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A Cross-lagged Panel Analysis of Social Participation in the Relationship Between
Functional Limitations and Cognitive Functioning: Evidence from CHARLS

Abstract

Functional limitations refer to the dependency to perform activities of daily living. Increasing
evidence has demonstrated a bidirectional association between functional limitations and
cognitive functioning, although the exact mechanism remains unclear. This study
investigated whether social participation bidirectionally mediates the association between
functional limitations and cognitive decline. We analysed a sample of 16,385 middle-aged
and older adults (aged over 50 years) using longitudinal data from the China Health and
Retirement Longitudinal Study (CHARLS; Waves 1-4). We utilised a cross-lagged panel
model to examine the bidirectional mediation of social participation between functional
limitations and cognitive functioning over a span of eight years. The results indicated that
social participation bidirectionally and partially mediated the relationship between the onset
of functional limitations and cognitive decline, indicating that social participation may play

an important role in mitigating the disablement process.

Keywords: basic activities of daily living, cognitive functioning, cross-lagged panel analysis,
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What this paper adds

e This study represents a novel investigation into how social participation
bidirectionally mediates the relationship between functional limitations and cognitive
decline.

e Social participation partially mediated the impact of functional limitations on
cognitive decline, and vice versa.

e During the onset of functional limitations or cognitive decline, social participation
may exert a protective effect through stress buffering.

Applications of study findings
e Social participation should be incorporated when investigating the relationship
between functional abilities and cognitive functioning to advance theoretical
understanding and empirical findings.
e Early identification and targeting of individuals with functional limitations and
cognitive decline enable healthcare providers to foster social inclusion through low-
intensity activities, mitigating the disablement process.
e Social participation should be promoted by increasing awareness campaigns about
social prescribing benefits and creating age-friendly environments to support older
adults' holistic health.
Introduction

Functional limitations often arise during late middle age and can persist into old age
(Brown et al., 2019). These limitations are typically operationalised as the dependency in
performing basic activities of daily living (ADL), such as dressing, bathing, feeding, getting
in or out of bed, and toileting, as well as instrumental activities of daily living (IADL),
including cooking, housework, shopping, managing finances, medication management, and

using telephones (Katz et al., 1963; Lawton & Brody, 1969). According to the Disablement



Process Model, functional limitations are often the precursors of a more severe form of
functional disability, characterised by a further loss of independence in major life domains
(Verbrugge & Jette, 1994). Not only do functional limitations have substantial impacts on an
individual's quality of life, but they can also impose a greater caregiving burden on informal
carers (Dombrowsky, 2017; Nichols et al., 2008). Furthermore, functional limitations result
in increased hospitalisations, which inflict a substantial amount of financial burden on the
healthcare system (Wroblewska et al., 2018). According to the 2018 Chinese Family Panel
Studies, the estimated prevalence rate of functional limitations among middle-aged and older
adults in China is 14.3% (Lin, 2023). As the population continues to age in China, a rising
prevalence of functional limitations is anticipated because functional limitations are strongly
associated with ageing, in part due to the presence of various age-related chronic diseases
(Hu et al., 2021). To provide timely interventions for individuals at an early onset of
functional limitations, it is crucial to develop a comprehensive understanding of the
underlying mechanisms and outcomes associated with these limitations.

Extensive research has demonstrated that cognitive functioning plays a crucial role in
the disablement process. Cognitive functioning has been consistently identified as a predictor
of the onset of functional limitations (e.g., Sun et al., 2022). This association may be
attributed, in part, to the shared components between functional abilities and cognitive
functioning. Subdomains of cognitive functioning, such as executive function, memory, and
attention, are required in many ADLs and IADLs (Burdick et al., 2005; Royall et al., 2004).
Conversely, functional limitations are often considered a risk factor for cognitive decline
(Farias et al., 2017). More recently, a longitudinal study analysing over 13 years of cross-
lagged panel data indicated a reciprocal relationship between cognitive functioning and
functional limitations (Martin et al., 2023). In other words, the onset of functional limitations

can contribute to cognitive decline, which in turn further impacts functional abilities, and vice



versa. However, much less is known about the reinforcing mechanisms within this
association. Understanding these mechanisms is crucial to inform effective interventions
aimed at mitigating the negative reciprocal relationship between functional limitations and
cognitive decline.

A plausible explanation for the reciprocal relationship between functional limitations
and cognitive functioning might be that as functional limitations or cognitive decline emerge,
individuals may withdraw from social participation due to restrictions in physical and
cognitive functioning, which could contribute to further cognitive and functional declines
(Hwang et al., 2022; Rosso et al., 2013). According to the Stress-Buffering Hypothesis, social
support can act as a buffer to help individuals navigate and cope with stressful life events
(Cohen & Wills, 1985). Experiencing restrictions in functional abilities or cognitive
functioning can be significant life stressors (Pearlin & Skaff, 1996). Supportive social
relationships can attenuate activations of hypothalamic-pituitary-adrenal (HPA) axis and
sympathetic nervous system (SNS) during stressful events, which in turn can exert protective
effects on cognitive and physical functioning (Seeman & McEwen, 1996). However,
individuals with functional limitations often prioritise health-related activities, such as self-
care and medical appointments, over engaging in social interactions (Fingerman et al., 2021).
Similarly, those with cognitive decline may devote more effort to performing IADLs, leading
to fewer social interactions (Rotenberg et al., 2020). Yet, social participation could be an
important source of social support (Li et al., 2018). For example, participating in social
activity (SA) is observed to be beneficial for cognitive health in older adults (Yang et al.,
2020), while a lower level of social participation can be a risk factor for incident dementia
and subsequent functional declines (Kuiper et al., 2015). Collectively, this suggests that

social participation plays a crucial role in intervening in the disablement process and could



potentially mediate the relationship between the onset of functional limitations and cognitive
decline.

With an ageing population and an increased prevalence of functional limitations and
cognitive decline, there is a need to gain a comprehensive understanding of the underlying
mechanisms between functional limitations and cognitive functions. Confirming the
directionality through which social participation mediates the association between functional
limitations and cognitive functioning can inform social support interventions, helping to
identify and target vulnerable populations to mitigate the reinforcing mechanisms between
the onset of functional limitations and cognitive decline. Therefore, to address this
knowledge gap, this study explored the bidirectional mediation effects of social participation
between functional limitations and cognitive functioning among a nationally representative
sample of middle-aged and older adults in China.

Method
Research Design

The data utilised in this study were obtained from the China Health and Retirement
Longitudinal Study (CHARLS), a nationally representative survey conducted across 28
provinces, 150 counties, and 450 communities in China (Zhao et al., 2014). The survey
comprised multiple waves, including the baseline survey (T1 = Wave 1) conducted in 2011,
followed by subsequent surveys in 2013 (T2 = Wave 2), 2015 (T3 = Wave 3), and 2018 (T4
= Wave 4). CHARLS is a publicly accessible database established by the National School of
Development at Peking University. The CHARLS study was ethically reviewed and
approved by the Ethical Review Committee of Peking University (Ref: IRB0O0001052-
11015). All respondents provided their informed consent prior to participation. Further

information about CHARLS can be found elsewhere (https://charls.pku.edu.cn). Since the



https://charls.pku.edu.cn/

CHARLS dataset is completely anonymised, ethical approval from the authors’ institution is
exempted for the present study.

The initial sample size in CHARLS was 25,586. Given that ADL data were not
collected from individuals under 50 years old, we restricted our sample to those aged 50
years and above at T1. Therefore, the final analytical sample comprised 16,385 respondents.
Measures
Functional Limitations. Functional limitations were measured using the Katz ADL scale
(Katz et al., 1963) and the Lawton IADL scale (Lawton & Brody, 1969). The Katz ADL
scale included dressing, bathing, eating, getting into or out of bed, and using the bathroom.
Notably, CHARLS incorporated an additional ADL item—controlling urination and
defecation. The Lawton IADL scale included doing household chores, preparing meals,
shopping, making phone calls, taking medications, and managing money. The IADL item—
making telephone calls was not available at T1, and this item was excluded due to
incomparability in subsequent waves. Respondents rated each ADL and IADL using a 4-
point Likert scale: (1) no, I don't have any difficulty; (2) I have difficulty but can still do it;
(3) yes, I have difficulty and need help; (4) I cannot do it. Previous studies have indicated that
ADL and IADL items can be combined to offer a valid score of functional limitations (e.g.,
Spector & Fleishman, 1998). Therefore, a total score ranging from 11 to 44 was calculated,
with a higher score indicating more functional limitations. The Cronbach’s alpha for the Katz
ADL scale across all waves ranged from 0.836 to 0.866, while for the Lawton IADL scale, it
ranged from 0.832 to 0.850 at all time points.

Social Participation. In CHARLS, the health status and function module included a question
asking respondents whether they had participated in the following activities in the past
month: (1) volunteer/charity work; (2) caring for a sick or disabled adult who does not live

with the respondent and does not pay for the help; (3) providing help to family, friends, or



neighbours who do not live with the respondent and do not pay for the help; (4) attending an
educational or training course; (5) interacting with friends; (6) playing Mah-jong, chess, or
cards, or going to a community club; (7) attending a sporting event or other kind of club; (8)
taking part in a community-related organisation; (9) investing in stocks; and (10) surfing the
Internet. These items were coded as binary: (0) no and (1) yes. Out of the 10 items, activities
2,9 and 10 are not considered SAs. Additionally, activity 3 is likely to be interpreted as
providing financial support to family and friends, which is not regarded as a social activity in
the Chinese context (Hu et al., 2012). Therefore, we recoded the binary responses of
activities 1, 3, 4, 5, 6, 7 and 8 into a single binary variable (0 =no, 1 = yes) to indicate
whether the respondents had participated in at least one SA (for a similar approach, see
Lestari et al., 2021).

Cognitive Functioning. Cognitive functioning was assessed using components from the
Telephone Interview of Cognitive Status, which is similar to the cognition data module in the
U.S. Health and Retirement Study (Brandt et al., 1988; Crimmins et al., 2011). The cognitive
battery comprised two general factors: (1) memory functioning and (2) mental status
(McArdle et al., 2007). Memory functioning was evaluated by immediate and delayed recall
of a 10-item word list, scoring 1 point per item, for a total of 20 points. Mental status was
assessed through orientation and executive functions. Orientation scored 1 point each for
correctly stating the current day, month, year, and day of the week, totalling 4 points.
Executive function was measured using two tasks: serial seven subtractions from 100 (5
trials, 0 = incorrect, 1 = correct) and a drawing task with overlapping pentagons (0 =
incorrect, 1 = correct). The total score for these assessments ranged from 0 to 32, with higher
values indicating better cognitive functioning. This assessment has been validated in the

Chinese population (Meng et al., 2019).



Covariates. We adjusted for time-invariant covariates measured at T1, including age, gender
(male, female), residence (urban, rural), and education level (<lower secondary, upper
secondary & vocational training, >tertiary). Additionally, socio-health demographic factors
that are known to be associated with cognitive functioning and/or functional abilities were
included as covariates, such as smoking status (never, former, current), and the frequency of
alcohol consumption over the past year (never, <I per month, 1-3 per month, 1-6 per week,
>1 per day). Furthermore, we incorporated doctor-diagnosed chronic diseases (no, yes),
including heart disease, stroke, hypertension, dyslipidaemia, diabetes, and memory-related
diseases. Considering that obesity is associated with prospective cognitive declines (e.g.,
Whitmer et al., 2005), we further controlled for BMI, categorised by the cutoffs for the
Chinese population (underweight, normal, overweight, obesity). In addition, participants'
depressive symptoms (no, yes) were evaluated using the 10-item Centre for Epidemiological
Studies Depression (CES-D) Scale, which has demonstrated good validity and reliability in
the Chinese older population (Chen & Mui, 2014; Radloff, 1977). A cutoff score of 12 was
used to indicate probable depression, as recommended for detecting depression in older
adults (Lewinsohn et al., 1997). The Cronbach’s alpha for the CES-D scale in CHARLS was
0.809.
Data Analyses

Data preparation and descriptive analyses were conducted using IBM SPSS version
29 (IBM Corp, 2022). First, we explored the patterns of missing data. The mean proportions
of missing data per wave for functional limitations, social participation, and cognitive
functioning were 41.80%, 24.03%, and 45.35%, respectively. To determine whether the
missing data were missing completely at random (MCAR), we performed Little’s MCAR test
(Little, 1988). The result indicated that the data were not MCAR, with y?=45307.712 and p

<0.001, suggesting that a complete case analysis is likely to introduce bias (Jakobsen et al.,



2017). Considering the substantial amount of missing data, we performed multiple
imputations using Mplus version 8.3 (Muthén & Muthén, 2017), replicating 5 datasets to
impute the missing values, and included age and gender as auxiliary variables.

To examine the bidirectional mediation effects of social participation between
functional limitations and cognitive functioning, whilst controlling for time-invariant
covariates, a cross-lagged panel model (CLPM) was utilised. The CLPM was performed on
each of the imputed data sets, and the results were pooled using Rubin's rule (Rubin, 1987).
Considering the parsimony of the model, we followed the suggestion of Orth et al. (2021) to
impose equality constraints on the autoregressive and cross-lagged paths across time points.
Comparative fit index (CFI) values greater than 0.90 and 0.95, and root-mean-squared error
of approximation (RMSEA) values below 0.08 and 0.05, respectively, were considered
indicative of acceptable and good model fit (Kline, 2005). The estimation of the indirect
paths of social participation was computed with 1,000 bootstrapping samples.

Results

The analytical sample consisted of 16,385 CHARLS respondents. The mean age at T1
(2011) was 62.188 (SD = 8.599). Approximately half of the respondents were female
(50.1%), with the majority (59.2%) living in rural areas in China. Moreover, most
participants had only received lower secondary education (87.8%). Approximately half of the
participants had participated in at least one SA in T1 (45.7%), T2 (51.5%), T3 (46.0%), and
T4 (41.8%). The mean scores for the sample from T1 to T4 were as follows: for functional
limitations, 13.597 (SD =4.471), 13.605 (SD =4.624), 14.076 (SD = 5.048), and 14.760 (SD
=5.750); and for cognitive functioning, 15.286 (SD = 5.311), 15.443 (SD = 5.418), 14.482
(SD =5.632), and 14.063 (SD = 6.219), respectively. Further descriptive statistics were
presented in Table 1.

[Insert Table 1 and Table 2 about here]



As shown in Table 2, correlations between study variables were all significant at p <
0.001. Functional limitations were negatively correlated with social participation and
cognitive functioning at any given time point. In contrast, social participation was positively
correlated with cognitive functioning at any given time point.

[Insert Figure 1 about here]

Overall, the model indicated an adequate fit of the data, °(45) = 4836.649, p < 0.001,
CFI=0.928, RMSEA = 0.081. The standardised path coefficients of autoregressive and
cross-lagged effects of the CLPM were presented in Figure 1. All autoregressive paths were
found to be positive and significant at p < 0.001: the paths from functional limitations at T
(i.e., a given time point) to functional limitations at T+1 (5 = 0.712 to f = 0.665), from social
participation at T to social participation at T+1 (f = 0.457 to = 0.525), and from cognitive
functioning at T to cognitive functioning at T+1 (f = 0.730 to f = 0.665). Bidirectional
associations were observed between functional limitations and social participation, with more
functional limitations at T predicted a decreased likelihood of social participation at T+1 (f =
-0.065 to f=-0.073, p <0.001), and vice versa (5 =-0.033 to f =-0.032, p <0.001).
Functional limitations at T also predicted worse cognitive functioning at T+1 (f =-0.051 to S
=-0.050, p <0.001), whilst higher cognitive functioning predicted fewer functional
limitations (5 =-0.079 to f =-0.068, p < 0.001). Additionally, social participation predicted
better cognitive functioning at T+1 (f = 0.024 to £ =0.024, p < 0.01), and vice versa (f =
0.081 to = 0.084, p <0.001).

[Insert Table 3 about here]

With significant cross-lagged effects observed between functional limitations, SA,
and cognitive functioning, the hypothesised bidirectional mediating role of SA was
investigated (see Table 3). The results indicated significant indirect effects of social

participation between functional limitations at T1 and cognitive functioning at T3 (f = -



0.002, p <0.01), and between functional limitations at T2 and cognitive functioning at T4 (f
=-0.002, p <0.01). Additionally, significant indirect effects of social participation were
observed from cognitive functioning at T1 to functional limitations at T3 (f =-0.003, p <
0.001), and from cognitive functioning at T2 to functional limitations at T4 (5 =-0.003, p <
0.001).

Discussion

The present study aimed to investigate the bidirectional mediation effects of social
participation on the longitudinal relationship between functional limitations and cognitive
functioning. Our findings align with broader literature indicating a bidirectional relationship
between functional abilities and cognitive functioning (e.g., Martin et al., 2023), where
functional limitations predict lower cognitive functioning, which in turn predicts further
functional decline. According to the Disablement Process Framework, without timely
intervention, functional limitations likely progress to severe disability, highlighting the need
for timely interventions to mitigate the reinforcing mechanisms between functional
limitations and cognitive decline.

A novel finding of this study suggests a reinforcing mechanism between functional
limitations and cognitive decline, wherein social participation bidirectionally mediated this
association: the onset of functional limitations predicted a lack of social participation, which
predicted subsequent cognitive declines, and vice versa. This finding aligns with the notion
that the onset of functional limitations may lead to social withdrawal for various reasons,
such as prioritising health-related behaviours over social engagement (Fingerman et al.,
2021). Likewise, those experiencing cognitive decline may devote greater effort to perform
IADLs, resulting in fewer social interactions (Rotenberg et al., 2020). However, previous
studies have indicated that older adults who withdraw from social participation are more

prone to possess negative beliefs about social interactions, which further intensifies the risks



of suffering from physiological and mental problems (Sanchez Palacios et al., 2009). On the
other hand, older adults who are socially active are less susceptible to the detrimental effects
of age stereotypes on cognitive functioning (Chan et al., 2020). As individuals with
functional limitations are less likely to participate in SA, they become more vulnerable to
cognitive decline. The poor cognitive performance could also be partly attributed by a
withdrawing effort effect, that is, older adults with functional limitations may possess more
negative beliefs about their social and cognitive ability, which demotivate them to take
efforts in the cognitive assessment (Jamieson & Harkins, 2012). This may create a negative
feedback loop, where lower cognitive functioning further contributes to functional
limitations, thereby limiting their engagement in SA.

Social participation thus holds the promise of mitigating this negative feedback loop
between the onset of functional limitations and cognitive decline, which is consistent with the
Stress-Buffering Hypothesis. Functional limitations and cognitive decline can be significant
life stressors due to their restrictions on daily activities (Pearlin & Skaft, 1996). Given that
stressful events activate the HPA and SNS, they can further contribute to cognitive decline,
which in turn affects functional ability, and vice versa. Extensive evidence has demonstrated
the detrimental effects of stress on cognitive functioning (Lupien et al., 2009), and that
cognitive decline can further contribute to functional decline (Sun et al., 2022). On the other
hand, social participation provides opportunities to form social networks and to acquire
adequate social support to buffer against stress (Li et al., 2018). Furthermore, participation in
SAs can help individuals fulfil meaningful social roles, maintain and support their self-
efficacy, and enhance their self-appraisal, where these psychological benefits could translate
into better cognitive functioning (Paiva et al., 2023). Along these lines, the benefits of social
participation have also been recognised as a protective factor against functional decline

(Tomioka et al., 2016). Altogether, this suggests that social participation play an important



role in intervening in the disablement process, highlighting the potential utility of
interventions targeting social participation for those who have an early onset of functional
limitations or cognitive decline.

Implications and Limitations of the Study

Given that social participation plays a crucial role in intervening in the disablement
process, person-centred interventions that support social participation are vital for facilitating
both physical and cognitive functioning. A holistic approach to healthcare, known as social
prescribing, involves multidisciplinary professionals directing clients towards existing social
engagement opportunities in their community to reduce loneliness and address psychological
needs (Johansson et al., 2021). The National Health Service (NHS) in the UK first
implemented the social prescribing initiative to address depression and loneliness, and it has
since been integrated into the NHS long-term plan as part of its comprehensive care model
(Alderwick & Dixon, 2019). A recent meta-review has shown encouraging outcomes among
studies that included group-based social activities, support groups with educational elements,
recreational activities, and the use of communication technologies (Paquet et al., 2023).
Despite the emerging evidence supporting social prescribing, the integration of social and
medical care for older adults in China remains a relatively novel concept (Menhas et al.,
2023). Thus, more efforts are required to promote the social prescribing model and perform
rigorous, high-quality studies using social prescribing in the Chinese context.

The significant bidirectional mediation between functional limitations and cognitive
decline suggests that more efforts should be placed to target these vulnerable individuals at
an early stage to foster social inclusion. Considering the physical and cognitive restrictions
experienced by these individuals, engaging in low cognitive/physical intensity social
activities may also be an effective way to enhance social connections, which exert protective

effects against neuropathy. For example, Mortimer et al. (2012) investigated the impact of



group Tai Chi, walking, and social interaction on the neuropsychological health of older
adults, suggesting that social engagement can enhance cognitive function and increase brain
volumes. To further promote social participation, it is also essential for governments to
increase social campaigns to advertise the social prescribing model of healthcare, as well as
public awareness about the health and cognitive benefits of SAs. This should be further
complemented by environmental support, such as promoting an age-friendly living
environment that accommodates the needs of older adults in social participation (Evans et al.,
2018).

A strength of this study could be our novel investigation of the psychosocial
mechanisms within the bidirectional and reciprocal relationship between functional
limitations and cognitive decline. We provide longitudinal evidence using a large,
representative Chinese sample from CHARLS. Furthermore, we controlled for the effects of
other confounding variables on functional abilities and cognitive functioning, including
socio-health-demographic factors such as age, gender, education, residential status, smoking
status, frequency of alcohol consumption, chronic disease status, BMI, and probable
depression. This suggests a unique contribution of social participation in this association.
However, there are also limitations to this study. For example, the list of SAs in CHARLS
was not exhaustive, and respondents may have engaged in other activities, such as attending
religious groups. Furthermore, the results may be less generalisable to other countries
because the effect of SAs can vary between cultural contexts, which warrants further
exploration in Western contexts. Additionally, we did not explore the diversity of
participation in SAs, where participating in multiple types of activities may have additional
benefits (Xie & Ma, 2021). Nonetheless, our findings, consistent with other Western studies
(e.g., Fernandez et al., 2023), found a generally positive effect of social participation,

emphasising its universal health and cognitive benefits.



Conclusion

Our study provides longitudinal evidence of the bidirectional and reciprocal
relationship between the onset of functional limitations and subsequent cognitive declines.
Importantly, social participation bidirectionally mediated this relationship, in that individuals
with higher functional limitations may withdraw from social participation, leading to lower
levels of cognitive functioning, and vice versa. Therefore, social participation can play a
significant role in mitigating the reinforcing mechanism between functional limitations and

cognitive functioning, contributing to a more successful ageing experience.
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Tables and Figures

TABLE 1. Descriptive statistics for covariates and study variables (N = 16,385)

M (SD)/%

Age

Female

Rural residence

Education level
Lower secondary

Upper secondary & vocational training

Tertiary
Smoking status
Never
Former
Current

Frequency of alcohol consumption over the past year

Never

Less than 1 per month

1-3 per month

1-6 per week

More than 1 per day
Body Mass Index

Underweight

Normal

Overweight

Obesity
Diagnosed with chronic diseases
Probable depression
Functional limitations (1-44)

T1

T2

T3

T4

Social participation (participated in at least 1 social activity)

T1
T2
T3
T4
Cognitive functioning (0-32)
T1
T2
T3
T4

62.188 (8.599)

50.1%
59.2%

87.8%
10.0%
2.1%

59.6%
12.5%
28.0%

73.3%
7.8%
3.2%
4.7%
10.9%

7.3%
42.2%
20.2%
30.4%
53.5%
46.5%

13.597 (4.471)
13.605 (4.624)
14.076 (5.048)
14.760 (5.750)

45.7%
51.5%
46.0%
41.8%

15.286 (5.311)
15.443 (5.418)
14.482 (5.632)
14.063 (6.219)

Note. T1 =2011, T2 =2013, T3 = 2015, T4 =2018.



TABLE 2. Correlation matrix between study variables

Variables 1 2 3 4 5 6 7 8 9 10 11
1.FL TI1

2.FL T2 0.577°

3.FL T3 0.540° 0.6872

4.FL T4 0.486 0.608? 0.6832

5.SP Tl -0.146*  -0.125>  -0.123*  -0.116°

6. SP_T2 -0.136°  -0.187°  -0.145*  -0.138°  0.413°

7.SP T3 -0.125*  -0.149°  -0.174®  -0.164>  0.405°  0.454°

8. SP_T4 -0.147°  -0.152°  -0.191®  -0.240>  0.339°  0.404°  0.460°

9.COG TI -0.247*  -0.209°  -0.226*  -0.241*  0.188"  0.204°> 0.202®  0.199°

10. COG T2 -0.193*  -0.229*  -0.243*  -0.242*  0.161° 0.227°  0.200®  0.185"  0.599%

11. COG T3 -0.189*  -0.238*  -0.274*  -0.283* 0.147° 0.212°> 0.224* 0.203> 0.613* 0.651?
11.COG T4 -0.162%  -0.228  -0.260*  -0.319° 0.130> 0.178°  0.200" 0.205> 0.582* 0.619*  0.673%

Note. COG = cognitive functioning, FL = functional limitations, SP = social participation, T1 =2011, T2 =2013, T3 =2015, T4 =2018.
FL and COG ranged from 1 to 44 and 0 to 32, respectively.
SP was coded as 0 (did not participate in any social activities) and 1 (participated in at least one social activity).

All correlations coefficients (*Pearson, ®point-biserial, “tetrachoric) were significant at p < 0.001.



TABLE 3. Standardised path coefficients of mediation effects of the CLPM

Jij SE 95% CI p
Effect of IV on M (a)
FL T1 — SP T2 -0.065 0.008 -0.081, -0.049 <0.001
FL T2 — SP_T3 -0.068 0.008 -0.084, -0.051 <0.001
COG T1 — SP_T2 0.081 0.009 0.063, 0.098 <0.001
COG T2 — SP T3 0.080 0.009 0.062, 0.098 <0.001
Effect of M on DV ()
SP T2 — COG T3 0.027 0.008 0.010, 0.043 <0.01
SP T3 — COG T4 0.024 0.008 0.009, 0.039 <0.01
SP T2 — FL T3 -0.035 0.009 -0.053,-0.018 <0.001
SP T3 — FL T4 -0.032 0.008 -0.047, -0.016 <0.001
Direct effect (¢”)
FL T1 - COG T3 -0.075 0.011 -0.097, -0.053 <0.001
FL T2 — COG T4 -0.072 0.011 -0.093, -0.051 <0.001
COG Tl —-FL T3 -0.113 0.009 -0.131, -0.096 <0.001
COG T2 - FL T4 -0.101 0.008 -0.116, -0.085 <0.001
Indirect effect (ab)
FL_T1 - SP_T2 —» COG_T3 -0.002 0.001 -0.003, -0.001 <0.01
FL_T2 — SP_T3 —» COG_T4 -0.002 0.001 -0.003, -0.001 <0.01
COG_T1—SP T2 —>FL T3 -0.003 0.001 -0.004, -0.002 <0.001
COG T2 —SP T3 > FL T4 -0.003 0.001 -0.004, -0.001 <0.001

Note. CLPM = Cross-lagged panel model; COG = cognitive functioning; FL = functional limitations;
SP = social participation, T1 =2011, T2 =2013, T3 = 2015, T4 =2018.

Bold indicates a significant indirect effect.



FIGURE 1. Standardised path coefficients of the CLPM
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Note. CLPM = Cross-lagged panel analysis; COG = cognitive functioning; FL = functional

limitation; SP = social participation , T1 =2011, T2 =2013, T3 =2015, T4 = 2018.
Bold denotes mediation paths.
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