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Objective: This study aimed to investigate the prevalence of depression/anxiety/sleep disturbance (D/A/S), as well as factors
associated with these conditions, among patients with moderate-to-severe chronic pain.

Methods: This cross-sectional study was conducted at 13 tertiary hospitals in 10 provinces, enrolling consecutive patients with
chronic pain from November 2023 to May 2024. Depression was defined using the Patient Health Questionnaire-9 cutoff of 5 or
higher, categories of depression were defined as none (scores: 0—4); anxiety was defined using the Generalized Anxiety Disorder-7
cutoff of 5 or higher, categories of anxiety were defined as none (scores: 0—4); sleep disturbance was defined as a total Pittsburgh Sleep
Quality Index score of > 5, categories of sleep disturbance were defined as none (scores: 0-5). Sociodemographic, lifestyle behaviors,
and clinical characteristics were collected. Pearson correlation analysis was used to examine correlations among D/A/S. Univariate and
multivariate logistic regression analyses were applied to identify factors associated with these conditions.

Results: A total of 1107 patients were analyzed. D/A/S were identified in 36.6%, 19.1%, and 46.3% of the patients with chronic pain,
respectively. The co-occurrence of two or three symptoms was 12.8-26.6%. In the multivariate analysis, patients who reported poor
self-rated health (odds ratio [OR] 1.89, 95% confidence interval [CI] 1.33-2.68) and neuroticism (OR 1.06, 95% CI 1.02—-1.09) were
associated with depression. Neck pain (OR 2.60, 95% CI 1.53—4.42), alcohol consumption (OR 1.83, 95% CI 1.12-2.99), neuroticism
(OR 1.09, 95% CI 1.05-1.13), and pain interference (OR 1.33, 95% CI 1.17-1.50) were correlated with anxiety. Alcohol consumption
(OR 1.64, 95% CI 1.16-2.32) and pain interference (OR 1.12, 95% CI 1.03—1.23) were associated with sleep disturbance.
Conclusion: Among patients with chronic pain, D/A/S are prevalent and linked to distinct factors. Alcohol consumption and pain
interference may be associated with both anxiety and sleep disturbance, while neuroticism may be linked to both depression and
anxiety. Future systematic management of multifactorial factors may improve their mental health.
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Introduction
Chronic pain is one of the most prevalent chronic conditions globally and can affect all populations.' A systematic
review estimated that its prevalence varies from 24% to 60% across different countries.® Persistent chronic pain increases
the risk of a range of mental health problems.* Depression/anxiety/sleep disturbance (D/A/S) often co-occur in
individuals with chronic pain.>® These conditions are comorbid and share biological connections, including links to
central nervous system sensitization,” and regions in the brain, such as the prefrontal cortex, anterior cingulate, and
thalamus, are associated with both pain and mental health modulations.® Chronic pain, along with D/A/S, is a risk factor
for opioid misuse and dependence, loneliness, and suicide.”!°

According to estimates from the Global Burden of Disease Study 2017, musculoskeletal problems and mental health
problems were the two leading causes of years lived with disability (YLDs) in China.!" Co-occurring symptoms may
exert a mutually reinforcing effect,'” and resolving depression, anxiety, or sleep disturbance may also alleviate pain.'*'*
Pain and depression may influence each other.'> Similarly, anxiety is common in patients with pain, and often enhances
the suffering associated with pain.'® Sleep disturbance has been shown to increase pain perception, negatively affect
long-term prognosis, and thus act as a significant contributor to pain severity.'’

More importantly, compared with chronic pain alone, co-occurrence of these symptoms is associated with impaired
function, reduced treatment engagement, and poorer treatment response.'® Pain itself can induce D/A/S.'®!%°

S;2122 other factors

Additionally, several studies have reported more intense pain is linked to greater severity of D/A/
may also modulate these symptoms in patients with pain.
Personality characteristics, which have been widely studied in chronic pain and influence the likelihood of persistent

2324 may be linked to D/A/S.>>?® Of the big five personality traits, neuroticism is linked to mental illnesses.”’

pain,
Neuroticism, indicating susceptibility to psychological distress, characterized by low emotional stability and high
susceptibility to negative emotions.”® However, research on personality characteristics among patients with pain who
have comorbid D/A/S remains scarce. Self-rated health is an internationally recognized subjective health measurement
tool.”” It enables individuals to conduct a comprehensive assessment of their overall health status based on their own
physical and psychological experiences.’® Self-rated health may help detect potential depression symptoms,®' and
depression symptoms are one of the strongest predictors of poor self-rated health.*”> Yet, whether self-rated health is
associated with D/A/S in patients with chronic pain remains unclear.

Some studies have reported that pain-related functional interference is strongly associated with mental disorders.
However, the relationship between pain interference and depression, anxiety, or sleep disturbance in patients with chronic
pain has rarely been investigated. Decreased pain pressure threshold (PPT) is common in chronic pain,®® and mental
disorders may increase pain sensitivity.** Nevertheless, research on PPT differences between patients with pain who have
depression, anxiety, or sleep disturbance and those who do not is lacking. Some overlap among D/A/S has been observed,
primarily with associations involving female sex, lower education level, smoking, alcohol consumption, lower physical
activity, and different pain locations.>> >’ However, their specific relationships with respect to D/A/S in patients with
chronic pain remain unclear.

D/A/S in patients with chronic pain are likely to result from a combination of multiple factors; however, studies
comprehensively analyzing these factors remain scarce. Therefore, this multicenter cross-section study aimed to assess
which muti-factors are associated with D/A/S in patients with moderate-to-severe chronic pain.

Methods
Study Design and Participants

This multicenter cross-sectional study was conducted from November 2023 to May 2024. Participants were recruited
from 13 tertiary hospitals across 10 provinces and municipalities-including Beijing, Hubei, Hunan, Jiangsu, Shanghai,
Jilin, Shaanxi, Jiangxi, Anhui, and Shandong- covering the eastern, southern, central, western, and northern regions of
China. Eligible patients were aged 18 years or older, had moderate-to-severe chronic musculoskeletal pain (neck pain,
low back pain, and knee pain), and were able to speak and read Chinese. Participants were excluded if they had
undergone chronic pain-related surgery within the past year. Before participation, all patients provided written informed
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consent. This study was approved by the Medical Ethical Committee of Beijing University of Chinese Medicine
(2023BZYLLO0501) and ethics committees of all participating hospitals (Supplementary Table 12). This study was
registered with Chinese Clinical Trials.gov (ChiCTR2300076619). The study was conducted in accordance with the
Declaration of Helsinki and reported according to the “Strengthening the Reporting of Observational Studies in
Epidemiology” (STROBE) guideline.*®

Procedures
Clinicians screened all consecutive outpatients with chronic pain in their clinics according to the International
Association for the Study of Pain (IASP) classification of chronic pain for International Classification of Diseases
(ICD-11). Patients were also asked to complete and enter their data via a touch-screen computer in the waiting area
during their first consultation with the clinician, using the Research Electronic Data Capture (REDCap) system as an
online questionnaires tool.

The groups were compared for demographics, pain-related characteristics (intensity, interference, location, and PPT),
self-rated health, psychological factors (D/A/S, and personality). To further investigate the role of these variables in
relation to D/A/S in the whole study.

Measures
The questionnaire was necessarily brief to minimize its impact on clinicians’ and patients’ time (Supplementary Table 1).

Chronic pain diagnoses were made, assessed, and recorded by clinicians after examining patients. Participants who had
been experiencing continuous or intermittent pain for 3 months or more were classified as having chronic pain.*”

Demographics were collected from the pre-appointment questionnaire, as well as lifestyle behaviors, such as smoking
status, alcohol intake, sick leave due to pain, and physical activity level. The assessment of self-rated health was derived from
a previous study.*” Participants were asked: “In general, would you say your health is: excellent, very good, good, fair or
poor?” Self-rated health was treated as a dichotomous indicator (poor health: “fair” or “poor”; good health: “excellent” or
“very good” or “good”).*' Self-rated health is a measure that reflects an individual’s integrated perception of their health.*°

Pain intensity was assessed using a Numerical Rating Scale (NRS) (range, O[no pain]-10[worst pain imaginable]).** The
NRS is a validated, well-established measure and is responsive to changes in pain.** Pain-related functional interference
was assessed using the Pain Interference subscale of the Brief Pain Inventory (BPI) (range, 0—10 outcomes).** This subscale
evaluates how pain interferes with daily functioning, with higher scores indicating greater impairment.*’

Depression symptoms were assessed using the Patient Health Questionnaire-9 (PHQ-9) (score range, 0-27).*° The
PHQ-9 is a standard outpatient tool for screening and detecting the severity of depression.*” Participants with a score at

47,48

least 5 points were assigned to the “depression group” (referencing established criteria in relevant study), and those

reporting less than 5 points to the “non-depression group”. Anxiety symptoms were assessed using the Generalized
Anxiety Disorder-7 (GAD-7) scale (score range, 0-21), which includes seven items evaluating generalized anxiety

symptoms over the 14 days prior to assessment.” Participants with a score of at least 5 points assigned to the “anxiety

95,48,49
group;
Pittsburgh Sleep Quality Index (PSQI), a patient-rated scale with a score range of 0-21, with those reporting > 5 points

assigned to the “sleep disturbance group”,”>>' and < 5 points to the “normal sleep group”.

those with a score less than 5 points to the “non-anxiety group”. Sleep disturbance was screened using the

Personality was assessed using the Neuroticism Extraversion Openness Five-Factor Inventory (NEO-FFI, Costa &
McCrae, available from www.parinc.com).52 The NEO-FFI is a 60-item scale based on the extensively validated empirically
five-factor model of personality, including extraversion, openness, conscientiousness, agreeableness, and neuroticism.

Pressure pain threshold (PPT) was measured using a digital pressure algometer with a 1 cm? tip (Wagner Force Ten™
FDX50, Wagner Instruments, Greenwich, CT, USA). For this measurement, PPT was assessed three times at the left
lateral epicondyle of the humerus, the average value of these three measurements was used for analysis.>

Statistical Analysis
The study presented sociodemographic and clinical characteristics of patients with chronic pain in depression vs non-
depression groups, anxiety vs non-anxiety groups, sleep disturbance vs normal sleep groups. The variables described using
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means are as follows: age, pain duration, pain intensity, PPT, pain interference, BMI, human personality, and scores for D/A/S.
Continuous variables were compared using two-sample t-tests, and non-normally distributed continuous data were compared
using the Mann—Whitney U-test. Categorical variables were compared using the chi-square test. To investigate the factors (ie
independent variable) associated with depression (PHQ-9 scores > 5), anxiety (GAD-7 scores > 5), and sleep disturbance
(PSQI scores > 5) in patients with chronic pain, all variables were selected based on literature evidence and the suggestions
from clinical experts, including individual’s age, sex, BMI, education level, exercise, smoking status, alcohol consumption,
self-rated health, pain location, pain duration, PPT, pain intensity, pain interference, pain medicine use, sick leave due to pain,
personality, anxiety, depression, and sleep quality (Supplementary Table 2), were entered into univariable logistic regression

models. The univariable association between D/A/S and each factor was examined. Those variables associated at P value <

0.20 in the univariate analysis were candidates for inclusion in multiple logistic regression models.>*>>

Furthermore, three secondary models were established in this study (Supplementary Table 3). The secondary model 1

(depression) is a predictive model for analyzing the influencing factors of depression, with the predictor set excluding
anxiety or sleep disturbance. The secondary model 2 (anxiety) is a predictive model for analyzing the influencing factors
of anxiety, with the predictor set excluding depression or sleep disturbance. The secondary model 3 (sleep disturbance) is
a predictive model for analyzing the influencing factors of sleep disturbance, with the predictor set excluding anxiety or
depression. These models estimated the odds ratios (ORs) and 95% confidence intervals (Cls) for the effect of each
variable on each outcome.

Variance Inflation Factor (VIF) was used for collinearity diagnostics, with a criterion of VIF > 5 indicating potential
collinearity (Supplementary Table 4). Confirmatory analyses included the following variables: sex, education, pain

duration, pain intensity, alcohol consumption, pain interference, self-rated health, neuroticism, and extraversion.
Exploratory analyses, focused on age, BMI, sick leave due to pain, pain medicine use, agreeableness, conscientiousness,
and openness. The correlations of D/A/S were examined by Pearson’s correlation analysis.

It has been suggested that the number of events per predictor variable (EPV) exceeds 10 in multivariate logistic
regression analyses to ensure model adequacy.’® In our study, considering the number of events (405 with depression;
211 with anxiety; 503 with sleep disturbance), we included the 17 variables as described in the model. In addition,
sensitivity analysis was performed in this study for the cut-off criteria of > 10 (for depression, based on PHQ-9) and > 10
(for anxiety, based on GAD-7) (Supplementary Table 5). Multiple imputation was used to handle missing data. Unless

otherwise stated, the significance level was set at 0.05. All analyses were performed using R software (version 4.2.0).

Results

Patient Characteristics

A total of 1107 patients with chronic pain aged 18 to 85 years (mean + SD: 41.4 + 14.6 years) were included, with 700
(63.2%) being women (Table 1). Among them, 612 (55.3%) had a bachelor’s degree, 96 (8.7%) reported smoking, and
307 (27.7%) reported alcohol consumption. Additionally, 653 (59%) self-rated their health as “poor”, 273 (24.7%) had
sick leave due to pain; and 496 (44.6%) engaged in > 30 minutes of exercise three times weekly. Neck pain was the most
common primary complaint (55.3%, 612), followed by low back pain (52.6%, 582) and knee pain (11.6%, 128). The
mean pain duration was 4.03 years, and mean PPT was 26.8 Newtons (N). The sample had a mean NRS score of 6.0 and
BPI interference score of 3.1. Regarding psychological measures, the mean PHQ-9 score was 4.3, GAD-7 score was 3.1,
and PSQI score was 5.7 (Supplementary Table 6).

Comparison of Demographic and Clinical Characteristics Between Different Groups
There was difference in mean age (40.3 vs 42.1 years) and BMI (22.8 vs 23.2 kg/m?) between depressed and non-
depressed patients. The anxiety group had a higher proportion of females than the non-anxiety group (69.7% vs 61.9%)
(Table 1). Patients with depression or anxiety more frequently self-rated their health as “poor” (73.3% vs 50.7% and
74.9% vs 55.2%, respectively) and were more likely to have neck pain (60.5% vs 52.3% and 67.8% vs 52.3%,
respectively) compared with non-depressed/non-anxiety. Sick leave due to pain was more common in patients with
depression (30.4% vs 21.4%) or sleep disturbance (28.1% vs 21.5%) than in those without.
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Table | Characteristics and Self-Reported Outcomes of Patients with Chronic Pain

Measure Total Depression Anxiety Sleep Disturbance
(n=t107) Depression | Non-depression P Anxiety | Non-anxiety P Sleep Disturbance | Normal Sleep P
(n=405) (n=702) (n=211) (n=896) (n=513) (n=594)
Age(y): mean (SD) 41.4 (14.6) | 403 (13.9) 42.1 (15.0) 0.047 | 39.7(14.0) 41.9(14.8) 0.053 42.1 (14.7) 40.9(14.6) 0.196
Female: n (%) 700 (63.2) 270 (66.7) 430 (61.3) 0.083 147 (69.7) 553 (61.9) 0.038 338 (65.9) 362 (60.9) 0.101
BMI (kg/m?), mean (SD) 23.1 3.2) 22.8 (3.1) 232 (3.3) 0.017 22.8(2.9) 23.1 (3.3) 0.143 23.02 (3.25) 23.09 (3.19) 0.712
Education: n (%) 0.370 0.343 0.279
High school less 143 (12.9) 51 (12.6) 92 (13.1) 26 (12.3) 117 (13.1) 71 (13.8) 72 (12.1)
High school 145 (13.1) 60 (14.8) 85 (12.1) 24 (11.4) 121 (13.5) 74 (14.4) 71 (12.0)
Bachelor’s degree 612 (55.3) 227 (56.0) 385 (54.8) 128 (60.7) 484 (54.0) 282 (55.0) 330 (55.6)
Graduate degree 207 (18.7) 67 (16.5) 140 (19.9) 33 (15.6) 174 (19.4) 86 (16.8) 121 (20.4)
Exercise (23/week): n (%) 496 (44.6) 175 (43.2) 319 (45.4) 0.511 88 (41.7) 406 (45.3) 0.353 223 (43.5) 271 (45.6) 0.511
Smoking: n (%) 96 (8.7) 40 (9.9) 56 (8.0) 0.332 22 (10.4) 74 (8.3) 0.384 50 (9.7) 46 (7.7) 0.283
Alcohol: n (%) 307 (27.7) 112 (27.7) 195 (27.8) 1.000 64 (30.3) 243 (27.1) 0.394 153 (29.8) 154 (25.9) 0.168
Self rated health: n (%) <0.001 <0.001 <0.001
Poor 653 (59.0) 297 (73.3) 356 (50.7) 158 (74.9) 495 (55.2) 335 (65.3) 318 (53.6)
Good 454 (41.0) 108 (26.6) 346 (49.3) 53 (25.1) 401(44.8) 178 (34.7) 276 (46.4)
Pain duration (y): mean (SD) 4.03 (5.0) 3.95 (4.6) 4.08 (5.2) 0.675 4.4(5.4) 3.9(4.9) 0.185 4.2 (5.0) 3.9 (5.0 0.258
Sick leave due to pain: n (%) 273 (24.7) 123 (30.4) 150 (21.4) 0.001 58 (27.5) 215 (24.0) 0.332 144 (28.1) 128 (21.5) 0.018
PPT(N): mean (SD) 26.8 (9.6) 26.9 (10.2) 26.7 (9.2) 0.747 26.1(9.4) 26.9 (9.6) 0.277 26.9 (10.0) 26.7 (9.2) 0.832
Pain medicine use: n (%) 74 (6.7) 36 (8.9) 38 (54) 0.035 15 (7.1) 59 (6.6) 0.904 40 (7.8) 34 (5.7) 0.209
Pain intensity (NRS): mean (SD) 6.0 (1.4) 6.1 (1.5) 5.9 (1.4) 0.011 6.1(1.4) 5.9(1.5) 0.143 6.06 (1.5) 5.90 (1.4) 0.069
Pain interference (BPI): mean (SD) 3.1 (1.9) 38 (1.9 2.7 (1.7) <0.001 4.3(1.9) 2.8(1.7) <0.001 3.6 (1.9 2.6 (1.7) <0.001
Pain diagnoses: n (%)
Neck pain 612 (55.3) 245 (60.5) 367 (52.3) 0.010 | 143 (67.8) 469 (52.3) <0.001 289 (56.3) 323 (54.4) 0.553
Low back pain 582 (52.6) 212 (52.3) 370 (52.7) 0.957 | Il (52.6) 471 (52.6) 1.00 285 (55.6) 297 (50.0) 0.074
Knee pain 128 (11.6) 41 (l0.1) 87 (12.4) 0.298 21 (10.0) 107 (11.9) 0.488 59 (11.5) 69 (11.6) 1.000
Depression score (PHQ-9): mean (SD) 43 (3.7) 8.0 (3.3) 2.1 (1.5) <0.001 8.5 (4.4) 3.3 (2:6) <0.001 6.0 (3.9) 2.8 (2.7) <0.001
Anxiety score (GAD-7): mean (SD) 3.1 33) 5.5(3.8) 1.7 (2.0) <0.001 8.6 (3.0 1.8 (1.6) <0.001 4.4 (3.8) 2.0 (2.2) <0.001
Sleep score (PSQI): mean (SD) 5.7 (3.2) 7.7 (3.3) 4.5 (2.6) <0.001 8.0 (3.4) 5.1 (2.9) <0.001 8.4 (2.5) 33 (1.4) <0.001
Human personality (NEO-FFl): mean (SD)
Extraversion 60.4(6.1) 58.6 (6.0) 61.5 (5.9) <0.001 | 58.3 (5.6) 60.9 (6.1) <0.001 58.9 (6.1) 61.8 (5.8) <0.001
Openness 38.9(5.5) 38.7 (5.6) 39.0 (5.5) 0.350 | 39.1 (5.9) 38.8 (54) 0.490 383 (5.8) 39.4 (5.3) 0.002
Conscientiousness 43.7(6.4) 42.1 (6.5) 44.6 (6.2) <0.001 | 42.2 (6.6) 44.0 (6.3) <0.001 43.0 (6.5) 442 (6.2) 0.001
Agreeableness 40.5(5.3) 39.9 (4.9) 40.9 (5.5) 0.003 392 (5.2) 40.8 (5.3) <0.001 40.4 (5.2) 40.6 (5.4) 0.437
Neuroticism 31.2(7.1) 34.6 (6.9) 29.3 (6.4) <0.001 | 36.3 (6.9) 30.0 (6.5) <0.001 33.0 (7.2) 29.7 (6.6) <0.001

Notes: Differences between the depression, anxiety, and sleep disturbance and non- depression, anxiety, and sleep disturbance groups were examined by chi-square test for categorical variables and Student’s t-test or Mann—Whitney
test for continuous variables. Depression was defined using the PHQ-9 cutoff of 5 or higher; anxiety was defined using the GAD-7 cutoff of 5 or higher; sleep disturbance was defined as a total PSQI score of > 5.

Abbreviations: PPT, pain pressure threshold; BMI: body mass index. NRS: numerical rating scale. BPI: Brief Pain Inventory. PHQ-9, Patient Health Questionnaire-9; GAD-7, Generalized Anxiety Disorder Scale-7; PSQI, Pittsburgh Sleep
Quality Index; NEO-FFI, Neuroticism Extraversion Openness Five-Factor Inventory.

|e 32 ono



Guo et al

Patients with depression, anxiety, or sleep disturbance had 1.1, 1.5, and 1.0 points higher mean BPI scores,
respectively, than non-depression, non-anxiety, or sleep normal groups (Table 1). Patients in depression group also had
a 0.2 point higher mean NRS score and more frequent pain medication use (8.9% vs 5.4%) than patients in non-
depression group. Additionally, patients with depression had 3.8 points higher mean GAD-7 scores and 3.2 points higher
mean PSQI scores than patients without depression; anxiety patients had 5.2 points higher mean PHQ-9 scores and 2.9
points higher mean PSQI scores than non-anxiety patients; and patients with sleep disturbance had 3.2 points higher
mean PHQ-9 scores and 2.4 points higher mean GAD-7 scores than those without.

In terms of personality: patients with depression had 5.3points higher neuroticism, 2.9 points lower extraversion, 2.5
points lower conscientiousness, and 1.0 points lower agreeableness than non-depression patients. Anxiety patients had 6.3
points higher neuroticism, 2.6 points lower extraversion, 1.8 points lower conscientiousness, and 1.6 points lower
agreeableness than non-anxiety patients. Patients with sleep disturbance had 3.3 points higher neuroticism, 2.9 points
lower extraversion, 1.2 points lower conscientiousness, and 1.1 points lower openness than those without sleep disturbance.

Prevalence of D/A/S in Patients with Chronic Pain

Based on the PHQ-9, GAD-7, and PSQI, 405 patients with chronic pain (36.6% of 1107) met the criteria for depression,
211 (19.1%) for anxiety, and 513 (46.3%) for sleep disturbance (Figure 1). Among comorbidities of two symptoms,
comorbid depression and sleep disturbance had the highest prevalence (294, 26.6%), followed by comorbid depression

Depression
405
36.6%

D/S
D/A 294

175 5
158% D/A/S 26.6%

142
12.8%

Anxiety
211 A/S

163 Sleep disturbance
14.7% 513

46.3%

19.1%

Figure | Prevalence of D/A/S in patients with chronic pain. Visualizing prevalence of D/A/S, co-occurrence of two symptoms (depression and anxiety, depression and sleep
disturbance, anxiety and sleep disturbance), and co-occurrence of three symptoms (D/A/S) in patients with chronic pain in our study. Depression was defined using the
PHQ-9 cutoff of 5 or higher; anxiety was defined using the GAD-7 cutoff of 5 or higher; sleep disturbance was defined as a total PSQI score of > 5.

Abbreviations: D/A, depression/anxiety; D/S, depression/sleep disturbance; A/S, anxiety/sleep disturbance; D/A/S, depression/anxiety/sleep disturbance.
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and anxiety 175 cases (15.8%), and comorbid anxiety and sleep disturbance 163 (14.7%). The prevalence of all three
comorbid symptoms (D/A/S) was 142 (12.8%).

Correlations Between D/A/S in Patients with Chronic Pain

Pearson’s correlations between D/A/S are shown in Figure 2. PHQ-9 scores were approximate moderately correlated with
GAD-7 scores (Pearson’s correlation coefficient, r = 0.71, 95% CI 0.68-0.73, P < 0.001) and moderately positively
correlated with PSQI scores (r = 0.55, 95% CI 0.51-0.59 P < 0.001). GAD-7 scores were moderately positively
correlated with PSQI scores (r = 0.47, 95% CI 0.42-0.52, P < 0.001).

Different Factors Associated with D/A/S

In the univariable logistic model, variables with a P < 0.20 associated with depression, anxiety, or sleep disturbance
included age, sex, BMI, education, pain duration, alcohol consumption, NRS, BPI, self-rated health, sick leave due to
pain, PHQ-9, GAD-7, PSQI, personality, neck pain and low back pain. Univariable logistic regression results for all
variables are described in Supplementary Table 6. In the multivariable logistic model, poor self-rated health (OR 1.89,
95% CI 1.33-2.68, P < 0.001), lower conscientiousness (OR 0.96, 95% CI 0.93—1.00, P < 0.05) and higher neuroticism
(OR 1.06, 95% CI 1.02-1.09, P < 0.001) were associated with depression (Table 2). For anxiety, associated factors
included neck pain (OR 2.60, 95% CI 1.53—4.42, P < 0.01), alcohol (OR 1.83, 95% CI 1.12-2.99, P < 0.05), neuroticism
(OR 1.09, 95% CI 1.05-1.13, P < 0.001), and pain interference (OR 1.33, 95% CI 1.17-1.50, P < 0.001).Sleep
disturbance were associated with alcohol (OR 1.64, 95% CI 1.16-2.32, P < 0.01), pain interference (OR 1.12, 95% CI
1.03-1.23, P < 0.05), and extraversion (OR 0.95, 95% CI 0.93-0.98, P < 0.001) (Figure 3).

PHQ-9 GAD-7 PSQI

PHQ-9

GAD-7

PSQI

Figure 2 Correlations between D/A/S in pain patients. Depression defined using the PHQ-9 cutoff of 5 or higher. Anxiety defined using the GAD-7 cutoff of 5 or higher.
Sleep disturbances defined using the PSQI cutoff of 5 or higher. Correlation values < 0.20 were considered as very weak, 0.20 to 0.39 as weak, 0.40 to 0.59 as moderate, and
0.6 and above as strong.

Abbreviations: PHQ-9, Patient Health Questionnaire-9; GAD-7, Generalized Anxiety Disorder Scale-7; PSQI, Pittsburgh Sleep Quality Index.
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Table 2 Logistic Regression Analysis to Identify Factors Associated with D/A/S in Pain Patients

Measure Depression Anxiety Sleep Disturbance
Univariate Multivariate Univariate Multivariate Univariate Multivariate
OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% ClI)
Age 0.99(0.98-1.00) 0.98(0.96—1.00) 0.99(0.98-1.00) * 1.00 (0.98-1.02) 1.01(1.00-1.01) 1.01 (1.00-1.02)
Sex
Male 1.00[reference] 1.00 [reference] 1.00 [reference] 1.00 [reference] 1.00 [reference] 1.00 [reference]
Female 1.25(0.97-1.62) 0.84 (0.56—1.25) 1.41(1.02—1.95) * 1.50 (0.92-2.43) 1.22(0.95-1.56) 1.21 (0.87-1.69)
BMI 0.95(0.92-0.99) 0.97 (0.92-1.02) 0.97(0.92-1.01) 0.98 (0.92—1.05) 0.99(0.96—1.03) 0.99 (0.95-1.04)
Education

High school less
High school
Bachelor’s degree
Graduate degree

Pain duration

Pain intensity (NRS)

Alcohol
No
Yes

Pain medicine use
No
Yes

Pain interference (BPI)

Self-rated health
Good
Poor

Sick leave due to pain
No
Yes

Depression (PHQ-9)

Anxiety (GAD-7)

Sleep (PSQI)

Human personality (NEO-FFI)
Neuroticism
Extraversion
Agreeableness
Conscientiousness

Openness

1.00 [reference]
1.27(0.79-2.05)
1.06(0.73—1.55)
0.86(0.55-1.35)
0.99(0.97-1.02)
1.12(1.03-1.22) *

1.00 [reference]
0.99(0.76-1.31)

1.00 [reference]
1.70(1.06-2.74) *
0.97(0.81-1.15)

1.00 [reference]
2.67(2.05-3.48) *

1.00 [reference]
1.62(1.23-2.14) *
NA
1.69(1.58-1.81) *
1.46(1.38-1.54) *

LI3(111=1.15) 2
0.92(0.90-0.94)
0.97(0.94-0.99)
0.94(0.92-0.96)
0.99(0.97-1.01)

1.00 [reference]
1.31 (0.68-2.52)
0.87 (0.48-1.59)
0.81 (0.39-1.72)
0.98 (0.95-1.02)
1.05 (0.93-1.19)

1.00 [reference]
0.90 (0.59-1.38)

1.00 [reference]
1.59 (0.82-3.07)
0.99 (0.90-1.11)

1.00 [reference]
1.89 (1.33-2.68) *

1.00 [reference]
1.17 (0.80-1.73)
NA

1.51(1.39-1.63) *
1.31(1.23-1.40) *

1.06 (1.02-1.09) *
1.01 (0.98-1.04)
1.03 (0.99-1.07)
0.96 (0.93-1.00) *
1.01 (0.97-1.04)

1.00 [reference]
0.89(0.48-1.64)
1.19(0.75-1.90)
0.85(0.49-1.50)
1.02(0.99-1.05)
1.08(0.97-1.20)

1.00 [reference]
1.17(0.84-1.62)

1.00 [reference]
1.09(0.60—1.95)
1.54(1.41-1.68) *

1.00 [reference]
2.42(1.72-3.39) *

1.00 [reference]
1.21(0.86—1.70)
1.57(1.48-1.68) *
NA
1.31(1.25-1.38) *

1.16(1.13-1.19) 2
0.93(0.91-0.96)
0.94(0.91-0.97) *
0.96(0.94-0.98)
1.01(0.98-1.04)

1.00 [reference]
0.60 (0.28-1.32)
0.74 (0.37-1.47)
0.42 (0.17-1.02)
1.02 (0.98-1.06)
0.89 (0.76-1.04)

1.00 [reference]
1.83 (1.12-2.99) *

1.00 [reference]
0.56 (0.23-1.33)
1.33 (1.17-1.50) *

1.00 [reference]
0.96 (0.62—1.50)

1.00 [reference]
0.67 (0.42-1.07)
1.43(1.33-1.55) *
NA

1.08 (1.00-1.16)

1.09(1.05-1.13)
1.02 (0.98-1.06)
0.99 (0.95-1.04)
1.04 (1.00-1.08)
1.03 (0.99-1.08)

1.00 [reference]
1.06(0.67—1.68)
0.87(0.60-1.25)
0.72(0.47-1.11)
1.01(0.99-1.03)
1.08(0.99-1.17)

1.00 [reference]
1.21(0.93-1.58)

1.00 [reference]
1.39(0.87-2.24)
1.35(1.26-1.44) *

1.00 [reference]
1.63(1.28-2.08) *

1.00 [reference]
1.42(1.08-1.87) *
1.39(1.32-1.46) *
1.33(1.27-1.40) *
NA

1.07(1.05-1.09)
0.92(0.90-0.94)
0.99(0.97-1.01)

0.97(0.95-0.99)
0.97(0.94-0.99)

1.00 [reference]
1.02 (0.60-1.74)
1.00 (0.62-1.62)
1.0l (0.55-1.83)
1.00 (0.97-1.03)
0.99 (0.89-1.09)

1.00 [reference]
1.64 (1.16-2.32) *

1.00 [reference]
1.10 (0.63-1.92)
1.12 (1.03-1.23) *

1.00 [reference]
0.93 (0.70-1.25)

1.00 [reference]
1.13 (0.82-1.57)
1.28 (1.20-1.37) *
1.09 (1.02—1.16) ®
NA

1.01 (0.98-1.04)
0.95(0.93-0.98)
1.02 (0.99-1.05)
1.02 (0.99-1.05)
0.98 (0.95-1.01)
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Neck pain
No
Yes
Low back pain
No
Yes

1.00 [reference]
1.40(1.09-1.79)

1.00 [reference]
0.99(0.77-1.26)

1.00 [reference]
0.94(0.60—1.46)

1.00 [reference]
0.86 (0.56—1.32)

1.00 [reference]
1.91(1.39-2.63) *

1.00 [reference]
1.00(0.74-1.35)

1.00 [reference]
2.60(1.53—4.42) *

1.00 [reference]
1.50 (0.90-2.50)

1.00 [reference]
1.08(0.85-1.37)

1.00 [reference]
1.25(0.99-1.58)

1.00 [reference]
0.98 (0.68-1.40)

1.00 [reference]
1.28 (0.90-1.81)

Notes: * P < 0.05. Depression was defined using the PHQ-9 cutoff of 5 or higher; anxiety was defined using the GAD-7 cutoff of 5 or higher; sleep disturbance was defined as a total PSQI score of > 5.
Abbreviations: D/A/S, depression/anxiety/sleep disturbance; Cl, confidence interval; OR, odds ratio; NA, not applicable; BMI: body mass index; PPT, pain pressure threshold; NRS: numerical rating scale; BPI: Brief Pain Inventory. PHQ-

9, Patient Health Questionnaire-9; GAD-7, Generalized Anxiety Disorder Scale-7; PSQI, Pittsburgh Sleep Quality Index; NEO-FFI, Neuroticism Extraversion Openness Five-Factor Inventory.
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Self rated
health
poor

Neuroticism Conscientious-
ness

Depression

Alcohol

Chronic
pain

v Extraversion

Alcohol

Neuroticism

Pain
interference

Pain
interference

Neck pain

Figure 3 A proposed circle of factors in comorbid chronic pain and depression, anxiety, and sleep disturbance. Chronic pain and depression, anxiety, and sleep disturbance
were comorbid. In multi-variable logistic regression model, depression and anxiety had associations; sleep disturbance and depression had associations; anxiety is factor for
sleep disturbance. Multi-factors may serve as treatment targets. Depression was defined using the PHQ-9 cutoff of 5 or higher; anxiety was defined using the GAD-7 cutoff
of 5 or higher; sleep disturbance was defined as a total PSQI score of > 5.

Discussion

In this muti-center study, the estimated prevalence of one symptom of D/A/S in patients with moderate-to-severe chronic
pain occurred in approximately 36.6%, 19.1% and 46.3%, respectively. Meanwhile, the co-occurrence of two or three
symptoms ranged from 12.8% to 26.6%. Notably, we found that D/A/S were associated with different factors, though
personality (neuroticism) was associated with both depression and anxiety; alcohol and pain interference were associated
with both anxiety and sleep disturbance.

Similar to a recent epidemiological study, the prevalence of depression in the patients with chronic pain was 30.2%.°
However, a previous study reported a higher prevalence of probable depression (60.8%) among patients with chronic
pain.’” This discrepancy in prevalence may be explained by differences in study populations: the latter study included
patients with chronic disabling pain who were unresponsive to medical treatment, and variations in study settings may
also have contributed. We also chose to use the IASP definition of chronic pain and PHQ-9 definition of depression,
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which were consistent with those employed in the two studies.®”” In this study, 19.1% met criteria for anxiety, which is
consistent with a previous finding that the prevalence of generalized anxiety disorder among patients with chronic pain
was 18.9%;® this is also similar to results from a prior study on anxiety and chronic pain in China.>”

In this study, sleep disturbance comorbid with chronic pain was prevalent, at 46.3%. This result was consistent with

previous studies,®*¢’

sleep disturbance is a common comorbidity of chronic pain. A systematic review supports the
hypothesis that sleep, and pain have a bidirectional and reciprocal relationship.°> Moreover, a previous study supported
that sleep disturbance, chronic pain mutually interacts, each increasing the risk of the emergence.®’

Several noteworthy findings indicate that patients with D/A/S are not identical. First, the prevalence of depression,
anxiety, sleep disturbance, and their comorbid symptoms differed this includes two-symptom combinations (depression
with anxiety, depression with sleep disturbance, anxiety with sleep disturbance) and three-symptom comorbidity (D/A/S)
in patients with chronic pain. Second, the factors associated with D/A/S were not the same. We identified factors specific
to each: poor self-rated health and conscientiousness for depression; neck pain for anxiety; and extraversion for sleep
disturbance. Third, we found sleep disturbance was not significantly associated with GAD-7 scores in patients with
chronic pain. These differences may explain the distinct profiles of patients with D/A/S observed in our study.

In the present study, neck pain was a factor for anxiety, which was congruent with the findings of a previous pain
study.®* However, other studies reported that neck or neck-shoulder pain was associated with depression.®>*® We have
considered two reasons for this finding. First, depression was strongly positively correlated with anxiety in our study, and
PHQ-9 scores were associated with anxiety. Second, most patients with anxiety had comorbid depression: the prevalence
of anxiety was 19.1%, and the comorbidity of depression and anxiety was 15.8%.

Pain interference is another important assessment for pain and mental health problems. In this study, pain interference
emerged as a factor for anxiety and sleep disturbance, which were consistent with the findings that pain interference was
associated anxiety and sleep disturbance.®”°® However, this was not completely in accordance with previous findings that pain
interference is a predictor of depression.®” We speculate that this discrepancy may relate to differences in self-report measures:
the prior study used the PROMIS Depression scale, which are normalized to a representative sample of the general US
population.®” Moreover, most of patients with anxiety had comorbidity depression; thus, the association between pain
interference and comorbid depression-anxiety observed here might be acceptable Additionally, alcohol was a factor for
depression and sleep disturbance; this was consistent with the previous findings of pain-related anxiety being positively

17° and was similar to another study demonstrating that alcohol disrupts normal sleep architecture.”"

associated with alcoho

A previous study found that neuroticism was considered a risk factor, while conscientiousness and extraversion were
protective factors in depression and anxiety.”> Another study indicated that neuroticism seemed to be the most important
personality factor associated with more severe anxiety symptoms.”* Our findings were consistent with these studies. Yet,
extraversion was a protective factor for sleep disturbance in patients with chronic pain, which was not consistent with
a previous study.”* The findings of the current study demonstrated that personality characteristics were an important
factor in co-occurrence of chronic pain and D/A/S.

Interestingly, it is likely that many factors may be associated with D/A/S. Figure 3 describes chronic pain, D/A/S and
other factors. There may be small improvements in D/A/S when treatment is pain specific. A previous study investigated
whether pain-specific and depression-specific acupoints had specific efficacy in patients with comorbid chronic pain and
depression.® Pain-specific acupoints were hypothesized to reduce pain more effectively than depression-specific
acupoints; yet the study found no significant difference in pain reduction between the two. Clinicians managing patients
with chronic pain may often focus on pain-relieving interventions, with the assessment and treatment of comorbidities
being secondary or unaddressed. Paying attention to factors (eg neuroticism, self-rated health, pain interference, and neck
pain) may help clinicians early in patients with chronic pain and could prove more effective.

To our knowledge, this is the first nationally representative study to investigate the co-occurrence of chronic pain with
D/A/S, and to comprehensively analyze their associated factors among patients with moderate-to-severe chronic pain in
China. Including patients with mixed chronic pain reduces the likelihood that findings are limited to a specific pain type.
This study assessed a range of variables, including diverse pain assessments (PPT, location, intensity, and interference),
multi-dimensional psychological evaluations (D/A/S and personality), and lifestyle behaviors (smoking, alcohol con-
sumption, and exercise), if available, may lead to a conclusion about associated factors and impacts.
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Several limitations of this study warrant consideration. First, there is potential for misclassifying symptoms. Although
the PHQ-9, GAD-7, and PSQI (self-report screening tools) demonstrate acceptable sensitivity and specificity, they lack
the diagnostic validity afforded by clinical evaluation. Second, the study population was recruited from pain clinics,
which may limit the generalizability of the findings to the broader chronic pain population. However, the sample was
geographically diverse, covering most regions of China, which enhances the representativeness of our findings. Third, the
cross-sectional design only identifies associations (not causality), and longitudinal studies are needed to clarify the
directionality and causality of these associations. Fourth, while multicollinearity was absent among the variables in the
statistical models used (verified via the VIF test), unmeasured confounders could not be fully controlled, which may
introduce biases into the results. Fifth, alcohol and smoking were defined as binary variables without collecting precise
dose information. Thus, the study compared smoking and alcohol consumption status rather than examining dose-
response associations with outcome. Last, model specification issues may compromise the interpretability of the results.

Conclusions

Among patients with chronic pain, D/A/S are highly prevalent and associated with distinct factors. Notably, alcohol consumption
and pain interference may be associated with both anxiety and sleep disturbance, while neuroticism may be linked to both
depression and anxiety. The identified factors may relate to these mental disorders are noteworthy. Future studies on the
systematic management of multifactorial factors may facilitate improvements in the mental health of patients with chronic pain.
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