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Purpose: Multimorbidity is a primary risk factor for depressive symptoms, particularly among women in midlife. Guided by stress
process theory, this study investigated the underlying mechanisms of this association by testing a serial mediation model involving
functional limitations, self-rated health, and life satisfaction.

Methods: This study conducted a secondary analysis using data from the fifth wave of the China Health and Retirement Longitudinal
Study (CHARLS)-2020. The final analysis included 4,106 women aged 45-60 years. Multimorbidity was defined as a self-reported
diagnosis of two or more out of 14 chronic somatic conditions, and depressive symptoms were assessed using the Center for
Epidemiological Studies-Depression (CES-D) scale. The serial mediation analysis was conducted in SPSS using the PROCESS
macro via bootstrapping.

Results: The prevalence of multimorbidity and depressive symptoms among women in midlife was 10.35% and 41.50%, respectively.
Our findings highlight a specific cascade of effects, where functional limitations, self-rated health, and life satisfaction serially and
partially mediated the association between multimorbidity and depressive symptoms (total effect c=1.206, 95% CI=0.986 to 1.426;
direct effect ¢'=0.421, 95% CI=0.220 to 0.622; total indirect effect ab=0.785, 95% CI=0.655 to 0.918). However, life satisfaction alone
showed no significant mediating effect on the association between multimorbidity and depressive symptoms (a3b3=0.046, 95% CI:
—0.022 to 0.113). Among the seven mediation pathways, self-rated health accounted for the largest mediation effect of the total effect
(30.60%), followed by functional limitations (14.26%) and a combination of self-rated health and life satisfaction (8.04%).
Conclusion: Our findings offer a comprehensive insight into the complex relationship between multimorbidity and depressive
symptoms through various mediating mechanisms under a well-developed theoretical framework. These findings hold significant
implications for the prevention and intervention efforts for depressive symptoms among women in midlife, underscoring the pivotal
role of alleviating functional limitations, improving self-rated health, and enhancing life satisfaction.

Plain Language Summary:

Why was this Study Done?

Women in midlife often face “multimorbidity”, a well-known risk factor for depression, yet we do not fully understand the step-by-
step process of how physical illness leads to mental health challenges. Our team wanted to map the pathway between these conditions
to identify where doctors and family members can best provide support.

What did the Researchers do and Find?
We analyzed data from over 4,100 women in China aged 45 to 60. We looked at how their chronic illnesses affected their daily
physical abilities, how they viewed their own health, and how satisfied they felt with their lives.
Our study found that:
® Over 41% of the women experienced symptoms of depression.
® Physical illness does not just impact mood directly; it creates a “domino effect.” Chronic conditions often lead to functional limitations

(difficulty with daily tasks), which causes women to view their health more poorly, eventually lowering their overall life satisfaction.
o How a woman feels about her health (her self-rated health) was the most powerful factor linking chronic illness to depression.
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What do these Results Mean?
These findings show that supporting the mental health of women in midlife requires more than just treating physical symptoms. To
prevent depression, healthcare providers and policy-makers should focus on:

e Helping women maintain their physical independence in daily life.
® Providing psychological support to improve how women perceive their own well-being.
e Creating programs that boost general life satisfaction.

By addressing these “middle steps”, we can help break the link between physical illness and emotional distress.

Keywords: multimorbidity, depressive symptoms, functional limitations, self-rated health, life satisfaction, serial mediation

Introduction
Multimorbidity, defined as the co-existence of two or more chronic conditions, is a prevalent and growing global health
challenge." A recent meta-analysis of 126 studies from 54 countries showed that the pooled prevalence of multimorbidity
was 37.2% (95% CI: 34.9-39.4%), with the disease burden varying significantly across different geographic regions, over
time, and by factors such as age and gender.” Multimorbidity results from the interaction and combination of multiple
contributors, including biological and demographic factors, lifestyle and behavioral factors, and social and environmental
factors.” Multimorbidity not only negatively impacts an individual’s well-being through increased disability and
decreased quality of life, but also imposes a significant social burden due to reduced productivity, increased health
care utilization, and additional strain on caregivers.*

While multimorbidity is generally considered an aging disease, research suggests that it starts a decade earlier (around
45 years and older) in developing countries than in developed countries, steeply rising in midlife and plateauing in the
elderly.” Global systematic reviews estimate the pooled prevalence of multimorbidity in community settings at approxi-
mately 33.1%.° Midlife women are especially vulnerable to multimorbidity, with prevalence rates exceeding 25% in the
United States’ and reaching 29.8% in India—a figure that increases sharply with age.® Hormonal shifts, including
decreased estrogen, trigger metabolic changes that elevate the risk for osteoporosis, hypertension, diabetes, and
cardiovascular disease.” Additionally, socio-economic and cultural barriers, including financial strain and gendered
societal roles (eg, housework and caregiving roles), exacerbate stress and impede healthcare access, further increasing
their risk of multimorbidity."°

Multimorbidity is a major risk factor for depressive symptoms. Individuals with multimorbidity are two to three times
more likely to experience depressive symptoms than those without chronic conditions, with prevalence rates estimated at
12.8-21% compared to just 3.9-4.7% in healthy populations.'"'* The risk of depressive symptoms from multimorbidity
is significantly higher for women than for men, with approximately 35% to 43% of middle-aged women reporting
elevated depressive symptoms.'? Furthermore, the presence of multimorbidity significantly increases the odds of both
developing and worsening these symptoms.'* Women in midlife face a “window of vulnerability” where perimenopausal
hormonal shifts and multimorbidity converge to drive a high prevalence of depressive symptoms.'> The cumulative
physical and emotional burden of managing chronic conditions often leads to significant emotional distress.'®
Biologically, multimorbidity-induced chronic inflammation can alter brain function and neurotransmitter systems, further
elevating depressive risks.!” These physiological challenges are often compounded by concurrent psychosocial stressors,
such as career transitions, financial strain, “empty nest syndrome,” and caregiving responsibilities.®

The link between multimorbidity and depressive symptoms can be explained by multiple biological and psychosocial
drivers.'® Research indicates that functional limitations, including limitations in activities of daily living (ADLs) and
instrumental ADLs (IADLs), act as significant mediators in the link between multimorbidity and depressive symptoms.'’
Higher multimorbidity is associated with worsening disability and functional decline over time, which in turn increases
the risk of depressive symptoms.?’ Apart from functional limitations, multimorbidity also impacts an individual’s
subjective perception of health and well-being, leading to decreased self-rated health and lower life satisfaction,
which, in turn, contribute to more depressive symptoms.?' Living with multiple chronic conditions and managing the
symptoms can alter a person’s self-perception from “healthy” to “ill,” negatively impacting their overall satisfaction with
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life.'®! Such a decreased subjective sense of wellness further causes emotional exhaustion and psychological distress,
leading to an increased risk of depressive symptoms.'®?!

Although the association between multimorbidity and depressive symptoms is well-demonstrated, the underlying
mechanism driving this relationship remains less understood. Guided by Stress Process Theory,> this study posits that
multimorbidity acts as a primary stressor that triggers a “cascade” of secondary stressors and psychological appraisals.
Specifically, we examine the complex interactions between functional limitations (representing objective physical
impact), self-rated health (the subjective perception of health), and life satisfaction (the global cognitive-evaluative
appraisal). Most previous studies examined these relationships in isolation, without integrating all five variables in
a single model. This fragmented approach may hinder a comprehensive understanding of the dynamic system encom-
passing physical, mental, objective, and subjective variables. Furthermore, while research often focuses on older adults or
the general population, relatively less attention has been devoted to women in midlife. This understudied subgroup is at
a particularly high risk of both multimorbidity and depressive symptoms.

To fill the research gaps, this study aimed to test a serial mediation model of the association between multimorbidity
and depressive symptoms, mediated by functional limitations, self-rated health, and life satisfaction, among women in
midlife. We propose a serial mediation model grounded in the following evidence-based sequence. First, aligning with
Verbrugge and Jette’s** Disablement Process Model, somatic multimorbidity is conceptualized as the primary pathology
that acts as an antecedent to functional limitations. Second, these functional restrictions are posited to drive self-rated
health, as individuals primarily utilize their physical functioning capacity to formulate this cognitive summary of their
health status.?* Third, drawing on the “Bottom-Up” Theory of Subjective Well-Being,>> we hypothesize that self-rated
health represents a domain-specific evaluation that contributes directly to global life satisfaction. Finally, we frame the
relationship between life satisfaction and depressive symptoms through the lens of resource erosion,”® where the
depletion of global well-being serves as a proximal risk factor for depressive symptomatology. Based on this framework,
we proposed the following hypotheses:

H1 (Total Effect): Multimorbidity was positively associated with depressive symptoms among women in midlife.

H2 (Serial Mediation): Functional limitations, self-rated health, and life satisfaction serially mediated the link between
multimorbidity and depressive symptoms.

Materials and Methods

Data Source and Participants

This study is a secondary analysis of data acquired from the fifth wave of the China Health and Retirement Longitudinal
Study (CHARLS), 2020.>” CHARLS is a nationally representative survey of Chinese residents aged 45 and older
conducted by Peking University to examine the health, economic, and social adjustments that the country’s aging
population undergoes.?” The national baseline survey was conducted in 2011-2012, involving 17,708 participants from
150 county-level units across 28 provinces, using a multistage, stratified area-probability cluster sampling design. The
follow-up surveys were conducted every two or three years, with wave 2 in 2013, wave 3 in 2015, wave 4 in 2018, and
wave 5 in 2020. For this study, we used wave 5 data from two separate datasets: “demographic and background” (n =
19,395) and “health status and function” (n = 19,367). These datasets were merged, and information on 19,367
individuals was acquired. As this study focused on women in midlife, we excluded male participants (n = 3,903) and
those aged younger than 45 or older than 60 years (n = 10,876), resulting in 4,588 eligible participants. We further
excluded participants with missing data on multimorbidity (n=0), depressive symptoms (n=481), functional limitations
(n=0), self-rated health (n=0), and life satisfaction (n=1), leading to a final analytic sample of 4,106 participants
(Figure 1).

Ethical Considerations
This study involves the secondary analysis of de-identified data from the CHARLS. Ethical approval for all CHARLS
waves was granted by the Institutional Review Board at Peking University (IRB approval numbers: IRB00001052-11015
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Total sample in the CHARLS
2020 Survey (N=19,367)

Excluded:
-age<45 or age>=60 (n=10,876)
-male (n=3,903)

v

\4

Eligible subsample
(N=4, 588)

Excluded:
| -Missing data on depression
(n=481) and life satisfaction (n=1)

(N=4,106)

Figure | Study Flowchart of Participant Selection.

Notes: This flowchart illustrates the systematic selection process for study participants based on the China Health and Retirement Longitudinal Study (CHARLS) 2020
Survey. Starting with an initial sample of 19,367 participants, individuals were excluded if they were outside the target age range (younger than 45 or older than 59 years, n =
10,876) or identified as male (n = 3,903). Of the remaining 4,588 target participants, 482 individuals were further excluded due to missing data regarding depression (n =
481) and life satisfaction (n = ). No participants were excluded for missing data on multimorbidity, functional limitations, or self-rated health. The final analytic sample
consisted of 4,106 participants.

for the main household survey and IRB00001052-11014 for the biomarker collection). All participants were interviewed
face-to-face by trained professional researchers using structured questionnaires, and informed consent was obtained from
all participants. The data are publicly available to registered users, and details about the CHARLS data are available on
its website (http://charls.pku.edu.cn/en).?” In accordance with the national legislation of China—specifically Items 1 and

2 of Article 32 of the “Measures for Ethical Review of Life Science and Medical Research Involving Human Subjects”
(issued February 18, 2023)*®—the current secondary analysis is exempt from additional local institutional ethics
committee review. This exemption applies because the research uses legally obtained, de-identified public data and
poses no risk to subjects.

Measurements

Multimorbidity

Multimorbidity was assesses by a self-reported question (Code: DA003) “Have you been diagnosed with the following
diseases by a doctor?” on a list of 15 chronic noncommunicable diseases: 1) hypertension, 2) dyslipidemia (elevation of
low-density lipoprotein, triglycerides, and total cholesterol, or a low high density lipoprotein level, 3) diabetes or high
blood sugar, 4) cancer or malignant tumor (excluding minor skin cancers), 5) chronic lung diseases, such as chronic
bronchitis and emphysema (excluding tumors, or cancer), 6) liver disease (except fatty liver, tumors, and cancer), 7) heart
attack, coronary heart disease, angina, congestive heart failure, or other heart problems, 8) stroke, 9) kidney disease
(except for tumor or cancer), 10) stomach or other digestive diseases (except for tumor or cancer), 11) emotional,
nervous, or psychiatric problems, 12) memory-related disease (dementia and brain atrophy), 13) Parkinson’s disease, 14)
arthritis or rheumatism, 15) asthma (excluding lung diseases). One point was assigned for a “yes” response and zero
points for a “no” response to each disease question. To avoid conceptual overlap with the outcome variable (depressive
symptoms), the item regarding “emotional, nervous, or psychiatric problems” was excluded from the multimorbidity
count. The final score represents somatic multimorbidity, ranging from 0 to 14, with higher scores indicating greater
multimorbidity. Participants were further classified into three subgroups based on the multimorbidity score: no morbidity
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(score=0), single morbidity (score=1), and multimorbidity (score>2). Multimorbidity was defined as the simultancous
presence of two or more chronic non-communicable diseases. This threshold was chosen to align with the World Health
Organization’s standard definition®” and is consistent with the methodology of prior studies using the CHARLS dataset.*
This ensures the comparability of our results with existing literature on the prevalence and burden of multimorbidity in
China.

Functional Limitations

Functional limitations were measured using a custom measure combining ADL*' and IADL?? difficulties. The ADL scale
included six items: dressing, bathing, eating, getting in/out of bed, using the toilet, and controlling urination/defecation. The
IADL scale included six items: doing household chores, preparing hot meals, shopping for groceries, managing money,
making phone calls, and taking medications. Each item was scored on a four-point Likert scale: 1 (“don’t have any difficulty”),
2 (“have difficulty but can still do it”), 3 (“have difficulty and need help”), and 4 (“can’t do it”) points. Scores were summed to
create a composite index ranging from 12 to 48, with higher scores indicating more severe functional limitations. The scale
demonstrated good internal consistency in the current study, with a Cronbach’s alpha coefficient of 0.85. Furthermore, item-
total correlations were all above 0.40, supporting the unidimensionality of the combined ADL/IADL measure.

Self-Rated Health

Self-rated health was assessed using the single-item question from the CHARLS questionnaire (Code: DA001): “Would
you say your health is very good, good, fair, poor, or very poor?” Participants responded on a 5-point scale: 1 (Very
good), 2 (Good), 3 (Fair), 4 (Poor), to 5 (Very poor). For the analysis, these responses were reverse-coded so that higher
scores indicate better self-rated health.

Life Satisfaction
Life satisfaction was assessed using the single-item question from the CHARLS questionnaire (Code: DC026):

Please think about your life as a whole. How satisfied are you with it? Are you completely satisfied, very satisfied, somewhat
satisfied, not very satisfied, or not at all satisfied?

Responses were recorded on a 5-point scale: 1 (Completely satisfied), 2 (Very satisfied), 3 (Somewhat satisfied), 4 (Not
very satisfied), and 5 (Not at all satisfied). For the analysis, these responses were reverse-scored (range: 1-5) and treated
as a continuous variable, with higher values indicating greater life satisfaction.

Depressive Symptoms

Depressive symptoms were measured using the 10-item short form of the Center for Epidemiological Studies Depression
Scale (CES-D10).*> The CES-D10 is a screening tool for current depressive symptomatology and does not constitute
a clinical diagnosis. It includes 10 items asking participants about the frequency of symptoms or behaviors they
experienced during the past week, eg., feeling bored, depressed, or fearful. Each item is rated on a four-point Likert
scale ranging from 0 “rarely or none of the time,” to 3 “most or all of the time.” Two items (“I felt hopeful about the
future” and “I was happy”) were reverse-scored. The total score ranges from 0 to 30, with a higher score indicating more
depressive symptoms. Participants with a score of 10 and above were defined as having depressive symptoms. This
threshold was chosen to align with the standard definition adopted by the developer and is consistent with the
methodology of prior studies using the CHARLS dataset.>* The scale demonstrated good internal consistency in the
current study, with a Cronbach’s alpha coefficient of 0.80.

Covariates

To ensure confounding was adequately addressed, we used a theory-driven approach to select covariates. We adjusted for
a comprehensive set of potential confounders identified in prior literature, encompassing sociodemographic and lifestyle
characteristics.” Socio-demographic characteristics included age (years), marital status (not married/married), education
(primary and below/middle and above), employment status (yes/no), and place of residence (rural/urban). Lifestyle
characteristics included exercise (yes/no), insomnia with sleep length <6 hours (yes/no), alcohol use history (yes/no), and
smoking history (yes/no).
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Statistical Analysis

Statistical analyses were performed using SPSS version 27.0 (IBM Corp., Armonk, NY, USA). Continuous variables
were described using means + standard deviations (SDs), while categorical variables were presented as frequencies
(proportions). Correlations between multimorbidity, functional limitations, self-rated health, life satisfaction, and depres-
sive symptoms were analyzed using Pearson’s correlations. The serial mediation model was tested using the SPSS
PROCESS macro (Version 4.2, Model 6), which allows for the simultaneous estimation of multiple indirect effects with
bootstrapped confidence intervals.*®> We set multimorbidity (X) as the independent variable, depressive symptoms (Y) as
the dependent variable, and functional limitations, self-rated health, and life satisfaction as three consecutive mediators,
while accounting for all sociodemographic and lifestyle characteristics as covariables. To test the significance of the
mediated effects, we utilized a non-parametric bootstrapping procedure with 5,000 resamples. This method generates
bias-corrected confidence intervals (Cls) for the indirect effect and does not assume normality of the sampling distribu-
tion of the indirect effect.*® A random seed was set to ensure reproducibility of the bootstrap resampling. Both
unstandardized (B) and standardized (B) coefficients were computed to report the magnitude of the effects. The mediation
effect was considered significant if the 95% bootstrap confidence interval (CI) did not include zero. It is important to note
that while the PROCESS macro allows for the estimation of direct and indirect associations using nonparametric
bootstrapping, the cross-sectional design of this study precludes the determination of causality or temporal ordering
among variables.

To ensure the independence of our mediators, we tested for multicollinearity using Variance Inflation Factors (VIF).
All VIF values were below 5 (Range: 1.01-1.86), confirming that the mediators represent distinct constructs and that
multicollinearity did not bias the model estimates. Prior to interpreting the mediation effects, we verified the assumptions
of the general linear model for each constituent regression equation. Visual inspection of scatterplots of standardized
residuals against standardized predicted values revealed random scatter with no evidence of nonlinearity or heterosce-
dasticity (non-constant variance). Normal P-P plots and histograms confirmed that the residuals were normally dis-
tributed. These diagnostics confirm that the model assumptions for the mediation analysis were met.

A p-value of less than 0.05 was used as the standard level of significance (two-sided tests). All estimates were
reported by applying appropriate sampling weights.

Results

Sample Characteristics
As shown in Table 1, the final analytic sample of 4,106 participants was predominantly composed of women aged 50 and
older (76.33%), the majority of whom were married (92.01%) and lived in rural areas (61.81%). Significant differences in
depression scores were observed across nearly all sociodemographic and lifestyle categories. Specifically, higher
depression scores were observed in individuals who were older (aged > 50), not married, less educated, or living in
rural areas (all p < 0.001). Regarding lifestyle factors, individuals reporting insomnia, non-alcohol use, and smoking
exhibited substantially higher depression scores compared to their respective counterparts (all p < 0.01). Conversely,
employment status and physical activity did not reach the threshold for statistical significance.

Table 2 shows the prevalence of individual somatic conditions and distribution of multimorbidity scores. Among the
14 somatic conditions, the top four most prevalent conditions were dyslipidemia (8.79%), arthritis (7.45%), hypertension
(6.26%), and stomach diseases (6.14%). Regarding disease burden, 66.05% reported no somatic conditions, 23.60% had
a single somatic condition, and 10.35% had multimorbidity.

Correlation Analysis

Table 3 shows the descriptive statistics and correlation analysis of the key study variables. In this sample, the average
CES-D10 score was 9.14 + 6.49, with 41.50% of participants scoring 10 or higher, indicating elevated depressive
symptoms. The mean scores for multimorbidity, functional limitations, self-rated health, and life satisfaction were 0.49 +
0.83, 12.89 £ 2.56, 3.08 + 1.02, and 3.22 + 0.80, respectively. All four variables demonstrated significant correlations
with each other. Specifically, multimorbidity was positively correlated with depressive symptoms (r=0.18, p<0.001) and
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Table | Depression Scores Stratified by Sociodemographic and Lifestyle Characteristics (n = 4,106)

Variable Group n (%) Depression Score t p-value
(Mean % SD)

Sociodemographic

Age Category <50 years 972 (23.67%) 8.31+6.12 —4.542 <0.001
250 years 3,134 (76.33%) 9.40+6.58

Marital Status Married 3,778 (92.01%) 8.97+6.37 —5.860 <0.001
Separated/Other 328 (7.99%) 11.15£7.46

Education Primary or below 2,530 (61.62%) 10.09+6.70 12.14 <0.001
Middle school + 1,576 (38.38%) 7.61+5.84

Residence Urban 1,568 (38.19%) 8.03+6.01 —8.653 <0.001
Rural 2,538 (61.81%) 9.82+6.68

Employment Unemployed 1,144 (27.86%) 8.83+6.60 —-1.879 0.06
Employed 2,962 (72.14%) 9.26+6.45

Lifestyle

Physical Activity No 262 (6.38%) 9.88+6.89 1.904 0.057
Yes 3,844 (93.62%) 9.09+6.46

Insomnia No 2,676 (65.17%) 7.72+5.82 —20.077 <0.001
Yes 1,430 (34.83%) 11.80+6.84

Alcohol Use No 3,308 (80.57%) 9.30+6.56 3.145 0.002
Yes 798 (19.43%) 8.49+6.16

Smoking No 3,923 (95.54%) 9.07+6.47 -3.014 0.003
Yes 183 (4.46%) 10.55+6.90

Notes: Results are derived from the analytic sample of 4,106 participants. Percentages may not sum to exactly 100% due to rounding.

Table 2 Prevalence of Individual Somatic Conditions and

Distribution of Multimorbidity Scores

Variables N (%)

Individual Somatic Conditions
Dyslipidemia 361 (8.79)
Arthritis 306 (7.45)
Hypertension 257 (6.26)
Stomach disease 252 (6.14)
Heart disease 168 (4.09)
Diabetes 167 (4.07)
Lung diseases 126 (3.07)
Kidney disease 97 (2.36)
Liver disease 75 (1.83)
Memory disease 66 (1.61)
Asthma 49 (1.19)
Cancer 47 (1.14)
Stroke 35 (0.85)
Parkinson’s disease 11 (0.27)

Distribution of Multimorbidity Scores
0 conditions 2712 (66.05)
| condition 969 (23.60)
22 conditions 425 (10.35)
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Table 3 Descriptives and Correlation Analysis of Key Variables

Variables Mean £ SD | | 2 3 4 5
|. Multimorbidity 0.49 + 0.83 |

2. Functional limitations 12.89 + 2.56 | 0.15%* |

3. Self-rated health 3.08+1.02 —0.27%% | —0,32%kk | |

4, Life satisfaction 3.22+ 0.80 =0.10%F | —0Q.] 7%k | Q.27+ I

5. Depressive symptoms | 9.14 + 6.49 | 0.18% | 0.33% | —Q4% | —0.38%k* | |

Notes: *** P<0.001; SD: standard deviations.

functional limitations (r=0.15, p<0.001), while negatively correlated with self-rated health (r=—0.27, p<0.001) and life
satisfaction (r=—0.10, p<0.001). Depressive symptoms were positively correlated with multimorbidity (r=0.18, p<0.001)
and functional limitations (r=0.33, p<0.001), while negatively correlated with self-rated health (r=—0.41, p<0.001) and
life satisfaction (r=—0.38, p<0.001). In addition, the three mediators — functional limitations, self-rated health, and life
satisfaction — were significantly correlated with each other (r = —0.17, —0.32, 0.27, all p < 0.001).

Serial Mediation Analysis

Figure 2 and Table 4 outline the total, direct, and indirect effects of multimorbidity on depressive symptoms, which are
mediated through functional limitations, self-rated health, and life satisfaction. The total effect of multimorbidity on
depressive symptoms was significant (¢=1.206, 95% CI=0.986 to 1.426). When three mediators were added, the direct
effect of multimorbidity on depressive symptoms decreased but remained significant (¢'=0.421, 95% CI=0.220 to 0.622).
Functional limitations, self-rated health, and life satisfaction serially mediated the association between multimorbidity
and depressive symptoms, with a total indirect effect of 0.785 (95% CI=0.655 to 0.918). Two mediators, functional
limitations and self-rated health, mediated the association between multimorbidity and depressive symptoms, as
represented by corresponding mediator paths (alb1=0.172, 95% CI: 0.106 to 0.246; a2b2=0.369, 95% CI: 0.299 to
0.443). Notably, life satisfaction alone showed no significant mediation effect in the association between multimorbidity
and depressive symptoms (a3b3=0.046, 95% CI: —0.022 to 0.113), primarily because the direct link from multimorbidity
to life satisfaction was not statistically significant. However, life satisfaction did serve as a significant indirect mediator
as part of a serial chain. Specifically, significant indirect effects were observed for pathways through functional
limitations followed by life satisfaction (ald31b3=0.024, 95% CI: 0.012 to 0.039), and through self-rated health followed
by life satisfaction (a2b32b3=0.097, 95% CI=0.076 to 0.122). Higher multimorbidity was associated with more

o Self-rated b3, s
0 (0 2 Health %0023 .,
dz\;—o .X 3)
¥ Functional /\ | Life
é\ Limitations d31=-0.028 (-0089)”*\\' Satisfaction @)\\
S \\*** --------------- b ‘1 62\1 % v,
3 AN P U W =0.4 % o
N I\ ~0.13)...e 1(0.16) * (~
/08T 00 % %2 \%
5 [ & dnme 2
c=1.21(0.16) ™" g
Multimorbidity o| Deprossive
¢’=0.42 (0.054) symptoms

Figure 2 Serial Mediation Model of the Relationship Between Multimorbidity and Depressive Symptoms.

Notes: This schematic diagram illustrates the direct and indirect effects of multimorbidity on depressive symptoms, with functional limitations, self-rated health, and life
satisfaction acting as serial mediators. The numbers on the paths represent the unstandardized coefficients, with standardized coefficients provided in parentheses. Solid lines
indicate statistically significant paths (***p < 0.001), while dashed lines indicate non-significant paths (e.g., the path from multimorbidity to life satisfaction, p = 0.15). The total
effect is represented by c, and the direct effect after controlling for mediators is represented by c'. All models are adjusted for relevant covariates.
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Table 4 Total, Direct, and Indirect Effects of the Serial Mediation Model

Effect Path B %% SE LLCI ULCI
Total effect MM-DEP 1.206 | 100 0.112 | 0.986 1.426
Direct effect MM-DEP 0.421 | 3491 | 0.102 | 0.220 0.622
Indirect effect (total) | MM-FL-SRH-LS-DEP | 0.785 | 65.09 | 0.067 | 0.655 0918
Indirect effect | MM-FL-DEP 0.172 | 14.26 | 0.036 | 0.106 0.246
Indirect effect 2 MM-SRH-DEP 0.369 | 30.60 | 0.037 | 0.299 0.443
Indirect effect 3 MM-LS-DEP 0.046 | 3.81 0.034 | —0.022 | 0.113
Indirect effect 4 MM-FL-SRH-DEP 0.061 | 5.06 | 0.011 | 0.039 0.083
Indirect effect 5 MM-FL-LS-DEP 0.024 | 1.99 | 0.007 | 0.012 0.039
Indirect effect 6 MM-SRH-LS-DEP 0.097 | 804 | 0.012 | 0.076 0.122
Indirect effect 7 MM-FL-SRH-LS-DEP | 0.016 | 1.33 0.003 | 0.010 0.023

Notes: * Percentage of mediation is calculated as the specific indirect effect divided by the total effect. The
sum of the direct effect percentage and the total indirect effect percentage equals 100%.

Abbreviations: DEP, depressive symptoms; FL, functional limitations; LLCI, lower limit confidence interval;
LS, life satisfaction; MM, multimorbidity; SE, standard error; SRH, self-rated health; ULCI, upper limit
confidence interval.

functional limitations, which further led to lower self-rated health and then lower life satisfaction, thus contributing to
depressive symptoms. Among the seven mediation pathways, self-rated health accounted for the largest proportion of the
total effect (30.60%), followed by functional limitations (14.26%) and a combination of self-rated health and life
satisfaction (8.04%).

Discussion

Summary of the Findings

Using a nationally representative sample and driven by the stress process theory, our study examined the association
between multimorbidity and depressive symptoms among women in midlife and the serial mediating roles of functional
limitations, self-rated health, and life satisfaction. We found that 10.67% of participants had multimorbidity, while
41.50% had depressive symptoms. Multimorbidity was positively associated with depressive symptoms both directly and
indirectly through functional limitations, self-rated health, and life satisfaction, with self-rated health accounting for the
largest mediation effect. Our findings suggest that multimorbidity and depressive symptoms are complexly linked
through a range of objective and subjective pathways. Objective pathways relate to tangible physical effects, such as
functional limitations, while subjective pathways involve a person’s perceptions and emotional responses, including self-
rated health and life satisfaction. These findings provide important implications for future comprehensive and targeted
interventions to integrate mental and physical healthcare to decrease the negative impacts of multimorbidity and prevent
depressive symptoms among women in midlife.

Multimorbidity and Depressive Symptoms
Our study showed a prevalence of 10.35% for multimorbidity, which was lower than most previous studies reporting
rates of 30% to over 70% among women in their mid-to-late 40s and 60s.° The observed lower estimate in our study is
likely an artifact of the “diagnosed by a doctor” criterion used in the survey. Given that 61.81% of our sample resides in
rural areas where healthcare access is often limited, it is probable that a significant number of chronic conditions remain
undiagnosed. Previous research comparing self-reported data with objective biomarkers has consistently demonstrated
that reliance on medical diagnosis underestimates the true prevalence of chronic conditions, particularly in populations
with lower healthcare utilization.’” Therefore, our reported figure should be explicitly interpreted as the prevalence of
diagnosed multimorbidity, which likely underestimates the true biological burden of disease in this population.

Despite low multimorbidity, participants in our study presented a high prevalence of depressive symptoms at 41.50%,
higher than the range of 26% to 35.6% in various global and regional contexts.®*® While the timing of data collection
during the COVID-19 pandemic likely contributed to elevated stress,”” methodological factors must also be considered.
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First, the CES-D 10 is a screening tool based on a 1-week recall period, designed to capture current psychological
distress rather than diagnose clinical depression; such screening tools typically yield higher prevalence rates than
diagnostic interviews.*® Second, the use of listwise deletion to handle missing data may have introduced selection
bias, potentially retaining a sample with distress profiles that differ from those excluded due to incomplete responses.*!
Importantly, our study consistently demonstrated a robust positive association between multimorbidity and depressive
symptoms among women in midlife, further confirming the well-documented relationship supported by substantial
research.'>*** A meta-analysis concluded that people with multimorbidity were two to three times more likely to
become depressed than those with no chronic physical conditions, and each additional chronic condition increased the
risk of depressive symptoms by 45%.'> Our findings underscore the importance of routine depressive symptoms
screenings for women in midlife with multimorbidity to initiate timely and effective interventions and advocate for
integrated care that addresses both physical and mental health.

The Serial Mediating Effect of Functional Limitations, Self-Rated Health, and Life

Satisfaction

Our study supports a serial mediation model and identified a specific pathway explaining how multimorbidity was
associated with depressive symptoms among women in midlife.”” The statistical model suggests that functional limita-
tions, self-rated health, and life satisfaction may serve as intermediary factors in the relationship between somatic
multimorbidity and depression, though longitudinal data are required to confirm this temporal sequence. Our findings
support the trajectory proposed by the stress process theory, where the impact of multimorbidity (primary stressor)
cascades through functional limitations (secondary stressor) and self-rated health (subjective appraisal) to life satisfaction
and depressive symptoms. This suggests that the physical restrictions imposed by multiple chronic conditions shape how
individuals perceive their general health, which in turn dictates their overall psychological well-being. Our findings
indicate that multimorbidity acts as a primary stressor for women in midlife, who often face the complex task of
managing multiple diseases, symptoms, treatments, and side effects.'® Consistent with the Stress Process Theory,*
chronic stress from multimorbidity is associated with functional limitations, which prevent individuals from performing
daily activities due to physical or mental impairments, creating a primary source of subjective stress. Furthermore, the
experience of functional decline and the accumulating burden of disease may contribute to a negative self-assessment of
one’s overall health and poorer self-rated health.** As observed in our model, this decline in health perception is
associated with a negative overall assessment of one’s life and lower life satisfaction. Finally, the erosion of life
satisfaction due to the cascading effect of multimorbidity, functional decline, and poor self-rated health is a significant
driver of depressive symptoms.?'

Notably, among the multiple mediation pathways, self-rated health was identified as exerting the largest mediation
effect in the association between multimorbidity and depressive symptoms. This finding was consistent with a previous
study showing that self-rated health acted as a potent mediator between physical health conditions and depressive
symptoms.*® Self-rated health captures both objective and subjective health factors that influence mental well-being.*®
These findings underscore that how people feel about their health—their subjective perception—can be a more immedi-
ate and powerful driver of depressive symptoms than objective clinical diagnoses alone.*’ Self-rated health provides
a holistic measure that reflects the cumulative burdens of multimorbidity on a person’s mental state, including financial
strain, caregiver burden, and decreased social participation.*® In addition, self-rated health is influenced by psychosocial
factors, such as personality traits, resilience, and coping, which also directly affect individuals’ vulnerability to
depressive symptoms.49 This finding underscores the crucial importance of a patient-centered approach to managing
multimorbidity. Clinicians may use self-reported health as a routine and cost-effective screening tool to identify high-risk
patients to initiate early, targeted psychosocial interventions for depressive symptoms.

By identifying the sequential steps in the association between multimorbidity and depressive symptoms, our study
provides a more comprehensive and nuanced understanding of the psychological toll of multimorbidity. It reveals the
complex interrelationships between multimorbidity and depressive symptoms through both objective (functional limita-
tions) and subjective (self-rated health and life satisfaction) pathways. Our findings regarding the association between
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multimorbidity and psychological well-being align with a growing body of literature identifying psychosocial resources
as key mechanisms in this pathway. Recent research utilizing robust empirical designs has begun to unpack these
mediating processes. For instance, internal psychological resources, such as positive affect, has been identified as a key
mediator of the link between multimorbidity and depressive symptoms.>® Taken together with our current results, this
suggests that interventions targeting both objective and subjective pathways may be effective in mitigating the adverse

mental health effects of multimorbidity.

Limitations

This study has several limitations. First, a cross-sectional study design cannot establish causal relationships among
variables, and previous research suggests bidirectional interrelationships among these variables.’'>? Future longitudinal
study designs are needed to clarify temporal relationships further and understand the dynamic nature of how variables
interact over time. Second, the use of single-item questions for complex, multidimensional concepts, such as self-rated
health and life satisfaction, can compromise the reliability and validity of the findings. Future studies should use
validated multi-item questionnaires to obtain a more robust and comprehensive assessment of these concepts. Third,
the reliance on self-reported data is subject to recall and social desirability biases, which may affect the reliability of the
findings. Future research should consider combining self-report with objective measures, such as direct observation,
tracking devices, or biomarkers, to achieve a more accurate assessment. Fourth, our study only included three mediators
in the link between multimorbidity and depression, and there may be other potential factors playing a role in their
association. Future studies can explore alternative mediating variables across biological, psychological, social, and

functional domains to build a more comprehensive model of the relationship.

Conclusions

Our findings offer a comprehensive insight into the complex relationship between multimorbidity and depressive
symptoms among women in midlife through various mediating mechanisms under a well-developed theoretical frame-
work. Multimorbidity was positively associated with depressive symptoms both directly and indirectly through functional
limitations, self-rated health, and life satisfaction. These findings yield critical insights for clinical, research, and political
endeavors to address the negative impacts of multimorbidity and alleviate depressive symptoms among women in
midlife, emphasizing the crucial role of mitigating functional limitations, improving self-rated health, and enhancing life
satisfaction. Future longitudinal studies with more comprehensive assessments, including objective measures and

alternative variables, are needed to validate our models further.
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