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[Abstract] Objective To investigate the sequential mediation effects of pain and activities of daily living (ADLs)
on the relationship between multimorbidity and depressive symptoms among middle-aged and older adults in rural
China, providing evidence to optimize health management strategies. Methods Using four waves of data (2011-2018)
from the China Health and Retirement Longitudinal Study (CHARLS), cross-sectional logistic models and panel random-
effects models were used to examine the associations and effects of multimorbidity, pain, ADLs, and depression.
Structural equation modeling (SEM) combined with the Bootstrap method was applied to analyze the mediation
pathways. Results A total of 2949 middle-aged and older participants were included in the study. When instrumental
activities of dailyliving (IADLs) were used as the mediator, approximately 48.44% of the association between comorbidity
and depression was attributable to the mediating path of physical pain and IADLs (0.051, 95% CI: 0.045-0.056). When
basic activities of daily living (BADLs) were used as the mediator, approximately 47.91% of the association between
comorbidity and depression was attributable to the mediating path of physical pain and BADLs (0.050, 95% CI:
0.045-0.056). The chain mediating pathways involving physical pain and the development of daily living abilities were
both statistically significant (0.005, 95% CI: 0.004-0.006). Conclusion Multimorbidity directly increases the risk of
depression and also exacerbates this risk through pain and subsequent declines in ADLs, either independently or
sequentially.
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Table 1 Variable coding and types

Variable Assignment Type

Agelyr. - Continuous
Gender Female = 0, male = 1 Categorical
Household registration Rural = 1, urban = 1 Categorical
Marital status Separation/divorce/widowhood/single = 0, married/cohabitation = 1 Categorical
Education level Mlliterate = 1, primary school = 2, junior middle school = 3, Categorical

vocational /senior high school = 4, college and above = 5

Smoking No=0,yes=1

Drinking No=0,yes=1
Nightly sleep duration/h -
Social participation/ types -
Social participation/ frequency
Depression No=0,yes=1
The number of chronic diseases -
Multimorbidity No=0,yes=1
Pain -
IADLs -

BADLs -

Almost daily = 30, almost weekly = 4, rarely = 1

Categorical
Categorical
Continuous
Continuous
Categorical
Categorical
Continuous
Categorical
Continuous
Continuous

Continuous

IADLs: instrumental activities of daily living; BADLs: basic activities of daily living.
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Table 2 Descriptive statistics of the study population characteristics

Variable Year 2011 (n =2949) Year 2013 (n =2949) Year 2015(n = 2949) Year 2018(n = 2949)
Agelyr. 59.69 + 8.27 61.69 £ 8.27 63.69 £ 8.27 66.69 £ 8.27
Gender/case (%)

Female 1880 (63.75) 1880 (63.75) 1880 (63.75) 1880 (63.75)

Male 1069 (36.25) 1069 (36.25) 1069 (36.25) 1069 (36.25)
Household registration/case (%)

Rural 2369 (80.33) 2369 (80.33) 2358 (79.96) 2372 (80.43)

Urban 580 (19.67) 580 (19.67) 591 (20.04) 577 (19.57)
Marital status/case (%)

Separation/divorce/widowhood/single 344 (11.66) 395 (13.39) 454 (15.40) 576 (19.53)

Married/ cohabitation 2 605 (88.34) 2 554 (86.61) 2495 (84.60) 2373 (80.47)
Education level/case (%)

Tlliterate 892 (30.25) 890 (30.18) 889 (30.15) 881 (29.87)

Primary school 1308 (44.35) 1310 (44.42) 1315 (44.59) 1361 (46.15)

Junior middle school 511 (17.33) 511 (17.33) 507 (17.19) 486 (16.48)

Vocational /Senior high school 219 (7.43) 219 (7.43) 219 (7.43) 198 (6.71)

College and above 19 (0.64) 19 (0.64) 19 (0.64) 23(0.78)
Smoking/case (%)

No 2215 (75.11) 2238 (75.89) 2296 (77.86) 2335 (79.18)

Yes 734 (24.89) 711 (24.11) 653 (22.14) 614 (20.82)
Drinking/case (%)

No 2188 (74.19) 2185 (74.09) 2170 (73.58) 2228 (75.55)

Yes 761 (25.81) 764 (25.91) 779 (26.42) 721 (24.45)
Nightly sleep duration/h 6.11+1.88 5.96 + 1.84 6.08 +2.02 591 +2.07
Social Participation/ types 1.20 £ 0.51 1.29 £ 0.66 1.30 £0.71 1.23 £0.61
Social Participation/ frequency 8.94+ 1591 11.38 +18.15 10.17 + 17.65 9.21 +16.84
Depression/case (%)

No 1456 (49.37) 1635 (55.44) 1577 (53.48) 1 484 (50.32)

Yes 1493 (50.63) 1314 (44.56) 1372 (46.52) 1465 (49.68)
The number of chronic diseases 1.81+1.42 2.12+1.53 238+ 1.64 3.06 £ 1.91
Multimorbidity 1561 (52.93) 1807 (61.28) 1953 (66.23) 2275 (77.14)
Pain 227 £3.37 1.44 £ 248 2.84+4.12 427 +£4.13
IADLs 19.14 £1.98 19.03 £2.21 18.76 £ 2.45 18.36 £2.91
BADLs 23.38 £1.53 23.36 £1.49 23.10 £ 1.80 23.02 £1.89

IADLs: instrumental activities of daily living; BADLs: basic activities of daily living.
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Table 3 Results from the 2018 cross-sectional logistic regression and panel random effects models

Model 1 (n=2949)

Model 2 (n = 2 949)

Variable
B OR(95% CI) p B OR(95% CI) P

Intercept 6.957 - <0.001 7.041 - <0.001
Multimorbidity 0.169 1.184(0.982,1.429) 0.077 0.201 1.223(1.124,1.330) <0.001
Pain 0.090 1.094(1.071,1.118) <0.001 0.119 1.126(1.113,1.140) <0.001
Nightly sleep duration —0.121 0.886(0.852,0.922) <0.001 — 0.165 0.848(0.830,0.866) <0.001
TIADLs — 0.057 0.945(0.912,0.979) 0.002 — 0.106 0.899(0.880,0.919) <0.001
BADLs — 0.105 0.900(0.849,0.954) <0.001 — 0.086 0.918(0.888,0.949) <0.001
Age — 0.037 0.964(0.954,0.974) <0.001 — 0.030 0.970(0.965,0.976) <0.001
Gender — 0.034 0.967(0.785,1.190) 0.751 —0.123 0.884(0.796,0.983) 0.024
Household registration —0.298 0.742(0.603,0.915) 0.005 — 0.348 0.706(0.635,0.785) <0.001
Education level — 0.166 0.847(0.767,0.936) 0.001 —0.146 0.864(0.823,0.908) <0.001
Marital status — 0.376 0.687(0.556,0.848) <0.001 — 0.440 0.644(0.573,0.725) <0.001
Smoking 0.124 1.132(0.910,1.408) 0.263 0.137 1.147(1.028,1.280) 0.014
Drinking — 0.182 0.833(0.684,1.015) 0.067 —0.022 0.978(0.887,1.079) 0.665
Social participation types — 0.034 0.967(0.822,1.137) 0.684 —0.075 0.928(0.858,1.003) 0.060
Social participation frequency — 0.004 0.996(0.990,1.002) 0.163 —0.005 0.995(0.993,0.997) <0.001

B: partial regression coefficient; 95% CI: 95% confidence interval.
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Fig 1 Sequential mediation model of multimorbidity and depression

* P<0.001.
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Table 4 Bootstrapping results for sequential mediation models

Mediation Pathway B P Bootstrap 95% CI * Relative Effect/%

Ind_x : Multimorbidity ; M1: Pain; M2: IADLs; y: Depression

Ind_x_MIl_y 0.039 <0.001 0.034-0.043 36.80
Ind_x_M2_y 0.007 <0.001 0.005-0.010 7.06
Ind_x M1_M2_y 0.005 <0.001 0.004-0.006 4.58
Total indirect effect 0.051 <0.001 0.045-0.056 48.44
Direct effect 0.054 <0.001 0.036-0.072 51.57
Total effect 0.105 <0.001 0.086-0.124 100.00

Ind_x : Multimorbidity ; M1: Pain; M2: BADLs; y: Depression

Ind_x_MIl_y 0.039 <0.001 0.034-0.043 36.80
Ind_x_M2_y 0.007 <0.001 0.005-0.010 6.53
Ind_x M1_M2_y 0.005 <0.001 0.004-0.006 4.59
Total indirect effect 0.050 <0.001 0.045-0.056 47.91
Direct effect 0.055 <0.001 0.036-0.073 52.09
Total effect 0.105 <0.001 0.086-0.124 100.00

" The number of bootstrap sampling was 10 000.
®5 EXPNERHEREST (BREZTE)

Table 5 Bootstrapping results for sequential mediation models using different x

Using the number of chronic diseases Using the number of chronic diseases (all >1) as Ind_x

Mediation Pathway asInd_x
B Relative effect/% B Relative effect/%
MI: Pain; M2: IADLSs; y: Depression
Ind_x_Ml1_y 0.015% 41.79 0.014* 48.23
Ind_x_M2_y 0.003* 8.50 0.003* 9.61
Ind_x_ M1_M2_y 0.002* 4.93 0.002* 5.61
Total indirect effect 0.020* 55.21 0.019* 63.45
Direct effect 0.016* 44.79 0.011%** 36.55
Total effect 0.037* 100.00 0.030* 100.00
MI: Pain; M2: BADLs; y: Depression
Ind_x Ml1_y 0.015% 41.33 0.015% 47.59
Ind_x_M2_y 0.003* 8.47 0.003* 8.57
Ind_x_ M1_M2_y 0.002* 4.91 0.002* 5.00
Total indirect effect 0.020* 54.71 0.019* 61.16
Direct effect 0.017* 45.29 0.012%** 38.84
Total effect 0.037%* 100.00 0.031* 100.00

* P < 0.001, ** P < 0.05.
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