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Background: This study aimed to examine how personality traits, social support and clinical features including pain, disease activity, 
functional status, sleep quality, and fatigue influence on depressive symptoms in Chinese rheumatoid arthritis (RA) patients.
Methods: This study was conducted from November, 2022 to June, 2023 among Chinese RA patients. Pain, disease activity, 
functional status, sleep quality, fatigue, social support, personality traits, and depressive symptoms were assessed. The following 
relationships among three hypotheses were analyzed by structural equation model (SEM): H1: clinical features have a direct effect on 
depressive symptoms; H2: personality traits might work as a mediator between clinical features and depression; H3: social support is 
related to depressive symptoms, being a direct effect or an indirect effect through clinical features or personality traits.
Results: The final model including 326 RA patients presented a good fit (χ2=103, χ2/df=1.69; GFI=0.96; AGFI=0.93; CFI=0.97; 
TLI=0.96; RMSEA=0.046). Clinical features had a total effect of 0.59 on depressive symptoms, of which β=0.33 (P=0.013) was an 
indirect effect through personality traits, indicating a mediating influence between this relationship; moreover, there was a significant 
direct association between clinical features and depressive symptoms (β=0.26; P=0.022). Personality traits (β=−0.65; P<0.001) had 
a much stronger relation with depressive symptoms than with clinical features. Social support had a total effect of 0.81 on personality 
traits, being a direct effect of β=0.52 (P<0.001) and an indirect effect of β=0.29 (P<0.001) through clinical features. The final proposed 
model explained 77% of the variance of depressive symptoms.
Conclusion: Personality traits had a considerable influence upon depressive symptoms, while social support seemed to have a major 
effect on personality traits. It is necessary to apply comprehensive assessment and interventions of patients’ personality traits, clinical 
features, as well as social support, which could optimize their mental health.
Keywords: rheumatoid arthritis, depressive symptoms, structural equation model, personality traits

Introduction
Rheumatoid arthritis (RA) is a chronic systemic inflammatory disease that affects 1% of the global population.1 Chronic 
painful state of disease and undefined period of treatment severely imperil psychological well-being.2 Depression is the 
most common mental disorder in RA, with prevalence rates ranging from 14% to 48%.3 A recent systematic review and 
meta-analysis from China, which included 21 studies for a total of 4447 Chinese RA patients, reported rates of 48% of 
depression.4 Various studies illustrate the negative effects of depression in the context of RA, including the low disease 
remission and treatment response,5 high levels of pain and disease activity,6 increased functional disability,7 reduced 
health-related quality of life,6 as well as increased mortality,8,9 which add to the disease burden. These highlight that 
depression among RA patients should be paid more attention than it usually receives from health professionals, not only 
because it can improve mental health, but also because it can help to aid in management of physical aspects of the 
disease.
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Research10–14 on depressive symptoms and its related factors, such as social demographic factors (eg, age, gender, 
low socioeconomic status), pain, disease activity, functional status, fatigue and sleep quality has been conducted for 
a long time. However, there is some uncertainty regarding the relationship between sociodemographic factors and 
depressive symptoms, possibly, due to some differences among self-report scales for assessing depressive symptoms 
from different region. From example, a study from Iran14 reported that there was no statistically significant association 
between sociodemographic factors including gender, income or employment status, and depressive symptoms of RA 
patients, while Ng KJ et al15 found that female, income, and employment status were significant associated with 
depressive symptoms among RA patients. To date, much research7,13,14,16 have demonstrated that persistent pain, high 
disease activity, functional disability, fatigue and sleep disorders have great impacts on depressive symptoms in RA. 
Therefore, we designated a latent variable named clinical features to denote pain, disease activity, functional status, 
fatigue and sleep quality in this study. Moreover, we considered that clinical features should have a direct effect on 
depressive symptoms in Chinese RA patients.

There is a vast amount of literature17–19 describing a relationship between personality and depression. This link can 
be traced to the major theory of personality predispositions to depression, which indicates that individuals with high 
levels of self-criticism and/or dependency tend to suffer from depression following negative life events.20 RA is a chronic 
disease with psychiatric problems, which brings a heavy burden to patients.8 Considering the relevance of the relation-
ship between personality and depression among the general population, it is necessary to investigate whether this 
association extends to Chinese RA patients or not. Personality seems to be an important psychological variable, which 
should be taken into consideration because it predisposes to the experience of depression.21,22 Only a study from 
Portugal23 concluded that personality seemed to play a pivotal mediating role in the relationship between disease impact 
and depressive symptoms among RA patients. Considering the different study populations and various self-reported tools 
used, the result is specific to the samples included in the study and can hardly be generalized to Chinese RA patients 
because there are significant differences in culture, lifestyle and diet between Chinese and Westerners. Therefore, it is 
essential to examine whether personality plays a mediating variable in the path to depressive symptoms among Chinese 
RA patients or not.

RA also brings a heavy burden to both family and society.24 There is a growing interest in the relationship between 
social support and depressive symptoms among RA patients.25–27 Social support is supposed to protect mental health 
both directly through the benefits of social relationships and indirectly as a buffer against stressful circumstances.28 In 
some patients with chronic diseases, low level of social support is related to the occurrence of depressive symptoms when 
exposed to disease.29–31 Similarly, social support is beneficial to the psychological adjustment of RA, and low-level 
social support has a strong positive association with the experience of depressive symptoms among people suffering from 
RA.26,27 As it is known, personality plays an important role in the ability to develop and maintain interpersonal 
relationships and in both the appraisal and effectiveness of supportive interactions that take place in the context of 
these relationships.20 One study conducted in Netherlands32 found that personality and social support as predictors of first 
and recurrent episodes of depression. Based on these data, we suggest that social support may play a pivotal role in the 
relationships among clinical features, personality and depressive symptoms in RA patients.

Most studies10–14 examined risk factors of depressive symptoms using the t-test, chi-square test and multifactor 
logistic/linear regression analysis, which could not analyze the direct and indirect effects of risk factors. The structural 
equation model (SEM) is a popular method which can fill this gap and quantitatively evaluate the size of the risk factors’ 
effect or calculate the error of the measurement variables.33 Thus, the current study was conducted to assess not only the 
interactions among clinical features, personality traits, social support, and depressive symptoms but also the magnitude of 
the interactions among these factors. A better understanding of these relationships is of great importance to improving 
mental health outcomes by optimizing the design of interventions. Based on an in-depth literature review, we hypothe-
sized the following: H1: clinical features including pain, disease activity, functional status, sleep quality, and fatigue have 
a direct effect on depressive symptoms in Chinese RA patients; H2: personality traits might work as a mediator between 
clinical features and depression; H3: social support is related to depressive symptoms, being a direct effect or an indirect 
effect through clinical features or personality traits.
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Materials and Methods
Participants
RA patients were recruited from the Ruijin Hospital, Shanghai Jiao Tong University School of Medicine between 
November 2022 and June 2023. When patients came to the hospital for RA-related issues, they were asked if they want 
to participate in the study. We explained the purpose of the study to the patients, assuring them that all of the information 
that they provided would remain anonymous and confidential. The inclusion criteria were adults, aged 18 years and older 
with a diagnosis of RA fulfilling the American College of Rheumatology (ACR) 1987 revised criteria34 for the 
classification of RA. Patients meeting the following criteria were included: (1) they were aged 18 or above; (2) they 
were diagnosed with RA according to the 1987 ACR criteria; (3) they were willing to provide written informed consent; 
(4) they were able to interact in Chinese efficiently. Participants who have organic/structural brain disease, cognitive 
impairment or current severe diseases, such as cancer, serious infections, or cardiac, respiratory, gastrointestinal, 
endocrine diseases were excluded by querying the electronic medical records. The preset study was conducted in 
accordance with the principles of the Declaration of Helsinki and approved by the Ethics Committee of the Ruijin 
Hospital, Shanghai Jiao Tong University School of Medicine.

Measurements
Patients were asked to complete demographic and disease questionnaires including age, gender, BMI, marital status, 
education, employment, yearly income, health insurance, comorbid condition (eg, high blood pressure, diabetes, fatty 
liver), disease duration, family and hospitalization history, tobacco and alcohol usage. The medication information 
including the use of disease modifying anti-rheumatic drugs (DMARDs), nonsteroidal anti-inflammatory drugs 
(NSAIDs), corticosteroids, and biologics was recorded by querying the electronic medical records or patients’ self- 
reports. However, we did not record psychiatric medication for depression because most RA patients did not have 
a definite diagnosis of depression before our investigation.

Disease activity was estimated with the valid and reliable 28-joint Disease Activity Score (DAS28).35 It is 
a continuous measure of RA disease activity that combines information from 28 swollen joint counts, 28 tender joint 
counts, the rate of erythrocyte sedimentation rate, as well as the patient’s recognition of disease activity from 0cm (not 
active at all) to 10cm (very active). The 10-cm horizontal visual analogue score (VAS) was used to assess pain.36

Functional status was evaluated by the Health Assessment Questionnaire-Disability Index (HAQ-DI).37 There are 20 
questions in eight categories of functioning which represent a comprehensive set of functional activities- dressing, rising, 
eating, walking, hygiene, reach, grip, and usual activities. Higher scores (ranging 0–3) indicating low functional status. In 
the study, the Cronbach’α was 0.876.

Fatigue was assessed by the 14-item Fatigue Scale (FS-14).38 FS-14 comprises 14 items with two dimensions: 
physical fatigue and mental fatigue. The total fatigue score obtained by adding up all items ranges from 0 to 42, with 
higher scores indicating more severe fatigue. In the study, the Cronbach’α was 0.854.

Sleep quality was evaluated by the Pittsburgh sleep quality index (PSQI).39 The questionnaire consisted of 19 
questions, which was divided into seven aspects. Each aspect has a score of 0 (no difficulty) to 3 (severe difficulty). 
The total score ranged from 0 to 21, with higher scores indicating poor sleep quality. In the current study, the Cronbach’α 
was 0.871.

The Chinese version of Social support rating scale (SSRS),40 developed by Xiao, is a 10-item scale including three 
subscales: subjective support (4 items), objective support (3 items), and the utilization of support (3 items). Higher scores 
indicate high status of social support. In the present sample, the internal consistency was excellent for the total scale 
(Cronbach’s alpha = 0.791).

Personality was estimated using the Ten Item Personality Inventory (TIPI),41 which is comprised of 10 items (seven- 
point Likert scale) with five dimensions: extraversion, agreeableness, conscientiousness, emotional stability and openness 
to experience. Each dimension is scored as the mean of two items, with higher scores indicating a stronger expression of 
the respective trait. In this study, the Cronbach’α was 0.834.
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Depression was assessed using the 7-item Hospital Depression Scale (HDS).42 It is one of the dimensions of the 
Hospital Anxiety and Depression Scale and has been verified applicable and satisfactorily reliable in clinical settings. The 
total score of the scale is 0–21 points, with high scores indicating high levels of depressive symptoms. A cut-off ≥8 
correspond to possible depression. In the present study, the Cronbach’α was 0.798.

Data Analysis
IBM SPSS (Version 25) was used to conduct descriptive and correlational analyses. Characteristics of baseline data were 
presented with mean (standard deviation, SD) for continuous variables and frequency (%) for categorical variables. The 
correlations of study variables (clinical features, personality, social support and depression) were performed by Pearson 
correlation analyses.

Before the SEM analysis, we analyzed the normality and multicollinearity of all variables included in the model.43 If 
the absolute values of Kurtosis and Skewness in the model do not exceed 7 and 2 respectively, then the hypothesis of 
univariate normality would be proved. The analysis results show that all variables (except for functional status scores) 
were subject to the Kurtosis of below 7 and the Skewness of below 2, however, there existed violation of multivariate 
normality. Therefore, we applied the Bollen-Stine Bootstrap for Goodness-of-Fit Measures to SEM with non-normal 
data.44 Multi-collinearity among covariates was estimated via tolerance and variance inflation factor (VIF) as the cutoff 
recommended thresholds for tolerance <0.1 and VIF >10. VIF values of all variables included in the model were below 5, 
excluding multicollinearity as an issue.

AMOS 26.0 was used for SEM analysis, and this SEM model estimation was conducted using maximum-likelihood 
estimation with the Bollen-Stine Bootstrap. Standardized regression (β) coefficients, with the standard errors and 
P-values for β, were reported for both direct and indirect effects. Statistically significant effects were assumed for 
P <0.05. Paths were excluded when they were not significant, leading to the readjustment of the initially proposed model. 
Moreover, the bias-corrected 95% confidence interval (CI) calculated with 5000 bootstrapping re-samples was performed 
to test the significance of the mediational path.45 If the 95% CI of indirect effect did not contain 0, it indicated that the 
mediating effect was significant.

As recommended, multiple indices were used to estimate the model fit, including the relative chi-square (χ2/df) test, 
root mean square error of approximation (RMSEA), the goodness fit index (GFI), the normed fit index (NFI), Tucker- 
Lewis index (TLI) and the comparative fit Index (CFI). A good fit of the models was assumed when CFI, NFI, TLI and 
GFI were larger than 0.90 and the value of χ2/df was less than 3.0; RMSEA values <0.05 were considered ideal.46

Result
Patient Characteristics
A total of 342 questionnaires were distributed. If more than one-third of the questionnaire was missed, we would exclude 
the questionnaire. Finally, 326 valid questionnaires were collected with an effective recovery rate of 95.3%. Participants’ 
baseline demographic and clinical characteristics are reported in Table 1. Participants were aged 57.18 ± 13.10 years, 

Table 1 Characteristics of RA Patients (n=326)

Variables Values

Age, years, Mean ± SD 57.18 ± 13.10

Gender, n (%)

Female 267 (81.9)
Male 59 (18.1)

BMI, kg/m2, Mean ± SD 22.82 ± 3.29

Marital status, n (%)
Single 23 (7.1)

Married 275 (84.4)

(Continued)
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Table 1 (Continued). 

Variables Values

Divorce 12 (3.7)

Widowed 16 (4.9)
Education, n (%)

Primary and below 140 (42.9)

Secondary 121 (37.1)
Graduate and above 65 (20.0)

Employment, n (%)

Unemployed 216 (66.3)
Employed 110 (33.7)

Yearly income (RMB), n (%)

≤ 13,000 Yuan 54 (16.6)
13,000–33,000 yuan 48 (14.7)

≥ 33,000 yuan 224 (68.7)

Health insurance, n (%)
Yes 316 (96.9)

No 10 (3.1)

Comorbid condition, n (%)
Yes 150 (46.0)

No 176 (54.0)
Disease Duration, Mean ± SD 7.72 ± 9.15

Family history, n (%)

Yes 48 (14.7)
No 278 (85.3)

Hospitalization history, n (%)

Yes 157 (48.2)
No 169 (51.8)

Tobacco usage, n (%)

Yes 43 (13.2)
No 283 (86.8)

Alcohol usage, n (%)

Yes 31 (9.5)
No 295 (90.5)

DAMARDs usage, n (%)

Yes 254 (77.9)
No 72 (22.1)

NSAIDs usage, n (%)

Yes 54 (16.6)
No 43 (83.4)

Corticosteroids usage, n (%)

Yes 85 (26.1)
No 241 (73.9)

Biologics usage, n (%)

Yes 91 (27.9)
No 235 (72.1)

HDS, depressive symptoms

Not depressed (<8), n (%) 241 (73.7)
Depressed (≥8), n (%) 86 (26.3)

Abbreviations: RA, Rheumatoid arthritis; SD, Standard deviation; 
BMI, Body mass index; RMB, Renminbi; DAMARDs, disease modifying 
anti-rheumatic drugs; NSAIDs, nonsteroidal anti-inflammatory drugs; 
HDS, Hospital Depression Scale.
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with mean disease duration of 7.72 years. Among the participants, most of them were females (81.9%), 84.4% reported 
having been married. Approximately 16.6% of the participants reported Yearly incomes that were lower than 15,000 
renminbi (RMB), and 68.7% were higher than 33,000 RMB. Most of them were unemployed (66.3%) and had no 
identified comorbidities (54.0%). Approximately 77.9% of the individuals used DAMARDs, and 27.9% used biologics. 
Almost 26.3% (n = 86) of patients had depressive symptoms.

Bivariate Analysis
The scores and bivariate correlations for all measured variables are presented in Table 2. As expected, depression was 
found to be positively associated with clinical features including pain, disease activity, functional disability, sleep quality, 
and fatigue. Subjective support, objective support, and utilization of socio-support were associated, with moderate 
correlations, with depression and with virtually all aspects of clinical features. Subjective support and utilization of socio- 
support were not related to DAS28. All personality traits presented low to high negative correlations with depression; 
low to moderate positive correlations with subjective support, objective support, and utilization of socio-support; and 
negative correlations, with clinical features, except for DAS28 (not significant at agreeableness).

Structural Equation Model
Figure 1 showed the final model. The indices of the goodness-of-fit demonstrated that the final model was an excellent fit 
to the data, thus permitting the examination of the structural model (χ2=103, χ2/df=1.69; GFI=0.96; AGFI=0.93; 
CFI=0.97; TLI=0.96; RMSEA=0.046). Although the χ2 statistic was significant (P<0.05), its ratio to the df was 
acceptable (χ2/df < 3). Standardized regression coefficients for the final model are summarized in Table 3 and 
Figure 1. The bootstrap indirect effects are reported in Table 4.

According to results of SEM: (1) There was a significant direct association between clinical features and depressive 
symptoms (β=0.26; P=0.022). (2) Clinical features had a total effect of 0.59 on depressive symptoms, of which β=0.33 
(P=0.013) was an indirect effect through personality traits, indicating a mediating influence between this relationship; 
Personality traits (β=−0.65; P<0.001) had a much stronger relation with depressive symptoms than with clinical features. 
(3) Although there was no direct relationship between social support and depressive symptoms, social support had a total 
effect of 0.81 on personality traits, being a direct effect of β=0.52 (P<0.001) and an indirect effect of β=0.29 (P<0.001) 
through clinical features.

The final proposed model explained 77% of the variance of depressive symptoms. The standardized factor load of 
variables showed that the standardized load of emotional stability was as high as 0.82, indicating that it is the most 
important factor affecting depression. The standardized load of fatigue, sleep quality, objective support, subjective 
support and the utilization of support were more than 0.60, while the standardized load of other variables included in 
the SEM model were all less than 0.60.

Discussion
To our knowledge, this is the first study providing a comprehensive model that illustrates the correlations among clinical 
features (pain, disease activity, functional status, sleep quality, and fatigue), personality traits, social support and 
depression in Chinese patients with RA. Indeed, most studies10–14 have investigated the relationships among clinical 
features, personality traits, social support and depression among RA patients, but they have rarely explored how these 
factors influenced each other and the magnitude of the interactions among these factors. Our findings also indicate that 
personality traits mediate (and mitigate) the association between clinical features and depressive symptoms. Personality 
traits have much stronger relations with depression than with clinical features, which have implications for interventions 
to decrease depression in RA. Overall, the results of this study suggest that the model has a good fit.

In line with hypothesis, clinical features had a total effect of 0.59 on depression, which was not only directly 
associated with depression but also had an indirect effect on depression in Chinese RA patients. This finding was 
consistent with previous studies,13,14,16 which suggested that pain, disease activity, functional disability, sleep disorders, 
fatigue and depression were mutually associated. RA-related clinical features can cause feelings of hopelessness self- 
worthlessness, guilt, as well as somatic symptoms such as loss of appetite and energy, which subsequently exacerbates 
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Table 2 Correlations and Scores Among All Study Variables (N =326)

Variables Scores 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Clinical features

Functional status (1) 0.21 ± 0.43 1.00

DAS28 (2) 2.74 ± 1.12 0.47** 1.00
Pain (3) 2.59 ± 2.24 0.51** 0.63** 1.00

Sleep quality (4) 10.53 ± 3.45 0.32** 0.25** 0.38** 1.00

Fatigue (5) 4.99 ± 3.08 0.34** 0.28** 0.35** 0.44** 1.00
Social support

Subjective support (6) 9.14 ± 2.04 −0.19** −0.10 −0.22** −0.31** −0.33** 1.00

Objective support (7) 21.83 ± 3.97 −0.21** −0.13* −0.22** −0.23** −0.32** 0.63** 1.00
Utilization of socio-support (8) 6.49 ± 2.32 −0.12* −0.01 −0.13* −0.23** −0.16** 0.32** 0.43** 1.00

Personality

Extraversion (9) 4.41 ± 1.11 −0.18** −0.12* −0.21** −0.18** −0.30** 0.36** 0.28** 0.36** 1.00
Agreeableness (10) 5.21 ± 0.74 −0.15* −0.09 −0.21** −0.14** −0.21** 0.32** 0.24** 0.34** 0.44** 1.00

Conscientiousness (11) 4.73 ± 0.84 −0.11* −0.12* −0.16** −0.15** −0.24** 0.18** 0.17** 0.13* 0.08 0.30** 1.00

Emotional stability (12) 4.82 ± 1.22 −0.28** −0.24** −0.35** −0.38** −0.49** 0.41** 0.44** 0.39** 0.34** 0.34** 0.24** 1.00
Openness to experience (13) 3.42 ± 1.17 −0.18** −0.17** −0.16** −0.26** −0.24** 0.22** 0.18** 0.26** 0.31** 0.37** 0.36** 0.27** 1.00

Depressive symptoms (14) 4.72 ± 4.12 0.41** 0.33** 0.43** 0.49** 0.53** −0.41** −0.47** −0.41** −0.35** −0.37** −0.18** −0.72** −0.33** 1.00

Note: *P<0.05, **P<0.01. 
Abbreviation: DAS28, Disease Activity Score using 28 joints.
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depressive symptoms. However, they did not permit causal inferences because systemic inflammation might lead to 
depressive symptoms among RA patients, and depression also inversely increased inflammation.2 Furthermore, our study 
supported the mediating role of personality traits on the association between clinical features and depression in Chinese 
RA patients, which was similar with the result of study conducted in Portugal, indicating that there was strong 
association between personality and depression in RA.23 The relationship between personality and depression is well 

Figure 1 Estimated standardized direct effects for the proposed model.

Table 3 Regression Weights Between Structural Parameters

Unstandardized 
Direct Effects

Standardized 
Direct Effects

Standard 
Error

Critical 
Ratio

P-value

Clinical features←Social support −0.83 −0.57 0.16 −5.37 <0.001

Personality←Clinical features −0.12 −0.51 0.03 −4.25 <0.001

Personality←Social support 0.18 0.52 0.04 4.17 <0.001
Objective support←Social support 1.86 0.68 0.24 7.80 <0.001

Subjective support←Social support 0.90 0.64 0.13 7.07 <0.001

Utilization of socio-support←Social support 1.00 0.63 #

Extraversion←Personality 1.00 0.45 #

Agreeableness←Personality 0.65 0.44 0.09 6.96 <0.001

Conscientiousness←Personality 0.44 0.26 0.11 3.91 <0.001
Emotional stability←Personality 2.00 0.82 0.26 7.65 <0.001

Openness to experience←Personality 0.89 0.38 0.15 5.82 <0.001

Fatigue←Clinical features 1.00 0.68 #

Sleep←Clinical features 1.02 0.62 0.11 9.22 <0.001

Functional disability←Clinical features 0.10 0.50 0.01 7.30 <0.001

DAS28←Clinical features 0.23 0.41 0.04 6.07 <0.001
Pain←Clinical features 0.58 0.54 0.07 7.82 <0.001

Depressive symptoms←Clinical features 0.52 0.26 0.23 2.29 0.022

Depressive symptoms←Personality −5.34 −0.65 1.10 −4.87 <0.001

Notes: #Constrained paths. DAS28: Disease Activity Score using 28 joints. Unstandardized direct effects come directly out of the estimation procedure. Due to the metric 
differences of the instruments, in this case, standardized direct effects should be preferred to indicate the strength of the associations (magnitude between −1.0 and +1.0). 
Higher absolute values indicate a stronger (positive or negative) association. An absolute critical ratio >1.96 reflects that path coefficients are significant at the 0.05 level.
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established in the literature, suggesting that depression is associated with traits such as emotional stability, extraversion 
or conscientiousness.19,47 In particular, we found that personality traits had much stronger relations with depressive 
symptoms than with clinical features, further supporting the importance of personality in the development of depression. 
What’s more, our study suggested that the standardized load of emotional stability was as high as 0.82, indicating that it 
is the most important traits affecting depression. As noted by Jeronimus and colleagues48 in their meta-analysis of 59 
prospective longitudinal studies on 443,313 participants, the relationship between neuroticism (emotional stability) and 
mental disorders is particularly in line with the vulnerability model. It is thought that depression emerges when 
neuroticism exceeds the threshold that varies from person to person.49 RA is a chronic disease with poor mental health 
and brings a heavy burden to patients, family and society,24 which may lead to higher neuroticism in the development of 
depression, compared to the general population. Taken together, these data highlight that personality traits (especially 
emotional stability) should be taken into consideration when healthcare professionals design strategies to optimize 
outcomes in the management of RA. In fact, clinical features and personality explained around 77% of the depressive 
symptoms.

Although social support did not directly influence depression, the present study indicates the mechanism by which 
social support may affect personality traits and in turn influence depression among Chinese RA patients. Our results 
demonstrated that social support had a total effect on personality traits, being a direct effect and an indirect effect through 
clinical features in this path analysis. Despite the fact that genes have a great impact on personality traits, personality 
traits can be changed by life stressors and major shifts in social roles and relationships.22,50 For patients, RA is an 
important negative life event, which may change their personality traits. Social support as a buffer against stressful 
circumstances is assumed to improve individuals’ positive interactions that can help them adopt positive attitudes in life’s 
challenging events.28,31 Our results underline the salience of addressing both social support and personality traits among 
Chinese RA patients to reduce depressive symptoms. Prior research25–27 also suggested that low levels of social support 
might aggravate the impact of RA-related symptoms and emphasized the significance of considering various sources of 
social support and their relationships to depression. Healthcare professionals should consider the development of targeted 
social support programs with a view to helping reduce mental health problems amongst RA patients.

Some limitations should be considered in the interpretation of the results. First, the cross-sectional study design 
makes it difficult to correlate causes with effects from the findings. Our study can only provide potential hypothesis for 
future longitudinal and intervention study. Second, as the recruitment was carried out in a single center, our sample was 
not representative of the full population of RA in China, which likely limits the generalizability of our findings. Third, 
the self-assessment tool rather than a clinical diagnostic interview was used in our study, which might impact the 
accuracy of our results. However, the HDS has shown high reliability as well as sensitivity and specificity to predict the 
diagnosis of depression.42 Fourth, we did not include some potential influential factors such as the dose of steroid, 
comorbidities or socioeconomic status in the SEM analyses, despite its potential confounder effect.23

Conclusion
In summary, our study indicated that personality traits had a considerable influence upon depression, while social support 
seemed to have a major effect on personality traits among Chinese RA patients. Personality traits may be another realm 
of potential intervention towards minimizing the impacts of clinical features on patients’ depression. Positive psychology 

Table 4 Bootstrap Results for Indirect Effects Between Structural Parameters

Depressive Symptoms Positive Personality

Estimates, 95% CI SE, P-value Estimates, 95% CI SE, P-value

Social support −0.678 (−0.782, −0.579) 0.052, <0.001*** 0.293 (0.174, 0.574) 0.091, <0.001***

Clinical features 0.331 (0.144, 0.614) 0.130, 0.013* – –

Notes: Standardized indirect effects indicate the strength of the associations (magnitude between −1 and +1); Higher absolute values indicate 
a stronger (positive or negative) association. *P<0.05, ***P<0.001. 
Abbreviations: CI, confidence interval; SE, Standard Error.
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interventions such as mindfulness interventions, optimistic interventions, strength-building measures, and cognitive 
behavior interventions may be of paramount importance for improving the individual patient’s mental health.
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