s exact test for categorical variables, and Student’s t-test or Mann-Whitney U test for 
continuous variables. Univariate analysis was performed to screen for possible risk factors [24]. Second, collinearity was diagnosed for 
possible risk factors using variance inflation factors (VIF), with VIF <5 and tolerance >0.1 considered to indicate no significant 
collinearity [25]. Third, multivariate binary logistic regression analysis utilising forward stepwise regression was employed to identify 
the potential predictors of arthritis. The Hosmer-Lemeshow goodness-of-fit test was used to evaluate the degree of agreement of the 
prediction model, and P > 0.05 was identified as a good degree of predictive conformity [26]. The statistical significance level was P <
0.05. 

The predictors obtained through multivariate binary logistic regression were selected to construct a nomogram using the “rms” and 
“regplot” packages in R software [27]. Receiver operating characteristic (ROC) curves were used to assess the predictive performance 
of the model. The evaluation indicators included area under the ROC curve (AUC), accuracy, sensitivity, and specificity [28]. An AUC 
≥0.7 was considered satisfactory [29]. The calibration curve was generated through 1000 iterations of bootstrap self-sampling using 
the bootstrap method [30]. A calibration curve was constructed to assess the accuracy and discrimination ability of the models in the 
training and validation groups [31]. Decision curve analysis (DCA) was also performed using the “DecisionCurve” package in R 
software [27]. DCA was carried out to evaluate the net clinical benefit of the model [32]. The flowchart of the statistical analysis was 
shown in Fig. 1. 

3. Results 

3.1. Basic information 

A total of 9599 participants (2900 with and 6699 without arthritis) were selected for this study (4546 [47.4%] males and 5053 
[52.6%] females). The ages ranged from 45 to 94 years, and the mean age was 59.95 ± 9.46 years. As shown in Table 1, the par-
ticipants were randomly divided into training and validation groups at a ratio of 7:3. There were no differences in baseline charac-
teristics between the training group and the validation group except for residence address. 

A total of 6716 participants (arthritis: 2045, no arthritis: 4671) were enrolled in the training group, of whom 3207 (47.8%) and 
3509 (52.2%) were males and females, respectively. The number of females with arthritis was higher than males, and the mean age was 
59.86 ± 9.44 years. The prevalence of arthritis was 30.4%. The validation group comprised 2883 participants (arthritis: 855, no 
arthritis: 2028), including 1339 (46.4%) males and 1544 (53.6%) females, with an average age of 60.15 ± 9.51 years. The prevalence 
of arthritis was 29.7%. 

3.2. Univariate analysis and multicollinearity diagnosis 

Table 2 presented the basic characteristics of the participants in the training group. Univariate analysis (Table 2) showed that 
gender, age, marital status, trouble with body pains, the parts of joint pain, sleep time(h)/Day, health satisfaction, life satisfaction, 
hypertension, dyslipidemia, diabetes, heart diseases, BMI and residence address were correlated with arthritis (P < 0.05). These factors 
may be potential risk factors for arthritis in middle-aged and older community-dwelling adults. 

The variables that exhibited a significance level of P < 0.05 in the univariate analysis were assessed for multicollinearity to 
ascertain if there was multicollinearity among them. Table 3 showed the collinearity of the diagnostic results for these variables. The 
results showed that the VIF of the variables was <5 and the tolerance was >0.1, indicating that there was no multicollinearity among 
the variables. 

3.3. Multivariate binary logistic regression analysis 

The 14 variables that passed the screening in the univariate analysis and multicollinearity diagnosis were selected for multivariate 

Fig. 1. Flow diagram of analysis.  
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binary logistic regression analysis using forward stepwise regression to identify the predictive factors for arthritis. With the presence or 
absence of arthritis as the dependent variable, no arthritis = 0 and arthritis = 1. Fourteen variables as the independent variables. 
Multivariate binary logistic regression analysis was used to further explore the influence of independent variables on the presence or 
absence of arthritis. As shown in Table 4, nine variables were entered into the logistic regression equation: age, hypertension, heart 
diseases, gender, sleep time(h)/Day, BMI, residence address, the parts of joint pain and trouble with body pains. The result of the 
Hosmer-Lemeshow test indicated that the prediction model had a good degree of fit (χ2 = 9.567, P = 0.297). The results of multivariate 
logistic regression analysis showed that: age, hypertension, heart diseases, gender, sleep time(h)/Day, BMI, residence address, the 
parts of joint pain, and trouble with body pains were independent predictive factors for arthritis (Table 4). 

Table 1 
Characteristics of baseline demographic and clinical indicators of the participants in the different groups.  

Variables Training group 
N(6716) 

Validation group 
N(2883) 

χ2/t P-value 

N (%)/Mean(SD) 

Gender   1.382 0.240 
Male 3207(47.8) 1339(46.4)   
Female 3509(52.2) 1544(53.6)   
Age(years) 59.86(9.44) 60.15(9.51) − 0.421 0.674 
Marital status   1.293 0.524 
Married with Spouse Present 5586(83.2) 2413(83.7)   
Married But Not Living with Spouse 295(4.4) 112(3.9)   
others 835(12.4) 358(12.4)   
Trouble with body pains   0.001 0.981 
No 5499(81.9) 2360(81.9)   
Yes 1217(18.1) 523(18.1)   
The parts of joint pain   0.177 0.674 
<2 5815(86.6) 2487(86.3)   
≥2 901(13.4) 396(13.7)   
Sleep time(h)/Day 6.49(1.84) 6.46(1.83) 0.819 0.413 
Health satisfaction   5.258 0.262 
Completely Satisfied 254(3.8) 85(2.9)   
Very Satisfied 1417(21.1) 593(20.6)   
Somewhat Satisfied 3416(50.9) 1505(52.2)   
Not Very Satisfied 1276(19.0) 541(18.8)   
Not at All Satisfied 353(5.3) 159(5.5)   
Life satisfaction   0.234 0.994 
Completely Satisfied 427(6.4) 183(6.3)   
Very Satisfied 2446(36.4) 1046(36.3)   
Somewhat Satisfied 3330(49.6) 1430(49.6)   
Not Very Satisfied 417(6.2) 185(6.4)   
Not at All Satisfied 96(1.4) 39(1.4)   
Hypertension   1.463 0.226 
No 5232(77.9) 2278(79.0)   
Yes 1484(22.1) 605(21.0)   
Dyslipidemia   0.130 0.718 
No 6050(90.1) 2604(90.3)   
Yes 666(9.9) 279(9.7)   
Diabetes   0.006 0.939 
No 6343(94.4) 2724(94.5)   
Yes 373(5.6) 159(5.5)   
Heart diseases   2.420 0.120 
No 5939(88.4) 2581(89.5)   
Yes 777(11.6) 302(10.5)   
BMI(kg/m2)   3.056 0.080 
<30 6372(94.9) 2710(94.0)   
≥30 344(5.1) 173(6.0)   
Residence Address   6.041 0.014a 

City 1140(17.0) 431(14.9)   
Town/village 5576(83.0) 2452(85.1)   
Arthritis   0.602 0.438 
No 4671(69.6) 2028(70.3)   
Yes 2045(30.4) 855(29.7)   

Note: P-values from Chi-squared tests or t-tests. Chi-squared tests: 0 cells (0.0%) have an expected count less than 5. 
Others (separated or divorced or widowed or never married or cohabitated). 

a Indicates statistical significance. 
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3.4. Construction and validation of a nomogram for arthritis 

Based on the results of multivariate binary logistic regression analysis, a nomogram was constructed using nine independent 
predictive variables for arthritis, as shown in Fig. 2. Fig. 2 showed that the total score of the nomogram was between 0 and 400, and the 
probability of arthritis risk was between 0.1 and 0.9. The risk of arthritis was calculated by adding the corresponding scores in the 
nomogram for age, hypertension, heart diseases, gender, sleep time, BMI, residence address, the parts of joint pain and trouble with 
body pains, summed to count the total score. The higher the total score, the greater the risk of arthritis in middle-aged and older adults 
in the community. By applied this nomogram to a 64-year-old village man who had no hypertension, no heart diseases, no trouble with 
joint pains, BMI <30 kg/m2, sleep time was 7 h/day, and the parts of joint pain <2. We can calculate that his total score is 325, which 
corresponds to a 19.2% risk of developing arthritis (Fig. 2). 

After constructing the nomogram prediction model, the ROC curves were used to estimate the discrimination of the nomogram. The 
ROC curves for the training and validation groups were shown in Fig. 3. The results for the training group in Fig. 3A and Table 5 
showed that the AUC, the Youden index, sensitivity, and specificity were 0.723 (95%CI: 0.710–0.737), 0.326, 0.565, and 0.761, 
respectively. The results for the validation group in Fig. 3B and Table 5 showed that the AUC, the Youden index, sensitivity, and 
specificity were 0.721 (95%CI: 0.700–0.741), 0.323, 0.556, and 0.767, respectively. Therefore, the results of both groups suggested 

Table 2 
Univariate analysis of baseline demographic and clinical indicators of the participants in the training group.  

Variables Arthritis 
N(2045) 

No arthritis 
N(4671) 

χ2/t P-value 

N (%)/Mean(SD) 

Gender   52.523 <0.001 
Male 840(41.1) 2367(50.7)   
Female 1205(58.9) 2304(49.3)   
Age(years) 61.86(8.85) 58.99(9.56) − 11.943 <0.001 
Marital status   21.534 <0.001 
Married with Spouse Present 1646(80.5) 3940(84.4)   
Married But Not Living with Spouse 87(4.3) 208(4.5)   
others 312(15.3) 523(11.2)   
Trouble with body pains   576.612 <0.001 
No 1063(52.0) 3765(80.6)   
Yes 982(48.0) 906(19.4)   
The parts of joint pain   729.749 <0.001 
<2 1282(62.7) 4217(90.3)   
≥2 763(37.3) 454(9.7)   
Sleep time(h)/Day 6.15(2.00) 6.64(1.75) 9.735 <0.001 
Health satisfaction   202.133 <0.001 
Completely Satisfied 53(2.6) 201(4.3)   
Very Satisfied 306(15.0) 1111(23.8)   
Somewhat Satisfied 982(48.0) 2434(52.1)   
Not Very Satisfied 529(25.9) 747(16.0)   
Not at All Satisfied 175(8.6) 178(3.8)   
Life satisfaction   98.184 <0.001 
Completely Satisfied 96(4.7) 331(7.1)   
Very Satisfied 623(30.5) 1823(39.0)   
Somewhat Satisfied 1104(54.0) 2226(47.7)   
Not Very Satisfied 171(8.4) 246(5.3)   
Not at All Satisfied 51(2.5) 45(1.0)   
Hypertension   98.288 <0.001 
No 1438(70.3) 3794(81.2)   
Yes 607(29.7) 877(18.8)   
Dyslipidemia   15.380 <0.001 
No 1798(87.9) 4252(91.0)   
Yes 247(12.1) 419(9.0)   
Diabetes   24.123 <0.001 
No 1889(92.4) 4454(95.4)   
Yes 156(7.6) 217(4.6)   
Heart diseases   151.355 <0.001 
No 1660(81.2) 4279(91.6)   
Yes 385(18.8) 392(8.4)   
BMI(kg/m2)   4.307 0.038 
<30 1923(94.0) 4449(95.2)   
≥30 122(6.0) 222(4.8)   
Residence Address   44.200 <0.001 
City 253(12.4) 887(19.0)   
Town/village 1792(87.6) 3784(81.0)   

Note: P-values from Chi-squared tests or t-tests. Chi-squared tests: 0 cells (0.0%) have an expected count less than 5. 
Others (separated or divorced or widowed or never married or cohabitated). 
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that the nomogram prediction model had moderate discrimination ability (AUC >0.7). Also, Table 5 showed that the performance of 
the nomogram in the training and validation groups were superior to the single factor. 

The calibration curve of the nomogram prediction model for arthritis was shown in Fig. 4(A and B). The abscissa represented the 
probability of arthritis predicted by the nomogram, and the ordinate represented the actual probability of arthritis. The ideal line 
indicated that the predicted probability was equal to the actual probability under optimal conditions. The apparent and bias-corrected 
lines represented the predicted and actual probabilities of the nomogram prediction model under realistic conditions, respectively. The 
closer the apparent and bias-corrected lines were to the ideal line, the better the calibration of the nomogram prediction model, and the 
better the prediction model. As shown in Fig. 4(A and B), the prediction accuracy of this prediction model was good. 

Fig. 5(A and B) showed the DCA curves for the training and validation groups. The results demonstrated that the nomogram risk- 
prediction model provided clinical benefits to participants across thresholds ranging from 0 to 0.8. The analysis indicated that the 
prediction model yielded a good net benefit. 

4. Discussion 

In this study, we developed and validated a prediction model for arthritis that could be used to assess the risk of arthritis in 
community-dwelling middle-aged and older adults. The model incorporated information which included predictors such as age, hy-
pertension, heart diseases, gender, sleep time(h)/Day, BMI, residence address, the parts of joint pain and trouble with body pains. 

The results of this study suggested that the parts of joint pain was considered as the most important predictor for arthritis. In this 
regard, it was known that the joint pain indicated a risk of arthritis [33]. Meanwhile, joint pain could also be used as one of the 
predictors to differentiate inflammatory arthritis and noninflammatory arthritis [34]. With the acceleration of aging, joint pain caused 
by arthritis, especially osteoarthritis may lead to difficulties in middle-aged and elderly individuals [35]. Trouble with body pains was 
also one of the predictors in the model. One study revealed that arthritis was correlated with body pain and was one of the predictors of 
older adults reporting body pain [36]. This finding was consistent with the results of the present study. Thus, as a risk predictor of 
arthritis, pain should deserve the attention of community medical workers, as well as middle-aged and older adults. 

As age increases, the body and tissue functions gradually decrease. Various studies have demonstrated a correlation between age 
and arthritis [4,37,38]. The results of the present study showed that the risk of developing arthritis increased with age in middle-aged 
and older adults in communities. This was consistent with findings regarding the effect of age proposed in the risk prediction model for 
knee osteoarthritis [20,39]. These findings indicated that age was one of the factors in the risk prediction model for arthritis. Gender 
was also observed as a risk factor of arthritis. This study identified gender as one of the model predictors, with females demonstrating a 

Table 3 
Multicollinearity diagnosis of predictors.  

Factors Tolerance VIF 

Gender 0.947 1.056 
Age(years) 0.869 1.150 
Marital status 0.913 1.095 
Trouble with body pains 0.419 2.387 
The parts of joint pain 0.430 2.327 
Sleep time(h)/Day 0.948 1.054 
Health satisfaction 0.780 1.283 
Life satisfaction 0.838 1.193 
Hypertension 0.832 1.201 
Dyslipidemia 0.861 1.161 
Diabetes 0.893 1.119 
Heart diseases 0.899 1.112 
BMI 0.965 1.036 
Residence Address 0.974 1.027  

Table 4 
The results of the binary logistic regression analysis in the training group.  

Variables B SE Wald P OR 95%CI 

Age(years) 0.030 0.003 94.242 <0.001 1.031 1.024–1.037 
Hypertension 0.300 0.069 18.667 <0.001 1.349 1.178–1.546 
Heart diseases 0.567 0.087 42.637 <0.001 1.763 1.487–2.090 
Gender 0.214 0.059 13.181 <0.001 1.239 1.104–1.390 
Sleep time(h)/Day − 0.079 0.016 25.600 <0.001 0.924 0.896–0.953 
BMI 0.267 0.128 4.334 0.037 1.306 1.016–1.679 
Residence Address 0.450 0.083 29.712 <0.001 1.569 1.334–1.844 
The parts of joint pain 1.173 0.104 126.889 <0.001 3.230 2.634–3.961 
Trouble with body pains 0.446 0.092 23.449 <0.001 1.563 1.304–1.872 
constants − 3.194 0.235 184.172 <0.001 0.041  

Notes: OR: Odds Ratio. 95%CI: 95% Confidence Interval. 
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higher risk of arthritis than males. Studies have also shown that female was associated with having osteoarthritis [40–42]. These 
results were consistent with those of the present study. Additionally, we found that residence address was also a risk predictor for 
arthritis. People in rural areas were found to have a higher risk of arthritis than middle-aged and older adults in cities. Another study 
also reported that residential area (urban or rural) was a predictive factor for the risk of symptomatic knee osteoarthritis [39], which is 
consistent with the results of the present study. This might be related to the environmental risk factors for arthritis [43]. Thus, older 
females in rural areas might be at higher risk of arthritis and require more attention from community healthcare workers. 

Heart diseases mainly including heart attack, coronary heart disease, angina, heart failure, and other heart problems were also 
another predictive factor for arthritis. Multivariate analysis of the study showed that the risk of arthritis in middle-aged and older 
adults with heart diseases was 0.763 times higher than those without heart diseases. Research indicated that cardiac manifestations 
could increase the incidence rate of inflammatory joint diseases [44]. Patients with inflammatory joint diseases had an increased risk of 
cardiovascular disease [45]. Hypertension was also shown to be a risk predictor of arthritis. Studies indicated that arthritis was 
strongly associated with hypertension [46,47]. Therefore, heart diseases and hypertension in communities had a significant effect on 
the risk of arthritis. 

The present study also confirmed that obesity (BMI ≥30 kg/m2) was a risk factor for arthritis. Obesity was associated with a higher 
risk of arthritis compared with a BMI <30 kg/m2, which was consistent with the findings of previous studies demonstrating that 
obesity increases the risk of arthritis [48,49]. Interestingly, sleep time was confirmed to be a negative predictor of arthritis. The risk of 
arthritis decreased with longer sleep time. Prior research indicated that a short sleep duration was associated with an increased risk of 
rheumatoid arthritis [50]. This was also reflected in our study. Therefore, middle-aged and older adults could increase their sleep time 
appropriately. 

Through a rigorous literature search, there was no relevant literature to develop a nomogram based on the risk of arthritis in 
community-dwelling middle-aged and older adults. We identified several predictors that were associated with the risk of arthritis in 
community-dwelling middle-aged and older adults. We found that the combination index outperformed a single marker in terms of 
predictive ability [51]. Therefore, we developed a nomogram based on these variables to predict the risk of arthritis in 
community-dwelling middle-aged and older adults. The nomogram that was constructed exhibited exceptional discrimination and 

Fig. 2. Nomogram for a risk prediction of arthritis in the training group.  
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calibration abilities in both the training and validation groups. Then decision curve analysis was employed to assess the net clinical 
benefits of the nomogram for guiding clinical decisions. The results revealed that the net clinical benefits provided by the nomogram 
surpassed those offered by a solitary marker in both the training and validation groups. The analysis indicated that the nomogram 
yielded a good net benefit. These results demonstrate that the nomogram can accurately predict the risk of arthritis in 
community-dwelling middle-aged and older adults. 

The above discussion regarding the predictors of the risk of arthritis had its potential clinical implications. It has several strengths. 
First, the data were obtained from a nationwide representative sample. Second, the prediction model for arthritis in middle-aged and 
older adults in the community has certain effects on health guidance and prevention. Still, this study has several limitations. First, 
although the data from middle-aged and older adults in the community were representative, external validation of the clinical data is 
still lacking. So clinical data should be used for external validation in the future. Second, the variables were derived from self-reports, 
which might lead to bias. Nevertheless, the large sample size, well-designed questionnaire, and random selection of training and 
validation groups may have reduced bias to a certain extent. Third, the survey did not consider longitudinal data, which may have 
affected the validity of the prediction model to some extent. Therefore, follow-up studies that use longitudinal surveys are warranted. 
Further studies are needed to analyse predictive models for different types of arthritis. 

5. Conclusions 

In conclusion, we developed and validated a risk prediction model for arthritis in community-dwelling middle-aged and older 
adults. The prediction model had a high sensitivity and specificity, as well as good discrimination and calibration abilities. The 
predictive model will facilitate community health institutions and clinicians in screening and predicting the incidence of arthritis 
among community residents, while also enabling the implementation of early intervention measures. 

Fig. 3. Discrimination of the nomogram prediction model for arthritis. (A) ROC curve of the training group. (B) ROC curve of the validation group.  

Table 5 
The performance of the nomogram in the training and validation groups.   

AUC (95% CI) Youden index Sensitivity Specificity 

Training group 
Age(years) 0.596(0.581–0.610) 0.145 0.7 0.445 
Nomogram 0.723(0.710–0.737) 0.326 0.565 0.761 
Validation group 
Age(years) 0.606(0.585–0.627) 0.163 0.897 0.266 
Nomogram 0.721 (0.700–0.741) 0.323 0.556 0.767 

AUC, area under the curve; CI, confidence interval. 
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