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Background: Mental health challenges are encountered by frail older adults as
the population ages. The extant literature is scant regarding the correlation
between depressive symptoms and social participation among frail older adults.

Methods: This study is based on an analysis of data from China Health and
Retirement Longitudinal Study (CHARLS) participants aged 60 and older who are
frail. A frailty index (FI) was developed for the purpose of assessing the frailty level
of the participants. Additionally, latent class analysis (LCA) was employed to
classify the participants’ social engagement patterns in 2015 and 2018. The study
used ordered logistic regression to examine the relationship between social
participation type and depressive symptoms. We also used Latent Transition
Analysis (LTA) methods to explore the impact of changes in social activity types
on depressive symptoms after three years of follow-up in 2018. In addition, the
response surface analysis (RSM) investigation explored the relationship among Fl,
depression, and social participation.

Results: A total of 4,384 participants completed the baseline survey; three years
later, 3,483 were included in the follow-up cohort. The baseline survey indicates
that female older adults in rural areas who are single, have lower incomes, shorter
sleep durations, and lighter weights exhibited more severe depressive symptoms.
Social participation patterns were categorized into five subgroups by LCA. The
findings indicate that individuals classified as “board game enthusiasts” (OR, 0.62;
95% ClI, 0.47-0.82) and those as “extensive social interaction” (OR,0.67; 95% Cl,
0.49-0.90) have a significantly lower likelihood of developing depressive
symptoms compared to the “socially isolated” group. We also discovered that
“socially isolated” baseline participants who transitioned to the "helpful individual”
group after three years had significantly greater depressed symptoms (OR, 1.56;
95% ClI, 1.00-2.44). More social activity types and less Fl are linked to lower
depression in our study.
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Conclusion: The results of the study emphasize the importance of social
participation patterns and the number of social participation types in relation
to the severity of depression among frail older adults individuals. This study’s
findings may provide important insights for addressing depressive symptoms in
frail older adults person.

KEYWORDS

frailty, social participation, depression symptom, latent class analysis, response

surface analysis

1 Introduction

The analysis of the Global Burden of Disease study indicates that
there is presently an upward trend in global healthy life expectancy,
indicating an acceleration of population aging worldwide (1). The
duration that the older adults remain in a frailty status is
proportionally extended as the average life expectancy rises. Frailty
is a prevalent age-related syndrome characterized by a deterioration
in the ability to respond to stimuli and the functioning of the body’s
physiological systems (2). The most recent systematic review and
meta-analysis study, which gathered extensive information from 240
studies in 62 countries, revealed an overall prevalence of frailty of
approximately 18% (3). Older adults with frailty are more likely to
have pathophysiological changes and mental and psychological
abnormalities, which are strongly associated with cognitive decline,
depression, disability and other diseases (4-6). Research suggests that
frailty is typically chronic and dynamic in nature (7). Consequently,
early intervention for frail older individuals has the potential to
significantly improve their prognosis, reduce the occurrence of
related complications, and improve their quality of life.

Depression is a common mental illness and one of the sources of
mental distress for older adults in their later years. According to
statistics, nearly 14% of people over the age of 55 worldwide suffer
from depression, and 2% of them meet the diagnostic criteria for
major depression (8). Late-life depression primarily manifests
physical symptoms such as loss of energy, appetite changes or sleep
disorders and mental symptoms such as sadness and negativity
(9-12) Previous studies have shown that depression is positively
correlated with the incidence of heart disease, stroke, diabetes and
other geriatric diseases (13-17). Recent studies have suggested that
the incidence of recurrent depression is significantly higher among
old individuals, reporting an 18% higher rate compared to younger
populations (18). Moreover, existing literature highlights the frequent
co-occurrence of depressive symptoms and signs of frailty in older
adults (5, 19, 20). Specifically, over one in ten individuals aged 55 and
older adults are reported to exhibit concurrent symptoms of both
conditions (21). These findings suggest that depression and frailty
may act as interactive risk factors for each other.

Social interaction is widely recognized as an important
protective factor for depression, and this conclusion has been
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confirmed in a large body of literature. Studies by Wang and
Noguchi have consistently shown that increased social
engagement correlates with significantly lower levels of depression
among respondents (22, 23). Previous studies have particularly
highlighted the critical role of social engagement in improving the
physical and mental health of older adults (24-27). However, it
should be noted that not all types of social activities have a positive
impact on depressive symptoms. Several studies have pointed out
that specific types of social activities may have a negative impact on
depressive symptoms (28-30). Frail older adults individuals often
face challenges such as mobility issues, chronic illnesses, or lack of
familial support, which could limit their social engagement
opportunities. Previous studies have indicated that frequent social
participation can reduce the risk of frailty among Chinese older
adults (31). Nevertheless, whether social engagement benefits older
adults already experiencing frailty remains uncertain.

To our knowledge, there is an absence of research that has
investigated the relationship between social participation type and
the risk of incident depression in frail older adults. The primary
purpose of this investigation was to ascertain whether the type of social
participation has an impact on the level of depression among frail
older adults. Additionally, we aim to investigate how changes in the
types of social participation among frail older adults over time impact
their depressive symptoms. For this purpose, data from a longitudinal
cohort study conducted across the nation called the China Health and
Retirement Longitudinal Study (CHARLS) were utilized.

2 Materials and methods
2.1 Study sample

The participants of our research were CHARLS-participating
older adults aged 60 to 101. CHARLS is a nationally representative
longitudinal cohort study. CHARLS collected high-quality data
using face-to-face interviews and structured questionnaires,
employing a four-stage stratified cluster sampling method. This
approach recruited individuals aged 45 and older adults from 450
villages and community residents across 150 counties in 28
provinces throughout China. The initial nationwide survey (Wave
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1) was carried out in 2011, with a total of 17,708 participants.
Subsequent follow-up surveys, known as Wave 2, Wave 3, and
Wave 4, were undertaken in 2013, 2015, and 2018 respectively.
Detailed reports on the entire sampling process can be found
elsewhere (32, 33). Peking University’s biomedical ethics review
committee (IRB00001052-11015) approved the design and
methodology of the CHARLS study, and informed consent was
obtained from all participants.

Our study used wave 3 (December 2015 to January 2016) and
wave 4 (July to September 2018) data from CHARLS. The final
analysis involved 4,384 participants, using the 2015 survey data as
the baseline for comparison throughout the study. A total of 901
participants were excluded due to missing important information
(e.g., age and gender), incomplete depression questionnaires, loss to
follow-up, death, or failure to engage in the depression
questionnaire. The number of respondents included in the 2018
follow-up study was 3,483 in total. Figure 1 shows the entire
research participation process.

2.2 Outcome measures

2.2.1 Assessment of frailty

For the purpose of assessing frailty, the frailty index (FI) was
utilized. According to prior research, the frailty index (FI) has a
strong predictive capacity for adverse clinical outcomes and may

10.3389/fpsyt.2024.1440641

better represent the general health state of the geriatric population
(34, 35). The FI was calculated in accordance with the standards for
the deficit accumulation model that were developed by the Searle
team (36). In constructing the FI, forty items were selected; these
included self-reported health status, disability, comorbidities,
functional limitations, depressive symptoms, and cognitive status.
The specific items of FI are displayed in Supplementary Table 1. The
FI is computed by dividing the sum of all scores (from 0 to 40) by
40, according to the formula. According to Roman and Rose, an FI
of 1 signifies inadequate performance across all domains, whereas a
value of 0 indicates the absence of any indications or symptoms of
frailty (37). Frailty status in this research encompasses both
prefrailty and frailty participants, who are characterized by an FI
value > 0.1 (38).

2.2.2 Assessment of social participation

Social participation behaviors were defined in the CHARLS
questionnaire as those in which the participants were involved in
the previous month, among the ten activities that involved visiting
relatives and friends, chess and mahjong, helping relatives or
neighbors, and sports activities (such as dancing, fitness, Qigong,
etc.), participating in volunteers or activities, caring for patients or
disabled people, training classes, stock trading, and surfing the
Internet. This research calculated the number of social behavior
types among the participants and employed latent class analysis to
investigate social participation patterns.

Baseline survey in 2015 N = 21,095

Excluded criterion N = 16,711
Missing Fl-related data or FI<0.1
Missing CES-D-10 scores
Missing Social participation-related data
Missing age or gender
Age < 60 years old

Diagnosed as depression and underwent therapeutic intervention

Cross-sectional study in 2015

N=4,384

Excluded criterion N = 901
Failed to follow up in 2018

Missing CES-D-10 scores

Missing Social participation-related data

Longitudinal study in 2018

N =3,483

* CHARLS, China Health and Retirement Longitudinal Study, CES-D-10, 10-item short form
of the Center for Epidemiologic Studies Depression Scale; FI, frailty index.

FIGURE 1
Flowchart of total study participant involvement.
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2.2.3 Assessment of severity of
depressive symptoms

Depression level was identified using the 10-item short form of
the Center for Epidemiologic Studies Depression Scale (CES-D-10).
With strong reliability and validity in the Chinese aged population,
the CES-D-10 is a frequently used instrument in large-sample
epidemiological studies to assess depressive symptoms (39, 40).
For each symptom in the previous week, the CES-D-10 assigns a
total of 30 points to each symptom, ranging from 0 (indicating little
or no occurrence [< 1 day]) to 3 (indicating most or all occurrence
[5-7 days]); greater scores indicate more severe depressive
symptoms. The specific problems are shown in Supplementary
Table 2. Reverse scoring was applied to the two positive emotion
questions “I feel hopeful about the future” and “I was happy” when
calculating the total scores from the CES-D-10 questionnaire
divided the participants into three groups: those with depressive
disorder (DD) (scores equal to or exceeding 20), those with
depressive symptoms (DS) (scores equal to or exceeding 10), and
those with non-depressive symptoms (NDS) (scores below 10) (41,
42). Furthermore, we regard an increase in the severity of
depression among the participants from 2015 to 2018 as an
indication that their depressive symptoms were deteriorating.

2.3 Other covariates

At the baseline survey, relevant confounding variables such as
demographics, behavioral traits, and other aspects were gathered.
The main factors included age, gender, residence (rural, urban),
marital status (married, separated/divorced/widowed, unmarried),
education degree (illiteracy, elementary school/middle school, high
school/higher education), family annual total income (<10,000
yuan, 10,000-50,000 yuan, 50,000-100,000 yuan, >100,000 yuan),
smoking status (never smoked, continued smoking, quit smoking),
drinking status (with or without drinking habits), total sleep
duration and body mass index (BMI).

2.4 Statistical analysis

All statistical analyses were conducted by MPlus7.4 and R4.2.2.
A two-sided p value < 0.05 was considered statistically significant in
this study. Categorical variables are represented as percentages
(absolute values), while continuous variables are labelled as the
mean + (standard deviation, SD). To compare differences in
categorical variables between groups, the 2 test or Wilcoxon
rank sum test was utilized. To examine the differences in
continuous variables between groups, Student’s t test, Kruskal
—Wallis test, or analysis of variance were utilized.

Utilizing response surface analysis, the congruence effect
between the number of social types and FI with respect to
symptoms of depression was examined. By employing regression
coefficients, we generated three-dimensional response surfaces. The
vertical axis of these surfaces represented the CES-D-10 scores (Z),
while the perpendicular horizontal axes represented FI (X) and the

Frontiers in Psychiatry

10.3389/fpsyt.2024.1440641

number of social participation types (Y). As a result of R2’s
significance, the differences in the participants’ depressive
symptoms can be substantially accounted for. The congruence
effect between the number of social types and FI on depressive
symptoms is indicated by the significance of the curvature of the
incongruence line (P=-A) (43).

Latent Class Analysis (LCA) is a statistical technique designed
to identify mutually exclusive groups of respondents, each
characterized by its own unique set of probabilities for
endorsing symptoms (44, 45). The goal of LCA is to determine
an optimal classification scheme where each group is as
homogeneous as possible internally, while being as distinct as
possible from other groups. Using LCA, the social participation
patterns of older adults in 2015 and 2018 were classified
separately. To determine the most suitable latent class model,
various criteria were used for comparison. Specifically, the Akaike
Information Criterion (AIC), Bayesian Information Criterion
(BIC), and sample size adjusted BIC (aBIC) were considered,
with lower values indicating a better model fit. Entropy was used
to assess the clarity of the latent classes, with values above 0.8
being considered excellent. Additionally, the Bootstrap Likelihood
Ratio Test (BLRT) was used to determine if adding more classes
significantly improves the model, with a p-value less than 0.05
indicating significance. Together, these criteria—lower AIC, BIC,
and aBIC values, higher entropy, and a significant bootstrap
likelihood ratio test—guide the selection of the optimal number
of latent classes (46, 47).

Following the classification of the data, significant covariates
were incorporated into the regression mixture model (RMM) using
the straightforward three-step most likely class regression approach
to ascertain their potential contribution to the latent classification.
By using depression levels as the outcome variable in RMM, we may
explore how latent classes affect depression levels. Then, the study
employed multiple variables to construct three ordered logistic
regression models that investigate the impact of social latent
classes on depression. Model 1 adjusts solely for age and gender,
Model 2 for all demographic variables, and Model 3 for
demographic and behavioral variables.

We used Tihomir Asparouhov’s three-step modeling
technique to perform a latent transition analysis (LTA) of social
participation patterns from 2015 to 2018. First, as previously
stated, we completed the 2015 and 2018 latent classification of
social participation. The second step is to prove measurement
consistency in the latent classes of participation patterns in both
years. The two models’ fitting indicators were assessed using the
log-likelihood ratio test (LRT) with equal parameter changes
across time. Then, the transition matrix obtained from 2015 to
2018 of the potential classification by LTA. This analysis allowed
us to discern the stability and transition rates of each latent class.
We then used the findings from LTA as independent variables and
worsening depression symptoms as dependent variables in three
ordered logistic regression models. This approach aims to
evaluate how different transition patterns in social participation
relate to depression levels, providing a deeper understanding of
how social involvement impacts mental health.
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3 Results

3.1 Demographic characteristics and
depression severity

Our cross-sectional study comprised 4,384 individuals, with 901
excluded due to reasons such as incomplete data and loss of follow-
up, resulting in 3,483 respondents in the longitudinal cohort three
years later. The baseline survey showed an average age of 68.71 years
(SD = 6.74). Participants were 58.53% female (2,566) and 41.47%
male (1,818). A majority, 67.85% (2,746), lived in rural areas, while
32.15% (1,305) were urban residents. Marital status was 54.30%
married or cohabitating (2,221), 29.50% single (1,218), and 16.20%
divorced or widowed (674). Other demographic, behavioral, and risk
factor variables are shown in Table 1. Table 1 shows that participants
who were younger, female, lived in rural settings, were illiterate,
reported lower household incomes, had shorter sleep durations, and
exhibited lower BMI demonstrated elevated levels of depression
severity. Furthermore, our analysis identified that participants in
the DD group and the DS group had significantly higher FI and fewer
types of social participation compared to NDS group.

3.2 Latent class of social
participation pattern

Social participation patterns were classified using multi-LCA
models. From 2 to 7 subgroups or classes were examined. Based on
the lowest AIC, BIC, and Adjusted BIC values, high entropy above
0.9, and significant BLRT, the 5-class model was identified as the
most suitable. From a clinical standpoint, the five latent classes are
distinctly defined and exhibit unique characteristics, rendering them
both clinically relevant and interpretable. Each class presents specific
attributes that provide valuable insights for clinical practice and
intervention. Fit indexes for the final 5-class model were
AIC=17682.79; BIC=18059.55; Adjusted BIC=17872.07;
Entropy=0.95. Fit indexes for 7 disaggregated models are presented
in Supplementary Table 3. After considering model fit indexes, cluster
size, and practical clinical significance, a 5-class solution best
represented the data. Based on the LCA result of participants’
social activity engagement patterns, we identified five distinct
categories: Class 1 “socially isolated”, Class 2 “socialize with
friends”, Class 3 “board game enthusiast”, Class 4 “helpful
individual”, and Class 5 “extensive social interaction”, as illustrated
in Supplementary Figure 1. Participants classified as Class 1 “socially
isolated” engage in very few social activities. Class 2 participants
“socialize with friends” frequently interact with friends but are less
involved in other social activities. Class 3, “board game enthusiasts”,
primarily engage in social activities through board games such as
poker, mahjong, etc. Class 4, the “helpful individuals”, are
characterized by active participation in volunteer work or other
helping activities. Lastly, Class 5 “extensive social interaction”
participants participate in a broad range of social and interest-
related activities, reflecting a high level of social interaction. In the
baseline survey, 52.78% of frail older adults belonged to Class 1. Class
2, Class 3, Class 4, and Class 5 comprised the remaining 24.34%,
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6.14%, 11.31%, and 5.43%, respectively. Supplementary Table 4
displays the specific distribution of various latent social
participation classes in 2015. As observed in the table, individuals
in Class 1 had an extremely low likelihood (< 0.001) of engaging in
any aspect of social activity participation. Similarly, those in Class 2,
Class 4 and Class 3 had a higher probability of corresponding items.
People in Class 5 had a higher probability in most of the activity items
than others. In our LCA analysis for the year 2018, we discovered
comparable findings (Supplementary Table 5).

3.3 Differences among the social
participation patterns

A comparative overview of the baseline characteristics of five
latent social participation classes in 2015 is presented in Table 2.
There is substantial variation across the five classes in terms of age,
gender, marital status, place of residence, drinking habits, smoking
status, total annual household income, BMI, FI, and CES-D-10
scores. However, the total sleep duration did not show significant
differences among the classes (p > 0.05). More specifically, Class 1 is
distinguished by a larger proportion of rural residents, older
individuals, those with lower household incomes, and those with
higher FI. Conversely, Class 5 is primarily composed of older people
with higher BMI. Furthermore, we noted that Class 2
predominantly comprises younger individuals with higher
household incomes, whereas Class 3 is associated with individuals
who have lower BMI and CES-D-10 scores. On the other hand,
Class 4 is distinguished by a more balanced distribution of
socioeconomic and health-related characteristics.

By including age, gender, and FI as predictor variables in the
RMM, the results demonstrate that these factors substantially
contribute to the classification of social participation patterns.
Taking Class 1 as the reference, age had negative regression
coefficients for Class 5, Class 4, and Class 3, with values of -0.055,
-0.039, and -0.015, respectively (P < 0.05) (Supplementary Table 6).
This implies that an increase in age reduces the likelihood of
individuals belonging to Class 3, Class 4, and Class 5 in
comparison to Class 1. To be more precise, the relative
probabilities of belonging to Class 3, Class 4, and Class 5 decrease
by 0.015, 0.039, and 0.055 for each one-unit increase in age,
respectively. In the same way, all four subgroups demonstrated
negative regression coefficients for the frailty index. In addition, the
regression coefficients for females in Class 5 and Class 2 are positive.

3.4 Associations between social
participation patterns and
depression degree

Supplementary Table 7 presents the outcomes obtained by
including depression severity as the outcome variable in RMM.
The results indicate that in Class 1, the probabilities of belonging to
this class were significantly higher for individuals in the DS group
(0.395) and DD group (0.501) compared to those in other classes.
Conversely, frail older adults in Class 5 (0.527) and Class 3 (0.520)
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TABLE 1 Baseline characteristics of participants by depressive symptom status (2015, N = 4,384).

Depression symptom

Characteristic N Ioafa;s 4
/ *NDS group  *DS group  *DD group
Age 68.71 (6.74) 69.09 (7.06) 68.54 (6.56) 67.81 (6.05) 0.012
Gender Man 41.47 (1,818) 47.02 (876) 38.82 (825) 29.55 (117) < 0.001
Women 58.53 (2,566) 52.98 (987) 61.18 (1,300) 70.45 (279)
Residence Urban 25.34 (1,108) 29.71 (552) 23.28 (493) 15.91 (63) < 0.001
Rural 74.66 (3,264) 70.29 (1,306) 76.72 (1,625) 84.09 (333)
Marital status Married/cohabitating 76.46 (3,352) 79.17 (1,475) 75.11 (1,596) 70.96 (281) 0.001
Divorced/separated/widowed 22.72 (996) 20.34 (379) 23.91 (508) 27.53 (109)
Never married 0.82 (36) 0.48 (9) 0.99 (21) 1.52 (6)
Education degree Mliteracy 43.93 (799) 43.84 (345) 42.53 (370) 51.85 (84) 0.007
Elementary school/middle school 54.40 (935) 49.81 (392) 54.02 (470) 45.06 (73)
High school/higher education 4.67 (85) 6.35 (50) 3.45 (30) 3.09 (5)
Total annual <10,000 yuan 34.01 (1,491) 30.06 (560) 36.05 (766) 41.67 (165) < 0.001
household income
10,000-50,000 yuan 22.08 (968) 23.19 (432) 21.41 (455) 20.45 (81)
50,000-100,000 yuan 5.57 (244) 7.14 (133) 4.80 (102) 2.27 (9)
>100,000 yuan 38.34 (1,681) 39.61 (738) 37.74 (802) 35.61 (141)
Smoke status Never smoked 61.23 (2,682) 59.00 (1,098) 62.24 (1,322) 66.33 (262) 0.010
Continued smoking 15.07 (660) 16.87 (314) 14.27 (303) 10.89 (43)
Quit smoking 23.70(1,038) 24.13 (449) 23.49 (499) 22.78 (90)
Drink habit Yes 27.24 (1,193) 29.50 (549) 26.33 (559) 21.46 (85) 0.002
Total sleep duration 6.67 (2.48) 7.22 (2.34) 6.38 (2.48) 5.65 (2.59) < 0.001
*BMI 23.55 (4.12) 23.77 (4.07) 23.40 (4.08) 23.28 (4.55) < 0.001
*CES-D-10 scores 10.97 (6.36) 5.04 (2.65) 13.89 (2.83) 23.29 (2.80) < 0.001
*FI 026 (0.13) 0.22 (0.10) 0.29 (0.12) 0.38 (0.15) < 0.001
S;?l’;gi:’;;les 0.73 (0.97) 0.82 (1.03) 0.69 (0.94) 0.57 (0.84) <0001

*Variables are presented as percentages (number), or mean (SD, standard deviation).

*NDS, non-depressive symptom; DS, depressive symptom; DD, depressive disorder; BMI, body mass index; CES-D-10, 10-item short form of the Center for Epidemiologic Studies Depression

Scale; FI, frailty index.
*P-value less than 0.05 was defined as significant.

exhibited notably higher probabilities of being in the NDS group in
2015 than those in other classes. These findings indicate that the
severity of depression influences latent class membership.
Individuals with more severe depression are more likely to belong
to the DS and DD groups in Class 1. In contrast, individuals with
less depression symptoms are more likely to be in the NDS group in
Classes 5 and 3.

The results of the ordered regression analysis in 2015 are
presented in Table 3, which illustrates the correlation between
various latent classes and the severity of depression symptoms.
Confounding variables were accounted for in three of the models.
The findings of our analysis suggest that, upon controlling for all
pertinent variables (model 3), the probability of experiencing a one-
level escalation in depression symptoms is lower for all other
subgroups compared to Class 1. Specifically, individuals in Class 5
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had a 33% lower likelihood (95% CI, 0.49-0.90; P < 0.01) of
experiencing a one-level increase in depression symptoms
compared to those in Class 1, while individuals in Class 3 had a
38% lower likelihood (95% CI, 0.47-0.82; P < 0.01). These results
indicate that, relative to Class 1, older adults in Classes 5 and 3 have
a reduced risk of experiencing an escalation in depression
symptoms. Similar outcomes were also observed in the ordered
logistic regression findings of 2018 (Table 4).

3.5 Latent transition of social participation
patterns from 2015 to 2018

At two time points—from 2015 to 2018 —LTA was utilized to
examine the longitudinal transition of latent social participation
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TABLE 2 Characteristics of participants by various latent social participation classes in 2015 (N = 4,384).

Social participation pattern

Class 1 Class 2 Class 3 Class 4 Class 5
Socially  Socialize Board Helpful Extensive
Total isolated with game individual social
Characteristic N =4,384 friends  enthusiast interaction P-value
Age 68.70 (6.74) | 69.03(6.82)  69.01 (6.91) 68.34 (6.69) 67.35 (5.98) 67.01 (6.13) <0.001
Gender Man 4147 (1,818) | 41.70 (965) 36.46 (389) 57.25 (154) 46.37 (230) 33.61 (80) <0.001
Women 58.53 (2,566) = 58.30 (1,349) = 63.54 (678) 42.75 (115) 53.63 (266) 66.39 (158)
Residence Urban 2534 (1,108) | 21.62 (499) 23.24 (247) 37.17 (100) 2525 (125) 57.81 (137) <0.001
Rural 74.66 (3,264) | 7838 (1,809)  76.76 (816) 62.83 (169) 74.25 (370) 42.19 (100)
Marital status Married/ 7646 (3352) | 77.87 (1,802)  71.79 (766) 78.07 (210) 79.44 (394) 75.63 (180) 0.013
cohabitating
Divorced/
) 22.72 (996) 21.26 (492) 27.46 (293) 21.19 (57) 19.76 (98) 23.53 (56)
separated/widowed
Never married 0.82 (36) 0.86 (20) 0.75 (8) 0.74 (2) 0.81 (4) 0.84 (2)
Education degree Tliteracy 43.93 (799) 49.85 (483) 42.92 (188) 22.88 (27) 36.32 (77) 29.27 (24) <0.001
El hool
ementary school/ 5440 (935) | 4675 (453) | 52.97 (232) 71.17 (84) 55.66 (118) 58.54 (48)
middle school
High school
ligh school/ 467 (85) 341 (33) 411 (18) 5.93 (7) 8.02 (17) 12.20 (10)
higher education
Total annual <10,000 yuan 3401 (1,491) | 36.73 (850) 34.11 (364) 27.14 (73) 32.46 (161) 18.07 (43) <0.001
household income
10,000-50,000 yuan 22.08 (968) 21.43 (496) 23.52 (251) 21.56 (58) 20.77 (103) 25.21 (60)
50,000-100,000 yuan 5.57 (244) 5.06 (117) 544 (58) 6.69 (18) 6.85 (34) 7.14 (17)
>100,000 yuan 38.34 (1,687) | 36.78 (851) 36.93 (394) 44.61 (120) 39.92 (198) 49.58 (118)
Smoke status Never smoked 61.23 (2,682) = 6215 (1,437)  63.32 (675) 46.84 (126) 57.17 (283) 67.65 (161) <0.001
Continued smoking 15.07 (660) 15.35 (355) 13.32 (142) 18.22 (49) 15.15 (75) 16.39 (39)
Quit smoking 23.70 (1,038) | 22.49 (520) 23.36 (249) 34.94 (94) 27.68 (137) 15.97 (38)
Drink habit Yes 2724 (1,193) | 24.51 (567) 26.85 (286) 32.09 (86) 37.70 (187) 28.15 (67) <0.001
Total sleep duration 6.67 (2.48) 6.65 (2.55) 6.66 (2.45) 6.62 (2.22) 6.88 (2.52) 6.47 (2.22) 0.081
“BMI 2355 (4.12)  23.36 (4.09) 23.8 (4.10) 23.68 (3.54) 23.34 (4.37) 24.47 (4.54) <0.001
“FI 0.26 (0.13) 0.28 (0.14) 0.26 (0.12) 0.23 (0.10) 0.24 (0.11) 0.23 (0.10) <0.001
Depression symptom *NDS group 42.50 (1,863) | 39.54 (915) 44.05 (470) 53.16 (143) 43.15 (214) 50.84 (121) <0.001
“DS group 4847 (2,125) | 50.09 (1,159) = 47.33 (505) 41.26 (111) 48.79 (242) 45.38 (108)
*DD group 9.03 (396) 10.37 (240) 8.62 (92) 558 (15) 8.06 (40) 378 (9)
*CES-D-10 scores 10.97 (6.36) 1145 (6.48)  10.79 (6.29) 9.60 (5.89) 10.62 (6.21) 9.41 (5.72) < 0.001

*Variables are presented as percentages (number), or mean (SD, standard deviation).

*BMI, body mass index; CES-D-10, 10-item short form of the Center for Epidemiologic Studies Depression Scale; FI, frailty index; NDS, non-depressive symptom; DS, depressive symptom; DD,

depressive disorder.
*P-value less than 0.05 was defined as significant.

classes. In this investigation, 3,483 participants were included in total.
Our findings indicate that the majority of participants maintained a
consistent pattern of social participation during the follow-up period
(Figure 2). However, a smaller proportion of people modified their
social participation behavior. Class 1 was the most stable, with a 0.85
likelihood of remaining unaltered from 2015 to 2018. Class 2 had a
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probability of remaining unchanged of 0.585. The probability of Class
5 members transitioning to an alternative class in 2015 was as great as
0.738 percent. One of these individuals had a 0.704% likelihood of
advancing to Class 2 in 2018.

Furthermore, according to the findings of logistic regression
analysis, there was a greater likelihood of depressive symptoms
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TABLE 3 Associations between different latent social participation

classes and depression degree in 2015.

Model 1°
*OR (95% *Cl)

Model 2°
OR (95% CI)

Model 3¢
OR (95% CI)

Ref

Ref

Class 1 Ref

Class 2 0.83 (0.72-0.95)"
Class 3 0.57 (0.44-0.73)*
Class 4 0.84 (0.70-1.02)
Class 5 0.60 (0.46-0.77)*

0.83 (0.71-0.97)"
0.62 (0.47-0.82)*
0.84 (0.68-1.03)

0.66 (0.49-0.89)*

0.83 (0.71-0.97)"
0.62 (0.47-0.82)*
0.83 (0.68-1.03)

0.67 (0.49-0.90)*

“Adjusted for age and gender.

"Adjusted for age, gender and other demographic variables (including residence, marital

status, family annual total income).

“Adjusted for all demographic and health behavioral variables (including BMI, smoking

status, drink habit, FI, number of social participation types).
*OR, odds ratio; CI, confidence intervals; FI, frailty index.

p < 0.01, p < 0.05.

TABLE 4 Associations between different latent social participation

classes and depression degree in 2018.

Model 1°
*OR (95% *Cl)

Model 2°
OR (95% CI)

Model 3¢
OR (95% CI)

Class 1 Ref Ref Ref

Class 2 0.83 (0.71-0.98)" | 0.84 (0.71-0.98)" = 0.85 (0.72-0.99)"
Class 3 0.64 (0.46-0.78)" | 0.66 (0.50-0.87)¥ | 0.66 (0.50-0.88)"
Class 4 0.93 (0.75-1.21) 0.93 (0.73-1.18) 0.92 (0.72-1.17)
Class 5 0.52 (0.41-0.67)* | 0.57 (0.44-0.73)* | 0.57 (0.45-0.73)*

“Adjusted for age and gender.

"Adjusted for age, gender and other demographic variables (including residence, marital
status, family annual total income).

“Adjusted for all demographic and health behavioral variables (including BMI, smoking
status, drink habit, FI, number of social participation types).

*OR, odds ratio; CI, confidence intervals; FI, frailty index.

p < 0.01, p < 0.05.

2015 2018

Class 1 52.78% Class 1 51.59%

Class 2 24.34% Class 2 24.46%

Class 3 6.14% Class 3 7.35%

Class 4 11.31% Class 4 8.24%

Class 5 8.36%

S e

Class 5 5.43%

N BN OO CEEE—

FIGURE 2
Result of transition probabilities from 2015 to 2018.
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worsening among individuals who transitioned from Class 1 to Class 4
(OR, 1.56; 95% CI, 1.00-2.44; P = 0.050) in 2018 as opposed to those
who remained in Class 1. Meanwhile, as older adults shift from Class 4
to Class 1, the probability of experiencing a deterioration in their levels
of depression decreases. However, this finding does not show statistical
significance. Conversely, there was a markedly reduced likelihood of
depressive symptom worsening among individuals who changed from
Class 1 to Class 3 (OR, 0.20; 95% CI, 0.62-0.65; P = 0.008). Similar
results were observed in individuals transitioning from the Class 1 to
the Class 5 subgroup, but this result was not statistically significant. At
the same time, we found that transitioning in the opposite direction led
to a significantly decreased probability of worsening depression levels
(Class 3 to Class 1: OR, 2.35; 95% CI, 1.01-5.48; P = 0.047; Class 5 to
Class 1: OR, 2.51; 95% CI, 1.18-5.32; P = 0.017). The results of the
aforementioned logistic regression with respect to the transition are
presented in Table 5.

TABLE 5 Association between depressive symptom deterioration and
different transition pattern in social participation classes from 2015
to 2018.

Transition pattern deteriorate P

Class 1 — Class 1 (no transition) Ref

Class 1 — Class 2 1.21 (0.89-1.63) 0.220
Class 1 — Class 3 0.20 (0.62-0.65) 0.008
Class 1 — Class 4 1.56 (1.00-2.44) 0.050
Class 1 — Class 5 0.96 (0.57-1.60) 0.866
Class 2 — Class 2 (no transition) Ref

Class 2 — Class 1 0.91 (0.61-1.34) 0.624
Class 2 — Class 3 0.71 (0.31-1.61) 0.412
Class 2 — Class 4 0.82 (0.41-1.64) 0.575
Class 2 — Class 5 0.74 (0.37-1.49) 0.404
Class 3 — Class 3 (no transition) Ref

Class 3 — Class 1 2.35 (1.01-5.48) 0.047
Class 3 — Class 1 1.95 (0.80-4.74) 0.141
Class 3 — Class 4 1.47 (1.05-4.00) 0.487
Class 3 — Class 5 1.00 (0.23-4.20) 0.997
Class 4 — Class 4 (no transition) Ref

Class 4 — Class 1 0.82 (0.27-2.46) 0.726
Class 4 — Class 2 1.59 (0.51-4.97) 0.421
Class 4 — Class 3 2.00 (0.38-1.53) 0.413
Class 4 — Class 5 0.97 (0.23-4.07) 0.962
Class 5 — Class 5 (no transition) Ref

Class 5 — Class 1 2.51 (1.18-5.32) 0.017
Class 5 — Class 2 1.12 (0.45-2.80) 0.805
Class 5 — Class 3 0.78 (0.22-2.82) 0.707
Class 5 — Class 4 1.97 (0.60-6.50) 0.267
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3.6 Congruence and incongruence effects
on depressive symptoms

Two perspectives of the results of the response surface analysis
are illustrated in Figure 3. The analysis shows that, along the
incongruence line (X = -Y, represented by the blue line), the
CES-D-10 score was significantly lower at point A (low FI, higher
number of social types) compared to point B (high FI, lower
number of social types). In contrast, along the congruence line
(X =Y, represented by the red line), the CES-D-10 score at point C
(low FI, higher number of social types) was notably lower than at
point A. Overall, these findings suggest that a higher number of
social types is associated with reduced depressive symptoms, and
this positive effect of social engagement outweighs the negative
impact of FL

4 Discussion

By employing a representative nationwide sample from the
CHARLS longitudinal cohort study, this study thoroughly
investigated the correlation between frailty, social participation
and depression symptoms. In our study, different social
participation classes have varying effects on depression symptoms
in frail older adults. We also noticed that the transitions in social
classes during the follow-up period exerted distinct influences on
the depression symptoms among these individuals. Moreover, the
variety of social participation and frailty status may present
opposite trends in terms of the impact on depression symptoms.

Older female adults in rural areas, who are single or not
cohabiting, have lower income, shorter sleep duration, and lighter
weight, appear to have more severe depressive symptoms according
to the baseline survey. These results are consistent with previous

01-0-S30 40 81098
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research (48, 49). Older individuals who are single or do not live
with a partner are more vulnerable to social isolation and loneliness.
Their limited access to essential social support and emotional
dependence in daily life may increase the likelihood of developing
depressive symptoms (50, 51). Individuals with low income
frequently encounter heightened financial adversity and life stress,
which may result in a sense of helplessness and despair, ultimately
elevating the risk of developing depression. Numerous studies have
shown how unstable financial status negatively impacts
psychological health, and diverse populations have extensively
verified these effects (52-54). Moreover, there is a bidirectional
connection between depression and both sleep quality and sleep
duration (55, 56). This not only reflects that reduced sleep duration
and poor sleep quality are symptoms of depression but also
indicates that sleep can influence the onset and progression of
depressive symptoms.

It is worth noting in this study that older people having a higher
frailty index and engaging in fewer types of social activities may
contribute to an increase in depressive symptoms. According to the
findings of a study conducted by Patrick J. in 2019, there is a
connection between frailty, specifically physical weakness and
reduced mobility and strength, and more severe depressive
symptoms (57). Physical and mental tasks that require substantial
energy are often beyond the reach of frail older adults. As a result, they
may struggle with feelings of helplessness and diminished self-worth,
and find it challenging to handle their daily affairs. This limitation also
restricts their ability to participate in social activities, hence decreasing
their opportunities for interaction with others to a certain degree. The
decrease in social engagement may exacerbate depression symptoms
in older people and further deteriorate their mental and physical
health. Furthermore, Zhu and his colleagues used a Mendelian
randomization strategy to reveal a genetically based bidirectional
causal link between frailty and depression (58). The results of this
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"CES-D-10, 10-item short form of the Center for Epidemiologic Studies Depression Scale; FI,

Sfrailty index.

FIGURE 3

Congruence and incongruence effects of FI and the number of social participation type on CES-D-10 scores.
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study indicate that frailty is not only a risk factor for depression, but
that depression may also exacerbate the severity of frailty.

This study used the LCA method to classify the social
engagement patterns of frail older adults into five latent classes:
“socially isolated”, “socialize with friends”, “board game
enthusiasts”, “helpful individuals” and “extensive social
interaction”. According to the findings, those with higher FI are
more likely to be classified as members of class 1, referred to as
“socially isolated”. This may offer an explanation as to why class 1
had the largest proportion of individuals in both 2015 and 2018,
since our study focused exclusively on frail older adults. A research
study on frailty and social relationship types among elderly in 17
European countries reported similar results to ours (59). The
corresponding result in our study was that the “extensive social
interaction” subclass and the “socially isolated” subgroup had
completely opposing effects on the likelihood of worsening
depressive symptoms. Interestingly, according to the results of
RMM and ordered logistic regression, the “board game
enthusiast” subgroup significantly reduces the likelihood of the
incidence and worsening of depression symptoms. Playing these
games as part of daily social activities may provide cognitive
stimulation and challenge, assist in shifting attention, changing
negative thought habits, and increasing pleasant emotional
experiences, all of which promote mental health. In light of this
discovery, additional research could investigate the mechanisms
through which board games influence depressive symptoms, with
the aim of reaching a more comprehensive comprehension of their
implications for the mental well-being of frail older adults. This
result aligns with the findings in previous research (60). This study
revealed that urban inhabitants experienced a beneficial impact on
their mental well-being through engagement in these activities,
while their rural counterparts did not demonstrate comparable
outcomes. This difference may be attributed to variations in the
social environment, cultural background, and lifestyle between
urban and rural residents.

We identified some interesting trends in the logistic regression
results of potential transitions from 2015 to 2018. More specifically,
individuals transitioning from Class 1 to Class 4 in 2018 had a
higher probability of worsening depressive symptoms than those
who remained in Class 1. However, when transitioning from Class 4
to Class 1, the likelihood of worsening depressive symptoms
decreased. This may mean that individuals in Class 1, who have
less social interaction, may face more psychological stress when
transitioning to Class 4 with more social interaction, leading to a
worsening of depressive symptoms. Related studies suggest that a
long-term social pressure may contribute to the development of
depression in individuals (61). This could potentially be attributed
to the decreased expression of neural stability-related proteins in
individuals under prolonged social pressure, leading to the
occurrence of depressive disorder (62, 63).

The relationship among FI, the number of social activity types,
and the severity of depression, as analyzed by RSM in our study.
When both the FI and the number of social activity types increase, it
indicates that the individual has a higher level of frailty and engages
in a wider range of social activities. The findings suggest that this
combination may result in higher levels of depression symptoms.
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On the other hand, when there is a decrease in FI and an increase in
the types of social activities, the situation seems to be more
favorable. This implies that the potential benefits of having a
diverse range of social types may mitigate in part the adverse
effects of frailty on symptoms of depression, especially for
individuals with lower levels of frailty.

4.1 Limitations

There are several limitations to this study that must be taken into
account. In the present investigation, patients’ frailty status was
quantified utilizing the FI, while symptoms of depression were
evaluated employing the CES-D-10 scores. Nonetheless, it is
important to note that the CES-D-10 scores and the remaining 39
items of data gathered for the FI were all self-reported by the
participants. This approach introduces the possibility of subjectivity
and the potential for inaccurate or biased results. Consequently, it
would be prudent to use a variety of assessment instruments or
incorporate clinical diagnoses for validation in future studies. Second,
the CHARLS questionnaire only records individuals’ social activity
participation in the previous month. This approach may aim to
minimize the impact of long-term memory on participants. Due to its
focus on survey data from the month prior, it may not accurately
reflect participants’ long-term social activity. Future research could
benefit from an expanded time frame or data from multiple time
periods in the survey to obtain a more comprehensive understanding
of the social activity participation of the participants.

5 Conclusions

This cohort study found the evidence of the association between
frailty, social participation, and depression symptoms. Different
types of social participation and transitions between social
participation patterns may significantly impact depressive
symptoms in frail older adults. Furthermore, this study also
found that social participation type number have a greater impact
on depression levels compared to frailty status. These results
provide guidance on addressing and supporting the mental health
of older adults. Further research is needed to better understand how
depressive symptoms impact frail older adults and recommend
more specific interventions for effective interventions.
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