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Purpose: Cardiovascular disease (CVD) and chronic pain substantially affect menopausal women. However, evidence is scarce
regarding how the course of pain over time—specifically, whether it is persistent and affects multiple body sites—influences the future
risk of CVD in this population. This study aimed to investigate the longitudinal association between these novel pain phenotypes and
incident CVD, and to evaluate the mediating roles of depressive symptoms and body mass index (BMI).

Patients and Methods: This prospective analysis included 4,890 postmenopausal women from the China Health and Retirement
Longitudinal Study (CHARLS). Pain status (location, intensity) and CVD were assessed at baseline (2013) and follow-up (2018).
Persistent pain was defined as pain reported at both time points. We used regression models to examine the association between pain
patterns and incident CVD, and mediation analysis to quantify the contribution of depressive symptoms and BMI.

Results: At baseline (cross-sectional), pain presence, intensity, and multisite distribution were associated with higher CVD pre-
valence. Over five years (longitudinal), persistent pain phenotypes predicted incident CVD after adjustment: general persistent pain
(OR = 1.05, 95% CI: 1.00-1.08, p = 0.012), persistent low back pain (OR = 1.08, 95% CI: 1.03—1.13, p = 0.001), and persistent
multisite pain (OR = 1.06, 95% CI: 1.00-1.11, p = 0.020). Depressive symptoms mediated 21.6% of the association for persistent pain;
for persistent low back pain, depressive symptoms (14.5%) and BMI (5.4%) were significant mediators.

Conclusion: Among postmenopausal women, long-standing and multisite pain is associated with higher future CVD risk. A modest
portion of these associations was statistically accounted for by depressive symptoms and, for low back pain, BMI. Assessing pain
persistence and distribution may help identify women who could benefit from integrated appraisal of pain, mood, and metabolic
health.

Keywords: menopausal women, chronic pain, CVD, depressive symptoms, China Health and Retirement Longitudinal Study,
CHARLS, BMI

Introduction

Cardiovascular disease (CVD) is the leading cause of death among women globally, accounting for approximately one-
third of all female mortality.'* Menopausal women exhibit particularly alarming trends, demonstrating higher incidence
and case-fatality rates for CVD than other groups—a pattern closely linked to the menopausal transition.* In China, this
burden is particularly acute, with the prevalence of CVD among women having surged by 7.5% since 1990.° Despite this,
gender-specific CVD risk factors remain under-recognized, leading to disparities in treatment.”® Furthermore, the
management of CVD risk is complicated by its frequent co-occurrence with other chronic conditions, such as chronic

pain.
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Compounding the burden of CVD in this demographic, chronic pain represents another highly prevalent and
debilitating public health issue. Defined by the International Association for the Study of Pain (IASP) as discomfort
lasting over three months, it impacts about one-third of the global population.” Supporting this global picture, Chinese
epidemiological evidence from the China Health and Retirement Longitudinal Study (CHARLS) showed that 28.6% to
37.3% of adults in middle and later life stages reported recurrent daily pain.® Chronic pain is linked not only to an
increased risk of functional impairments,’ sleep problems,'” and depression,'' but also frequently coexists with other
common chronic illnesses such as CVD.'? European epidemiological investigations confirm that chronic pain elevates
both CVD incidence and mortality risk.'*'

Previous studies have characterized the pain-CVD association in broad populations, such as the UK Biobank and
general Chinese adults.'”” However, these investigations have typically treated pain as a binary construct (present vs
absent), overlooking the potential importance of its persistence and distribution across multiple sites.

Beyond mere presence, the specific patterns of chronic pain—such as involving multiple sites or demonstrating
persistence over time—may be critically important. These phenotypes are thought to reflect central sensitization and

systemic burden,'®!”

potentially serving as stronger CVD markers than binary pain status. The underlying patho-
physiology may involve amplified neuroendocrine and autonomic nervous system dysregulation, and sustained
systemic inflammation, which mutually potentiate each other to accelerate atherosclerosis.'®° Within this conceptual
framework, the selection of specific mediators requires theoretical justification. Depressive symptoms emerge as
a plausible mediator, operating through shared neurobiological pathways that exacerbate stress responses and
inflammation.'"*" Concurrently, body mass index (BMI) may mediate the relationship through dual pathways:
metabolic dysregulation related to visceral adipose tissue, and biomechanical stress particularly relevant to low
back pain.?’

However, it remains unknown whether these longitudinal pain phenotypes predict CVD specifically in Chinese
postmenopausal women, a population with unique vulnerabilities due to estrogen decline and its impact on both pain
perception®” and cardiovascular health.”> Furthermore, the concomitant mediation by depressive symptoms and BMI
remains unexamined, as prior research has focused on single mediators.'”

This study therefore aims to determine whether multisite and persistent pain phenotypes predict incident CVD in Chinese
postmenopausal women, testing the specific hypotheses that (H1) such pain patterns are associated with higher CVD risk after
comprehensive adjustment, and (H2) these associations are partially mediated concurrently by depressive symptoms and BMI.

Materials and Methods

Data Source and Study Population
The analysis used data from the China Health and Retirement Longitudinal Study (CHARLS), a nationally representative
prospective cohort of Chinese adults aged >45 years. CHARLS employed multistage, stratified, probability-proportional-to
-size sampling across 28 provincial-level divisions (150 county-level units) with proportional urban—rural representation.
The CHARLS protocol was approved by the Peking University Institutional Review Board (IRB00001052-11015) in
accordance with the Declaration of Helsinki, and all participants provided written informed consent. This secondary
analysis of publicly available, de-identified data was granted exemption from additional review by the Institutional Review
Board of Yueyang Hospital of Integrated Traditional Chinese and Western Medicine, Shanghai University of Traditional
Chinese Medicine, under the Measures for Ethical Review of Life Science and Medical Research Involving Human
Subjects (effective February 18, 2023), Article 32, items (1) and (2). Standardized interviewer-administered questionnaires
were implemented by trained field staff.>* The 2013 survey wave served as baseline (n = 18,650), with follow-ups
conducted in 2015 and 2018. Study profile details: http://www.icpsr.umich.edu/icpsrweb/NACDA/studies/36179.
Terminology note (population). In this study, the term “menopausal women” refers to women who reported being

postmenopausal at the 2013 CHARLS baseline; therefore, all analyses pertain to postmenopausal women.

For the cross-sectional analysis, we began with 18,650 baseline participants. After excluding premenopausal women
(n=13,348) and participants with missing data on pain characteristics (n=330), CVD status (n=42), or age (n=40), a total
of 4,890 postmenopausal women were included.
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i 1)Premenopausal or ineligible (N = 13348)
=% 2)Missing data on age at baseline (N=40)
|
|
|
|
|
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3)Missing data on pain at baseline (N=330)
4)Missing data on CVD at baseline (N=42)

Participants with pain and CVD at
baseline (N=4890)

Participants excluded (N=1364):

o 1)Missing data on pain at follow-up(N=680)
i 2)Missing data on CVD at follow-up and

i Confirmed with CVD at baseline (N=684)
I

Analytic sample for
incident CVD (N = 3526)

Figure | Flowchart of participant selection in CHARLS, 2013-2018. The analytic sample for the longitudinal incident CVD analysis included 3,526 postmenopausal women
who were free of CVD at baseline and had complete follow-up data.
Abbreviation: CVD, cardiovascular disease.

For the longitudinal analysis of incident CVD, we began with 4,890 women who had complete baseline information
on pain and CVD status. We then excluded those who either had CVD at baseline or lacked CVD outcome data at follow-
up (n = 684), as well as those missing pain data at follow-up (n = 680). The final analytic sample for the incident CVD
analysis was 3,526 women who were free of CVD at baseline and had complete follow-up data (Figure 1).

Variables
All variables were assessed using the standardized questionnaires from the China Health and Retirement Longitudinal
Study (CHARLS). The specific items used are described below.

Pain

Pain was assessed by two CHARLS items: “Do you often experience pain in your body?”” and “Which body parts are
painful? (head, neck, chest, stomach, shoulders, back, waist, hips, arms, legs, knees, wrists, fingers, ankles, toes).”25 In
CHARLS, “waist” is distinct from “back”; consistent with prior CHARLS-based work, we treated “waist” as low back
pain and used this term uniformly. We first dichotomized pain presence (absent/present). Among those with pain, the
number of sites was counted and classified as single-site vs multisite (>2 sites); we use the spelling “multisite”
throughout.”® Pain severity was coded using the CHARLS response categories: none, slight, some, quite a bit, a lot.
For terminology, we use chronic pain in the conceptual sense per the IASP definition (>3 months). For longitudinal
analyses, persistent pain denotes pain reported at both the 2013 and 2018 waves (general presence and/or specific
locations/distribution). To characterize distribution trajectories, we integrated baseline and 5-year follow-up and defined
four phenotypes: (1) absent or unifocal pain at both waves; (2) progression from absent/unifocal to multisite pain; (3)
multisite pain at both waves (persistent multisite); and (4) regression from baseline multisite to resolution or unifocal

pain. These operationalizations follow established observational methods.?’~*
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CVD Diagnosis

Our primary endpoint encompassed incident CVD events ascertained over the 5-year surveillance window (2013-2018).
The 2013 CHARLS data served as the baseline survey given its high response rate and comprehensive menopause data.
Physician-diagnosed CVD histories were collected via standardized questionnaires using the item:

Have you ever been diagnosed by a physician with [myocardial infarction, coronary artery disease, angina pectoris, congestive
heart failure, or other heart conditions] or stroke?

Rigorous quality control (including double data entry and logic checks) ensured data accuracy.

Mediators

Depressive Symptoms

Depressive symptomatology was evaluated using the 10-item Center for Epidemiologic Studies Depression Scale (CES-D-10).%
This instrument evaluates depressive states through 10 items related to the participants’ experiences during the preceding week,
including: feeling depressed, difficulty concentrating, other symptoms (eg, sleep disturbances, loss of appetite).*® Total scores
range 0-30, with scores >10 establishing clinically significant depressive symptoms.

BMI
Qualified nursing staff measured participants’ height and weight. BMI was computed as weight in kilograms divided by
height in meters squared (kg/m?).

Covariates

Based on the relevant questions in Wave 2, we screened postmenopausal women by including female respondents who
reported being in a postmenopausal state. Multidimensional covariates were systematically documented, encompassing
demographic characteristics (age, educational attainment, marital status), clinical measurements (menopausal status,
systolic/diastolic blood pressure, anthropometrics), behavioral factors (tobacco use, alcohol consumption, sleep distur-
bances), and comorbidity profiles including hypertension, diabetes mellitus, and hyperlipidemia history. Details on the
specific questionnaire items for all covariates are available in the publicly accessible CHARLS baseline questionnaire.

Statistical Analysis

Using CHARLS 2013-2018 data, we conducted (1) a cross-sectional analysis of baseline pain—CVD associations and (2)
a longitudinal analysis of whether persistent pain phenotypes predict incident CVD. Continuous variables are summar-
ized as mean + SD and compared using Student’s t tests; categorical variables are summarized as counts (percentages)
and compared using chi-square tests.

We fit multivariable logistic regression with hierarchical adjustment: Model 1 (unadjusted); Model 2 (sociodemo-
graphic and behavioral factors); Model 3 (Model 2 plus cardiometabolic factors, depressive symptoms, and age at
menopause). Because depressive symptoms and BMI may lie on the pathway, Model 2 estimates are interpreted as
approximating the total association, whereas Model 3 is shown to assess robustness and is not interpreted as a causal
direct effect. In the longitudinal models, 566 incident CVD events yielded an events-per-variable well above common
thresholds, reducing overfitting risk.

For mediation, we used the product-of-coefficients approach with nonparametric bootstrapping (5,000 resamples) to
estimate indirect effects of depressive symptoms and BMI. Effect modification by age, age at menopause, smoking,
alcohol use, and sleep duration was tested with likelihood-ratio (interaction) tests; detailed results appear in
Supplementary Table S1. Multicollinearity was assessed using GVIF, with all GVIF~(1/(2xdf)) < 2.5 (Supplementary

Table S2). Missing data were handled using multiple imputation by chained equations (MICE; 5 imputed datasets, 10
iterations each) including all exposures, mediators, covariates, and outcomes as predictors. Imputed results closely
matched complete-case analyses (Supplementary Tables S3—S4). All analyses used R 4.4.2; code is available from the

corresponding author upon reasonable request.
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Results

A total of 4,890 postmenopausal women were included at baseline; follow-up information in 2018 was available for the
majority. After prespecified exclusions, 3,526 women without baseline CVD comprised the longitudinal cohort. The
baseline characteristics of the cross-sectional sample are presented in Table 1. The mean age of the participants was 62.8
+ 8.3 years, and the mean age at menopause was 48.9 + 4.4 years. Compared to participants who reported no pain, those
with baseline pain were more likely to have lower education levels, a younger age at menopause, reside in rural areas,
and be single. The group with baseline pain had older age, higher smoking prevalence, shorter nighttime sleep duration,
elevated depression scores, and greater comorbidity burden (p < 0.05) (Table 1).

Table | Baseline Characteristics by Baseline Pain Status

Characteristics Overall (4890) | No Pain (2736) | Pain (2154) | P-value

Age at menopause 48.9(4.4) 49.0(4.3) 48.8(4.6) 0.032

Age 62.8(8.3) 62.4(8.3) 63.2(8.4) 0.001

Education (%) <0.001

College or above 87(1.78) 64(2.34) 23(1.07)

High school 813(16.63) 509(18.60) 304(14.11)

Primary school or below 3990(81.60) 2163(79.06) 1827(84.82)

Marital status (%) 0.001

Married 3908(79.92) 2232(81.58) 1676(77.81)

Single 982(20.08) 504(18.42) 478(22.19)

Location (%) <0.001

City/town 991(20.32) 634(23.23) 357(16.63)

Village 3885(79.68) 2095(76.77) 1790(83.37)

Smoking (%) 0.050

Current smoker 168(3.59) 95(3.63) 73(3.55)

Ex-smoker 104(2.22) 46(1.76) 58(2.82)

Non-smoker 4403(94.18) 2478(94.62) 1925(93.63)

Drinking (%) 0.106

Drink but less than once a month | 287(5.88) 144(5.27) 143(6.66)

Drink more than once a month 386(7.91) 212(7.77) 174(8.10)

None of these 4205(86.20) 2374(86.96) 1831(85.24)

Sleep hours (SD) 6.0(2.0) 6.3(1.9) 5.6(2.1) <0.001

Nap time (SD) 36.3(44.2) 37.0(44.4) 35.4(43.9) 0.207

BMI (SD) 24.1(3.9) 24.1(3.9) 24.0(3.8) 0.851

Hypertension (%) 0.002

0 3227(66.39) 1858(68.26) 1369(64.00)

| 1634(33.61) 864(31.74) 770(36.00)
(Continued)
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Table 1 (Continued).

Characteristics Overall (4890) | No Pain (2736) | Pain (2154) | P-value
Diabetes (%) 0.128
0 4366(90.62) 2467(91.20) 1899(89.87)

| 452(9.38) 238(8.80) 214(10.13)

Stroke (%) 0.005
0 4731(96.95) 2664(97.58) 2067(96.14)

| 149(3.05) 66(2.42) 83(3.86)

Dyslipidemia (%) 0.001
0 4003(84.70) 2291(86.23) 1712(82.75)

| 723(15.30) 366(13.77) 357(17.25)

CVD (%) <0.001
0 4039(82.60) 2351(85.93) 1688(78.37)

| 851(17.40) 385(14.07) 466(21.63)

Depression (SD) 8.9(6.2) 7.0(5.2) 11.2(6.5) <0.001

Notes: Data are n (%) unless otherwise specified; continuous variables are mean (SD). Values in parentheses are
percentages (two decimals, rounded).

Cross-Sectional Association Between Pain and CVD

In the cross-sectional analysis, the prevalence of CVD among the total sample, individuals with pain, and those without
pain was 17.40%, 21.63%, and 14.07%, respectively. As shown in Table 2, baseline pain was significantly associated
with CVD. After adjusting for demographics, health behaviors, and chronic diseases (Model 3), baseline pain was
significantly associated with CVD (OR: 1.06; 95% CI: 1.03—1.09, p < 0.001). Additionally, as detailed in Table 2, pain at
several specific sites—including headache, chest pain, low back pain, and knee pain—showed particularly strong and
statistically significant associations with prevalent CVD in the fully adjusted model (all p < 0.01).

Table 2 Odds Ratios and 95% Confidence Intervals for CVD by Pain in the Cross-Sectional Analysis

CcvD Model | P-value | Model 2 P-value | Model 3 P-value
No, n (%) | Yes, n (%)
Chronic Pain
No 2351(58.21) | 385(45.24) | Ref Ref Ref
Yes 1688(41.79) | 466(54.76) | 1.08(1.06—1.10) | <0.001 1.09(1.07—1.11) | <0.001 1.06(1.03—1.09) | <0.001
Head pain
No 3641(90.15) | 711(83.55) | Ref Ref Ref
Yes 398(9.85) 140(16.45) | 1.10 (1.07-1.14) | <0.001 1.10(1.07-1.14) | <0.001 1.05(1.00-1.09) | 0.024
Shoulder pain
No 3641(90.15) | 725(84.99) | Ref Ref Ref
Yes 398(9.85) 126(15.01) | 1.08(1.04—1.11) | <0.001 1.07(1.03-1.10) | <0.001 1.02(0.98-1.07) | 0.279
(Continued)
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Table 2 (Continued).

CvD Model | P-value | Model 2 P-value | Model 3 P-value
No, n (%) | Yes, n (%)
Arm pain
No 3736(92.50) | 751(88.25) | Ref Ref Ref
Yes 303(7.50) 100(11.75) | 1.08(1.04-1.13) | <0.00I 1.08(1.04-1.12) | <0.001 1.04(0.99-1.09) | 0.088
Wrist pain
No 3860(95.57) | 796(93.54) | Ref Ref Ref
Yes 179(4.43) 55(6.46) 1.07(1.01-1.12) | 0.012 1.04(0.99-1.10) | 0.092 1.01(0.95-1.07) | 0.745
Fingers pain
No 3832(94.87) | 776(91.19) | Ref Ref Ref
Yes 207(5.13) 75(8.81) 1.10(1.05—1.15) | <0.001 1.10(1.05-1.15) | <0.001 1.07(1.02-1.13) | 0.012
Chest pain
No 3877(95.99) | 749(88.01) | Ref Ref Ref
Yes 162(4.01) 102(11.99) | 1.25(1.19-1.31) | <0.00l 1.26(1.20-1.32) | <0.001 1.21(1.15-1.28) | <0.001
Stomach pain
No 3857(95.49) | 782(91.89) | Ref Ref Ref
Yes 182(4.51) 69(8.11) I.11(1.06-1.17) | <0.00I I.11(1.06-1.16) | <0.001 1.08(1.02—1.14) | 0.011
Back pain
No 3732(92.40) | 738(86.72) | Ref Ref Ref
Yes 307(7.60) 113(13.28) | 1.11(1.07-1.15) | <0.001 1.09(1.05-1.13) | <0.001 1.06(1.01-1.11) | 0.017
Low back pain
No 3318(82.15) | 646(75.91) | Ref Ref Ref
Yes 721(17.85) | 205(24.09) | 1.06(1.03—1.09) | <0.001 1.07(1.04-1.10) | <0.001 1.04(1.00-1.08) | 0.011
Buttocks pain
No 3929(97.28) | 812(95.42) | Ref Ref Ref
Yes 110(2.72) 39(4.58) 1.09(1.03-1.16) | 0.005 1.08(1.01-1.15) | 0.018 1.03(0.95-1.10) | 0.496
Leg pain
No 3444(85.27) | 657(77.20) | Ref Ref Ref
Yes 595(14.73) 194(22.80) | 1.09(1.06—1.12) | <0.001 1.09(1.06—1.12) | <0.001 1.04(1.00-1.08) | 0.023
Knees pain
No 3566(88.29) | 691(81.20) | Ref Ref Ref
Yes 473(11.71) 160(18.80) | 1.09(1.06—1.13) | <0.001 1.09(1.06—1.13) | <0.001 1.07(1.03—1.11) | <0.001
(Continued)
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Table 2 (Continued).

CvD Model | P-value | Model 2 P-value | Model 3 P-value
No, n (%) | Yes, n (%)
Ankle pain
No 3844(95.17) | 780(91.66) | Ref Ref Ref
Yes 195(4.83) 71(8.34) 1.10(1.05-1.16) | <0.001 1.09(1.04-1.14) | <0.00I 1.04(0.99-1.10) | 0.122
Toes pain
No 3922(97.10) | 811(95.30) | Ref Ref Ref
Yes 117(2.90) 40(4.70) 1.09(1.02-1.15) | 0.007 1.06(1.00-1.13) | 0.046 0.99(0.92-1.07) | 0.870
Neck pain
No 3857(95.49) | 762(89.54) | Ref Ref Ref
Yes 182(4.51) 89(10.46) 1.18(1.12-1.23) | <0.001 1.15(1.09-1.20) | <0.001 1.10(1.04-1.16) | <0.001
Pain level
ONone 2338(57.90) | 384(45.12) | Ref
IA Little 789(19.53) 180(21.15) | 1.05(1.02-1.07) | 0.002 1.05(1.02-1.08) | <0.001 1.03(0.99-1.06) | 0.128
2Some 434(10.75) 115(13.52) | 1.07(1.03—1.11) | <0.001 1.08(1.05-1.12) | <0.001 1.06(1.02—1.10) | 0.005
3Quite a Bit 317(7.85) 104(12.22) | I.11(1.07-1.16) | <0.001 1.12(1.08-1.17) | <0.001 1.10(1.05-1.15) | <0.001
4A Lot 161(3.99) 68(7.99) 117(1.11-1.23) | <0.001 1.20(1.14-1.26) | <0.001 1.15(1.08-1.22) | <0.001
Number of pain sites 1.02(1.01-1.02) | <0.001 1.02(1.01-1.02) | <0.001 1.01(1.00-1.02) | <0.001

Notes: Counts are n; percentages in parentheses are column percentages within CVD category. Odds ratios (OR) are followed by 95% confidence intervals (Cl) in
parentheses. Ref = reference category.

Longitudinal Association Between Persistent Pain and Incident CVD

Among 3,526 CVD-free participants, 933 (26.46%) had persistent pain. Over five years, 566 (16.06%) developed CVD—
200 (35.34%) with persistent pain and 366 (64.66%) without persistent pain. The associations between pain and CVD
events are presented in Table 3. After adjusting for covariates in Model 3, both persistent pain (OR = 1.05, 95% CI:
1.00-1.08; p = 0.012) and persistent low back pain (OR = 1.08, 95% CI: 1.03—1.13; p = 0.001) were associated with an
increased risk of CVD events. Regarding pain severity and duration, both persistent multisite pain (OR = 1.06, 95% CI:
1.00-1.11; p = 0.020) and relatively severe pain levels (Quite a Bit vs none; OR = 1.08, 95% CI: 1.02-1.14; p = 0.013)
were associated with an increased risk of CVD events. No significant associations were observed between persistent pain
at other sites and CVD. It is noteworthy that a substantial proportion of participants with persistent low back pain also
met the criteria for persistent multisite pain, indicating the overlapping nature of these pain phenotypes. By contrast,
transitional pain trajectories — progression to or recovery from multisite pain between waves — were not significantly
associated with incident CVD (Table 3).

Mediation Analysis

In the longitudinal analysis, compared with subjects who did not develop CVD, those who developed CVD exhibited
significantly higher CES-D-10 scores (10.41 £ 6.68 vs 8.08 + 6.17) and body mass index (BMI) (24.7 &+ 3.9 vs 23.8 + 3.8).
Figure 2 illustrates the mediating roles in the relationships of persistent pain, persistent low back pain, and incident CVD events.
Depression emerged as a consistent psychological mediator in both associations: the proportion mediated by depression was

14.5% for persistent low back pain and 21.6% for persistent pain (both p < 0.05). Notably, depression exerted a stronger
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Table 3 Odds Ratios and 95% Confidence Intervals for CVD by Persistent Chronic Pain in the Longitudinal Analysis

CvD Model | P-value Model 2 P-value Model 3 P-value
No, n (%) Yes, n (%)
Chronic Pain
No 1758(59.39) | 285(50.35) Ref Ref Ref
Yes 1202(40.61) | 281(49.65) 1.05(1.03-1.07) <0.001 1.04(1.02-1.07) <0.001 1.02(0.99-1.05) 0.282
P-Chronic Pain
No 2227(75.24) | 366(64.66) Ref Ref Ref
Yes 733(24.76) 200(35.34) 1.08(1.05-1.11) <0.001 1.07(1.04-1.10) <0.001 1.05(1.00-1.08) 0.012
P-Head pain
No 2743(94.29) | 505(90.50)
Yes 166(5.71) 53(9.50) 1.09(1.04-1.15) <0.001 1.09 (1.04-1.15) | <0.001 1.05(0.99-1.12) 0.098
P-Shoulder pain
No 2763(95.17) | 513(91.77) Ref Ref Ref
Yes 143(4.83) 46(8.23) 1.09(1.03-1.15) 0.002 1.08(1.02-1.14) 0.006 1.02(0.96-1.10) 0.454
P-Arm pain
No 2832(96.92) | 531(94.82) Ref Ref Ref
Yes 90(3.08) 29(5.18) 1.09(1.02-1.17) 0.012 1.09(1.02-1.17) 0.016 1.05 (0.97-1.14) | 0.226
P-Wrist pain
No 2893(98.13) | 553(97.70) Ref Ref Ref
Yes 55(1.87) 13(2.30) 1.03(0.94-1.13) 0.495 1.00(0.95-1.12) 0.975 0.98(0.88-1.10) 0.772
P-Fingers pain
No 2879(97.86) | 545(97.15) Ref Ref Ref
Yes 63(2.14) 16(2.85) 1.04(0.97-1.13) 0.299 1.03(0.95-1.13) 0.425 0.97(0.87-1.07) 0.525
P-Chest pain
No 2916(98.81) | 545(97.32) Ref Ref Ref
Yes 35(1.19) 15(2.68) 1.15(1.04-1.28) 0.006 1.13(1.02-1.25) 0.022 1.10(0.96—-1.25) 0.168
P-Stomach pain
No 2870(97.65) | 545(96.80) Ref Ref Ref
Yes 69(2.35) 18(3.20) 1.05(0.99-1.13) 0.236 1.07(0.99-1.15) 0.114 1.06(0.96—1.16) 0.273
P-Back pain
No 2836(96.82) | 528(94.62) Ref Ref Ref
Yes 93(3.18) 30(5.38) 1.09 (1.02-1.17) | 0.010 1.07(1.00-1.15) 0.045 1.04(0.96-1.13) 0.300
P-Low back pain
No 2550(88.85) | 447(81.13) Ref Ref Ref
Yes 320(11.15) 104(18.87) 1.10(1.06—1.14) <0.001 1.09(1.05-1.14) <0.001 1.08(1.03-1.13) 0.001
(Continued)
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Table 3 (Continued).

CVD Model | P-value Model 2 P-value Model 3 P-value

No, n (%) Yes, n (%)

P-Buttocks pain

No 2922(99.05) 557(98.76) Ref Ref Ref

Yes 28(0.95) 7(1.24) 1.04(0.92-1.18) 0.522 1.00(0.92—-1.14) 0.895 1.00(0.86—1.15) 0.954
P-Leg pain

No 2664(92.18) | 484(87.84) Ref Ref Ref

Yes 226(7.82) 67(12.16) 1.08(1.03-1.13) <0.001 1.07(1.02-1.12) 0.002 1.02(0.97-1.08) 0.403

P-Knees pain

No 2707(92.96) | 495(89.35) Ref Ref Ref

Yes 205(7.04) 59(10.65) 1.07(1.02-1.12) 0.003 1.07(1.02-1.12) 0.004 1.03(0.97-1.09) 0.349
P-Ankle pain

No 2874(97.72) | 546(97.50) Ref Ref Ref

Yes 67(2.28) 14(2.50) 1.01(0.93-1.10) 0.749 1.01(0.93-1.10) 0.8lI1 1.00(0.91-1.11) 0.921
P-Toes pain

No 2919(98.85) | 554(98.40) Ref Ref Ref

Yes 34(1.15) 9(1.60) 1.05(0.94-1.17) 0.376 1.07(0.95-1.20) 0.273 1.06(0.92-1.22) 0.442
P-Neck pain

No 2898(98.27) | 539(95.91) Ref Ref Ref

Yes 51(1.73) 23(4.09) 1.17(1.07-1.27) <0.001 1.18(1.09-1.29) 0.008 1.10(0.99-1.22) 0.078

Chronic Pain state

|Stable none/single-site pain 1758(65.50) 285(56.77) Ref Ref Ref

2Progression to multisite pain 298(11.10) 47(9.36) 0.99(0.96—-1.04) 0.877 0.99(0.95-1.03) 0.577 0.98(0.94-1.03) 0.532
3Persistent multisite pain 336(12.52) 104(20.72) 1.10(1.06—1.14) <0.001 1.10(1.06—1.14) <0.001 1.06(1.00-1.11) 0.020
4lmprovement from multisite pain | 292(10.88) 66(13.15) 1.05(1.00-1.09) 0.031 1.03(0.99-1.08) 0.110 1.00(0.95-1.05) 0.883
Pain level

ONone 1749(59.09) | 282(49.82) Ref Ref Ref

IA Little 590(19.93) 111(19.61) 1.02(0.99-1.05) 0.224 1.01(0.98-1.05) 0.420 0.99(0.96-1.03) 0.758
2Some 311(10.51) 75(13.25) 1.06(1.02-1.10) 0.006 1.05(1.01-1.09) 0.021 1.02(0.98-1.07) 0.333
3Quite a Bit 200(6.76) 67(11.84) 1.12(1.07-1.17) <0.001 1.12(1.07-1.17) <0.001 1.08(1.02-1.14) 0.013
4A Lot 110(3.72) 31(5.48) 1.08(1.02-1.15) 0.011 1.08(1.01-1.15) 0.021 1.05(0.97-1.13) 0.266

Notes: Counts are n; percentages in parentheses are column percentages within CVD category. Odds ratios (OR) are followed by 95% confidence intervals (Cl) in
parentheses. “P-" denotes persistent pain (eg, P-low back pain = persistent low back pain).
Abbreviations: CVD, cardiovascular disease; OR, odds ratio; Cl, confidence interval; Ref, reference group.

mediating effect for general persistent pain (proportion mediated: 21.6%) than for persistent low back pain (14.5%). The effect of
pain on depressive symptoms (path a) was similar for both phenotypes ( = 3.85), but the association between depression and
CVD (path b) was more pronounced in the low back pain model. In contrast, BMI mediated only 5.4% of the association for
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Figure 2 Mediation models: (A) persistent multisite pain; (B) persistent low back pain; (C) overall model. a: effect of pain on the mediator (depressive symptoms or BMI). b:
effect of the mediator on CVD (adjusting for pain). c: total effect of pain on CVD; c’: direct effect after accounting for the mediator. Numbers on arrows are unstandardized
P coefficients; for paths to the binary outcome (CVD), Bs are on the log-odds (logit) scale. *p < 0.05; **p < 0.01; ***p < 0.001. Estimates are adjusted for covariates as

specified in Methods.

persistent low back pain, with a statistically significant but relatively smaller proportion mediated compared to depressive

symptoms. Analysis of the total effects revealed a stronger direct effect of persistent low back pain on CVD (Figure 2).

Sensitivity Analysis
To assess robustness, we conducted sensitivity analyses using multiple imputation for missing data, which yielded results

consistent with the original complete-case analysis (Supplementary Table S3—4) Subgroup analyses stratified by age,

menopausal age, smoking, alcohol use, and sleep patterns showed no significant heterogeneity in the persistent pain-CVD

associations (Figure 3). Formal interaction tests were non-significant across subgroups (all LRT p > 0.05; see

Supplementary Table S1).

Group
Age_above_60
Age_below_60

Menopause_year_1
Menopause_year_2

Non_smoker
smoker

Drink

No_Drink
Sleep_above_6
Sleep_below_6

an

[ S

+

—.

Hw

T T 1T T
0.816243.2

Odds Ratio (95% Cl)

OR_CI

1.62 [1.27, 2.07]
1.76 [1.27, 2.44]
1.68 [1.35, 2.07]
1.52 [0.86, 2.63]
1.67 [1.36, 2.05]
1.51 [0.63, 3.52]
1.78 [1.09, 2.89]
1.66 [1.34, 2.05]
1.80 [1.37, 2.36]
1.48 [1.11, 1.98]

p.value

9.099506e-05
6.917140e-04
2.238284e-06

1.403920e-01
1.067218e-06
3.491018e-01
1.983730e-02
2.990139e-06
2.542706e-05
8.147649e-03

Figure 3 Stratified subgroup analysis of the association between persistent pain and CVD risk. The subgroup analysis is based on Model 3.

Abbreviations: OR, odds ratio; Cl, confidence interval.
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Discussion

This cohort study of 4,890 Chinese postmenopausal women demonstrates that multisite and persistent pain—specifically,
persistent multisite pain and persistent low back pain—are associated with a significantly elevated CVD risk, after
adjustment for traditional risk factors, socioeconomic status, and comorbidities. Notably, episodic pain or transitions in
pain patterns showed no significant association, which supports the hypothesis that CVD risk is more closely linked to
sustained, cumulative exposure to pain stimuli rather than transient episodes. This finding aligns with the concept of
“allostatic load”, where the physiological burden of sustained multisystem stress could overwhelm resilience.>'

Our findings resonate with large-scale cohort studies in European populations, such as the UK Biobank study,'* which
identified chronic pain as an independent risk factor for CVD. However, our study extends this by highlighting that in
Chinese postmenopausal women, it is specifically the multisite and persistent nature of pain, rather than pain per se, that
carries the strongest risk.

Although statistically significant, several ORs were close to 1.0. This pattern likely reflects rigorous covariate
adjustment and the predominance of indirect rather than large direct effects. Our mediation findings are consistent
with this interpretation, identifying depressive symptoms—and, for low back pain, BMI—as small but significant
mediators. Therefore, the modest ORs are consistent with indirect pathways—psychological (depressive symptoms)
and, for low back pain, metabolic/biomechanical (BMI)—within a broader risk profile.

It is speculated that the observed cumulative effect of multisite and persistent pain might operate through amplified
neuroinflammatory and neuroendocrine pathways.'*!'7*? The sustained stress of persistent pain may involve neuroin-
flammatory and neuroendocrine pathways that, over time, are proposed to adversely affect cardiovascular health.'®?!
Thus, persistent multisite pain might serve as a clinical marker of such underlying, system-wide physiological strain.

Furthermore, the mediating role of depressive symptoms suggests an important psychological pathway. Our finding
aligns with research in the Chinese population, which reported a similar mediating effect.'> The interplay between
chronic pain, depression, and CVD risk likely involves shared neurobiological pathways. Supporting this, recent
interventional research indicates that neuromodulation therapies like deep transcranial magnetic stimulation (dTMS),
which target underlying neural circuits, can effectively alleviate both depression and comorbid chronic pain.®* These
observations are consistent with the possibility that depression lies on a mediating pathway between persistent pain and
CVD risk, although causality cannot be inferred from our observational data.

Transitional states (emergent/resolved multisite pain) were not associated with incident CVD, reinforcing the
relevance of chronicity over fluctuation. This contrast with the significant findings for persistent pain strengthens our
interpretation that the chronicity and stability of the pain burden over time, rather than its mere presence or short-term
fluctuation, is most relevant to CVD risk pathogenesis. This pattern also reduces the likelihood of reverse causality being
the primary driver of our results.

The specific mediation role of BMI in the persistent low back pain-CVD association (5.4%), though modest,
underscores a tangible biomechanical and metabolic interplay.>*>> In our cohort, even within the normal-to-
overweight range, higher BMI likely contributes to the pain-CVD link through dual pathways. Firstly, metabolic
dysregulation related to visceral adipose tissue may foster a pro-inflammatory state and insulin resistance that promote
atherosclerosis.> It is corroborated by large-scale epidemiological studies in women, which have identified a strong link
between hyperandrogenism, elevated BMI, and metabolic syndrome, a key precursor to CVD.?” Secondly, biomechanical
stress from excess weight, especially abdominal obesity, increases spinal load, which may perpetuate low back pain and
could contribute to higher CVD risk.>**® This is particularly relevant as low back pain, a leading global cause of
disability, exhibits a higher prevalence in women, with postmenopausal women being particularly susceptible.***' The
vulnerability of this group is evidenced by research linking longer menopause duration (>5 years) and adverse body
composition to substantially increased metabolic risk.** Furthermore, postmenopausal estrogen decline is thought to
contribute to this risk, likely by amplifying pain perception, stress responses, and promoting central adiposity.*®

Our study advances the existing literature by specifically focusing on menopausal women and demonstrating that the
cumulative burden of pain over time and across sites is associated with CVD risk. Moreover, we simultaneously quantify
the mediating roles of both depressive symptoms and BMI, revealing their shared and specific pathways. However,
several limitations should be considered. First, menopausal status, pain, and CVD were self-reported, which may
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introduce misclassification bias. While CHARLS employs validated instruments, any misclassification is likely non-
differential, which would generally attenuate the observed effect estimates toward the null. Therefore, our reported
associations might be conservative. Second, despite extensive adjustment for a wide range of covariates, residual
confounding from unmeasured or imperfectly measured factors (eg, physical activity intensity, specific dietary compo-
nents, genetic predisposition) remains possible. This means we cannot rule out the possibility that unaccounted factors
explain part of the observed associations. Third, because the various pain phenotypes exhibit substantial conceptual and
statistical overlap, we did not apply a formal multiple-testing correction. This strategy reduces the risk of Type II errors,
though it increases the potential for Type I errors. Consequently, associations for specific pain sites should be considered
exploratory.

Future research should prioritize several specific directions: (1) studies incorporating objective measures of
physical activity, inflammatory biomarkers, and pain-related functional limitations to validate the proposed path-
ways; (2) prospective studies enrolling younger perimenopausal women to track the evolution of pain, mood,
metabolic factors, and CVD risk from the menopausal transition onward; and (3) randomized controlled trials to
investigate whether managing depressive symptoms and weight in menopausal women with chronic pain can
ultimately reduce the risk of CVD. While our findings cannot support specific clinical recommendations, they
suggest that women with persistent, multisite pain might benefit from comprehensive assessment that includes mood
and metabolic health.

Conclusion

In this prospective cohort of Chinese postmenopausal women, several persistent pain phenotypes were associated with an
increased risk of CVD. Notably, the association for persistent low back pain was consistent and statistically significant.
Taken together, these findings suggest that the long-term trajectory of pain may be more relevant than short-term
fluctuations. A modest portion of these associations was statistically accounted for by depressive symptoms and, for
persistent low back pain, by BMI. While residual confounding cannot be ruled out, these results highlight depressive
symptoms and BMI as potential mechanistic pathways worthy of further investigation. Future research should delineate
these mechanisms and, in randomized trials, evaluate whether targeting these mediators can improve cardiovascular
outcomes.
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