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Background: This study employs a longitudinal research design to investigate the impact of depression as an independent risk factor
on the incidence of pain among middle-aged and elderly populations, with the objective of providing evidence for early intervention
strategies to reduce pain-related disability and improve quality of life in aging populations.

Methods: This study utilized baseline data from the 2011 wave of the China Health and Retirement Longitudinal Study (CHARLS).
Participants aged >45 years without baseline pain were included (n = 4,966), with three follow-up assessments conducted in 2013,
2015, and 2018. Pain occurrence was defined as the first self-reported pain episode during follow-up. Depressive symptoms were
assessed using the 10-item Center for Epidemiologic Studies Depression Scale (CESD-10) (score >10). Multivariable Cox regression
was used to assess the impact of depression and various demographic factors on pain occurrence, and stratified analysis was conducted
to further clarify the independence of depression as a risk factor.

Results: Among 4,966 participants, depressive symptoms were significantly associated with higher pain incidence (HR = 1.35, 95% CI:
1.25-1.47). Other predictors included female sex (HR = 1.55), arthritis (HR = 1.61), Activities of Daily Living/ Instrumental Activities of
Daily Living (ADL/IADL) dysfunction (HR = 1.23), and chronic diseases (lung/kidney/digestive). Subgroup analyses identified
a significant ADL/IADL-pain interaction (P = 0.001), with no other depression-related interactions observed.

Conclusion: Depression serves as an independent predictor of pain onset among middle-aged and elderly populations in China, and
this relationship is further complicated by functional decline. Early screening for depressive symptoms and functional decline may
help alleviate pain-related disability in elderly populations. Future research should investigate the dynamic relationship between pain
and depression across different disease subtypes and treatment contexts.
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Introduction

Pain affects over 20% of the global population' and ranks among the leading causes of disability, particularly in middle-
aged and older adults. Its high prevalence severely impairs daily functioning®> and imposes substantial economic
burdens on healthcare systems worldwide. Proactive management of modifiable risk factors for pain onset is thus critical
to reducing its societal impact. Notably, pain is not merely a somatic symptom but is intricately intertwined with
psychological comorbidities, particularly depression.

Pain and depression show significant comorbidity. The prevalence of depression is markedly higher in pain popula-
tions compared to healthy controls, while pain occurrence is also elevated among individuals with depression. Those with
both conditions exhibit the highest likelihood of functional impairment in daily life.* Studies confirm that childhood
chronic pain increases the risk of depression in adulthood.” A recent meta-analysis indicates that approximately 40% of

adults with chronic pain suffer from comorbid depression or anxiety.® The interplay between physical pain and emotional
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distress exacerbates both conditions, leading to higher disability rates, prolonged disease duration, poorer prognosis,
increased treatment complexity, and greater healthcare burdens.

A study based on 14-year follow-up data from the UK Biobank large-scale cohort found that the coexistence of
multiple types of pain significantly increases the risk of depression through mechanisms such as inflammation’ The
release of pro-inflammatory mediators such as IL-1B, IL-6, TNF-a, activates peripheral immune cells, prompting them to
release inflammatory signals. This induces microglial activation and triggers a neuroinflammatory cascade, which impairs
synaptic plasticity in brain regions like the prefrontal cortex and amygdala. Ultimately, this process exacerbates pain
sensitivity and promotes negative emotions.®® Additionally, reduced activity in the dopaminergic pathway from the
ventral tegmental area (VTA) to the ventral hippocampus (VHPC) can lead to depression comorbid with chronic pain.'’
These findings collectively suggest that neuronal hyperexcitability serves as a key overlapping mechanism underlying the
comorbidity of depression and pain.'!

Although depression and pain are comorbidities with common regulatory pathways, it is not difficult to see that the
above studies have mostly focused on the occurrence of pain after depression, overlooking pain as a multifactorial outcome
where depression serves as an independent predictor. Furthermore, few studies have systematically examined how
demographic variables and chronic comorbidities interact with depressive symptoms to modulate pain incidence and
progression. To address these gaps, this study leverages longitudinal data from the China Health and Retirement
Longitudinal Study (CHARLS), a nationally representative cohort of middle-aged and older adults.'” Unlike previous
work, we systematically evaluate depression, chronic diseases, and sociodemographic factors as predictors of incident pain.
Subgroup analyses further identify risk heterogeneity across gender and age strata, offering insights for targeted prevention.

Our findings aim to inform integrated biopsychosocial interventions, emphasizing early depression screening to
mitigate pain-related disability and alleviate healthcare burdens in aging populations.

Methods

Population
This research employed data sourced from the China Health and Retirement Longitudinal Study (CHARLS), a cohort
study with national representativeness that centers on Chinese adults aged 45 and over. CHARLS adopted a multi - stage
stratified sampling method with probability proportional to size, enrolling participants from both urban and rural areas
spanning 28 provinces and 150 counties throughout China, thus ensuring a diverse and thorough sample. Every
participant gave written informed consent. CHARLS was carried out in accordance with the Declaration of Helsinki
and has obtained ethical approval from the Institutional Review Board at Peking University (IRB00001052 - 11015).
In this research, we utilized data ranging from wave 1 (2011-2012) to wave 4 (2018), taking wave 1 as the baseline.
From an initial sample of 17705 participants in the first wave, 12739 were excluded due to baseline pain, age under 45
years, or missing values, resulting in a final analytical sample of 4966 individuals. This final cohort comprised 1146 with
depression and 3820 without (Figure 1).

Data Collection

Assessment of Depressive Symptoms

Depressive symptoms were diagnosed using the 10-item Center for Epidemiologic Studies Depression Scale (CESD-10)
at baseline. The CESD-10 questionnaire includes 10 questions evaluating feelings and behaviors experienced over the
past week. A score of 10 or higher indicated the presence of depressive symptoms.'?

Covariates

Data were collected for the following variables: gender, age, education level, grip strength (positive if <18 kg for females
and <28 kg for males), ChairRise test (positive if taking >12 seconds to stand up 5 times consecutively), chronic diseases
(including hypertension, dyslipidemia, diabetes, cancer, chronic lung diseases, liver disease, heart problems, stroke,
kidney disease, digestive disease, memory disease, asthma, arthritis), children’s visits (defined as >1 visit per week),
children’s contact (defined as >1 contact per week), hearing status, eyesight status, sleep duration, social activity,
cognitive score, health insurance, life satisfaction score, body mass index (BMI), smoking status, drinking status, and
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Total baseline participant 17705

Exclude 5845participants with pain at baseline
Exclude 257 participants age under 45
Exclude 6637 participants with missing data

4,966 participants were included in the final analysis ’

1146 participants with 3820 participants without
depression depression

Figure | Flowchart of the study participants.

Activities of Daily Living/ Instrumental Activities of Daily Living (ADL/IADL) score (positive if any functional
abnormality existed in activities of daily living/instrumental activities of daily living). The classification of positive
and negative results for grip strength and the ChairRise test were both defined according to the Asian Working Group for
Sarcopenia (AWGS) 2019 criteria.

The selection of covariates was informed by previous literature and clinical expertise. We adjusted for a range of
potential confounders, including basic demographic factors, socioeconomic status, and health-related measures, as these

factors could potentially influence both the exposure and the outcome.

Outcome
Pain data from 2013, 2015, and 2018 were included, with the first reported pain onset time as the outcome.

Statistical Analyses

Continuous variables were described as mean (standard deviation) due to their approximately normal distribution, which
appropriately summarizes central tendency and variability, Categorical variables were summarized as number (percen-
tage), as this is conventional for reporting proportions. Baseline characteristics were compared using the Wilcoxon rank-
sum test (Mann—Whitney U-test) for continuous variables—since most were non-normally distributed—and Chi-square
tests for categorical variables, which are suitable for assessing associations between nominal or ordinal variables.

To analyze time-to-pain-onset, Kaplan-Meier curves were generated to visualize cumulative incidence, and Log rank
tests were used to compare survival curves between groups; these are standard methods for time-to-event data that
account for censoring. Univariate Cox regression was first performed to identify potential risk factors (using p < 0.1 as an
inclusive threshold to avoid overlooking variables that might contribute in adjusted models). Variables meeting this
criterion were included in the multivariate Cox regression model to assess independent associations while controlling for
confounders. Variables included: gender, education, hypertension, chronic lung diseases, liver disease, heart problems,
kidney disease, digestive disease, arthritis, sleep, hearing, eyesight, social activity, cognition, health insurance, life
satisfaction, smoking, drinking, ChairRise test result, low muscle strength, and ADL/IADL status. Multicollinearity
among these variables was assessed using variance inflation factors (VIF); all VIF values were below 5, indicating that

multicollinearity was not a substantial concern in the regression models.
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To further confirm the independent predictive role of depression for pain incidence, subgroup analyses were

performed for variables that reached statistical significance (p < 0.05) in the multivariate Cox model. This approach

helps assess the consistency of the association across key subgroups.

All analyses were performed using R statistical software version 4.5.0, with two-sided P values <0.05 considered

statistically significant.

Results

General Characteristics of Participants

The study included a total of 4966 participants. Table 1 presents the baseline clinical and demographic characteristics as

well as the occurrence of follow-up pain. We found that depressive symptoms were more concentrated in female

Table | Baseline Characteristics of Individuals Classified by Depression

Characteristics Non-depression | Depression | P-value
N=3820 N=1146

Age (mean (SD)) 57.7 (8.5) 58.4 (8.6) 0.019
Gender Male (%) 2087 (54.6) 488 (42.6) <0.001
Education Primary or below (%) | 2256 (59.1) 818 (71.4) <0.001
Hypertension (%) 789 (20.7) 259 (22.6) 0.169
Dyslipidemia (%) 313 (82) 86 (7.5) 0.490
Diabetes (%) 170 (4.5) 61 (5.3) 0.250
Cancer (%) 24 (0.6) 7 (0.6) 1.000
Chronic Lung Diseases (%) 229 (6.0) 99 (8.6) 0.002
Liver Disease (%) 98 (2.6) 38 (3.3) 0.207
Heart Problems (%) 286 (7.5) 125 (10.9) <0.001
Stroke (%) 41 (1.1) 18 (1.6) 0.227
Kidney Disease (%) 132 (3.5) 53 (4.6) 0.081
Digestive Disease (%) 596 (15.6) 250 (21.8) <0.001
Memory Disease (%) 25 (0.7) 5(0.4) 0.536
Asthma (%) 64 (1.7) 43 (3.8) <0.001
Arthritis (%) 771 (20.2) 373 (32.5) <0.001
Hearing (%) 1733 (45.4) 689 (60.1) <0.001
Eyesight (%) 2672 (69.9) 970 (84.6) <0.001
Sleep Hours (mean (SD)) 6.8 (1.6) 6.1 (1.9) <0.001
Social Activity (mean (SD)) 1.7 (2.1) 1.3 (1.9) <0.001
Cognition (mean (SD)) 12.5 (3.6) 11.0 (3.7) <0.001
Health Insurance (%) 3640 (95.3) 1088 (94.9) | 0.685
Life Satisfaction (%) <0.001

Not at all satisfied 17 (0.4) 32 (28)

Not very satisfied 255 (6.7) 220 (19.2)

Somewhat satisfied 2496 (65.3) 717 (62.6)

Very satisfied 967 (25.3) 162 (14.1)

Completely satisfied 85 (2.2) 15 (1.3)
Children visit (%) 920 (24.1) 249 (21.7) 0.108
Children contact (%) 1085 (28.4) 276 (24.1) 0.005
BMI (mean (SD)) 23.8 (3.8) 23.2 (3.9) <0.001
Smoking (%) 1628 (42.6) 426 (37.2) 0.001
Drinking (%) 1428 (37.4) 349 (30.5) <0.001
ChairRise test (%) 803 (21.0) 327 (28.5) <0.001
Grips (%) 420 (11.0) 193 (16.8) <0.001
ADL/IADL (%) 447 (11.7) 293 (25.6) <0.001
Follow Pain (%) 2222 (58.2) 882 (77.0) <0.001

Abbreviations: SD, Standard Deviation; BMI, Body Mass Index;

Living/ Instrumental Activities of Daily Living.

ADL/IADL, Activities of Daily
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participants, who were slightly older and had generally lower educational levels. In terms of chronic diseases, the
prevalence of chronic lung diseases, heart-related diseases, digestive diseases, asthma, and arthritis was higher among
these individuals. Additionally, the incidence of hearing and vision problems was higher. Furthermore, participants with
depressive symptoms had shorter sleep duration, less social activity, lower frequency of contact with children, lower
cognitive function, and reduced muscle strength. Conversely, the proportions of smokers and drinkers were lower among
those with depressive symptoms. During the follow-up of the two groups, the group with depressive symptoms exhibited
a greater risk of pain occurrence.

Association Between Depressive Symptoms and the Incidence of New-Onset Pain
The Kaplan-Meier analysis showed a significantly higher cumulative incidence of pain in the depressive symptoms group
compared to the non-depressive group (log-rank p<0.0001) (Figure 2). Multivariate Cox regression identified depressive
symptoms as a significant risk factor for pain (HR=1.35, 95% CI: 1.25-1.47, p<0.001). Other significant predictors
included female gender (HR=1.55, 95% CI: 1.39-1.73, p<0.001), chronic lung diseases (HR=1.18, 95% CI: 1.03—1.35,
p=0.020), kidney disease (HR=1.24, 95% CI: 1.05-1.47, p=0.011), digestive disease (HR=1.20, 95% CI: 1.10-1.32,
p<0.001), arthritis (HR=1.61, 95% CI: 1.49-1.75, p<0.001), shorter sleep duration (HR=0.96 per hour increase, 95% CI:
0.94-0.98, p<0.001), hearing problems (HR=1.09, 95% CI: 1.01-1.18, p=0.021), health insurance (HR=1.29, 95% CI:
1.08-1.54, p=0.005), lower life satisfaction (HR=0.88 per satisfaction level increase, 95% CI: 0.83-0.93, p<0.001),
positive ChairRise test (HR=1.09, 95% CI: 1.01-1.19, p=0.037), and ADL/IADL dysfunction (HR=1.23, 95% CI:
1.12-1.35, p<0.001) (Table 2 and Figure 3).

Stratified Analysis

Stratified analyses revealed that depression was consistently associated with an increased incidence of pain across all
subgroups categorized by sex, age, education level, ADL/IADL dysfunction, chair stand test results, arthritis, chronic lung

Strata depression=0 == depression=1

o

Cumulative Hazard

0.5~

p < 0.0001

0.0~

Time(years)
Number at risk

3820 2989 2989 2646 2646
g
7]

depression=1 1146 742 742 559 559

1 1.5 2 25 3
Time(years)

Figure 2 Kaplan—Meier analysis for pain was based on depression.
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Table 2 Association Between the Depression and Pain
Incidence
Model (HR, 95% CI) | p value
Depression 1.35 (1.25-1.47) <0.001
Gender (Female) 1.55 (1.39-1.73) <0.001
Education 0.93 (0.85-1.01) 0.067
Hypertension 1.06 (0.97-1.16) 0.184
Chronic Lung Diseases | 1.18 (1.03-1.35) 0.020
Liver Disease 1.15 (0.94-1.41) 0.187
Heart Problems 1.05 (0.92-1.19) 0.487
Kidney Disease 1.24 (1.05-1.47) 0.011
Digestive Disease 1.20 (1.10-1.32) <0.001
Arthritis 1.61 (1.49-1.75) <0.001
Sleep 0.96 (0.94-0.98) <0.001
Hearing 1.09 (1.01-1.18) 0.021
Eyesight 1.02 (0.93-1.11) 0.666
Social Activity 0.98 (0.97-1.00) 0.089
Cognition 0.99 (0.98-1.00) 0.234
Health Insurance 1.29 (1.08-1.54) 0.005
Life Satisfaction 0.88 (0.83-0.93) <0.001
Smoking 1.02 (0.92-1.13) 0.726
Drinking 1.06 (0.97-1.15) 0.226
ChairRise 1.09 (1.01-1.19) 0.037
Grips 1.0l (0.91-1.12) 0.852
ADL/IADL 1.23 (1.12-1.35) <0.001

Abbreviations: HR, Hazard Ratio; ADL/IADL, Activities of Daily Living/
Instrumental Activities of Daily Living.

disease, digestive diseases, kidney diseases, health insurance status, life satisfaction, and sleep duration. Additionally,
besides the significant interaction effect between ADL/IADL dysfunction and depression (interaction p=0.001), no other
variables demonstrated statistically significant interaction effects with depression (all interaction p>0.05). (Figure 4).

Variable HR (95% Cl) P value
Depression — 1.35(1.25-1.47) <0.001
Gender (Female) — 1.55 (1.39-1.73) <0.001
Chronic Lung Diseases —_— 1.18 (1.03-1.35) 0.020
Kidney Disease —_— 1.24 (1.05-1.47) 0.011
Digestive Disease — 1.20 (1.10-1.32) <0.001
Arthritis — 1.61 (1.49-1.75) <0.001
Sleep Quality - 0.96 (0.94-0.98) <0.001
Hearing Problems — 1.09 (1.01-1.18) 0.021
Health Insurance —_— 1.29 (1.08-1.54) 0.005
Life Satisfaction 0.88 (0.83-0.93) <0.001
Chair Rise Test — 1.09 (1.01-1.19) 0.036
ADL/IADL Disability — 1.23 (1.12-1.35) <0.001
o.|71 170 1.111 2?0

Figure 3 Forest plot for significant predictors (p<0.05).
Abbreviations: HR, Hazard Ratio; ADL/IADL, Activities of Daily Living/ Instrumental Activities of Daily Living.
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Variable Level N Events HR (95% CI) p.value p.interaction

Gender p=0.290
Male 2,575 1,404 1.72 (1.52-1.94) —_— p<0.001
Female 2,391 1,700 1.61(1.45-1.78) —_— p<0.001

Age_group p=0.169
65+ 1,062 675 1.84 (1.56-2.16) —_— p<0.001
<65 3904 2,429 1.69 (1.55-1.85) —— p<0.001

Education p=0.279
Primary or below 3,074 2,038 1.62 (1.48-1.78) —_— p<0.001
Junior high school or above 1,892 1,066 1.81 (1.57-2.09) p<0.001

ADL/IADL p=0.001
No 4226 2,556 1.58 (1.44-1.73) —_— p<0.001
Yes 740 548 2.00 (1.69-2.37) —_— p<0.001

Arthritis p=0.065
No 3822 2,193 1.70 (1.54-1.87) —_— p<0.001
Yes 1,144 911 1.46 (1.27-1.67) —_— p<0.001

ChairRise p=0.623
Easy 3836 2,326 1.73 (1.57-1.89) —_— p<0.001
Difficult 1,130 778 1.64 (1.42-1.91) _— p<0.001

Chronic Lung Diseases p=0.795
No 4,638 2,880 1.73 (1.59-1.88) —_— p<0.001
Yes 328 224 1.59 (1.21-2.10) _— p<0.001

Digestive Disease p=0.350
No 4,120 2,485 1.72 (1.57-1.88) —— p<0.001
Yes 846 619 1.61(1.36-1.90) —_— p<0.001

Health Insurance p=0.678
No 238 128 1.88 (1.29-2.73) p<0.001
Yes 4,728 2,976 1.72 (1.59-1.86) — p<0.001

Kidney Disease p=0.094
No 4,781 2,959 1.73 (1.60-1.87) — p<0.001
Yes 185 145 1.52 (1.07-2.17) p=0.02

Life Satisfaction p=0.197
Satisfied 1229 713 1.99 (1.65-2.39) _— p<0.001
NonSatisfied 3,737 2,391 1.65 (1.51-1.80) —_— p<0.001

Sleep Duration p=0.609
<6 1,126 792 1.54 (1.34-1.77) _— p<0.001
>=6 3840 2,312 1.73 (1.57-1.91) —_— p<0.001

Hearing p=0.368
No 2,544 1,488 1.60 (1.42-1.81) _— p<0.001
Yes 2422 1616 1.75 (1.57-1.93) —_— p<0.001

T T T 1
1.0 1.41 2.0 2.83

Hazard Ratio

Figure 4 Forest plot for stratified analyses.
Abbreviations: HR, Hazard Ratio; ADL/IADL, Activities of Daily Living/ Instrumental Activities of Daily Living.

Discussion
This study found that the depression symptom group had a higher risk of pain occurrence. Multivariate Cox regression
indicated that depressive symptoms were a significant risk factor for pain. Additionally, factors such as female sex,
chronic lung disease, kidney disease, digestive system diseases, arthritis, reduced sleep duration, hearing problems,
health insurance, decreased life satisfaction, positive chair stand test results, and ADL/IADL dysfunction were also
significantly associated with pain occurrence. Although a certain interaction was observed between ADL/IADL dysfunc-
tion and pain occurrence, both subgroups showed significant associations with pain incidence, while other variables did
not significantly modify the association. This suggests the independent effect of depression on pain.

Multiple studies have established the comorbidity between depression and pain. Our findings indicate that depression
may serve as a relatively independent risk factor. Our findings further support a potential bidirectional association
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between depression and pain. Although this study focused on the predictive role of depression in pain onset, it is notable
that pain may also contribute to depression. A recent large-scale study using UK Biobank data and Mendelian
randomization indicated that multisite chronic pain (MCP) has a causal effect on depression, which was not observed
for single-site pain, suggesting that pain distribution rather than mere presence plays a critical role. Subtype analyses
revealed that chronic pain, particularly in the head and abdomen, was most strongly linked to depression, partially
mediated by inflammatory markers such as C-reactive protein, highlighting a role for neuroinflammation.” Future studies
should adopt finer pain subtyping, such as by location, duration, and multisite co-occurrence, thereby informing the
development of targeted clinical intervention strategies. Earlier, the Irish Longitudinal Study on Ageing (TILDA)
identified physical health as the primary risk factor for pain, with mental health status as a secondary risk factor.'*
Another predictive modeling study found that major risk factors for pain included insomnia, high BMI, fatigue, and
significant life stress.'” Through follow-ups at multiple time points and stratified analyses of various risk factors, our
study confirmed the independence of depression as a risk factor.

Neuroscientific research demonstrates that pain and depression share multiple brain regions, including the amygdala,
hippocampus, thalamus, anterior cingulate cortex (ACC), prefrontal cortex, and insular cortex, which are involved in
processing pain and depression.'®'” Animal studies have identified several neural circuits, such as the ventral hippo-
campus-medial prefrontal cortex (mPFC), thalamus-subcortical circuits, and ACC-ventral tegmental area (VTA) path-
ways, that participate in the comorbidity of pain and depression.]gf20 Furthermore, neurotransmitters like serotonin,
norepinephrine, and dopamine play crucial roles in regulating mood and pain perception.”' Imbalances in these
neurotransmitters in depressed patients may lead to low mood and increased pain sensitivity. Studies have shown that
antidepressant treatment in patients with comorbid depression and pain not only reduces depression scores but also
effectively alleviates pain.*>

Declines in physical function also significantly influence pain occurrence. Several studies suggest an association
between ADL/IADL and pain, indicating that pain can predict short-term changes in ADL.*® Disability is also a major
risk factor for poor pain prognosis.?* An Indian cohort study of older adults similarly identified pain as a risk factor for
impaired functional activity.”> Our study found that middle-aged and older adults with activity limitations had an
increased probability of developing pain in subsequent years. Additionally, those with longer chair stand times showed
a higher probability of pain in later follow-ups. The chair stand test assesses lower limb strength (particularly
quadriceps), balance, and daily functional activity. Abnormalities in these variables are associated with fall risk.?®
However, grip strength showed no significant association with pain occurrence, suggesting that lower limb strength
may have specificity for pain development. Reduced upper limb strength has been reported in some studies to be
associated with the development of upper limb pain.?’ Combined with previous research, we propose a vicious cycle
between ADL/IADL dysfunction and pain. Therefore, any decline in physical function among middle-aged and older
adults should be actively addressed.

Our study identified osteoarthritis, chronic lung disease, kidney disease, and digestive diseases as risk factors for pain.
Osteoarthritis mechanically stimulates surrounding tissues and releases pro-inflammatory cytokines, causing pain.?®
Chronic lung diseases, such as COPD, may lead to chest wall muscle strain or pleural inflammation due to chronic
coughing, resulting in chest/back pain.*’ Chronic kidney disease can cause neuropathic pain due to metabolite
accumulation.®® Digestive diseases such as gastric ulcers and intestinal spasms directly generate pain signals through
mucosal damage and abnormal smooth muscle contractions.®'**> However, no clear associations were found between pain
and hypertension, liver disease, heart problems, dyslipidemia, diabetes, cancer, stroke, memory-related diseases, or
asthma. This does not necessarily mean these conditions cannot cause subsequent pain, as studies have linked cancer and
diabetes to pain.**-** Potential limitations include sample size biases like low prevalence of certain diseases, insufficient
consideration of disease heterogeneity, and lack of detailed classification by subtype/stage, which may obscure under-

lying associations. The relationships between many diseases and pain remain controversial,*

warranting further
optimized longitudinal studies.

We observed significantly higher pain prevalence in women than men, possibly due to sex differences in nociceptive
responses. Women show greater susceptibility to certain conditions such as inflammation, osteoarthritis, variable drug responses,

and higher emotional sensitivity.*** Additionally, higher education levels were associated with lower pain incidence, consistent
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with prior epidemiological findings.” Our study found that individuals with less sleep have a higher probability of developing
pain in the future, and previous studies have reported similar results.*® Our study shows that individuals with health insurance
have a higher incidence of pain. Similarly, a correlational study on the association between insurance and pain in the US
population found that those with public insurance face an increased risk of future chronic pain.*® This may be due to high
population insurance coverage, where pain-susceptible individuals (such as those with disabilities) are more likely to actively
enroll in insurance programs. Additionally, our study failed to subdivide insurance types, which may have introduced bias.

This study has several limitations. First, due to data constraints, we were unable to subclassify pain by type or
etiology, which may obscure potential differences in how depression interacts with distinct pain subtypes. Second,
potential biases may exist in self-reported variables due to recall bias or social desirability bias. For example, under-
reporting of depressive symptoms in culturally stigmatized contexts could attenuate observed associations. Additionally,
functional assessments such as the ChairRise test and grip strength measurements may lack sensitivity to detect subtle
declines, potentially misclassifying physical frailty status. Third, information regarding medications, socioeconomic
stress, inflammatory marker was not included in the analysis. This omission limits our ability to account for potential
confounding or mediating effects of treatments on the depression-pain relationship.

Conclusion

Despite these limitations, our findings demonstrate that depression serves as an independent and major risk factor for
pain onset. Effective management of depression appears crucial for pain prevention. Future research should further
investigate the relationships between pain etiology, anatomical location, pain intensity, and the severity of depressive
symptoms, as well as potential bidirectional reinforcement of pain and depression comorbidities.
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