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Healthy cognitive aging: the influences of social participation and 
caregiving 

 
 

ABSTRACT 

 

Cognitive decline in the aging population is a public health issue that goes beyond memory 

lapses. It can significant impact one’s abilities of independent living and healthy aging. As 

effective treatments for cognitive decline remain elusive, research often emphasizes modifiable 

risk and protective factors, with cognitive enrichment standing out as a crucial protective 

element. Cognitive enrichment involves activities that stimulate cognitive capacity, such as 

education, occupational complexity, and engagement in cognitive or social activities.1 In this 

dissertation, I utilized data from the Taiwan Longitudinal Study of Aging, focusing on 

participants aged 50 and above, to examine the longitudinal impact of social participation and 

grandchild caregiving on cognitive function among mid-aged and senior citizens in Taiwan. 

 

Chapter 1 explores the relationship between engaging in grandchild caregiving and later-life 

cognitive function. Both cumulative and short-term associations with cognition were modeled, 

considering variations based on educational attainment, urbanicity, gender, and marital status. 

While no overall cumulative or short-term association was found between grandchild caregiving 

and cognitive function scores, heterogeneity was evident. Notably, caregiving to a grandchild 
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showed potential links to higher cognitive scores for men, partnered grandparents, and those with 

middle or high school education. 

 

In Chapter 2, I examined patterns of social participation and work history trajectories among 

participants, assessing their relationship with late-life cognitive function. Additionally, factors 

influencing cluster membership were explored. Participation in a working-dominant cluster, 

multiple active social activities cluster, and helping and socializing cluster correlated with better 

late-life cognitive function. Moreover, more active social participation patterns were observed 

among men, at younger ages, non-urban residents, and those without chronic diseases. 

 

Chapter 3 delves into the mediating role of social participation patterns in the association 

between educational attainment and late-life cognitive function. While education emerged as a 

strong predictor of cognitive function in later life, social participation patterns did not 

significantly mediate this relationship. However, actively participating in social activities or 

maintaining stable employment could potentially partially mitigate educational disparities in late-

life cognitive function. The interaction between education and social participation might also 

significantly contribute to the educational impact on late-life cognition. 
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1.0 ABSTRACT 
 
Background 

Grandparents throughout the world are increasingly involved in providing care to grandchildren. 

Caregiving could bring potential health benefits to grandparents, including cognitive health. 

However, findings from existing literature are mixed, possibly due to selection into caregiver 

status and uncontrolled confounding, or the impact of grandchild caregiving is negative for 

health.   

 

Methods 

We used data from the Taiwan Longitudinal Study in Aging (TLSA), a nationally representative 

sample of Taiwanese adults aged 50 or above. There are two subsamples in the study. The first 

subsample, Cohort 1, was comprised of participants aged 50 or above and sampled in 1989 (n = 

4,404). Cohort 2 sampled those who aged between 50 to 59 in 2003 (n = 1,599). We analyzed 

participants’ caregiving status in 1996, 1999, 2003, 2007, and 2011, and their cognitive 

functioning scores in 1996, 1999, 2003, 2007, 2011, and 2015, adjusting for baseline and time-

varying covariates through marginal structural models (MSMs) with inverse probability 

treatment weights (IPTWs). We used inverse probability censoring weights (IPCWs) to account 

for selection bias as well as multiple imputation techniques to deal with missingness. We 

modeled both the cumulative (caregiving status in two successive waves) and short-term 

associations of caregiving to cognition. We also examined heterogeneity of associations by level 

of educational attainment, urbanicity of residence, gender, and marital status.  

 

Results 
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Our main outcome was cognitive scores estimated by the Short Portable Mental Status 

Questionnaire (SPMSQ). The cumulative association of grandchild caregiving on cognitive 

scores ranged from a mean difference of 0.23 (95% C.I. = -0.14 – 0.61) in Cohort 1, and 1.94 

(95% C.I. = -1.01 – 4.89) in Cohort 2. In stratification analysis by sociodemographic subgroups, 

grandchild caregiving was associated with higher cognitive scores among participants who were 

married or had a partner (coef. = 0.23, 95% C.I. = 0.02 – 0.45), men (coef. = 2.98, 95% C.I. = 

0.06 – 5.91), and  middle or high school graduated (coef. = 0.36, 95% C.I. = 0.27 – 0.46). By 

contrast, grandchild caregiving was not associated with cognitive scores for participants who 

were widowed or separated from their partner (coef. = -2.74, 95% C.I. = -4.65 – 0.84). All 

estimates of the short-term relations of grandchild caregiving on grandparents’ cognitive 

functioning were null. 

 

Conclusions 

We found no overall cumulative or short-term association between grandchild caregiving and 

cognitive scores, although there was evidence for effect heterogeneity. Providing care to a 

grandchild may be related to higher cognitive scores for men, partnered grandparents, and 

middle or high school graduates.   
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1.1 INTRODUCTION 

Throughout the world, grandparents are increasingly involved in the care of grandchildren.2 

There are several reasons underlying this trend, including the increase in dual-earner households 

with children, rising divorce rates, and the fact that older adults are living healthier and longer 

lives compared to previous generations.3 In the United States, 7.2-million grandparents live with 

their grandchildren, and 34.8% of grandparents provide care to grandchildren.4 Grandparents 

taking care of their grandchildren is even more prevalent in Asian countries. Yasuda et al. 

reported that 70% of grandparents in East Asian countries live with their grandchildren.5  

 

The context of grandparenting varies across cultural and family values and societal norms. 

Western societies value independence and individualism; therefore, grandparents tend to live 

independently and provide supplementary care to their grandchildren. Grandparents in Western 

countries are less likely to become a full-time or custodial caregiver of their grandchildren, 

unless their offspring is in the situation of not being able to provide proper childcare, such as 

divorce, imprisonment, substance abuse, mental or physical problems, or poverty. In contrast, 

East Asian societies are highly influenced by Confucian culture that emphasizes filial piety, 

collectivism, and family unity. Multigenerational living arrangement is considered a form of 

fulfilling filial piety duties and expressing family unity. Multigenerational living arrangement 

enables grandparents to engage in grandchild caregiving on a daily basis but without custodial 

responsibilities.  

 

Taking care of grandchildren can be a satisfying but also stressful experience for grandparents. 

Many studies have investigated the impact of caregiving for grandchildren on grandparents’ 
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physical and mental health. Some studies found that grandchild caregiving improves 

grandparents’ life satisfaction6,7, mental well-being8-10, physical and self-rated health.11-15 

However, other studies reported adverse associations with health and well-being, including 

decreased life satisfaction.16, elevated depressive symptoms,8 increased coronary heart disease 

incidence,17 and more functional limitations.18 Some have viewed the relationship between 

grandchild caregiving and grandparents’ health as a U-shaped curve,19,20 with moderate levels of 

grandchild caregiving providing the greatest benefit.  

 

However, studies of the association between caregiving and grandparents’ cognitive functioning 

remain sparse.21 There are several theoretical mechanisms linking grandparenting and cognitive 

function. For example, disuse theory22 and cognitive reserve theory emphasize the potential 

positive influence of providing care to grandchildren on the caregivers’ cognitive function.23 

According to these theories, grandparenting involves cognitively stimulating activities and allow 

grandparents to maintain an active lifestyle, thereby slowing the progression of cognitive 

decline.24,25 By contrast, grandchild caregiving could be physically and psychologically 

demanding for grandparents, especially grandparents who are burdened by other responsibilities, 

e.g., caregiving for spouses, part-time employment. Notably, some grandparents, especially 

grandmothers, may take on multiple caregiving responsibilities, and caregiving could viewed as 

a source of stress that is a detriment to cognitive health.13 Studies among grandparents providing 

custodial care to grandchildren found that caregiving could decrease their mental, physical, and 

financial well-being.8,26,27 
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Much of the existing evidence on the influence of grandchild rearing on grandparents’ health 

(especially in the Western context) is derived from grandparents who are involved in custodial 

care.28 In these studies, grandparents often take on caregiving roles because of family hardships, 

such as an adult child’s incarceration, drug abuse, or death.29 In contrast, studies in Asian 

contexts remains sparse, even though multigenerational living arrangements are more common in 

the region, and grandparents care for grandchildren in order to support their adult children’s 

careers or economic migration.30,31 In addition, there is limited understanding of the potential 

heterogeneity of associations between grandparenting and health based on the grandparents' 

sociodemographic characteristics, such as their gender, marital status, urbanicity of residence, 

and educational attainment.32 

 

There are several challenges in identifying the influence of grandparenting on the health of 

caregivers using the causal inference framework. First, longitudinal follow-up of the participants 

is needed to have a more holistic view on the influence of grandchild caregiving on grandparents’ 

health.33 Moreover, it is important for longitudinal studies with repeated assessment of exposure 

(caregiving to grandchildren) to address time-varying confounding and mediation, i.e., the 

potential for the outcome (cognitive function) to simultaneously confound the association 

between (subsequent) exposure and outcome as well as act as a mediator of the association 

between past exposure and future outcome. Third, selection into the grandparenting role could be 

an issue to consider.34 For example, grandparents with better cognitive function would be more 

likely to become caregivers for their grandchildren. Lastly, loss to follow-up and censoring are 

common challenges in longitudinal studies, especially in the older population, due to higher risk 
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of death and illness. It is crucial for epidemiological studies focusing on aging population to 

account for those challenges. 

 

Accordingly, the aims of this study are: (1) to investigate the cumulative and short-term relation 

of providing care to grandchildren to grandparents’ cognitive functioning; and (2) to examine the 

heterogeneity of associations between grandchild caregiving and grandparents’ cognition 

according to gender, marital status, different levels of educational attainment, and urbanicity of 

residence. Our hypotheses are that: (1) caregiving for grandchildren is associated with a higher 

level of cognitive functioning, and (2) grandchild rearing is more strongly associated with 

cognitive health of men, grandparents living in urban areas, and those with a higher level of 

educational attainment. Our analytical approach uses marginal structural models with inverse 

probability weighting (IPW) to address time-varying confounding, differential attrition, and 

survival bias.  

 

1.2 METHODS 

Data 

We used data from the Taiwan Longitudinal Study in Aging (TLSA). The original aims of the 

study were to understand how social, behavioral, economic and family factors are related to 

aging. The cohort started in 1989 and has followed participants every 4 to 5 years. TLSA is 

comprised of three sub-cohorts that were recruited in 1989 (Group A), 1996 (Group B), and 2003 

(Group C), respectively. Group A recruited participants who were 60 years old or older, Group B 

consisted of participants aged 50 years or above, and Group C recruited participants who were 

between 50 to 59 years. All three sub-cohorts were nationally representative samples using 
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multistage sampling to recruit participants. TLSA collected participants' medical, social, 

economic, and family conditions. All participants received cognitive function tests and were 

asked about their medical conditions during each follow-up visit. At baseline, there are 4,049, 

2,426, and 1,599 participants in Groups A, B, and C, respectively. We categorized Group A and B 

as “Cohort 1” (older cohort) and Group C as “Cohort 2” (younger cohort). Our study included all 

participants in the TLSA from 1996 to 2015. The participants were followed in 1999, 2003, 

2007, 2011, and 2015. The number of participants who remained in each wave are summarized 

in Supplementary Table 1.1. We excluded participants whose cognitive score at baseline was at 

or below the 30th percentile; we excluded 2,071 and 300 participants in Cohort 1 and 2 at 

baseline, respectively. 

 

Grandchild caregiving status 

Our exposure of interest was whether a participant was involved in grandchild caregiving at the 

time of each survey in 1996, 1999, 2003, 2007, 2011, and 2015 (for Cohort 1), and in 2003, 

2007, 2011, and 2015 for Cohort 2. Grandchild caregiving status across waves in Cohort 1 and 2 

are summarized in the Supplementary Table 1.2. 

 

Cognitive score  

Our outcome of interest was a cognitive score measured by the 10-item Short Portable Mental 

Status Questionnaire (SPMSQ) score, which is a continuous outcome. The outcome was 

measured at the baseline and at subsequent follow-up waves. The respondents answered the 

following questions: (1) What is the date, month, and year; (2) What is the day of the week; (3) 

What is the name of this place; (4) What is your phone number; (5) How old are you; (6) When 
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were you born; (7) Who is the current president; (8) Who was the president before the current 

president? (9) What was your mother’s maiden name; (10) Can you count backward from 20 by 

3’s. An interviewer would check whether the respondent answered the questions correctly. The 

total score is the number of items a respondent answered correctly in the questionnaire; the 

possible score ranges from 0 to 10.  

 

Covariates 

We controlled for multiple time-varying and time-invariant covariates in the statistical models. 

The time-varying covariates include medical history (history of cancer, diabetes, and stroke), 

living with children or other family members (yes vs. no), marital status (married or 

cohabitating, single and never married, divorced or separate), employment status (yes vs. no), 

depressive symptoms  measured by the Center for Epidemiological Studies Depression (CESD) 

scale (0-30 points), number of grandchildren, and size of the household. Time-invariant 

covariates included age (categorized as: 50-59, 60-69, 70-79, and 80 years or above), sex (male 

vs. female), level of educational attainment (less than high school, high school graduate, college 

graduate, or graduate school or professional degree), ethnicity (Han, Mainlander, Hakka, and 

others), and urbanicity of residence (urban region, township, or rural region). 

 

Statistical Models 

We used marginal structural models (MSMs) to estimate the relationship between grandchild 

caregiving participation and cognitive functioning. We adjusted for baseline, time-invariant 

covariates, and time-varying covariates through inverse probability treatment weighting (IPTW). 

In the present study, outcomes, exposures, and time-varying covariates were assessed at baseline 
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and updated in the subsequent waves (5 waves for Cohort 1, and 3 waves for Cohort 2). Hence, 

the time-varying covariates are not only predictors of cognitive functioning but also may be 

predictors of subsequent grandchild caregiving.  

 

In the present analyses, we modeled both the short-term and cumulative relations of grandchild 

caregiving to cognitive functioning. We estimated the relations of grandchild caregiving on 

grandparents’ cognitive functioning in three different models. First, we used conventional 

regression models adjusting for baseline covariates (OLS model), including level of educational 

attainment, age, gender, household size, marital status, ethnicity, urbanicity of residence, baseline 

cognitive score, baseline CESD score, medical history of having diagnoses of diabetes, stroke, 

and cancer. Second, we used MSMs with IPTWs, and multiple imputations, but did not use 

IPCW to account for censoring (MSM without IPCW). Lastly, we used MSMs with IPTWs, 

IPCWs, and multiple imputation (MSM with IPCW). 

 

Short-Term Effect of Grandchild Caregiving on Cognitive Functioning 

To estimate the short-term relations with grandchild caregiving, we fitted MSMs for the effects 

of caregiving participation in two consecutive waves (t and t+1) on cognitive functioning at time 

t+2. Notations for the MSMs are as follows. Let A0 denote grandchild caregiving participation at 

baseline and C0 indicate confounding factors at baseline (1996 for Cohort 1 and 2003 for Cohort 

2). Let At denote grandchild caregiving participation at follow-up time t. Let Lt denote measured 

confounders that may be associated with At. Let Dt indicates loss to follow-up at time t (D = 1 if 

censored and 0 otherwise). 
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We modeled the outcomes of cognitive functioning in the 2003, 2007, 2011, and 2015 waves for 

the older cohort, and in the 2011 and 2015 waves for the younger cohort. The model yields the 

following form (Formula 1).  

 

𝐸"𝑌!!!!"#|𝑋 = 𝑥( = 𝛽" + 𝛽# ∗ 𝐴$ + 𝛽% ∗ 𝐴$&#  (Formula 1) 

 

Where 𝑌!!!!"# is cognitive functioning at time t+2 for an individual, and X indicates all the 

covariates at baseline and previous exposures. The estimated 𝛽#- and 𝛽%- indicate the effects of 

grandchild caregiving on cognitive functioning.  

 

To fit MSMs, we calculated stabilized inverse probability treatment weighting (SIPTW) to adjust 

for confounding by creating pseudo-populations in which the treatment and covariates are not 

correlated. Furthermore, we calculated stabilized weight to avoid large standard errors. The 

stabilized inverse probability weight, SIPWi, for an individual i was the product of the inverse 

probability of participating in grandchild caregiving at each time point. 

 

The SIPTW0𝑖 was estimated as the probability that individual i participated in grandchild 

caregiving at baseline (A0i) given covariate values for covariates (C0i) that were hypothesized to 

occur prior to the baseline. 

𝑆𝐼𝑃𝑇𝑊"' =
𝑃𝑟[𝐴"']

𝑃𝑟[𝐴"'|𝐶"']
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The SIPTW1𝑖 was estimated as the probability that individual i had participated in grandchild 

caregiving in the first follow-up wave given that individual's caregiving status at baseline and 

covariates values for covariates that were hypothesized to occur prior to the first follow-up wave. 

𝑆𝐼𝑃𝑇𝑊#' =
𝑃𝑟[𝐴#'|𝐶"' , 𝐴"']

𝑃𝑟[𝐴#'|𝐶"' , 𝐶#' , 𝐴"']
 

 

The weights for the follow-up waves were estimated as the probability that an individual i had 

participated in grandchild caregiving during the follow-up wave given that individual’s 

caregiving status at previous wave(s) and covariates values. The covariates were hypothesized to 

occur previously. 

 

The SIPTW for the models of the short-term associations of grandchild caregiving at wave t and 

t+1 on cognitive functioning at wave t+2 will be the product of the SIPTW for wave t and t+1. 

 

Cumulative Effect of Grandchild Caregiving on Cognitive Functioning 

For the cumulative effect of grandchild caregiving on cognitive functioning, the exposure is the 

cumulation of grandchild caregiving from baseline (1996 for Cohort 1 and 2003 for Cohort 2) till 

2011. The MSM we used to estimate the cumulative effect on cognitive functioning is the linear 

mean model: (Formula 2). 

 

𝑔(𝑎<(𝑡), 𝛽) = 𝛽" +	𝛽# ∗ 𝑐𝑢𝑚[𝑎C(𝑡)] + 𝛽% ∗ 𝑡  (Formula 2) 

 

Where 𝛽 = (𝛽", 𝛽#, 𝛽%)′ and 𝑐𝑢𝑚[𝑎C(𝑡)] = ∑ 𝑎(𝑘)$
()"  
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We calculated stabilized inverse probability treatment weights (SIPTWs) for the cumulative 

models. The stabilized inverse probability treatment weight, SIPTWi, for an individual i is the 

product of the inverse probability of participating in grandchild caregiving at each time point. 

The model yields the following formula (Formula 3). 

 

𝑆𝐼𝑃𝑇𝑊' =
*+[!$%]

*+[!$%|/$%]
∗ ∏ 012𝐴( = 𝐴('3	𝐴" = 𝐴"' , … , 𝐴(4#, 𝐶 = 𝐶' 5

012𝐴( = 𝐴('3𝐴# = 𝐴#' , …𝐴(4# = 𝐴(4#' , 𝐶 = 𝐶' , 𝐿(4# = 𝐿(4#'5
$
()#  

(Formula 3) 

 

Subgroup Analyses 

We used the cumulative model presented above and conducted stratified analyses based on the 

participants' gender, SES, and urbanicity of residence. Subsequently, we compared the effect 

estimates for grandchild caregiving across the strata. 

 

Missingness & Censoring 

To address censoring, we constructed inverse probability of censoring weights (IPCW) by using 

logistic regression models. The inverse probability of censoring weight for individual i, IPCWi, 

was the product of the inverse probability of not censoring at each time point. The numerator was 

the probability that an individual was uncensored at wave t, conditional on past treatment history 

and baseline covariates. The denominator was the probability that an individual was uncensored 

at wave t, given past treatment history and baseline covariates, and time-varying covariates. The 

model yields the following formula (Formula 4). 
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𝐼𝑃𝐶𝑊' =
*+[6$%)"]

*+[6$%)"|/$)/$%]
∗ ∏ 012𝐷( = 03	𝐷" = 0,… , 𝐴(4#, 𝐶 = 𝐶'5

012𝐷( = 𝐷('3𝐴# = 𝐴#' , …𝐴(4# = 𝐴(4#' , 𝐶 = 𝐶' , 𝐿(4# = 𝐿(4#'5
$
()#  

(Formula 4) 

 

We used multiple imputations by chained equation to impute the missing data in all the 

exposures, outcomes, and covariates by using the “mice” package in R.35 We generated 26 

imputed datasets and performed the analyses described above; then, we combined the results 

across the imputations. All the analyses were conducted in R (version 4.1.0; R Development 

Core Team). This study project was approved by the ethics committee of the Harvard T.H. Chan 

School of Public Health (IRB20-0969). 

 

1.3 RESULTS 

Table 1.1 summarizes the sociodemographic characteristics of the study participants by cohort. 

There were 4,404 and 1,299 participants in the older and younger cohorts, respectively. For 

Cohort 1 (older cohort), the participants’ age ranged from 50 to 80 or above at baseline, while the 

participants in Cohort 2 ranged from 50 to 59 years. Notably, nearly one-third of the participants 

in Cohort 1 did not receive a formal education, and almost half of the participants had a level of 

educational attainment at the elementary school level. By contrast, the majority of the 

participants in Cohort 2 received an education in elementary school or middle/high school. 

Moreover, 18% of the participants in Cohort 2 had college or graduate  degrees. 

Table 1.1. Sociodemographic Characteristics of the Study Participants (Cohort 1, N = 
4,404; Cohort 2, N = 1,299) 
 Cohort 1 

(Baseline in 1996) 
Cohort 2 

(Baseline in 2003) 
Number of Participants 4,404 1,299 
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Age 
50-59 1,347 (30.6%) 1,022 (78.7%) 
60-69 1,416 (32.2%) 277 (21.3%) 
70-79 1,370 (31.1%)  –  
80+ 271 (6.2%)  –  
Gender 
Female (%) 1,957 (44.4%) 635 (48.9%) 
Male (%) 2,447 (55.6%) 664 (51.1%) 
Education level 
No education 1,296 (29.4%) 14 (1.1%) 
Elementary school 2,047 (46.5%) 585 (45.0%) 
Middle/High school 789 (17.9%) 466 (35.9%) 
College or above 272 (6.2%) 234 (18.0%) 
Ethnicity 
Han 2,921 (66.3%) 970 (74.7%) 
Mainlander 717 (16.3%) 231 (17.8%) 
Hakka 706 (16.0%) 76 (5.9%) 
Others 51 (1.2%) 22 (1.7%) 
Missing 9 (0.2%) 0 
Household Type 
Living alone or with spouse 2,464 (56.0%) 1,011 (77.8%) 
Multigeneration household 645 (14.6%) 192 (14.8%) 
Skipped-generation household 1,251 (28.4%) 57 (4.4%) 
Missing 44 (1.0%) 39 (3.0%) 
Mean number of  grandchild 
(SD) 

8.7 (6.5) 2.7 (2.6) 

Household size (SD) 4.6 (2.4) 4.0 (1.6) 
Medical Condition 
Hypertension 1,141 (19.0%) 242 (18.6%) 
Diabetes 473 (10.7%) 94 (7.2%) 
Stroke 149 (3.4%) 13 (1.0%) 
Cardiovascular disease 635 (14.4%) 75 (5.8%) 
Cancer 33 (0.8%) 30 (2.3%) 
Hepatobiliary disease 227 (5.2%) 111 (8.6%) 
Mean CESD Score (SD) 7.1 (4.4) 6.5 (3.2) 
Marital Status 
Married 3,184 (72.3%) 1095 (84.3%) 
Single, never married 141 (3.2%) 47 (3.6%) 
Widowed / Divorced 851 (19.3%) 157 (12.1%) 
Missing 228 (5.2%) 0 
Urbanicity 
Urban region 1,700 (38.6%) 672 (51.7%) 
Township 1,022 (23.2%) 300 (23.1%) 
Rural region 1,639 (37.2%) 323 (24.9%) 
Missing 43 (1.0%) 4 (0.3%) 
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Employment Status at the 
Baseline 

1,629 (37.0%) 897 (69.1%) 

 

Over the study period, 41.0% and 44.5% of the participants in Cohort 1 and 2 had been 

grandchild caregivers. Among grandchild caregivers, participants provided care to a grandchild 

over a mean 1.8 waves (SD = 1.0) for Cohort 1 and 1.8 waves (SD = 0.9) for Cohort 2. 

 

Table 1.2 shows the estimates of the cumulative effect of grandchild caregiving on cognitive 

functioning from different models. For the older cohort, the effect estimate of the grandchild 

caregiving relation from the MSM with IPCW model was 0.23 (95% C.I. = -0.14 – 0.61), which 

was positive but not statistically significant. The value of the estimate from the MSM with IPCW 

model were not significantly different from the estimate of the MSM without IPCW model 

(Coef. = 0.28, 95% C.I. = 0.02 – 0.55) and the OLS model (Coef. = 0.16, 95% C.I. = 0.04 – 

0.29). For the younger cohort, the estimate from the MSM with IPCW model was positive but 

not statistically significant (b = 1.94, 95% C.I. = -1.01 – 4.89). The estimate from the MSM 

without IPCW model (Coef. = 0.05, 95% C.I. = -0.03 – 0.03) was not statistically significant, but  

the estimate from the OLS model (Coef. = 0.13, 95% C.I. = 0.05 – 0.20) was statistically 

significant.  

Table 1.2. Cumulative Effect of Grandchild Caregiving on Grandparents’ Cognitive 
Functioning in Models with Different Techniques (Cohort 1, N = 4,404; Cohort 2, N = 
1,299) 

Model Cohort 1 
(Cognitive Score Coefficient, 

95% C.I.) 

Cohort 2 
(Cognitive Score Coefficient, 95% 

C.I.) 
OLS Modela 0.16 (0.04 – 0.29) 0.13 (0.05 – 0.20) 

MSM without 
IPCW b 

0.28 (0.02 – 0.55) 0.05 (-0.03 – 0.13) 

MSM with IPCWc 0.23 (-0.14 – 0.61) 1.94 (-1.01 – 4.89) 
a: Regression models adjusting for baseline covariates. 
b: MSMs with IPTWs and multiple imputations but without IPCWs. 
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c: Marginal structural models (MSMs) with inverse probability treatment weightings (IPTWs), 
inverse probability of censoring weightings (IPCWs), and multiple imputations. 
 
The results from the subgroup analyses using the cumulative model are summarized in Table 3. 

For the older cohort, grandchild caregiving was associated with higher cognitive functioning 

among participants who were married or had a partner (Coef. = 0.23, 95% C.I. = 0.02 – 0.45). In 

the younger cohort, grandchild caregiving was associated with higher cognitive functioning 

among the participants who were male (Coef. = 2.98, 95% C.I. = 0.06 – 5.91), and graduated 

middle or high school (Coef. = 0.37, 95% C.I. = 0.27 – 0.46).  

Table 1.3. Subgroup Analyses for the Cumulative Effect of Grandchild Caregiving on 
Grandparents’ Cognitive FunctioningF 
 Cognitive Score in 2015 (Coefficient, 95% CI) 
 Cohort 1 Cohort 2 
Gender 
   Men 
   Women 

 
0.11 (-0.30 – 0.51) 
0.37 (-0.04 – 0.78) 

 
2.98 (0.06 – 5.91) 

-0.41 (-2.92 – 2.10) 
Urbanicity of residence 
   Urban cities 
   Township 
   Rural areas 

 
0.22 (-0.20 – 0.67) 
0.31 (-0.55 – 0.68) 
0.21 (-0.09 – 0.73) 

 
0.34 (-3.62 – 4.29) 
1.42 (-0.84 – 3.69) 
2.22 (-1.53 – 5.96)   

Marital Status 
    Married 
    Single, never married 
    Widowed / Divorced 

 
0.23 (0.02 – 0.45) 
0.55 (-1.03 – 2.13) 
0.21 (-0.54 – 0.95) 

 
2.13 (-0.95 – 5.21) 
0.26 (-0.06 – 0.57) 
-2.74 (-4.65 – 0.84) 

Education Attainment 
    No education 
    Elementary school 
    Middle/High school 
    College or above 

 
0.42 (-0.09 – 0.93) 
0.31 (-0.07 – 0.69) 
-0.04 (-0.77 – 0.69) 
-0.22 (-0.90 – 0.47) 

 
-0.07 (-2.57 – 2.43) 
2.83 (-1.10 – 5.67) 
0.36 (0.27 – 0.46) 

-0.05 (-0.24 – 0.14)   
F: The analyses used marginal structural models (MSMs) with inverse probability treatment 
weightings (IPTWs), inverse probability of censoring weightings (IPCWs), and multiple 
imputations. 
 

Estimates of the short-term relations of grandchild caregiving on cognitive functioning are 

presented in Table 1.4. The majority of the estimates are in the positive direction, but none of the 

estimates were statistically significant. 
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Table 1.4. Short-term effect of Grandchild Caregiving on Grandparents’ Cognitive 
Functioning 

 Cohort 1 Cohort 2 
Year of 

cognitive 
score 

measured 

Grandchild 
caregiving in 

time t 
(Coefficient, 

95% CI) 

Grandchild 
caregiving in 

time t+1 
(Coefficient, 

95% CI) 

Grandchild 
caregiving in 

time t 
(Coefficient, 

95% CI) 

Grandchild 
caregiving in 

time t+1 
(Coefficient, 

95% CI) 
2003 -0.07 

(-0.36 – 0.22) 
0.15  

(-0.12 – 0.41) 
  

2007 0.05  
(-0.43 – 0.53) 

0.11  
(-0.36 – 0.57) 

  

2011 0.01  
(-0.65 – 0.66) 

0.36 
(-0.45 – 1.18) 

0.09  
(-0.35 –  0.52) 

0.59  
(-0.73  –  1.91) 

2015 -0.03  
(-1.00 – 0.94) 

1.08  
(-0.35 – 2.51) 

2.78  
(-0.02 –  5.76) 

0.87  
(-3.16 – 4.91) 

*Note: estimates were derived from the marginal structural models (MSMs) with inverse probability treatment 
weightings (IPTWs), inverse probability of censoring weightings (IPCWs), and multiple imputations.  
 

1.4 DISCUSSION 

This study investigated the link between participation in grandchild caregiving and cognitive 

functioning among a nationally representative, older population in Taiwan. We did not find a 

statistically significant main association between either short-term or cumulative grandchild 

caregiving and cognitive function. On the other hand, we found that participating in grandchild 

caregiving may be related to cognition in specific subgroups of the population, including married 

or partnered participants in the younger cohort, and males or those who graduated middle or high 

school in the older cohort.  

 

Our primary analysis found that the point estimates of the cumulative effect of grandchild 

caregiving on cognition to be in the positive direction, the magnitude of the point estimates 

increases with adjustment for time-varying covariates and censoring, though none of the point 

estimates in the MSM with IPCW are statistically significant. In addition, we did not find any 

significant associations between grandchild caregiving and cognitive functioning in the short-
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term effect models. Our findings align with Jun’s study, in which they found a significant and 

positive effect of grandchild caregiving on grandmothers’ cognition in the cross-sectional model 

(instantaneous effect), but they did not find a significant impact of grandchild caregiving on 

subsequent cognitions over a two-year follow-up period.36 In addition, Reinkowski’s study did 

not find a significant causal effect of grandchild minding on cognitive health. The study used the 

gender of the firstborn child as an instrumental variable. The study reported a negative but 

insignificant point estimate of grandchild caregiving on cognition from the two-stage least 

squares (2SLS) regression model. The magnitude of the point estimate is greater than the one 

derived from the OLS model, however, the point estimate from the OLS model is statistically 

significant.37   

 

Our subgroup analyses showed that the relations of grandchild caregiving on cognitive 

functioning could be heterogenous for participants with different sociodemographic 

characteristics or under different caregiving circumstances. In the older cohort, we found that 

caregiving could be associated with better cognition for those with a spouse or partner. Possible 

explanations could be that married couples have higher levels of social support, access to 

material resources, and financial stability that could buffer their experience of caregiving. 

That is, the burden of caregiving could be lighter than their single, separated, or divorced 

counterparts.  

 

We also found that older men who are grandparent caregivers had a significantly higher 

cognitive score than those who did not participate in caregiving. We did not observe a similar 

phenomenon among older grandmothers. There are scant studies on gender variations in 
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grandchild caregiving and cognitive functioning. Arpino and Bordone reported that grandfathers 

benefited more from grandparenting than grandmothers in terms of cognitive functioning.38 

Additionally, Xu found that being a part-time non-coresident caregiver was associated with 

higher performance on episodic memory for grandfathers but not for grandmothers.21 These 

findings could be possibly attributed to the fact that men tend to be involved in the more 

“enjoyable” activities associated with caregiving, such as playing with their grandchildren, as 

opposed to preparing them for school/putting them to bed, preparing meals, and caring for them 

when they are sick.39  

 

Notably, we found grandchild caregiving to be associated with higher cognitive scores among 

participants with middle or high school education in the younger cohort. Previous literature has 

been mixed with regard to the effect of grandparenting on cognitive function across grandparents 

with different levels of educational attainment. Ahn and Choi reported that grandparenting has a 

stronger association with cognitive function for those with lower educational attainment,34 while 

Jun found that intense and frequent grandchild caregiving is only beneficial for grandparents 

with a higher level of educational attainment.36 Both studies conceptualized “higher educational 

level” as having completed middle school or above. An explanation for our finding could be that 

grandchild caregiving provides grandparents with a cognitively enriching environment and 

engages them in more cognitively stimulating activities. Moreover, the level of grandparents’ 

educational attainment may influence their nature and quality of interactions with their 

grandchildren.40 For example, grandparents with a higher educational attainment level may be 

involved in more cognitive-enriching activities (e.g. reading) with their grandchildren compared 

to grandparents with less schooling.40,41 Interestingly, the estimates for the effect of 
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grandparenting on cognitive scores for participants with college or graduate school degrees were 

negative (albeit non-significant) for both cohorts. Being involved in grandchild caregiving for 

this group may be associated with more stress than cognitively enriching opportunities. Caution 

is warranted, however as these estimates are based on small sample sizes given that there were 

only 272 (older) and 234 (younger) participants who had a college or graduate school degree in 

each cohort.  

 

Our study has several strengths. First, this is a longitudinal study with a relatively long follow-up 

period. The follow-up time for Cohort 1 in this study was nearly twenty years.33 A longer follow-

up period allows us to observe a more comprehensive course of cognitive decline over the life 

course. Second, our analytic approach utilized a marginal structural model with inverse 

probability weighting to address time-varying confounding. We are able to rigorously model 

dynamic changes in one’s caregiving status, cognitive function, living environment, and medical 

conditions over time. Third, we investigated heterogeneity in the association between grandchild 

caregiving and cognitive function across different sociodemographic subgroups, including 

gender, urbanicity of residence, marital status, and level of educational attainment. Our results 

support the notion that the effect of grandchild caregiving on grandparents’ cognition may be 

heterogeneous. This heterogeneity issue could partly explain why the results of past studies have 

yielded mixed results.  

 

Several study limitations should be noted. First, we assumed no unmeasured confounding for 

treatment at each wave for the marginal structural model using time-varying treatment weights. 

Although we controlled for various baseline covariates and time-varying covariates in our 
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models, unmeasured confounding remains a threat to causal inference. For example, we did not 

have a very reliable measure for income in this dataset due to a significant amount of 

missingness. Income level has been found to be associated with both grandchild caregiving 

participation42,43 and cognitive functioning.44,45 Second, we did not examine the frequency and 

intensity of grandchild caregiving in this study due to limited data availability. Moreover, we did 

not have the data on what types of activities were involved in grandchild caregiving nor how 

many grandchildren one participant was giving care to. Thus, we are not able to investigate 

specific mechanisms linking grandchild caregiving and cognitive function in this study. Third, 

most of the data used in this study were self-reported, giving rise to potential measurement error 

and misclassification. An exception is the SPMSQ cognitive function score, which was measured 

by interviewers of the TLSA team. Although the survey is self-reported, interviewers double-

checked with the participants’ family members to validate the responses for older respondents. 

Fourth, we have a significant amount of loss to follow-up in this longitudinal study. The loss to 

follow-up rates for the older cohort ranged from 15.0% to 25.0% across waves, while the rate for 

the younger ranged from 6.1% to 11.2%. We used censoring weights in the models, but residual 

selection bias cannot be ruled out. 

 

In conclusion, we found no overall cumulative or short-term association between grandchild 

caregiving and cognitive scores, although there was evidence for effect heterogeneity. A more 

nuanced understanding of the impact of grandchild caregiving on the cognitive health of older 

adults is crucial for developing social policies to support the needs of a growing population. 
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Chapter 2. Association between Social 
Participation Over Time and Cognitive 
Function 
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2.0 ABSTRACT 
 
Background 

Greater social participation has been related to less cognitive decline with aging in many studies. 

However, there is limited understanding of how transitions in social participation over time be 

associated with older adults’ cognitive function in later life. 

 

Methods 

We used data from the Taiwan Longitudinal Study in Aging (TLSA), a nationally representative 

sample. The sample comprised participants aged 50 or above and recruited in 1989 (n = 4,400), 

stratified by age group (aged 50-64 years versus 65 or above). We used sequence analysis and 

optimal matching technique to define clustered patterns of social participation and work history 

in 1996, 1999, 2003, 2007, and 2011. We applied linear regression analysis to model the 

associations between cluster membership and level of cognitive function in 2015, measured with 

the Short Portable Mental Status Questionnaire (SPMSQ). We used multinomial regression 

analysis to explore the factors related to belong to a cluster.  

 

Results 

We identified six clusters for each subgroup. The clusters presented in the younger subgroup 

included: (1) socializing and helping; (2) low social participation; (3) working; (4) active in 

multiple states; (5) socializing; and (6) Helping. In the older subgroup, we identified the 

following clusters: (1) socializing; (2) helping; (3) low social participation; (4) working & low 

social participation; (5) helping & socializing; and (6) active in multiple states. Most participants 

reported changes in their pattern of social participation during the study period. However, once 
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an individual transitioned into the low social participation cluster, they tended to stay in that 

cluster. In both the younger and older subgroups, we found that the working dominant cluster 

was associated with higher cognitive function compared to the low social participation cluster 

(younger subgroup: b = 0.52, 95% C.I. = 0.03 – 1.01; older subgroup: b = 2.33, 95% C.I. = 1.31 

– 3.36). We also found that the multiple active social participation and working cluster was 

related to higher cognition (younger subgroup: b = 0.58, 95% C.I. = 0.09 – 1.06; older subgroup: 

b = 1.15, 95% C.I. = 0.05 – 2.26), after controlling for important covariates and accounting for 

censoring weights. More active patterns of social participation were found for men, at younger 

ages, and among non-urban residents and those without chronic disease.  

 

Conclusion 

Stable involvement in multiple types of social participation activities over time was associated 

with better cognitive function in older adults. Gender and urbanicity of residence were 

significant predictors of more active patterns of social participation. 
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2.1 INTRODUCTION 

Social participation has been found to be a robust predictor of cognitive health in observational 

epidemiologic studies.46 Social participation is a construct that captures an individual’s 

involvement in activities that provide interactions with others in the society or in the 

community.47,48  Social participation encompasses interpersonal interactions such as spending 

face-to-face time with neighbors or friends (i.e., informal social participation),49 as well as 

engagement in formal organizations such as political parties or religious groups (i.e., formal 

social participation).47,50,51 In the Conceptual Model of the Disability Development Process 

(DCP) proposed by Fougeyrollas et al. (1998), social participation refers to engagement in daily 

activities based on an individual’s social roles. Furthermore, the concept of social role in this 

model extends beyond the conventional definition of roles (such as being a mother or a worker), 

and includes roles such as participating in civic organizations, performing family responsibilities 

(e.g., caregiving), as well as interpersonal interactions in social life and entertainment.52 

 

Social participation is thought to have a protective effect against cognitive aging through several 

plausible pathways. First, based on the cognitive reserve hypothesis (“use it lor lose it”), social 

participation engages people in cognitively stimulating activities and mental activities that help 

to maintain brain function.53 Second, social participation can expand or maintain an individual’s 

social network, providing opportunities to engage in meaningful social roles, increase self-

esteem and social competence, and thereby increase the individual’s resilience to stress and 

prevent stress-related neurological damage.54,55 Third, engaging in social activities could also 

increases one’s physical activity, which is associated with cognition as well as greater gray 

matter volume,56-58 increased white matter integrity,59 increased connectivity between 
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hippocampal, prefrontal and cingulate regions among older adults.60 Last but not least, physical 

activity could reduce the risk of multiple chronic diseases, such as coronary heart disease,61,62 

stroke,63 diabetes,64 and depression,65 which are risk factors for cognitive impairment.  

 

Social participation arises within the context of the individual’s physical, and social 

environment.65 Individual factors influencing their social participation include age, gender, 

socioeconomic status, physical and mental health status, and disability. In particular, gender 

differences have been identified in numerous studies of social participation.66,67 Gender can 

affect the types of social participation that an individual is involved in. For example, studies 

conducted in Canada and Japan found that older women may prefer to join groups offering 

volunteering opportunities,68 while men tended to participate in exercise-based groups.69,70 Social 

participation is also shaped by the physical and social infrastructure of residential communities, 

e.g. urban design, access to transportation methods, and facilities or amenities for socializing. 

Therefore, urban and rural residents may face different sets of facilitators or barriers to social 

participation.  

 

Despite the volume of literature linking social participation to cognitive function, several gaps 

remain. First, there is still lack of agreement on the definition of social participation. Social 

participation is often used interchangeably with other terms, such as social engagement, social 

integration, community engagement, social support, and social capital.71 In addition, most of the 

definitions of social participation do not consider level of involvement or interaction with others 

when participating in social activities, or the goals of the activities. Therefore, we adopted 

Levasseur’s social participation framework proposed in our study.71 The framework categorizes an 
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individual’s daily activities into six levels based on two dimensions: (1) levels of involvement of the 

individual with others; (2) goals of the activities.  

 

 Second, most existing studies on social participation in older populations do not take account of 

transitions to different patterns of social participation over the aging life course. Transitions 

matter since people may change the kinds of activities they engage in as they age, and these 

changes may have different implications for the maintenance of cognitive health. Third, many 

studies have not considered the intersection of employment status with social participation 

among older adults. Although social participation often refers to engagement in activities outside 

of work,72 employment status is a critical driver of the different types, frequency, and intensity of 

social participation. As more people continue to extend their working lives,73 it is important to 

take into account employment status when investigating how older adults’ patterns of social 

participation change over time. Fourth, the literature on social participation and determinants of 

social participation among older adults remains relatively sparse in non-Western contexts.74-76 

Older adults’ level and pattern of social participation varies across cultures and societies. For 

example, older populations in Asian countries tend to have lower educational attainment and 

greater gender disparity in schooling compared to many Western countries.77 Exploring 

determinants of social participation and how social participation relates to health among older 

adults in non-Western context could enrich our understanding on opportunities to improve social 

participation in the global aging landscape. 

 

Accordingly, the aims of this study are: (1) to define clusters in the patterns of social 

participation and working status in mid-aged and older adults; (2) to examine the associations 

between each cluster pattern of social participation over time with cognitive function in later life; 
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and (3) to examine sociodemographic factors related to belonging to the clusters associated with 

the highest levels of cognitive function.  

 

We investigated these questions using the Taiwanese Longitudinal Study in Aging (TLSA). 

Taiwan is a rapidly aging society that transformed to an aged society, defined as a society with 

the share of people aged 65 or older is between 15% and 20% of the total population,78 in 2018. 

Furthermore, Taiwan is projected to enter an era of super-aged society, defined as the percentage 

of people aged 65 or older is higher than 20% of the total population,78 within a decade, faster 

than the time for the Japan to finish the transition.79,80 Taiwan’s rate of the growth of elderly 

population is double of that of European countries and the United States.80 There is an urgent 

need to support healthy aging for the Taiwanese older adults. There are several potential 

advantages and challenges in the Taiwanese society of promoting social participation. For 

instance, Taiwanese society is rooted in Confucianism which emphasizes respect and care for the 

elderly, strong family relations, and social connection. These could potentially protect someone 

from social isolation. On the other hand, Taiwan’s female labor force participation, especially 

among women aged above 50 years old, is lower than other East Asian countries, including 

Japan, Korean, China, and Singapore.81 Furthermore, according to a government report published 

in 2014, nearly half of the Taiwanese female population aged 65 or above lacks formal 

education.82 Those factors could influence one’s ability and pattern of social participation, and 

they are also significant factors affecting one’s cognitive performance. Therefore, it is important 

to incorporate sociodemographic factors such as gender, educational attainment, and urbanicity 

of residence into the analyses given the cultural and societal contexts in Taiwan. 
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2.2 METHODS 

Study Population & Data 

We used data from the Taiwan Longitudinal Study in Aging (TLSA), which is a longitudinal 

cohort study aiming to understand how social, behavioral, economic and family factors affect 

aging. The cohort started in 1989 and has followed participants every 4 to 5 years. TLSA is 

comprised of three sub-cohorts that were recruited in 1989 (Group A), 1996 (Group B), and 2003 

(Group C), respectively. Group A recruited participants who were 60 years old or older, Group B 

consisted of participants aged 50 years or above, and Group C recruited participants who were 

between 50 to 59 years. All three sub-cohorts were nationally representative samples using 

multistage sampling to recruit participants. TLSA collected participants' medical, social, economic, 

and family conditions. All participants were asked about their medical conditions during each follow-

up visit and received cognitive function tests during each follow-up visit since 1996. Our study 

included participants in Group A and B of the TLSA. We used survey data from the 1996 to 2015 

waves, because the study started to collect cognitive function data starting in 1996. The participants 

were followed in 1999, 2003, 2007, 2011, and 2015. The number of participants who remained in 

each wave are summarized in Supplementary Table 2.1. We excluded participants whose cognitive 

score at baseline was at or below the 30th percentile; we excluded 2,071 in the baseline year of 1996. 

We excluded 4 participants due to data error on cognitive function score and number of 

grandchildren. Our final analytic sample comprised 4,400 participants. 

 

Measures 

Social Participation and Work Histories  

Our exposure of interest was the individual’s cluster membership of distinct social participation 

and work histories. A participant’s working status was defined as whether one was working or 
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helping with his/her family’s business or farming (yes/no). We conceptualize social participation 

based on the framework proposed by Levasseur et al.71. The framework categorizes an 

individual’s daily activities into six levels based on two dimensions: (1) levels of involvement of 

the individual with others; (2) goals of the activities. In the Levasseur model, levels 1-3 include 

activities that one performs alone or with limited interactions with others. Level 4 activities are 

those performed with others with same goal, for example, spending time socializing with family 

or friends or participating in hobby groups. Level 5 activities are those that individuals engage in 

to help others in their social network, such as being a caregiver for a family member or a friend. 

Lastly, level 6 activities are types of social participation in which the individual contributes to 

society at large, including participating in political events or volunteering.  

 

Using Levasseur’s model as the starting point, we categorized the social activities into two 

groups: socializing activities and activities to help others. Socializing activities correspond to 

level 4 activities in the Levasseur’s framework. Example of socializing activities include (1) 

watching TV, listening to radio, music, reading newspaper or books with family or friends; (2) 

interacting with friends online (through email, online game, or electronic message); (3)  playing 

cards, chess, or mahjong with others; (4) chatting, having tea, or hanging out with friends; (5) 

doing gardening with others; (6) taking a walk with others; (7) doing outdoor activities with 

others; (8) joining group exercise; (9) participating in any religious groups, business groups, or 

seniors clubs. We coded someone as participating in socializing activities (“yes”) if they 

responded to ever having participated in any of the ten activities mentioned above and “no” 

otherwise.  

 



 

 32 
 

 

The second type of social activities are those that participants did to help others or to contribute 

to the society (labeled as “helping” activities). The activities correspond to the fifth and the sixth 

level of the Levasseur framework and include being a volunteer or joining in any political parties 

or campaigns. We coded someone as participating in helping activities (“yes”) if they had been a 

volunteer or joined any political parties or campaigns and “no” otherwise. 

 

There are eight possible combinations of one’s socializing activities, helping activities, and 

working status in any survey wave. We coded each participant’s state as follows: (1) State A: 

helping, working, and socializing; (2) State B: helping and working; (3) State C: helping and 

socializing; (4) State D: working and socializing; (5) State E: socializing only; (6) State F: 

working only; (7) State G: helping only; and (8) State H: not involved in any of the social 

participation types. Each participant was labeled by a state in each wave, and we linked a 

participants’ states over the five waves to form a sequence, which was the basis of the sequence 

analysis described in the statistical analysis section. 

 

Cognitive score  

Our outcome of interest was a cognitive score in 2015 measured by the 10-item Short Portable 

Mental Status Questionnaire (SPMSQ) score, which is a continuous outcome. The respondents 

answered the following questions: (1) What is the date, month, and year; (2) What is the day of 

the week; (3) What is the name of this place; (4) What is your phone number; (5) How old are 

you; (6) When were you born; (7) Who is the current president; (8) Who was the president before 

the current president? (9) What was your mother’s maiden name; (10) Can you count backward 

from 20 by 3’s. An interviewer would check whether the respondent answered the questions 
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correctly. The total score is the number of items a respondent answered correctly in the 

questionnaire; the possible score ranges from 0 to 10.  

 

Covariates 

We controlled for medical history (ever had a history of cancer, diabetes, and stroke), marital 

status (married/partnered vs. widowed, divorced or separate), number of grandchildren, age 

(categorized as: 50-59, 60-69, 70-79, and 80 years or above), gender (male vs. female), level of 

educational attainment (no formal education, elementary school graduate, middle or high school 

graduate, college graduate or above), depressive symptoms at baseline measured by the Center 

for Epidemiological Studies Depression (CESD) scale (0-30 points), and urbanicity of residence 

(urban region, township, rural region, moving to a more urban region, or move to a more rural 

region). 

 

Statistical Models 

There are several steps in our analytical process. In the first step, we applied sequence 

analysis83,84 and optimal matching techniques85,86 to identify and group people with similar 

patterns of social participation histories. Second, we ran linear regression models with inverse 

probability of selection weights to examine the association between social participation cluster 

and cognitive function in 2015. Third, we identified the composition and distribution of the 

members’ sociodemographic factors in each cluster. Fourth, we performed multinomial logistic 

regression to identify characteristics that were associated with cluster memberships. We stratified 

our analysis into two sub-groups using the age cutoff of 65 years old (younger and older 

subgroups). The rationale of doing the subgroup analysis is that age is a key factor affecting 
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people’s social participation and employment status. We chose age of 65 as the cutoff because it 

is the legal retirement age for pension eligibility in Taiwan during the data collection period. 

 

In the sequence analysis, we linked each participant’s social participation and working status 

across five survey waves to form a sequence. We calculated the cumulative state duration, i.e., 

the average waves spent in each state, and the number of states transitions an individual made 

throughout the study period. We calculated Shannon’s entropy score to describe the 

heterogeneity of the social participation and employment histories among our study participants. 

Shannon’s entropy is a measure of variability associated with random variables. The formula for 

calculating Shannon’s entropy is as follows (Formula 1): 

𝐻 = ∑ −(𝑃' − 𝑙𝑛𝑃')7
')#     (Formula 1) 

where, H indicates Shannon’s entropy, 𝑃' refers to the entire population made up of individuals 

with each type of sequence of social participation and working history i, ln(𝑃') is the natural log 

of above, and S is the total number of types of social participation and working sequences. 

Shannon’s entropy captures how concentrated or dispersed the distribution of social participation 

and working histories is for a given population. A higher value of a Shannon’s entropy indicates 

greater between-person diversity of social participation and working history. The results of the 

overview analysis are summarized in Supplementary Table 2.1. We then performed an optimal 

matching algorithm to cluster participants with similar patterns of social participation and 

working histories. The optimal matching algorithm took duration (number waves that a 

participant involves in a type of social participation and working state), timing, and ordering into 

account to compare one sequence to another. The technique calculates the difference (or 

“distance”) based on the number of operations that are needed to make one sequence equivalent 



 

 35 
 

 

to another, either by substituting states, named as “substitution cost,” or by inserting or deleting 

states, named as “indel cost.” We followed the standard practice87 to set the substitution costs to 

twice the indel costs, 1.0 and 0.5, respectively. The clustering procedure used Partitioning 

Around Medoids (PAM) clustering, implemented by the WeightedCluster package88 in R. To 

assess the quality of the clustering, we used the Average Silhouette Width (ASW),89 Hubert’s 

Gamma (HG),90 and the Point Biserial Correlation (PBC)91 to guide our decision on the number 

of clusters. A higher value of ASW, HG, and PBC indicate a higher quality of partition. In 

addition to the quantitative approach to quality of clustering, we assessed the clusters 

qualitatively to examine whether they have sensible interpretations. The results of the quality 

assessment are presented in the Supplementary Table 2.2. Based on the quality assessment and 

qualitative assessment of the clustering results, we adopted a six-cluster solution for both 

subgroups. Figure 2.1. and Figure 2.2. presented the six-cluster solutions for the two subgroups. 

In each plot, each state is assigned a distinct color, and the graphs summarize the frequency of 

major states over time. We performed descriptive analysis to examine the frequencies of states in 

each cluster, and distribution of sociodemographic characteristics (including gender, level of 

educational attainment, and marital status) in each cluster by chi-square tests. 

  



 

 36 
 

 

Figure 2.1. Clusters of social participation histories, younger subgroup. (n=1,900)* 

   
*Note: Social participation state A: helping, working, and socializing; State B: helping and working; State C: helping 
and socializing; State D: working and socializing; State E: socializing only; State F: working only; State G: helping 
only; State H: did not involve in any of the social participation types. 
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Figure 2.2. Clusters of social participation histories, older subgroup. (n=2,500)* 
 

 
* Note: Social participation state A: helping, working, and socializing; State B: helping and working; State C: 
helping and socializing; State D: working and socializing; State E: socializing only; State F: working only; State G: 
helping only; State H: did not involve in any of the social participation types. 
 

After obtaining the clustering results, we performed linear regression to examine the association 

between cluster membership (using the low social participation cluster as the reference group) 

and cognitive function score in 2015 controlling for baseline covariates, including marital status, 

educational attainment, urbanicity of residence, medical diagnosis (cancer, hypertension, 
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diabetes), CESD score, health behaviors (smoking, drinking, betel nut use, regular exercise), and 

number of grandchildren. Furthermore, we applied inverse probability of censoring weights in 

the regression models to account for loss-to-follow-up by 2015. The inverse probability of 

censoring weight for individual 𝑖, 𝐼𝑃𝐶𝑊𝑖, was the inverse probability of not being censored by 

2015. We constructed the weights using a logistic regression model for the odds of being 

observed in the follow-up wave in 2015, conditional on baseline covariates. We employed 

stabilized weights, such that the denominator was the probability that an individual 𝑖 was 

uncensored (𝐷' = 0) at the follow-up wave in 2015, conditional on being in the low social 

participation cluster (𝐴 = 𝐴') and time-invariant covariates (𝐶 = 𝐶'). The covariates included 

gender, level of educational attainment, age, baseline CESD score, baseline urbanicity of 

residence, baseline number of grandchildren, baseline medical history (cancer, hypertension, and 

diabetes), and baseline health behaviors (smoking, drinking, betel nut use, regular exercise). The 

nominator was the probability that an individual was uncensored at the follow-up wave in 2015, 

given that their social participation cluster.  
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in the low social participation cluster. The model yields the following formula (Formula 2). 

 

𝐼𝑃𝐶𝑊' =
012𝐷' = 03		𝐴 = 𝐴'5

012𝐷' = 03		𝐴 = 𝐴' , 𝐶 = 𝐶'5
    (Formula 2) 

 

In addition, we conducted multinomial logistic regression to assess sociodemographic factors 

and their association with the cluster membership (using the low social participation cluster as 

the base group).  

 

We used multiple imputations by chained equation to impute the missing data on the social 

participation and working states by using the random forest imputation method. The method 

imputed participants’ non-missing social participation and their sociodemographic factors, 

including age, gender, educational attainment, and urbanicity to impute the missingness of social 

participation and working states. We did not include any interaction terms for the imputation. 

The multiple imputation was conducted by the “mice” package in R.35 We generated 20 imputed 

datasets and performed the analyses described above; then, we combined the results across the 

imputations. The loss to follow-up and missingness data were summarized in Supplementary 

Table 2.3 and 2.4. All the analyses were conducted in R (version 4.3.1; R Development Core 

Team). This study project was approved by the ethics committee of the Harvard T.H. Chan 

School of Public Health (IRB20-0969). 

 

2.3 RESULTS 

Table 2.1. summarizes the sociodemographic characteristics of the study participants by age 

subgroups. There were 2,500 and 1,400 participants in the older and younger subgroups, 
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respectively. For the older subgroup, the participants’ ages ranged from 65 to 80 or above at 

baseline, while the participants in the younger subgroup ranged from 50 to 64 years old. Notably, 

around one-third of the participants in the older subgroup did not receive any formal education, 

and 43.4% of the participants had a level of educational attainment at the elementary school 

level. By contrast, the majority of the participants in the younger subgroup had received 

elementary school level of education. Around half of the participants in the older subgroup 

experienced widowhood or divorce during the period between 1996 to 2011, while less than a 

third of participants in the younger subgroup experienced widowhood or divorce during the same 

period of time. In addition, a third of participants lived in urban regions throughout the study 

period. Nearly half of the participants moved their residence over the study period, 15.0% of the 

total participants had moved to more rural regions, and 25.5% of the total participants had moved 

to more urban areas.  

Table 2.1. Sociodemographic characteristics of the study participants (N = 4,400) 
 Total Older Subgroup Younger Subgroup 
No. Participants 4,400 2,500 (100%) 1,900 (100%) 
Age 
50-54 years old 646 (14.7%) – 646 (34.0%) 
55-59 years old 701 (15.9%) – 701 (36.9%) 
60-64 years old 553 (12.6%) – 553 (29.1%) 
65-69 years old 861 (19.6%) 861 (34.4%) – 
70-74 years old 656 (14.9%) 656 (26.2%) – 
75-79 years old 713 (16.2%) 713 (28.5%) – 
80 years old or above 270 (6.1%) 270 (10.9%) – 
Education level  
No education 1,294 (29.4%) 855 (34.2%) 439 (23.1%) 
Elementary school 2,047 (46.5%) 1,084 (43.4%) 961 (50.6%) 
Middle/High school 789 (17.9%) 410 (16.4%) 379 (19.9%) 
College or above 272 (6.2%) 151 (6.0%) 121 (6.4%) 
Ethnicity  
Han 2,918 (66.3%) 1,466 (58.6%) 1,452 (76.4%) 
Mainlander 717 (16.3%) 393 (15.7%) 324 (17.1%) 
Hakka 705 (16.0%) 606 (24.2%) 99 (5.2%) 
Others 51 (1.2%) 27 (1.1%) 24 (1.3%) 
Missing 9 (0.2%) 8 (0.3%) 1 (0.1%) 
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Marital Status  
Widowed / Divorced 1,818 (41.3%) 1,301 (52.0%) 517 (27.2%) 
Urbanicity  
Urban region 1,372 (31.2%) 791 (31.6%) 581 (30.6%) 
Township 376 (8.5%) 245 (9.8%) 131 (6.9%) 
Rural region 940 (18.9%) 529 (21.2%) 302 (15.9%) 
Move to a more rural 
region 

658 (15.0%) 332 (13.3%) 326 (17.2%) 

Move to a more urban 
region 

1,124 (25.5%) 581 (23.2%) 543 (28.6%) 

Missing 39 (0.9%) 22 (1.0%) 17 (0.9%) 
Medical Condition  
Hypertension 2,427 (55.2%) 1,418 (56.7%) 1,009 (53.1%) 
Diabetes 1,119 (25.4%) 609 (24.4%) 510 (26.8%) 
Cancer 335 (7.6%) 181 (7.4%) 154 (8.1%) 
Baseline mean CESD 
Score (SD) 

7.1 (4.4) 7.4 (4.6) 6.7 (4.1) 

 

Supplementary Table 2.3 and 2.4 summarize the probabilities of transitioning into a state using 

aggregated data from all the study waves in the younger and older subgroups. Notably, once an 

individual was in the state of low social participation (state H), he or she was highly likely to 

remain in that state, and that tendency was even more obvious for the older subgroup (younger 

subgroup: 57%, older subgroup: 74%). 

 

Supplementary Figure 2.1. and 2.2. present the frequencies of eight states in each wave for the 

younger and the older subgroups, respectively. The majority of the participants in the younger 

subgroup were involved in states of active social participation or working (state A to G) during 

the study period, with frequencies ranging from 82.5% to 63.1%. Most participants were in the 

working only state (state F) in the first two waves. In the next three waves, participation in the 

socializing only (state E) and the helping and socializing state (state C) increased. Although 

participants in the older subgroup were less active compared to the younger subgroup, the 
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majority of them were involved in states of active social participation or working (state A to G) 

during the first two waves. 

 

We identified six clusters in each subgroup with distinct social participation and employment 

histories based on the optimal matching algorithm. Cluster compositions are illustrated in Figure 

2.1. and 2.2., and descriptions for each cluster are presented in Table 2.2. and 2.3. In the younger 

subgroup, six clusters were identified. Cluster 1 (socializing & helping) represent participants 

who transitioned to socializing and helping activities over time. Cluster 2 (low social 

participation) represent participants who were started in the working dominant state and 

transitioned to a low social participation state. Cluster 3 (working) predominantly comprised  

participants who were working throughout the follow-up. Cluster 4 (active in multiple states) 

captured participants who were consistently involved in multiple types of social participation (as 

well as working) throughout the study period. Cluster 5 (socializing) represented participants 

who transitioned to “socializing only” state over time. Cluster 6 (helping) represented the 

participants who were stably involved  in “helping only” activities over time.  

Table 2.2. Distribution, description, and dominant states of social participation and 
working clusters, younger subgroup. 
Cluster Number of 

participants (%) 
Label Description Dominant States 

1 257 (13.5%) Socializing 
and helping 

Increased socializing and 
helping states. 

Socializing only; 
Helping and 
socializing . 

2 594 (31.3%) Low social 
participation 

Transitioning from working 
to low social participation 
state. 

Low social 
participation; 
Helping only. 

3 263 (13.8%) Working Working state dominant, 
transitioning into low social 
participation, helping, or 
socializing over time. 

Working only. 
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4 335 (17.6%) Active in 
multiple 
states 

Stable socializing, working, 
and helping states over 
time. 

Helping, 
socializing, and 
working; Working 
and socializing 

5 212 (11.2%) Socializing Transitioning into 
socializing state. 

Socializing only. 

6 239 (12.6%) Helping Stable helping state over 
time. 

Helping only. 

Total 1,900 (100%)    
 

We identified six cluster for the older subgroup. Cluster 1 (socializing) represents participants 

who did socializing activities but transitioned to low social participation over time. Cluster 2 

(helping) featured a group of respondents stably involved in helping activities over time. Cluster 

3 (low social participation) captured participants who were not active in any social participation. 

Cluster 4 (working & low social participation) represents a group who were in either working 

only or low social participation state. Cluster 5 (helping & socializing) represents people who 

transitioned to a low social participation over time, but were stably engaged in helping. Cluster 6 

(active in multiple states) represents participants who were active in various social participation 

or working states. Some of the participants in this cluster transitioned to low social participation 

in later waves.  

Table 2.3. Distribution, description, and dominant states of social participation and 
working clusters, older subgroup. 
Cluster Label Number of 

participants (%) 
Description Dominant States 

1 Socializing 461 (18.4%) Socializing only state 
dominant, decreasing over 
time. 

Socializing only; 
low social 
participation. 

2 Helping 327 (13.1%) Helping only state 
dominant over time. 

Helping only. 

3 Low social 
participation 

590 (23.6%) Increased low social 
participation state; 
decreased helping only 
state. 

Low social 
participation. 
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4 Working & low 
social 
participation 

503 (20.1%) Low social participation 
state and working only 
state dominant.  

Low social 
participation; 
working only. 

5 Helping & 
socializing 

249 (10.0%) Helping and socializing 
state and socializing only 
state dominant, decreasing 
over time. 

Helping and 
socializing; 
socializing only. 

6 Active in 
multiple states 

370 (14.8%) Socializing only state 
dominant, stable over 
time; working and 
socializing state and 
helping, working, and 
socializing state 
dominant, decreasing over 
time. 

Socializing only; 
working and 
socializing state; 
helping, working, 
and socializing state 

Total  2,500 (100%)   
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Table 2.4. Distribution of social participation clusters by gender, level of educational attainment, and marital status, younger 
subgroup. 

Cluster Label Gender Educational Attainment Widowhood/Divorce 
Men Women No formal 

Education 
Elementary 

School 
Middle or 

High 
School 

College or 
Above 

Yes No 

1 Socializing & 
helping 

100 
(10.1%) 

157 
(17.3%) 

53 (12.1%) 131 (13.6%) 54 (14.2%) 19 (15.7%) 74 (14.3%) 181 
(13.2%) 

2 Low social 
participation 

279 
(28.0%) 

315 
(34.8%) 

163 (37.1%) 277 (28.8%) 118 
(31.1%) 

36 (29.8%) 173 
(33.5%) 

410 
(30.0%) 

3 Working 176 
(17.7%) 

87 
(9.6%) 

43 (9.8%) 139 (14.5%) 53 (14.0%) 28 (17.4%) 53 (10.3%) 209 
(15.3%) 

4 Active in 
multiple states 

273 
(27.4%) 

62 
(6.0%) 

53 (12.1%) 194 (20.2%) 72 (19.0%) 16 (13.2%) 55 (10.6%) 280 
(20.5%) 

5 Socializing 86 
(8.6%) 

126 
(13.9%) 

60 (13.7%) 106 (11.0%) 36 (9.5%) 10 (6.2%) 86 (16.6%) 126 (9.2%) 

6 Helping 81 
(8.1%) 

158 
(17.5%) 

67 (15.3%) 114 (11.9%) 46 (12.1%) 12 (7.5%) 76 (14.7%) 161 
(11.8%) 

Total  995 
(100%) 

905 
(100%) 

439 (100%) 961 (100%) 379 (100%) 121 (100%) 517 (100%) 1,367 
(100%) 

  Chi2(4)=194.58 
p-value < 0.001 

Chi2(4)=36.384 
p-value < 0.001 

Chi2(3)=41.72 
p-value < 0.001 
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Table 2.5. Distribution of social participation and working clusters by gender, level of educational attainment, and marital 
status, older subgroup. 
Cluster Label Gender Educational Attainment Widowhood/Divorce 

Men Women No Formal 
Education 

Elementary 
School 

Middle or 
High 
School 

College or 
Above 

Yes No 

1 Socializing 220 
(15.2%) 

241 
(23.0%) 

178 
(20.8%) 

196 (18.1%) 65 (15.9%) 22 (14.6%) 169 
(14.2%) 

292 
(22.4%) 

2 Helping 234 
(16.1%) 

93 
(8.9%) 

85 (9.9%) 141 (13.0%) 71 (17.3%) 30 (19.9%) 208 
(17.4%) 

118 (9.1%) 

3 Low social 
participation 

238 
(16.4%) 

352 
(33.5%) 

236 
(27.6%) 

229 (21.1%) 94 (22.9%) 31 (20.5%) 197 
(16.5%) 

393 
(30.2%) 

4 Working & 
low social 
participation 

306 
(21.1%) 

197 
(18.8%) 

195 
(22.8%) 

215 (19.8%) 64 (15.6%) 29 (19.2%) 266 
(22.3%) 

233 
(17.9%) 

5 Helping & 
socializing 

159 
(11.0%) 

90 
(8.6%) 

52 (6.1%) 102 (9.5%) 71 (17.3%) 24 (15.9%) 134 
(11.2%) 

115 (8.8%) 

6 Active in 
multiple states 

293 
(20.2%) 

77 
(7.3%) 

109 
(12.7%) 

201 (18.5%) 45 (11.0%) 15 (9.9%) 220 
(18.4%) 

150 
(11.6%) 

Total  1,450 
(100%) 

1,050 
(100%) 

855 (100%) 1,084 
(100%) 

410 (100%) 151 (100%) 1,194 
(100%) 

1,301 
(100%) 

  Chi2(5)=194 
p-value < 0.001 

Chi2(15)=15 
p-value < 0.001 

Chi2(5)=135 
p-value < 0.001 
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Table 2.4. and 2.5. summarized the composition and distribution of the members’ 

sociodemographic factors in each cluster. There are significant differences in the distribution of 

the social participation clusters across gender, level of educational attainment, and marital status 

in both subgroups.  

 

Table 2.6 summarizes the association between cluster membership and cognitive function score 

from the conventional regression model and the regression model with IPCW in the younger 

subgroup, using the cluster 2 (Low social participation) as the reference group. In the OLS 

regression analysis, belonging to cluster 4 (Active in multiple states) was significantly associated 

with higher cognitive function score (Coef. = 0.62, 95% C.I. = 0.13 – 1.10), controlling for all 

covariates. The associations of belonging to cluster 1 (Socializing & helping), 3 (Working), and 5 

(Socializing) and cognitive function were positive but non-significant. In the model with IPCW, 

belonging to cluster 3 (Working) (Coef. = 0.52, 95% C.I. = 0.03 – 1.01) and 4 (Active in multiple 

states) (Coef. = 0.58, 95% C.I. = 0.09 – 1.06) was significantly associated with higher cognitive 

function score, controlling for covariates. 

Table 2.6. Association between social participation clustering and cognitive functioning^, 
younger subgroup 

Cognitive Score (in 2015) 
Model Cluster Coef. 95% C.I. 

OLS regression 
model 

Cluster 2: Low social participation  (Ref) 
Cluster 1: Socializing & helping 
Cluster 3: Working 
Cluster 4: Active in multiple states 
Cluster 5: Socializing 
Cluster 6: Helping 

– 
0.47 
0.37 
0.62 
0.002 
-0.05 

– 
(-0.01 – 0.95) 
(-0.13 – 0.86) 
(0.13 – 1.10) 
(-0.49 – 0.49) 
(-0.56 – 0.47) 

Model with 
IPCW 

Cluster 2: Low social participation  (Ref) 
Cluster 1: Socializing & helping 
Cluster 3: Working 
Cluster 4: Active in multiple states 
Cluster 5: Socializing 
Cluster 6: Helping 

– 
0.49 
0.52 
0.58 
0.17 
0.06 

– 
(-0.002 – 0.98) 
(0.03 – 1.01) 
(0.09 – 1.06) 
(-0.33 – 0.67) 
(-0.46 – 0.59) 
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^Adjusted for marital status, educational attainment, urbanicity of residence, medical diagnosis (cancer, 
hypertension, diabetes), baseline CESD score, health behaviors (smoking, drinking, betel nut use, regular exercise), 
number of grandchildren. 
 

The results of the analysis on the association between social participation cluster and cognitive 

function for the older subgroup are summarized in Table 2.7. In the OLS model, belonging to 

cluster 4 (Working & low social participation) (Coef. = 1.55, 95% C.I. = 0.42 – 2.68), cluster 5 

(Helping & socializing) (Coef. = 1.31, 95% C.I. = 0.14 – 2.49), and cluster 6 (Active in multiple 

states)  (Coef. = 1.71, 95% C.I. = 0.42 – 3.00) were associated with a significantly higher 

cognitive function score than belonging to cluster 3 (Low social participation), controlling for 

covariates. After incorporating IPCW into the model, we found that belonging to cluster 4 

(Working & low social participation) (Coef. = 2.33, 95% C.I. = 1.31 – 3.36) and cluster 5 

(Helping & socializing) (Coef. = 1.15, 95% C.I. = 0.05 – 2.26) was associated with significantly 

higher cognitive function score compared to those in cluster 2 (Helping). Belonging to cluster 6 

(Active in multiple states) was no longer significantly associated with a higher cognitive function 

score after accounting for censoring (Coef. = -0.32, 95% C.I. = -1.24 – 0.60). 

Table 2.7. Association between social participation clustering and cognitive functioning$, 
older subgroup 

Cognitive Score (in 2015) 
Model Cluster Coef. 95% C.I. 

Regression 
model 

Cluster 3: Low social participation (Ref) 
Cluster 1: Socializing 
Cluster 2: Helping 
Cluster 4: Working & low social participation 
Cluster 5: Helping & socializing 
Cluster 6: Active in multiple states 

– 
0.56 
0.80 
1.55 
1.31 
1.71 

– 
(-0.31 – 1.43) 
(-0.30 – 1.90) 
(0.42 – 2.68) 
(0.14–2.49) 
(0.42–3.00) 

Model with 
IPCW 

Cluster 3: Low social participation (Ref) 
Cluster 1: Socializing 
Cluster 2: Helping 
Cluster 4: Working & low social participation 
Cluster 5: Helping & socializing 
Cluster 6: Active in multiple states 

– 
0.32 
0.39 
2.33 
1.15 
-0.32 

– 
(-0.48 – 1.12) 
(-0.78 – 1.55) 
(1.31 – 3.36) 
(0.05 –2.26) 
(-1.24–0.60) 
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$Adjusted for marital status, educational attainment, urbanicity of residence, medical diagnosis (cancer, 
hypertension, diabetes), baseline CESD score, health behaviors (smoking, drinking, betel nut use, regular exercise), 
number of grandchildren. 
 

The multinomial logistic regression model (Table 2.8.) showed that in the younger subgroup, 

women were less likely to belong to cluster 3 (Working) (relative risk ratio (RRR) = 0.29, 95% 

C.I. = 0.16–0.54) or cluster 4 (Active in multiple states) (RRR = 0.11, 95% C.I. = 0.06–0.20) 

than cluster 2 (Low social participation) compared to men. Interestingly, residents of townships 

(RRR = 2.50, 95% C.I. = 1.24–5.07) or rural regions (RRR = 4.06, 95% C.I. = 2.33–7.09), and 

those who had changed their urbanicity of residence (moved to more rural regions: RRR = 1.76, 

95% C.I. = 1.03–3.03; moved to more urban regions: RRR = 2.87, 95% C.I. = 1.77–4.66), were 

more likely to belong to cluster 4 (Active in multiple states) than residents of urban regions. 

Notably, educational attainment did not appear to be a significant predictor of being in any 

specific cluster for the younger subgroup. 

Table 2.8. Multinomial logistic regression predicting social participation cluster 
membership (reference group: low social participation cluster, younger subgroup (i.e., 
Cluster 2)). 
 RRR (95% confidence interval) 
 Cluster 1 Cluster 3 Cluster 4 Cluster 5 Cluster 6 
Age (ref: 50-54 year-old) 
55-59 year-old 0.72 (0.46–

1.13) 
0.33 (0.22–
0.51) 

0.44 (0.29–
0.66) 

0.93 (0.56–
1.55) 

0.69 (0.44–
1.10) 

60-64 year-old 0.89 (0.56–
1.42) 

0.29 (0.18–
0.47) 

0.29 (0.18–
0.48) 

1.57 (0.94–
2.61) 

0.92 (0.57–
1.49) 

Education level (ref: no education) 
Elementary 
school 

1.49 (0.93–
2.39) 

1.04 (0.62–
1.76) 

0.92 (0.56–
1.52) 

1.04 (0.65–
1.68) 

0.81 (0.51-
1.29) 

Middle/High 
school 

1.31 (0.70–
2.44) 

0.78 (0.41–
1.50) 

0.86 (0.46–
1.58) 

1.09 (0.57–
2.07) 

0.79 (0.43–
1.44) 

College or above 1.81 (0.77–
4.28) 

1.34 (0.58–
3.09) 

0.48 (0.19–
1.18) 

0.88 (0.31–
2.46) 

1.02 (0.42–
2.48) 

Marital Status (ref: married participants) 
Widowed / 
Divorced 

0.85 (0.57–
1.28) 

1.04 (0.67–
1.60) 

0.76 (0.49–
1.18) 

1.45 (0.97–
2.18) 

1.03 (0.68 – 
1.55) 

Urbanicity (ref: urban residents) 
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Township 1.08 (0.48–
2.41) 

1.37 (0.68–
2.79) 

2.50 (1.24–
5.07) 

2.43 (1.08–
5.47) 

0.59 (0.26–
1.33) 

Rural region 2.84 (1.59–
5.08) 

1.40 (0.78–
2.51) 

4.06 (2.33–
7.09) 

3.86 (1.98–
7.50) 

0.49 (0.24–
0.99) 

Moving to more 
rural regions 

1.85 (1.07–
3.18) 

0.96 (0.56–
1.66) 

1.76 (1.03–
3.03) 

2.99 (1.61–
5.56) 

0.89 (0.52–
1.52) 

Moving to more 
urban regions 

2.41 (1.49–
3.90) 

1.40 (0.87–
2.26) 

2.87 (1.77–
4.66) 

4.48 (2.59–
7.74) 

1.03 (0.64–
1.64) 

Female 1.58 (0.86–
2.90) 

0.29 (0.16–
0.54) 

0.11 (0.06–
0.20) 

1.12 (0.59–
2.11) 

1.66 (0.87–
3.16) 

Medical Condition 
Hypertension 0.88 (0.61–

1.28) 
0.65 (0.45–
0.94) 

0.75 (0.53–
1.07) 

0.91 (0.61–
1.35) 

0.72 (0.49–
1.05) 

Diabetes 0.88 (0.59-
1.31) 

0.74 (0.49–
1.12) 

0.72 (0.49–
1.07) 

0.78 (0.51–
1.19) 

0.84 (0.56–
1.27) 

Cancer 1.00 (0.55–
1.82)  

0.31 (0.14–
0.73) 

0.42 (0.20–
0.89) 

1.04 (0.55 –
1.97) 

0.64 (0.33–
1.22) 

CESD Score 0.97 (0.93–
1.02) 

0.98 (0.94–
1.03) 

0.94 (0.90–
0.99) 

0.97 (0.93 –
1.01) 

1.00 (0.96–
1.04) 

Health Behaviors 
Smoking 0.59 (0.32–

2.82) 
0.65 (0.37–
1.17) 

0.39 (0.23–
0.67) 

0.37 (0.19–
0.72) 

1.07 (0.56–
2.06) 

Alcohol drinking 1.81 (1.16–
2.82) 

0.87 (0.55–
1.39) 

0.84 (0.53–
1.32) 

2.22 (1.38 – 
3.58) 

0.98 (0.62–
1.55) 

Betel nut use 0.76 (0.43–
1.37) 

0.91 (0.54–
1.52) 

1.48 (0.94–
2.33) 

1.15 (0.64 – 
2.05) 

0.57 (0.28–
1.13) 

Regular exercise 2.62 (1.39–
4.97) 

0.87 (0.53–
1.41) 

0.95 (0.59–
1.51) 

2.34 (1.22–
4.46) 

1.13 (0.67–
1.91) 

 
 

Similar to the younger subgroup, women in the older subgroup were less likely to belong to the 

cluster with working only dominant state (cluster 4, working & low social participation) (RRR = 

0.39, 95% C.I. = 0.24–0.64) and cluster 6 (active in multiple states) (RRR = 0.19, 95% C.I. = 

0.11–0.32) than cluster 2 (low social participation) compared to men. However, gender did not 

appear to be a significant predictor for being in cluster 5 (helping & socializing). Furthermore, 

township (RRR = 1.84, 95% C.I. = 1.08–3.11) and rural residents (RRR = 2.04, 95% C.I. = 1.27–

3.28) were more likely to be in cluster 4 (Working & low social participation) than cluster 2 (low 

social participation) than their urban counterparts. They were also more likely to be in cluster 5 
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(helping & socializing) than cluster 2 (low social participation) compared to urban residents 

(township residents: RRR = 2.61, 95% C.I. = 1.35–5.05; rural residents: RRR = 4.30, 95% C.I. = 

2.45–7.57). Notably, older adults who moved to a more rural region were less likely to belong to 

cluster 4 (working & low social participation) than cluster 2 (low social participation) (RRR = 

0.57, 95% C.I. = 0.36–0.93). By contrast, they were more likely to be in cluster 5 (helping & 

socializing) than cluster 2 (low social participation). Furthermore, higher educational attainment 

was associated with belonging to cluster 5 (helping & socializing) for the older subgroup. The 

multinomial logistic regression results for the older subgroup were summarized in Table 2.9. 

Table 2.9. Multinomial logistic regression predicting social participation cluster 
membership (reference group: low social participation cluster, older subgroup (i.e., Cluster 
3)). 
 RRR (95% confidence interval) 
 Cluster 1 Cluster 2 Cluster 4 Cluster 5 Cluster 6 
Age (ref: 65-69 year-old) 
70-74 year-old 1.01 (0.70–

1.45) 
0.93 (0.62–
1.39) 

0.79 (0.54–
1.51) 

0.80 (0.51–
1.25) 

0.83 (0.55–
1.27) 

75-79 year-old 1.10 (0.77–
1.57) 

0.94 (0.63–
1.40) 

0.82 (0.57–
1.19) 

0.87 (0.56–
1.34) 

0.89 (0.59–
1.36) 

80 year-old or 
above 

1.97 (1.11–
3.48) 

1.64 (0.84–
3.17) 

2.22 (1.27–
3.87) 

1.52 (0.74–
3.14) 

2.40 (1.29–
4.47) 

Education level (ref: no education) 
Elementary 
school 

1.09 (0.77–
1.53) 

1.06 (0.70–
1.60) 

0.94 (0.66–
1.35) 

1.74 (1.08–
2.81) 

1.33 (0.89 – 
2.00) 

Middle/High 
school 

1.05 (0.66–
1.68) 

1.12 (0.67–
1.88) 

0.64 (0.39–
1.05) 

3.46 (1.97–
6.08) 

0.91 (0.52 – 
1.59) 

College or above 1.16 (0.57–
2.36) 

1.31 (0.65–
2.62) 

1.02 (0.52–
2.02) 

2.91 (1.30–
6.48) 

0.91 (0.40 – 
2.10) 

Marital Status (ref: married participants) 
Widowed / 
Divorced 

0.92 (0.67–
1.28) 

0.48 (0.34–
0.69) 

0.65 (0.47–
0.91) 

0.67 (0.45–
1.00) 

0.55 (0.38 – 
0.79) 

Urbanicity (ref: urban residents) 
Township 2.12 (1.20–

3.76) 
1.47 (0.80–
2.68) 

1.84 (1.08–
3.11) 

2.61 (1.35–
5.05) 

3.97 (2.10–
7.51) 

Rural region 4.30 (2.66–
6.95) 

1.54 (0.89–
2.67) 

2.04 (1.27–
3.28) 

4.30 (2.45–
7.57) 

11.29 (6.65–
19.19) 

Moving to more 
rural regions 

1.79 (1.17–
2.73) 

0.64 (0.38–
1.06) 

0.57 (0.36–
0.93) 

1.63 (0.98–
2.74) 

1.83 (1.05–
3.20) 
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Moving to more 
urban regions 

1.87 (1.29–
2.71) 

0.91 (0.61–
1.36) 

0.67 (0.45–
1.01) 

1.22 (0.76–
1.97) 

2.32 (1.43 – 
3.74) 

Female 0.99 (0.62–
1.58) 

0.35 (0.21–
0.60) 

0.39 (0.24–
0.64) 

0.61 (0.34–
1.09) 

0.19 (0.11–
0.32) 

Baseline Medical Condition 
Hypertension 0.87 (0.62–

1.58) 
0.65 (0.46–
0.90) 

0.39 (0.29–
0.53) 

0.67 (0.46–
0.97) 

0.52 (0.37–
0.73) 

Diabetes 0.83 (0.60–
1.31) 

1.22 (0.85–
1.75) 

0.83 (0.59–
1.19) 

1.17 (0.79–
1.73) 

0.84 (0.56–
1.25) 

Cancer 1.28 (0.74–
2.20)  

1.29 (0.72–
2.31) 

0.74 (0.39–
1.41) 

1.71 (0.94 –
3.11) 

1.24 (0.65–
2.33) 

CESD Score 1.01 (0.98–
1.05) 

1.01 (0.98–
1.05) 

1.02 (0.98–
1.05) 

0.99 (0.95 –
1.03) 

0.98 (0.94 – 
1.01) 

Health Behaviors 
Smoking 1.33 (0.84–

2.08) 
1.01 (0.63–
1.63) 

1.25 (0.79–
1.97) 

1.11 (0.65–
1.88) 

1.03 (0.63–
1.70) 

Alcohol drinking 0.93 (0.64–
1.33) 

0.96 (0.64–
1.63) 

0.58 (0.40–
0.84) 

0.75 (0.48 – 
1.16) 

0.50 (0.33–
0.76) 

Betel nut use 1.16 (0.68–
1.96) 

0.52 (0.26–
1.04) 

0.80 (0.45–
1.43) 

0.98 (0.50 – 
1.90) 

1.93 (1.14–
3.26) 

Regular exercise 1.33 (0.84–
2.10) 

0.63 (0.40–
0.99) 

0.30 (0.21–
0.45) 

1.08 (0.61–
2.22) 

0.48 (0.31–
0.76) 

 

2.4 DISCUSSION 

This study investigated the social participation and working histories among adults aged 50 years 

old or above in Taiwan. Several new insights may derive from our analyses. First, there were 

substantial proportions of participants in both younger and older subgroups in the low social 

participation state (state H), meaning they were not involved in working, socializing, or helping 

others. For the younger subgroup, the proportion of being in state H was about 20% at baseline 

and then increased to 35% by the last wave; for the older subgroup, around 35% participants 

were in state H at the baseline, and the proportion increased to 70% by the last wave. Part of the 

decreasing social participation could be explained by aging. Previous studies reported that older 

age is a key factor of decreasing social participation,92-94 especially very old age (above 85 

years).68 The younger subgroup participants were still working or just reached the legal 
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retirement age (i.e., 65 years old) in the earlier waves of the study period. Retirement affords 

more leisure time and opportunity to engage in a diverse array of social activities and this could 

explain that 80% of the participants in the younger subgroups involved in social participation or 

working at the beginning of the study. However, as the participants aged, their social 

participation declined. The pattern was in the opposite direction compared to previous findings 

from the European countries and the United States,95,96 especially among women95 and more 

educated people.95,97-99 However, other studies conducted in Asian societies reported a similar 

pattern as we found, viz., decreasing social participation after retirement.100,101 A study in Japan 

found that 20-50% of older adults did not engage in any social activities.102 A study conducted in 

South Korea reported that 3.9% of the older adults participated in volunteering work and 4.5% of 

them went to social clubs.103 Another study in South Korea reported a gradual decreasing trend 

of social participation among retirees, and the tendency was stronger for men compared to 

women.104 An explanation for low participation phenomenon could be due to the centrality of the 

family in Asian cultures, where an older adult is less likely to participate in social activities 

outside the home because their source of social support primarily derives from family 

members.105-107 

 

Second, we found individuals tended to transition to low social participation state (state H) over 

time. Once an older adult becomes less engaged in social participation, they were more likely to 

remain in the low social participation state. One implication from the finding is that interventions 

to promote social participation need to be implemented earlier in the lifecourse while an adult is 

still actively engaged in social participation. There could be several reasons why people become 

less socially active over time, such as age, health or physical problems,108,109 retirement and loss 
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of social contacts,110 or loss of spouse or other important family members.111 In addition to these 

individual life-course effects on declining social participation, there may be period effects and 

birth cohort effects. Studies from the U.S. society reported that Americans have become less 

socially connected112-115 and participate less frequently in groups such as the church116 over time. 

There is scant literature on this topic in the Asian context, and it is not clear whether the 

“epidemic” of social disconnection observed in the Western societies is applicable to Taiwan. 

However, studies have drawn attention to the rise in social isolation and loneliness since the 

onset of the COVID-19 pandemic,117 as well as the rising trend of one-person households among 

older persons in Asian countries including Japan, South Korea, and Taiwan.118  

 

Third, we observed that women were more likely to belong to the low social participation cluster 

in both subgroups, and they were less likely to be in working dominant cluster. Taiwan’s female 

labor force participation, especially women in the same generations of this study sample, is lower 

than many East Asian countries such as Japan, Korean, China, and Singapore.81 Some reasons of the 

low labor participation among Taiwanese women include historically unequal educational 

opportunities, marriage and family duties, and the orientation of the social welfare state model 

centered on the family, which relies upon women to raise families and provide caregiving, thereby 

enabling men to focus on their work and careers.119  

 

There are many studies which have reported that employment (no matter paid or unpaid) is 

associated with better cognitions for older persons,120 especially men.121 Although a higher level 

of occupational complexity and professional occupation are found to be associated with better 

cognitive health122, working in low-complex occupation may be associated with better cognitions 

more than not working at all.120 We expect the gap in labor participation between older men and 
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women in Taiwan would decrease in the future. For example, the female labor participation for 

women between ages 25-40 in Taiwan was higher compared to Japan or Korea.81 Added to the 

fact that the gap in educational attainment has narrowed between men and women, the cognitive 

function disparity across gender is projected to decrease over time. 

 

In addition, we found that women in our sample were less likely to belong to the cluster of active 

social participation. The finding aligns with studies in China123 and Singapore101 which found 

that women tended to have lower social participation than men, especially women living with 

children.123 Women from the older cohort were more likely to be socialized into traditional 

gender roles that women were responsible for “kin-keeping” duties.124 Kin-keeping refers to 

work done on behalf of family members to keep social connections with other extended family 

members,125 such as making call or visit to relatives, buying gifts, and writing cards to extended 

family members. Even though kin-keeping duties could expand women’s social networks within 

extended family, it restricts their capacity to engage in social activities beyond family. 

Interestingly, our finding contradicts the gendered pattern of social participation among the older 

generation in Japan. Japanese female retirees and homemakers tend to maintain their level of 

social participation (hobby groups, social clubs, or interacting with neighbors and friends) over 

the life course.126 By contrast, Japanese men traditionally derive most of their social connections 

from the workplace so that they tend to become isolated once they retire.127,128 The present study 

did not find such a pattern in our study population. It appeared that our female participants were 

in a more inactive status of social participation compared to the Japanese women in the older 

generation.  
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Gender role contributes to the difference in social participation between men and women since 

most of the study participants grew up in a patriarchal era when women, especially women with 

less education, were expected to handle family responsibilities, while participating in activities in 

the public arena was considered as men’s responsibility.129,130 A study reported that among more 

gender-equal countries, the difference between men’s and women’s social participation 

disappeared.131 A study conducted in Netherland also found a cohort effect on female’s social 

participation where women from  younger generations had higher level of social participation 

compared to older generations.132 As progress is made in reducing gender inequality in social 

roles, we expect that the difference in level of social participation may decrease.  

 

Last but not the least, we found that non-urban residents and those in the younger subgroup who 

had moved to either more rural or more urban regions were more likely to belong to the cluster 

of active social participation than those living in the urban regions. Previous studies have 

reported mixed findings with regard to urban-rural differences in social participation. Some 

studies found that rural residents had lower social participation than their urban 

counterparts.133,134 Some reasons for low social participation could be lower accessibility and 

proximity of social infrastructure,48,135,136 low population density, and limited physical 

amenities.137 On the other hand, some studies reported that elderly residents in rural regions 

reported a higher level of bonding social capital138 and stronger social ties.133 The phenomenon 

could be explained by the local norm to exchange support among family members and 

neighborhood in rural areas.139 What we found in our analyses could be partially explained by 

that Taiwan has a high density population, in fact, Taiwan's rural population ranks higher than 

suburban densities in the United States.140 Also, non-urban residents usually live closer to their 
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family or relatives.141 They move less frequently and are more likely to live in neighborhoods 

with long-time friends and neighbors. Therefore, most of the residents in the rural regions could 

still have access to social and physical infrastructure for socializing. Moreover, living in non-

urban regions enable older people to continue to work in farming or traditional industry.  

 

These trends may change in the future due to Taiwan’s rapid rate of urbanization and 

outmigration from rural regions among younger people.142,143 The urbanization rate increased 

from 68.4% in 1995 (near the time of the baseline survey year of this study) to 78.9% in 2020.144 

Moreover, many counties and towns in Taiwan have been experiencing urban shrinkage since the 

end of the 20th century, with populations in some suburban regions and smaller cities decreasing 

over time.145 Along with rapid aging and low fertility,146 Taiwan is experiencing negative 

population growth,145 and these may lead to difficulties in sustaining the social, economic, and 

cultural aspects of the suburban and rural systems. Therefore, rural-urban difference in social 

participation that we found could possibly disappear or even be reversed in the future. The 

Taiwanese government has emphasized regional revitalization as one of its priorities in 2020, 

promoting social participation as one of the five goals of the policy.147 The concept of regional 

revitalization was similarly adopted by Japan, and building an "active life town" system for 

middle-aged and elderly people to lead a healthy and active life is one of the main aspects in 

Japan’s policy.148 Some of the regional revitalization cases in Taiwan have incorporated the 

active life town concept; for example, a project in Southern Taiwan converted an abandoned 

school in a rural region to a local community center for older residents to gather.149 Nevertheless, 

Taiwan’s region revitalization policy primarily focuses on encouraging the younger generation to 

stay or return to their hometowns to develop their careers.150 There is less discussion on how 
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older people can participate in the initiative. Efforts on building a place to support healthy and 

active life for both young and older population could be a key to ensuring the success of the 

policy.   

 

There are several strengths in our study. First, to the best of our knowledge, our study is one of 

the very few studies that examines the life history of social participation and working pattern and 

its association with cognitive function among mid-aged and older adults. By utilizing sequence 

analysis and optimal matching techniques, we are able to take ordering, transition, and 

combination of different types of social participation and working into account when depicting 

an individuals’ social participation and working pattern in later life. Second, we used a 

framework of social participation grounded in theory to guide our decisions on categorizing 

activities of social participation. We were able to differentiate between different types of social 

participation and to compare their relations to cognitive function. Third, we have clarified how 

sociodemographic factors, including gender, urbanicity of residence, age, educational attainment, 

medical history, and health behaviors shaped an individual’s social participation and working 

patterns. In particular, we noted gender disparities in social participation and illustrated the 

advantages of social participation among residents of townships or rural regions. The findings 

could help us understand the underlying mechanisms of the cognitive function gap between 

different sociodemographic groups in Taiwanese society. Overall, the knowledge could advance 

knowledge on the facilitators and barriers to social participation, paving the way for the 

development of interventions to promote successful aging. 
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Several study limitations should be noted. First, our analyses focused primarily on individual or 

interpersonal determinants of social participation due to data limitations. We did not include 

neighborhood- or community-level factors such as amenities or infrastructure in a community 

that one could use for socializing, or level of neighborhood cohesion into the analysis. Previous 

studies have been reported that neighborhood and social environment play important roles in 

facilitating and maintaining quality social participation.151 Future research should consider 

incorporating family, neighborhood, and community level of determinants of social participation 

to illustrate a more comprehensive picture on how older adults socialize and work. Second, we 

only accounted for whether an individual participated in a social activity or work. We did not 

consider frequency or intensity of social participation, nor did we account for types or 

complexity of occupation in the analysis. Third, the optimal matching relied on the researcher’s 

judgement, hence the description of each cluster remains qualitative. In addition, although each 

cluster had dominant states, there is also heterogeneity. That is, the associations we reported 

between specific clusters and cognitive function should be interpreted at the cluster-level, not at 

the individual level. Fourth, most of the data used in this study were self-reported, giving rise to 

potential measurement error and misclassification. An exception is the SPMSQ cognitive 

function score, which was measured by interviewers of the TLSA team. Although the survey is 

self-reported, interviewers double-checked with the participants’ family members to validate the 

responses for older respondents. Fifth, we have a significant amount of loss to follow-up in this 

longitudinal study. The loss to follow-up rates for the cohort ranged from 15.0% to 25.0% across 

waves. We used censoring weights in the models, but residual selection bias cannot be ruled out. 

Sixth, there was a substantial portion of participants (20-35% in the younger subgroup; 35-60% 

in the older subgroup) in our dataset reported to have not involved in any types of social 
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activities or working. Although the social participation rates were comparable to some of the 

findings from studies conducted in the East Asian societies, there was possibility that we failed to 

capture other social activities the respondents involved such as informal social interactions with 

relatives and neighbors. 

 

In conclusion, our study depicted the histories of social participation and working among mid-

aged and older adults in Taiwan. We identified clusters of social participation and working with 

similar patterns over time and found that clusters of involving in multiple types of social 

participation and clusters that were dominated by the working state were associated with higher 

level of cognitive function in later life. Our study supports the value of social participation and 

working in cognitive health among mid-aged and older adults and identifies opportunities for 

interventions to target for successful aging. 
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Chapter 3. Inter-relations of Education, 
Social Participation, and Cognitive 
Function. A Longitudinal Analysis of 
Taiwanese Middle-Aged and Older 
Adults 
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3.0 ABSTRACT 
 

Background 

Social participation is associated with maintenance of cognitive function in older persons and 

could be a potential mediator of the association between educational attainment and late-life 

cognitive function. Moreover, social participation could interact with educational attainment on 

cognitive function. However, few studies have formally tested these relationships within a causal 

mediation framework. 

 

Methods 

We used data from the Taiwan Longitudinal Study in Aging (TLSA), a nationally representative 

sample. The sample comprised participants aged 50 or above and recruited in 1989 (n = 4,400), 

stratified by age group (aged 50-64 years versus 65 or above). We used sequence analysis and 

optimal matching technique to define clustered patterns of social participation and work history 

in 1996, 1999, 2003, 2007, and 2011. We then used four-way decomposition to identify the 

effects of educational attainment, social participation pattern, and their interaction on the 

cognitive function in 2015, measured by the Short Portable Mental Status Questionnaire 

(SPMSQ).  

 

Results 

In the younger subgroup, if the pattern of social participation in the least educated group was set 

to the pattern of the group with middle/high school education, we estimated that around 25% 

(95% C.I. = 0.01 – 0.49) of the educational disparity in late life cognitive function could be 

eliminated. If the least educated was set to the same pattern of social participation as college 
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graduates, around 37% (95% C.I. = 0.12 – 0.71) of the educational disparity in cognitive function 

could be eliminated. By contrast, social participation did not appear to be a significant mediator 

of the association between educational attainment and late-life cognitive function for older 

adults, 65 years or above at the baseline. 

 

Conclusion 

Our results indicate that testing interventions encouraging more active patterns of social 

participation or stable involvement in employment could be valuable to identify ways to mitigate 

educational disparities in late-life cognitive function. 
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3.1 INTRODUCTION 

Cognitive performance is shaped by many factors, including environmental experiences and 

social context over the lifecourse. Educational attainment in early life is a critical indicator of 

cognitive reserve152 and has profound associations with an individual’s cognition in older age. 

Higher educational attainment is consistently reported to be related to better cognitive 

performance in later life and reduced risk of dementia.153-156 Furthermore, the association 

between educational attainment and cognitive function is robust across sex, birth cohort, race, 

and societal contexts.157,158  

 

Education likely shapes cognitive performance in later life through both direct and indirect 

pathways. An example of a direct pathway is the possibility that education alters brain 

architecture, promoting greater synaptic connections for more efficient use of neural 

networks.159,160 Education may also indirectly influence cognitive function by extending people’s 

working lives as well as shaping patterns of social participation. Social participation is a 

construct that captures an individual’s involvement in activities that provide interactions with 

others in the society or in the community.47,48 and it encompasses interpersonal interactions such 

as spending face-to-face time with neighbors or friends (i.e., informal social participation),49 as 

well as engagement in formal organizations such as political parties or religious groups (i.e., 

formal social participation).47,50,51  

 

In lifecourse epidemiology, the impact of early-life conditions on health in later life is 

conceptualized as being mediated by later exposures.161 Applying this pathway model, the impact 

of educational attainment on cognitive function in later life could be mediated by modifiable 
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behaviors in later life such as social participation. In turn, there are two potential pathways 

through which social participation could link educational attainment to late-life cognitive 

function: mediation and interaction. The mediation pathway posits that education promotes a 

higher level of social participation, which builds cognitive reserve.162-164 For instance, education 

provides an individual with cognitive skills and literacy necessary for engaging in cognitively 

demanding activities such as volunteering.165 In addition to mediation, there may be an 

interaction between education and social participation, such that a higher level of educational 

attainment increases the cognitive benefits from social participation. The environmental success 

hypothesis postulates that education provides individuals with higher fluid intelligence that 

enables them successfully manage new situations and challenges, resulting in gaining more 

profound cognitive benefits from involvement in social activities compared to less educated 

individuals.166,167 Inter-relations of social participation and education in association with late-life 

cognitive function could suggest a potential target of intervention to mitigate education-based 

disparities in cognitive function.168,169  

 

In the present study we sought to address several gaps in the literature on educational attainment, 

social participation, and late life cognitive function. First, few studies have applied a formal 

causal mediation framework to address the potential mediation and interaction effects of social 

participation on the association between educational attainment and cognitive function. 

 

Secondly, the majority studies to date have measured social participation pattern at a single point 

in time point. They have not taken into account the transitions between different patterns of 

social participation over the life course, nor considered the duration of social participation. 
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Transitions matter because individuals may change the kinds of activities they engage in as they 

age. Differences in the pattern of engagement over time may have different implications for the 

maintenance of cognitive health. Last but not the least, many studies have not considered the 

intersection of employment status with social participation among older adults. Although social 

participation often refers to engagement in activities outside of work,72 employment status is a 

critical driver of the different types, frequency, and intensity of social participation. As more 

people continue to extend their working lives,73 it is important to take into account employment 

status when investigating how older adults’ patterns of social participation change over time.  

 

The present study sought to address these questions in the Taiwanese Longitudinal Study in 

Aging (TLSA), a cohort of middle-aged to older adults in Taiwan. We hypothesized that patterns 

of social participation would be associated with educational disparities in cognitive performance 

among older individuals. Taiwan is a rapidly aging society that transformed to an aged society, 

defined as if the share of people aged 65 or older is between 15% and 20% of the total 

population, in 2018.78 Furthermore, it is projected to enter an era of super-aged society (i.e., the 

share of people aged 65 or older is higher than 20% of the total population78) within a 

decade.79,80 Taiwan’s aging rate is double that of European countries and the United States.80 

There is an urgent need to support healthy aging for older Taiwanese adults. Furthermore, there 

are substantial educational disparities in Taiwan’s population of older persons. According to a 

government report published in 2017, nearly 60% of the Taiwanese population aged 65 or above 

attained only an elementary school level of education.170 It is important to understand how 

differences in educational attainment could be related to one’s pattern and choices of social 
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participation, and to explore the extent to which education and social participation pattern are 

related to disparities in cognitive performance in this aging population. 

 

3.2. METHODS 

Study Population & Data 

We used data from the Taiwan Longitudinal Study in Aging (TLSA), which is a longitudinal 

cohort established with the aim of understanding how social, behavioral, economic, and family 

factors are related to aging. The cohort started in 1989 and has followed participants every 4 to 5 

years. TLSA is comprised of three sub-cohorts that were recruited in 1989 (Group A), 1996 

(Group B), and 2003 (Group C), respectively. Group A comprises participants who were 60 years 

old or older, Group B participants aged 50 years or above, and Group C participants who were 

between 50 to 59 years at the time of recruitment. All three sub-cohorts are nationally 

representative samples based on multistage sampling. TLSA collected participants' medical, 

social, economic, and family conditions. All participants were asked about their medical 

conditions during each follow-up visit and received cognitive function tests during each follow-

up visit since 1996. Our study included participants in Groups A and B. We used survey data 

from the 1996 to 2015 waves, because the study started to collect cognitive function data starting 

in 1996. The participants were followed in 1999, 2003, 2007, 2011, and 2015. We excluded 

participants whose cognitive score at baseline was at or below the 30th percentile; we excluded 

2,071 in the baseline year of 1996. We excluded 4 participants due to data error on cognitive 

function score and number of grandchildren. Our final analytic sample comprised 4,400 

participants. 
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Measures 

Social Participation and Work Histories  

Our exposure of interest was the individual’s membership of distinct clusters based on their 

histories of social participation and employment. A participant’s working status was defined as 

whether one was working or helping with his/her family’s business or farming (yes/no). We 

conceptualize social participation based on the framework proposed by Levasseur et al.71 The 

framework categorizes an individual’s daily activities into six levels based on two dimensions: 

(1) levels of involvement of the individual with others; (2) goals of the activities. In the 

Levasseur model, levels 1-3 include activities that one performs alone or with limited 

interactions with others. Level 4 activities are those performed with others with same goal, for 

example, spending time socializing with family or friends or participating in hobby groups. 

Level 5 activities are those that individuals engage in to help others in their social network, such 

as being a caregiver for a family member or a friend. Lastly, level 6 activities are types of social 

participation in which the individual contributes to society at large, including participating in 

political events or volunteering.  

 

Using Levasseur’s model as the starting point, we categorized the social activities into two 

groups: socializing activities or activities to help others. Socializing activities, correspond to 

level 4 activities in the Levasseur’s framework. Examples of socializing activities include (1) 

watching TV, listening to radio, music, reading newspaper or books with family or friends; (2) 

interacting with friends online (through email, online game, or electronic message); (3)  playing 

cards, chess, or mahjong with others; (4) chatting, having tea, or hanging out with friends; (5) 

doing gardening with others; (6) taking a walk with others; (7) doing outdoor activities with 
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others; (8) joining group exercise; (9) participating in any religious groups, business groups, or 

seniors clubs. In our analyses, socializing activities was coded as a binary variable, where we 

coded an individual as participating in socializing activities if they responded to ever 

participating in any of the ten activities listed above.  

 

The second type of social activities are those that participants did to help others or to contribute 

to society (labeled as “helping” activities). The activities correspond to the fifth and the sixth 

level of the Levasseur framework and include being a volunteer or joining in any political parties 

or campaigns. In our analyses, helping activities was coded as a binary measure. 

 

There are eight possible combinations of social participation and working status in any survey 

wave. We coded each participant’s social participation and working status as follows: (1) State A: 

helping, working, and socializing; (2) State B: helping and working; (3) State C: helping and 

socializing; (4) State D: working and socializing; (5) State E: socializing only; (6) State F: 

working only; (7) State G: helping only; and (8) State H: not involved in any of the social 

participation types. Each participant was labeled by a state in each wave, and we linked a 

participants’ states over the five waves to form a sequence, which was the basis of the sequence 

analysis described in the statistical analysis section. 

 

Cognitive score  

Our outcome of interest was a cognitive performance in 2015 measured by the 10-item Short 

Portable Mental Status Questionnaire (SPMSQ) score, which is a continuous outcome. The 

outcome was measured at the baseline and at subsequent follow-up waves. The respondents 
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answered the following questions: (1) What is the date, month, and year; (2) What is the day of 

the week; (3) What is the name of this place; (4) What is your phone number; (5) How old are 

you; (6) When were you born; (7) Who is the current president; (8) Who was the president before 

the current president? (9) What was your mother’s maiden name; (10) Can you count backward 

from 20 by 3’s. An interviewer would check whether the respondent answered the questions 

correctly. The total score is the number of items a respondent answered correctly in the 

questionnaire; the possible score ranges from 0 to 10. SPMSQ has been shown to be an efficient 

and valid tool to identify cognitive impairment in a wide range of settings and populations.171-175 

Moreover, the validity of the SPMSQ in the Taiwanese population has been established.176 

Studies based on the Taiwanese older population reported that the internal consistency reliability 

to be strong.177,178 The Cronbach’s alpha of the SPMSQ in this sample is 0.91. 

 

Covariates 

We included medical history (ever had a history of cancer, diabetes, and stroke), marital status 

(married/partnered vs. widowed, divorced or separate), number of grandchildren, age 

(categorized as: 50-59, 60-69, 70-79, and 80 years or above), sex (male vs. female), depressive 

symptoms at baseline measured by the Center for Epidemiological Studies Depression (CESD) 

scale (0-30 points), and urbanicity of residence (urban region, township, and rural region), 

substance use history (whether the participants had ever used tobacco, alcohol, and betel nuts 

before), and whether the participants exercised (yes/no) into the analyses. All the covariates were 

measured at the baseline. 

 

Statistical Models 
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There are several steps in our analytical process. In the first step, we described the 

sociodemographic characteristics of the study population, reporting the count and percentage for 

categorical variables and median and interquartile range for continuous variables. Subsequently, 

we stratified our analysis into two sub-groups using the age cutoff of 65 years old (younger and 

older subgroups). The rationale for performing the subgroup analysis is that age is a key factor 

affecting patterns of social participation as well as employment status. Furthermore, there may be 

generational differences in educational opportunities in our study population. We chose age of 65 

as the cutoff because it is the legal retirement age for pension eligibility in Taiwan during the 

data collection period. Second, we applied sequence analysis83,84 and optimal matching 

techniques85,86 to identify and cluster people with similar patterns of social participation 

histories. Third, we examined the relationship between the exposure (educational attainment) and 

outcome (cognitive performance in 2015), the relationship between the mediator (social 

participation clusters) and outcome (cognitive performance in 2015), as well as the relationship 

between exposure (educational attainment) and mediator (social participation clusters). Lastly, 

we used a four-way decomposition of mediation and interaction analysis to assess the mediating 

role of social participation cluster in the association between educational attainment and 

cognitive performance in 2015.  

 

In the sequence analysis, we linked each participant’s social participation and working status 

across five survey waves to form a sequence. We calculated the cumulative state duration, i.e., 

the average waves spent in each state, and the number of states transitions an individual made 

throughout the study period. We calculated Shannon’s entropy score to describe the 

heterogeneity of the social participation and employment histories among our study participants. 
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Shannon’s entropy is a measure of variability associated with random variables. The formula for 

calculating Shannon’s entropy is as follows (Formula 1): 

𝐻 = ∑ −(𝑃' − 𝑙𝑛𝑃')7
')#     (Formula 1) 

Where, H indicates Shannon’s entropy, 𝑃' refers to the entire population made up of individuals 

with each type of sequence of social participation and working history i, ln(𝑃') is the natural log 

of above, and S is the total number of types of social participation and working sequences. 

Shannon’s entropy captures how concentrated or dispersed the distribution of social participation 

and working histories is for a given population. A higher value of a Shannon’s entropy indicates 

greater between-person diversity of social participation and working history. The results of the 

overview analysis are summarized in the Supplementary Table 1. We then performed an optimal 

matching algorithm to cluster participants with similar patterns of social participation and 

working histories. The optimal matching algorithm took duration (number waves that a 

participant involves in a type of social participation and working state), timing, and ordering into 

account to compare one sequence to another. The technique calculates the difference (or 

“distance”) based on the number of operations that are needed to make one sequence equivalent 

to another, either by substituting states, named as “substitution cost,” or by inserting or deleting 

states, named as “indel cost.” We followed the standard practice87 to set the substitution costs 

twice the indel costs, 1.0 and 0.5, respectively. The clustering procedure used Partitioning 

Around Medoids (PAM) clustering, implemented by the WeightedCluster package88 in R. To 

assess the quality of the clustering, we used the Average Silhouette Width (ASW),89 Hubert’s 

Gamma (HG),90 and the Point Biserial Correlation (PBC)91 to guide our decision on the number 

of clusters. A higher value of ASW, HG, and PBC indicate a higher quality of partition. In 

addition to the quantitative approach to quality of clustering, we assessed the clusters 
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qualitatively to examine whether they have sensible interpretations. The results of the quality 

assessment are presented in the Supplementary Table 2.2. Based on the quality assessment and 

qualitative assessment of the clustering results, we adopted a six-cluster solution for both 

subgroups. Figure 1 and Figure 2 presented the six-cluster solutions for the two subgroups. In 

each plot, each state is assigned a distinct color, and the graphs summarize the frequency of 

major states over time. We performed descriptive analysis to examine the frequencies of states in 

each cluster, and distribution of sociodemographic characteristics (including gender, level of 

educational attainment, and marital status) in each cluster by chi-square tests. 

 

After obtaining the clustering results, we evaluated the mediator-outcome relationship. We 

performed linear regression to examine the association between cluster membership (using the 

low social participation cluster as the reference group) and cognitive function score in 2015 

controlling for marital status, educational attainment, urbanicity of residence, medical diagnosis 

(cancer, hypertension, diabetes), baseline CESD score, health behaviors (smoking, drinking, 

betel nut use, regular exercise), number of grandchildren. Furthermore, we applied inverse 

probability censoring weights in the regression models to account for loss-to-follow-up by 2015. 

The inverse probability of censoring weight for individual i, IPCWi, was the product of the 

inverse probability of not being censored by 2015. We constructed IPCW by using logistic 

regression models. The inverse probability of censoring weight for individual i, IPCWi, was the 

product of the inverse probability of not censoring in 2015. The denominator was the probability 

that an individual i was uncensored (𝐷' = 0) in 2015, conditional on educational attainment 

(𝐴 = 𝐴'), cluster membership (𝑀 = 𝑀'), and baseline covariates (𝐶 = 𝐶'). The numerator was 
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the probability that an individual was uncensored in 2015, given educational attainment (𝐴 =

𝐴'). The model yields the following formula (Formula 2). 

 

𝐼𝑃𝐶𝑊' =
012𝐷' = 03		𝐴 = 𝐴'5

012𝐷' = 03		𝐴 = 𝐴' , 𝑀 = 𝑀' , 𝐶 = 𝐶'5
    (Formula 2) 

 

In addition, we assessed the exposure-outcome relationship by linear regression. We examined 

the association between level of educational attainment (using no formal education category as 

the reference group) and cognitive function score in 2015 controlling for age and gender. We 

applied inverse probability censoring weights in the regression models to account for loss-to-

follow-up by 2015. Furthermore, we examined the exposure-mediator relationship by fitting 

multinomial logistic regression models to assess the relationship between level of educational 

attainment and cluster membership (using the low social participation cluster as the reference 

group).  

 

Next, we applied four-way decomposition analysis,179 a causal mediation analysis technique, to 

evaluate the mediating and interaction effects of social participation on the association between 

educational attainment and cognitive performance in 2015. The exposure was educational 

attainment, which was a categorical variable (no formal education, elementary school, 

middle/high school, and college or above). The mediator was social participation cluster. We 

controlled the mediator at the value of combining  “Cluster 3: Working” and “Cluster 4: Active 

in multiple states” for the younger subgroup; and at the value of “Cluster 5: Helping & 

socializing” for the older subgroup. The outcome was the cognitive function measured in 2015. 

The technique decomposes the total effect of educational attainment on cognitive function in 



 

 75 
 

 

2015 into four components: controlled direct effect (CDE), reference interaction effect (INTref), 

mediated interaction effect (INTmed), and pure indirect effect (PIE). The relationships between 

the four decomposed components in this study’s context are illustrated in Figure 3.1.180,181 In 

addition, we calculated total indirect effect (TIE) and pure direct effect (PDE) to evaluate the 

effect without incorporating the interaction effect between educational attainment and social 

participation. Based on the decomposed effects, we estimated proportion mediated (PM), 

proportion eliminated (PE), and proportion attributable to interaction.179,182,183 We summarize the 

definition and the interpretation of the effects in Table 3.1. 

Figure 3.1. Diagrams for the four-way decomposition of educational attainment, social 
participation pattern, and late-life cognitive function. 
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Table 3.1. Definitions and interpretations of the decomposed components from the causal 
mediation analysis in the present study.182,184,185 

Components Counterfactual 
notation 

Definition Contextual 
interpretation 

Four-Way Decomposition 
Total effect (TE) 𝑌# − 𝑌" Total effect of exposure A 

on the outcome Y.  
TE equals the sum of TNIE 
and PNDE, or the sum of 
CDE, INTref, INTmed, and 
PNIE. 

How much is the 
cognitive function 
score changed, when 
the level of 
educational 
attainment changed 
from no formal 
education to another 
category? 

Reference 
interaction effect 
(INTref) 

(𝑌#8# − 𝑌#8"
− 𝑌"8# + 𝑌"8")
∗ 𝑀" 

The effect due to interaction 
only.  

The effect of 
educational 
attainment on late-
life cognitive 
function due to the 
interaction between 
educational 
attainment and social 
participation pattern 
that operates when 
social participation 
would be the pattern 
in the absence of 
educational effect. 

Mediated 
interaction effect 
(INTmed) 

(𝑌#8# − 𝑌#8"
− 𝑌"8# + 𝑌"8")
∗ (𝑀# −𝑀") 

The effect due to both 
mediation and interaction. 

The effect of 
educational 
attainment on late-
life cognitive 
function due to the 
interaction between 
educational 
attainment and low 
social participation 
pattern and the fact 
that low educational 
attainment are 
causing low social 
participation pattern. 

Controlled direct 
effect (CDE) 

𝑌#8# − 𝑌"8# The effect of A on Y, while 
fixing the mediator for all 
individuals at a 
predetermined level m. The 

How much cognitive 
function score in 
2015 is changed, 
when changing the 
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effect due neither to 
mediation nor interaction. 

level of educational 
attainment, if 
assigning everyone to 
a certain social 
participation cluster? 

Pure Indirect Effect 
(PIE) 

(𝑌"8# − 𝑌"8")
∗ (𝑀# −𝑀")
= (𝑌"8#
− 𝑌"8") 

The effect due to mediation 
only. 

The effect of 
educational 
attainment on late-
life cognitive 
function through 
social participation 
pattern not 
accounting for 
possible interaction 
between educational 
attainment and social 
participation pattern. 

Two-Way Decomposition 
Total indirect effect 
(TIE) 

𝑌#8# − 𝑌#8" The effect of A on Y 
through M, when the direct 
effect is held constant at the 
treatment group level. 

How much is the 
cognitive function 
score in 2015 
changed, when 
having educational 
attainment to a 
category other than 
no formal education 
group, if participants’ 
social participation 
cluster changed to 
what it would be 
without a formal 
education. 

Pure direct effect 
(PDE) 

𝑌#8" − 𝑌"8" The effect of A on Y, while 
fixing each individual’s 
mediator to the value that 
would naturally have been 
taken had the individual 
been in the control group. 

By how much is the 
cognitive score in 
2015 changed, when 
only considering the 
change in level of 
educational 
attainment? 

Proportion attributable to each of the components 
Proportion 
mediated (PM) 

[𝑇𝑁𝐼𝐸]/𝑇𝐸 The proportion of the effect 
of changing A from the 
reference group to a treated 
group on Y that occurs via 
the influence of the 
mediator. 

The proportion of the 
effect of changing the 
level of educational 
attainment on the 
cognitive function 
score in 2015 that 
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occurs through the 
influence of social 
participation pattern. 

Proportion 
eliminated (PE) 

[𝑇𝐸
− 𝐶𝐷𝐸(𝑀)]
/𝑇𝐸 

The proportion of the total 
effect of A on Y that would 
be eliminated by setting the 
mediator at the same level 
between participants with 
different levels of A. 

The proportion of the 
total effect of level of 
educational 
attainment on 
cognitive function 
score in 2015 that 
would be eliminated 
by setting social 
participation cluster 
at the same level 
between participants 
with different levels 
of educational 
attainment. 

Proportion 
Attributable to 
Interaction 

S𝐼𝑁𝑇+9:
+ 𝐼𝑁𝑇;9<T/𝑇𝐸 

The proportion of the total 
effect that is attributable to 
the pathway involving the 
interaction between A and 
M. 

The proportion of the 
total effect that is due 
to the pathway 
involving the 
interaction between 
educational 
attainment and social 
participation pattern. 

 
 

All the analyses were conducted in R (version 4.3.1; R Development Core Team). We used the 

TraMineR package186 for sequence analysis and the WeightedCluster package88 for optimal 

matching. We used the CMAverse package187 for causal mediation analysis. We used multiple 

imputations by chained equation to impute missing data for social participation and working 

status and covariates by using the “mice” package in R.35 The covariates included in the 

imputation were age, gender, educational attainment, and urbanicity. We generated 20 imputed 

datasets and performed the analyses described above; then, we combined the results across the 

imputations. This study project was approved by the ethics committee of the Harvard T.H. Chan 

School of Public Health (IRB20-0969). 
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3.3 RESULTS 

Table 3.2. summarizes the sociodemographic characteristics of the study participants by age 

subgroups. There were 2,500 and 1,900 participants in the older and younger subgroups, 

respectively. For the older subgroup, the participants’ ages ranged from 65 to 80 or above at 

baseline, while the participants in the younger subgroup ranged from 50 to 64 years old. Notably, 

around one-third of the participants in the older subgroup did not receive any formal education, 

and 43.4% of the participants had a level of educational attainment at the elementary school 

level. By contrast, 76.9% of the participants in the younger subgroup had received elementary 

school level of education or above. Around half of the participants in the older subgroup 

experienced widowhood or divorce during the period between 1996 to 2011, while less than a 

third of participants in the younger subgroup experienced widowhood or divorce during the same 

period of time. In addition, a third of participants lived in urban regions throughout the study 

period. Nearly half of the participants moved their residence over the study period, 15.0% of the 

total participants had moved to more rural regions, and 25.5% of the total participants had moved 

to more urban areas.  

Table 3.2. Sociodemographic characteristics of the study participants 
 Total Older Subgroup Younger Subgroup 
No. Participants 4,400 2,500 (100%) 1,900 (100%) 
Age 
50-54 years old 646 (14.7%) – 646 (34.0%) 
55-59 years old 701 (15.9%) – 701 (36.9%) 
60-64 years old 553 (12.6%) – 553 (29.1%) 
65-69 years old 861 (19.6%) 861 (34.4%) – 
70-74 years old 656 (14.9%) 656 (26.2%) – 
75-79 years old 713 (16.2%) 713 (28.5%) – 
80 years old or above 270 (6.1%) 270 (10.9%) – 
Education level  
No education 1,294 (29.4%) 855 (34.2%) 439 (23.1%) 
Elementary school 2,047 (46.5%) 1,084 (43.4%) 961 (50.6%) 
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Middle/High school 789 (17.9%) 410 (16.4%) 379 (19.9%) 
College or above 272 (6.2%) 151 (6.0%) 121 (6.4%) 
Ethnicity  
Han 2,918 (66.3%) 1,466 (58.6%) 1,452 (76.4%) 
Mainlander 717 (16.3%) 393 (15.7%) 324 (17.1%) 
Hakka 705 (16.0%) 606 (24.2%) 99 (5.2%) 
Others 51 (1.2%) 27 (1.1%) 24 (1.3%) 
Missing 9 (0.2%) 8 (0.3%) 1 (0.1%) 
Marital Status  
Widowed / Divorced 1,818 (41.3%) 1,301 (52.0%) 517 (27.2%) 
Urbanicity  
Urban region 1,372 (31.2%) 791 (31.6%) 581 (30.6%) 
Township 376 (8.5%) 245 (9.8%) 131 (6.9%) 
Rural region 940 (18.9%) 529 (21.2%) 302 (15.9%) 
Move to a more rural 
region 

658 (15.0%) 332 (13.3%) 326 (17.2%) 

Move to a more urban 
region 

1,124 (25.5%) 581 (23.2%) 543 (28.6%) 

Missing 39 (0.9%) 22 (1.0%) 17 (0.9%) 
Medical Condition  
Hypertension 2,427 (55.2%) 1,418 (56.7%) 1,009 (53.1%) 
Diabetes 1,119 (25.4%) 609 (24.4%) 510 (26.8%) 
Cancer 335 (7.6%) 181 (7.4%) 154 (8.1%) 
Baseline mean CESD 
Score (SD) 

7.1 (4.4) 7.4 (4.6) 6.7 (4.1) 

 

We identified six clusters in each subgroup with distinct social participation and employment 

histories based on the optimal matching algorithm. Cluster compositions are illustrated in 

Figures 3.2. and 3.3., and descriptions for each cluster are presented in Tables 3.3. and 3.4. In the 

younger subgroup, six clusters were identified. Cluster 1 (socializing & helping) represents 

participants who transitioned to socializing and helping activities over time. Cluster 2 (low social 

participation) represents participants who started in the working dominant state and transitioned 

to a low social participation state. Cluster 3 (working) predominantly comprised  participants 

who were working throughout the follow-up. Cluster 4 (active in multiple states) captured 

participants who were consistently involved in multiple types of social participation (as well as 

working) throughout the study period. Cluster 5 (socializing) represented participants who 
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transitioned to the “socializing only” state over time. Cluster 6 (helping) represented the 

participants who were stably involved  in “helping only” activities over time. 

 
  



 

 82 
 

 

Figure 3.2. Clusters of social participation histories, younger subgroup. (n=1,900)* 

   
*Note: Social participation state A: helping, working, and socializing; State B: helping and working; State C: helping 
and socializing; State D: working and socializing; State E: socializing only; State F: working only; State G: helping 
only; State H: did not involve in any of the social participation types. 
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Table 3.3. Distribution, description, and dominant states of social participation and 
working clusters, younger subgroup. 
Cluster Number of 

participants (%) 
Label Description Dominant States 

1 257 (13.5%) Socializing 
& helping 

Increased socializing and 
helping states. 

Socializing only; 
Helping and 
socializing . 

2 594 (31.3%) Low social 
participation 

Transitioning from working 
to low social participation 
state. 

Low social 
participation; 
Helping only. 

3 263 (13.8%) Working Working state dominant, 
transitioning into low social 
participation, helping, or 
socializing over time. 

Working only. 

4 335 (17.6%) Active in 
multiple 
states 

Stable socializing, working, 
and helping states over 
time. 

Helping, 
socializing, and 
working; Working 
and socializing 

5 212 (11.2%) Socializing Transitioning into 
socializing state. 

Socializing only. 

6 239 (12.6%) Helping Stable helping state over 
time. 

Helping only. 

Total 1,900 (100%)    
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Figure 3.3. Clusters of social participation histories, older subgroup. (n=2,500)* 
 

 
* Note: Social participation state A: helping, working, and socializing; State B: helping and working; State C: 
helping and socializing; State D: working and socializing; State E: socializing only; State F: working only; State G: 
helping only; State H: did not involve in any of the social participation types. 
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Table 3.4. Distribution, description, and dominant states of social participation and 
working clusters, older subgroup. 
Cluster Label Number of 

participants (%) 
Description Dominant States 

1 Socializing 461 (18.4%) Socializing only state 
dominant, decreasing over 
time. 

Socializing only; 
low social 
participation. 

2 Helping 327 (13.1%) Helping only state 
dominant over time. 

Helping only. 

3 Low social 
participation 

590 (23.6%) Increased low social 
participation state; 
decreased helping only 
state. 

Low social 
participation. 

4 Working & low 
social 
participation 

503 (20.1%) Low social participation 
state and working only 
state dominant.  

Low social 
participation; 
working only. 

5 Helping & 
socializing 

249 (10.0%) Helping and socializing 
state and socializing only 
state dominant, decreasing 
over time. 

Helping and 
socializing; 
socializing only. 

6 Active in 
multiple states 

370 (14.8%) Socializing only state 
dominant, stable over 
time; working and 
socializing state and 
helping, working, and 
socializing state 
dominant, decreasing over 
time. 

Socializing only; 
working and 
socializing state; 
helping, working, 
and socializing state 

Total  2,500 (100%)   
 

We identified six cluster for the older subgroup. Cluster 1 (socializing) represents participants 

who were engaged in socializing activities but transitioned to low social participation over time. 

Cluster 2 (helping) featured a group of respondents stably involved in helping activities over 

time. Cluster 3 (low social participation) captured participants who were not active in any social 

participation. Cluster 4 (working & low social participation) represents the group who were in 

either working only or low social participation state. Cluster 5 (helping & socializing) represents 

people who transitioned to a low social participation over time but were stably engaged in 

helping. Cluster 6 (active in multiple states) represents participants who were active in various 
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social participation or working states. Some of the participants in this cluster transitioned to low 

social participation in later waves. We depict the distribution of social participation clusters for 

each level of educational attainment for the younger and older subgroups in Figures 3.4. and 3.5. 

Figure 3.4. Cluster distribution by educational attainment, younger subgroup.* 

 
*Note: Education 1: no formal education; Education 2: elementary school; Education 3: middle/high school; 
Education 4: college or above. 
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Figure 3.5. Cluster distribution by educational attainment, older subgroup 

 
*Note: Education 1: no formal education; Education 2: elementary school; Education 3: middle/high school; 
Education 4: college or above. 
 

In the younger subgroup, having an elementary level of education (coef. = 1.08, 95% C.I. = 0.72 

– 1.43), middle or high school level of education (coef. = 1.77, 95% C.I. = 1.33 – 2.20), and 

college or above level of education (coef. = 1.82, 95% C.I. = 1.22 – 2.42) were associated with 

higher cognitive function scores in 2015, controlling for age and gender, and accounting for 

IPCW (Supplementary Table 3.2). Furthermore, belonging to cluster 3 (working) (b = 0.52, 95% 

C.I. = 0.03 – 1.01) and 4 (active in multiple states) (b = 0.58, 95% C.I. = 0.09 – 1.06) was 

significantly associated with higher cognitive function scores, controlling for covariates and 

accounting for IPCW (Supplementary Table 3.3). In addition, participants with formal education 

(elementary, middle/high school, or college or above level of education) were more likely to be 

in Cluster 3 (Working) or Cluster 4 (active in multiple states) than Cluster 2 (low social 
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participation), compared to those without formal education in the multinomial logistic regression 

model (Supplementary Table 3.3). However, we did not find strong evidence of an interaction 

between educational attainment and social participation in predicting cognitive function in 2015 

(Supplementary Table 3.4).  

 

As for the older subgroup, having an elementary level of education (coef. = 0.78, 95% C.I. = 

0.13 – 1.42), middle or high school level of education (coef. = 2.03, 95% C.I. = 1.28 – 2.78), and 

college or above level of education (coef. = 3.98, 95% C.I. = 2.78 – 5.17) were associated with 

higher cognitive function scores in 2015 (Supplementary Table 5). Furthermore, belonging to 

Cluster 5 (helping & socializing) (coef. = 3.11, 95% C.I. = 2.13 – 4.08) was significantly 

associated with higher cognitive function score in 2015 (Supplementary Table 3.6). In addition, 

participants with formal education (elementary, middle/high school, or college or above level of 

education) were more likely to be in Cluster 5 (helping & socializing) than Cluster 2 (low social 

participation), compared to those without formal education in the multinomial logistic regression 

model (Supplementary Table 3.7). However, we did not observe a significant interaction between 

Cluster 5 (helping & socializing) and educational attainment in the OLS model (Supplementary 

Table 3.8). 

 

The results of the four-way decomposition analysis for the younger subgroup are shown in Table 

3.5. We evaluated the mediating role of belonging to Cluster 3 (working dominant) or Cluster 4 

(multiple social participation) on the association between educational attainment and cognitive 

function in 2015. Cluster 3 (working dominant) and Cluster 4 (multiple social participation) were 

chosen as mediators of interest since they were the clusters that were significantly associated 
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with both the exposure (educational attainment) and the outcome (cognitive function in 2015). 

Contrasting participants without formal education to those with elementary school education, the 

TE between educational attainment and cognitive function in 2015 was -1.20 (95% C.I. = -1.63 – 

-0.78).  

 

Under the hypothetical intervention in which participation in Cluster 3 or 4 among participants 

with no formal education was set to the same level as participants with elementary school 

education, we estimate that 19.0% (95% C.I. = -0.29 – 0.56) of the educational disparity in 

cognitive function would be eliminated, however, the proportion eliminated was not statistically 

significant. If the level of social participation among those without formal education was set to 

the same level as those with middle/high school education, we estimated that around 25% (95% 

C.I. = 0.01 – 0.49) of the educational disparity in cognitive function would be eliminated. Lastly, 

if the lowest education group had the same level of social participation as college graduates, 

around 37% (95% C.I. = 0.12 – 0.71) of the educational disparity in cognitive function would be 

eliminated. Notably, the reference interaction was -0.58 (95% C.I. = -1.13 – -0.11), which 

accounted for 32% of the TE. The proportions attributable to interaction were significant for the 

comparison between middle/high school group vs. no formal education group (24%, 95% C.I. = 

0.01 – 0.47) and between college or above group vs. no formal education group (34%, 95% C.I. 

= 0.10 – 0.67). 
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Table 3.5. Causal mediation analysis of social participation cluster (Cluster 3 (working dominant) & Cluster 4 (multiple social 
participation)) on the association between educational attainment and cognitive function performance in 2015, younger 
subgroup. 
 Elementary school Middle/High school College or above 
 Coef. 95% CI Coef. 95% CI Coef. 95% CI 
Four-Way Decomposition 
Total effect -1.20 (-1.63 – -0.78) -1.75 (-2.16 – -1.31) -1.81 (-2.32 – -1.27) 
CDE -0.98 (-1.60 – -0.75) -1.33 (-1.86 – -0.84) -1.14 (-1.75 - -0.50) 
Reference interaction 
effect (INTref) 

-0.16 (-0.59 – 0.17) -0.38 (-0.82 – 0.02) -0.58 (-1.13 – -0.11) 

Mediated interaction 
effect (INTmed) 

-0.03 (-0.08 – 0.02) -0.04 (-0.15 – 0.06) -0.04 (-0.20 – 0.12) 

Pure natural indirect 
effect 

-0.03 (-0.08 – 0.02) -0.01 (-0.09 – 0.06) -0.05 (-0.15 – 0.04) 

Two-Way Decomposition 
Total natural indirect 
effect 

-0.06 (-0.14 – 0.01) -0.05 (-0.17 – 0.06) -0.09 (-0.24 – 0.06) 

Pure natural direct 
effect 

-1.14 (-1.60 – -0.75) -1.71 (-2.11 – -1.26) -1.72 (-2.27 – -1.21) 

Proportion attributable to each of the components 
Proportion mediated 0.05 (-0.01 – 0.11) 0.03 (-0.04 – 0.11) 0.05 (-0.03 – 0.13) 
Proportion eliminated 0.19 (-0.29 – 0.56) 0.25 (0.01 – 0.49) 0.37 (0.12 – 0.71) 
Proportion 
attributable to 
interaction 

0.17 (-0.19 – 0.53) 0.24 (0.01 – 0.47) 0.34 (0.10 – 0.67) 
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The pure direct effect (PDE), which represents the direct effect of educational attainment on 

cognitive function in 2015, and the total indirect effect (TIE), which represents the mediated 

effect of being in Cluster 3 or Cluster 4 were -1.14 (95% C.I. = -1.60 – -0.75) and -0.06 (95% 

C.I. = -0.14 – 0.01), respectively. 

 

Table 3.6. summarizes the results of the causal mediation analysis for the older subgroup. We 

evaluated the mediating role of being in Cluster 5 (Helping & socializing) on the association 

between educational attainment and cognitive function performance in 2015. Participants with no 

formal education had significantly lower cognitive function score in 2015 compared to those 

with higher levels of education. Under the hypothetical intervention in which each participant 

with no formal education was set to the same level of social participation in Cluster 5 (Helping & 

socializing) as those with elementary school education, middle/high school education, or college 

or above, we estimate that their cognitive function scores in 2015 would be 0.52 points lower 

(95% C.I. = -1.78 – 0.37), 1.46 points lower (95% C.I. = -2.37 - -1.31), and 1.74 lower (95% C.I. 

= -3.52 - -0.51), respectively. The proportion of the educational disparity in cognitive function 

eliminated by the hypothetical interventions was not statistically significant for any of the three 

hypothetical scenarios.  
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Table 3.6. Causal mediation analysis of social participation cluster (Cluster 5 – socializing & helping others) on the association 
between educational attainment and cognitive function performance in 2015, older subgroup. 
 Elementary school Middle/High school College or above 
 Coef. 95% CI Coef. 95% CI Coef. 95% CI 
Four-Way Decomposition 
Total effect -0.95 (-1.63 – -0.16) -1.35 (-2.48 – -0.59) -2.07 (-3.27 – -0.88) 
CDE -0.52 (-1.78 – 0.37) -1.30 (-2.56 – -0.23) -1.74 (-3.52 – -0.51) 
Reference interaction 
effect (INTref) 

-0.40 (-0.64 – 0.47) -0.09 (-0.72 – 0.44) -0.33 (-1.00 – 0.51) 

Mediated interaction 
effect (INTmed) 

-0.02 (-0.04 – 0.03) -0.02 (-0.11 – 0.08) -0.05 (-0.17 – 0.11) 

Pure natural indirect 
effect 

-0.003 (-0.09 – 0.10) 0.06 (-0.15 – 0.18) 0.06 (-0.18 – 0.23) 

Two-Way Decomposition 
Total natural indirect 
effect 

-0.03 (-0.11 – 0.09) 0.04 (-0.16 – 0.18) 0.002 (-0.18 – 0.17) 

Pure natural direct 
effect 

-0.93 (-3.29 – -0.86) -1.39 (-2.48 – -0.58) -2.07 (-3.29 – -0.86) 

Proportion attributable to each of the components 
Proportion mediated 0.03 (-0.25 – 0.29) -0.03 (-0.20 – 0.26) 0.0001 (-0.13 – 0.10) 
Proportion eliminated 0.46 (-2.84 – 4.61) 0.04 (-0.58 – 0.94) 0.21 (-0.43 – 0.64) 
Proportion 
attributable to 
interaction 

0.45 (-2.94 – 4.70) 0.09 (-0.49 – 0.96) 0.24 (-0.51 – 0.64) 
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3.4 DISCUSSION 

This study investigated the potential mediating role of social participation pattern and its 

interaction with education on the association between educational attainment and cognitive 

function in later life among adults aged 50 years old or above in Taiwan. There are several 

highlights from our analyses. First, in line with previous literature, our analysis supported a 

powerful association of educational attainment with late-life cognitive function. However, as we 

decomposed the underlying pathway linking education and late-life cognitive function, we found 

that the mediating pathway through social participation only accounted for 5% or less of the total 

effect for both younger and older subgroups. Our finding is consistent with other studies which 

found that social participation or social capital factors in mid- or late-life account for a modest 

portion of the association between early life socioeconomic status (such as education) and late-

life cognitive function.163,164,188 

 

Education could influence late-life cognitive function through other mediating factors that were 

not examined in this study. For example, a study found that occupational complexity in mid-life 

significantly mediated 11-22% of the association between early-life educational attainment and 

late-life cognitive function.189 Nonetheless, most studies have found that the mediating effect of 

variables on the pathway between education and late-life cognitive function were relatively small 

compared to the total effect of education. A study investigating the mediating role of allostatic 

load on the link between education and late-life cognitive function and found it only accounted 

for 2-4% of the pathway.190 Other studies have also reported that lifestyle habits – such as 

engaging in physical and cognitive activities -- mediated only a small portion of the association 

between educational attainment and late-life cognitive function.163 Taken together, these studies 
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suggest that education exerts a substantial and independent relation to late life cognitive function 

regardless of intervening exposures.191  

 

Second, we found that interaction between educational attainment and social participation pattern 

accounted for a relatively substantial portion of the total effect (middle/high school group vs. no 

formal education group: 24%; college or above group vs. no formal education group: 34%) in the 

younger subgroup. An individual with no formal education might pay an even greater cognitive 

penalty as a result of being in the low social participation cluster. Intervening on an individual’s 

social participation pattern might partially change the relation of educational attainment on 

cognitive function. Additionally, the effect sizes of the reference interaction (interaction only) 

effect (INTref) were smaller than the effect size of the mediated interaction (interaction and 

mediation) effect (INTmed) in the younger subgroup. This suggests that the interaction between 

education and social participation cluster exists even if the mediating effect of social 

participation cluster is small or insignificant. Also, the finding demonstrated the importance of 

considering the exposure-mediator interaction when evaluating the mediating role of social 

participation on the link between educational attainment and late-life cognitive function. 

 

Third, under a hypothetical intervention scenario among younger participants, there could be 

25% and 37% reductions in educational disparity in late-life cognitive function if we could set 

the participants without formal education to have a similar level of social participation as those 

with middle/high school or college education. Notably, the hypothetical intervention of social 

participation only significantly reduced educational disparities in cognitive function for the 
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younger subgroup. There was a suggested reduction in the educational disparities in cognitive 

function for the older subgroup, however, the effects were not statistically significant.  

 

There are several strengths in our study. First, to the best of our knowledge, our study is one of 

the few studies that adopted a causal mediation framework to examine the mediating role of 

social participation and its interaction with educational attainment on the association between 

educational attainment and late-life cognitive function. Second, our analysis evaluated the 

proportion mediated and the proportion eliminated. Both results provide important 

implications.192 The proportion mediated indicated that social participation plays a modest role in 

explaining the educational disparity in late-life cognitive function. On the other hand, given the 

relatively higher values for the proportion eliminated, social participation might still be a 

candidate intervention for mitigating the educational disparity in late-life cognitive function. 

Third, we utilized sequence analysis to quantify individuals’ trajectories of the involvement in 

socializing, helping, and working activities. The technique takes ordering, transition, and 

combining different types of social participation to depict a more holistic view on one’s social 

participation pattern in later life. Furthermore, through the optimal matching techniques, we were 

able to classify participants with similar pattern of social participation. These techniques enabled 

us to simplify the complex and vast amount of data of social participation trajectories into 

clusters that are sensible and interpretable in their meanings. 

 

There are several limitations in our study. First, there was a substantial portion of participants 

(20-35% in the younger subgroup; 35-60% in the older subgroup) who reported not being 

involved in any type of social activities or employment in a given wave. Although some studies 
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conducted in the East Asian societies also reported similar rates of social participation among 

elderly populations, there is a possibility that we failed to capture other social activities such as 

informal social interactions with relatives and neighbors. Moreover, we only accounted for 

whether an individual participated in a social activity or work and did not consider their 

frequency or intensity of involvement. We did not account for types or complexity of occupation 

in the analysis. Third, although the optimal matching technique categorized the clusters with 

similar pattern, there was heterogeneity within clusters. Therefore, our mediator of interest, i.e., 

social participation pattern, can only be interpreted as patterns with heterogeneity but not actual 

and specific activities. However, the imprecise definition of the mediator presents a trade-off in 

terms of being able to summarize multiple sequences of social participation across years. Fourth, 

we have a significant amount of loss to follow-up in this longitudinal study. The loss to follow-

up rates for the cohort ranged from 15.0% to 25.0% across waves. We used censoring weights in 

the models, but residual selection bias cannot be ruled out. Also, we did not include censoring 

weighting in the causal mediation analysis due to the limitation in the software package.  

 

In conclusion, our study conducted a four-way decomposition causal mediation analysis that took 

account of both mediation and interaction to investigate the potential mediation of the 

association between educational attainment and late-life cognitive function according to patterns 

of social participation. Despite the limited influence of social participation as a mediator of the 

association between education and late-life cognitive function, our study still supports the 

potential value of social participation in cognitive health among mid-aged and older adults and 

identifies opportunities to test for mitigating educational disparities in cognitive function for 

vulnerable older adults. 
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Supplementary Table 1.1. Eligible participants at each wave in Cohort 1 and 2 
 1996 1999 2003 2007 2011 2015 

Cohort 1 
Number of 
participants 

4,404 3,743 3,246 2,706 2,117 1,587 

Number of loss to 
follow-up (%) 

 661 
(15.0%) 

497 
(13.3%) 

540 
(16.6%) 

589 
(21.8%) 

530 
(25.0%) 

Cohort 2 
Number of 
participants 

– – 1,299 1,153 1,083 990 

Number of loss to 
follow-up (%) 

– – – 146 
(11.2%) 

70 
(6.1%) 

93 
(8.6%) 
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Supplementary Table 1.2. Caregiving status in each wave in Cohort 1 and 2 
 1996 1999 2003 2007 2011 2015 

Cohort 1 
Number of 
participants 

4,404 3,743 3,246 2,706 2,117 1,587 

Number of 
grandchild 
caregivers (%) 

1042 
(23.7%) 

751 
(20.7%) 

526 
(17.2%) 

446 
(17.5%) 

233 
(11.8%) 

119 
(8.4%) 

Cohort 2 
Number of 
participants 

  1,299 1,153 1,083 990 

Number of 
grandchild 
caregivers (%) 

  211 
(16.2%) 

267 
(23.2%) 

283 
(26.1%) 

253 
(25.6%) 
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Supplementary Table 2.1. Summary Statistics of Social Participation and Working 
Histories 

 Older Subgroup Younger Subgroup 
Mean cumulative state duration (waves)   
State A: helping, working, and socializing 0.09 0.32 
State B: helping and working 0.04 0.23 
State C: helping and socializing 0.33 0.49 
State D: working and socializing 0.15 0.44 
State E: socializing only 0.70 0.48 
State F: working only 0.15 0.64 
State G: helping only 0.35 0.55 
State H: did not involve in any of the social 
participation types 

1.51 1.00 

Mean number of state transition an 
individual made 

1.18 1.95 

Shannon’s Entropy (SD) 0.25 (0.21) 0.39 (0.20) 
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Supplementary Table 2.2. Cluster Quality Assessment 
 Younger subgroup Older subgroup 
Number of 

clusters 
Average 

Silhouette 
Width 
(ASW) 

Hubert’s 
Gamma 

(HG) 

Point 
Biserial 

Correlation 
(PBC) 

Average 
Silhouette 

Width 
(ASW) 

Hubert’s 
Gamma 

(HG) 

Point 
Biserial 

Correlation 
(PBC) 

5 0.131 0.520 0.401 0.198 0.513 0.371 
6 0.105 0.539 0.373 0.190 0.542 0.359 
7 0.109 0.568 0.381 0.188 0.567 0.363 
8 0.091 0.570 0.351 0.198 0.595 0.370 
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Supplementary Table 2.3. Eligible participants at each wave in two subgroups 
 1996 1999 2003 2007 2011 2015 

Younger Subgroup 
Number of 
participants 

1,900 1,645 1,587 1,474 1,305 1,115 

Number of loss to 
follow-up (%) 

 255 
(13.4%) 

58  
(3.5%) 

113 
(7.1%) 

169 
(11.5%) 

190 
(14.6%) 

Older Subgroup 
Number of 
participants 

2,500 2,098 1,659 1,232 812 472 

Number of loss to 
follow-up (%) 

 402 
(16.1%) 

 439 
(20.9%) 

427 
(25.7%) 

420 
(34.1%) 

340 
(41.9%) 
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Supplementary Table 2.4. Missingness of important variables 
 Younger Subgroup  

n (%) 
Older Subgroup 

n (%) 
Social participation state in 1996 0 (0 %) 2 (0.08%) 
Social participation state in 1999 8 (0.5%) 8 (0.4%) 
Social participation state in 2003 0 (0%) 1 (0.06%) 
Social participation state in 2007 2 (0.1%) 0 (0%) 
Social participation state in 2011 0 (0%) 0 (0%) 
Age 0 (0%) 0 (0%) 
Gender 0 (0%) 0 (0%) 
Education level 0 (0%) 0 (0%) 
Hypertension 0 (0%) 0 (0%) 
Diabetes 0 (0%) 0 (0%) 
Cancer 0 (0%) 0 (0%) 
Baseline CESD score 500 (26.3%) 516 (20.6%) 
Marital Status 189 (9.9%) 39 (1.6%) 
Urbanicity 17 (0.9%) 22 (0.9%) 
Cognitive function score in 1996 0 (0%) 0 (0%) 
Cognitive function score in 2015 0 (0%) 0 (0%) 
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Supplementary Figure 2.1. Frequencies of Eight Social Participation and Employment 
States in Each Wave, Younger Subgroup (n=1,900) 

 
*Note: Social participation state A: helping, working, and socializing; State B: helping and working; State C: helping 
and socializing; State D: working and socializing; State E: socializing only; State F: working only; State G: helping 
only; State H: did not involve in any of the social participation types. 
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Supplementary Figure 2.2. Frequencies of eight social participation and employment states 
in each wave, older subgroup (N = 2,500) 

 
*Note: Social participation state A: helping, working, and socializing; State B: helping and working; State C: helping 
and socializing; State D: working and socializing; State E: socializing only; State F: working only; State G: helping 
only; State H: did not involve in any of the social participation types. 
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Supplementary Table 2.5. State transition probabilities in two consecutive waves, 
aggregating data from all waves, younger subgroup.* 

 A B C D E F G H 
A 0.30 0.08 0.14 0.19 0.08 0.09 0.05 0.06 
B 0.14 0.12 0.07 0.14 0.05 0.22 0.11 0.15 
C 0.03 0.01 0.42 0.03 0.18 0.01 0.15 0.17 
D 0.13 0.03 0.07 0.33 0.13 0.17 0.04 0.09 
E 0.02 0.01 0.18 0.03 0.4 0.02 0.09 0.25 
F 0.06 0.1 0.04 0.15 0.04 0.36 0.09 0.17 
G 0.02 0.02 0.17 0.01 0.10 0.02 0.36 0.32 
H 0.01 0.01 0.07 0.01 0.14 0.04 0.16 0.57 

*Note: Social participation state A: helping, working, and socializing; State B: helping and working; State C: helping 
and socializing; State D: working and socializing; State E: socializing only; State F: working only; State G: helping 
only; State H: did not involve in any of the social participation types. 
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Supplementary Table 2.6. State transition probabilities in two consecutive waves, 
aggregating data from all waves, older subgroup.* 

 A B C D E F G H 
A 0.22 0.04 0.12 0.18 0.19 0.14 0.04 0.07 
B 0.10 0.13 0.06 0.10 0.06 0.20 0.15 0.20 
C 0.01 0.00 0.27 0.01 0.34 0.00 0.10 0.26 
D 0.09 0.01 0.07 0.31 0.25 0.11 0.03 0.15 
E 0.00 0.00 0.10 0.01 0.45 0.00 0.03 0.40 
F 0.05 0.03 0.04 0.11 0.11 0.28 0.06 0.31 
G 0.00 0.01 0.09 0.00 0.10 0.01 0.26 0.53 
H 0.00 0.00 0.03 0.00 0.12 0.01 0.09 0.74 

*Note: Social participation state A: helping, working, and socializing; State B: helping and working; State C: helping 
and socializing; State D: working and socializing; State E: socializing only; State F: working only; State G: helping 
only; State H: did not involve in any of the social participation types. 
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Supplementary Table 3.1. Association between educational attainment and cognitive 
functioning in 2015, younger subgroup* 

Cognitive Score (in 2015) 
Educational attainment Coef. 95% C.I. 

No formal education  (Ref) 
Elementary school 
Middle/High school 
College or above 

– 
1.08 
1.77 
1.82 

– 
(0.72 – 1.43) 
(1.33 – 2.20) 
(1.22 – 2.42) 

*Adjusted for age and gender, accounted for IPCW. 
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Supplementary Table 3.2. Association between social participation clustering and cognitive 
functioning in 2015, younger subgroup* 

Cognitive Score (in 2015) 
Cluster Coef. 95% C.I. 

Cluster 2: Low social participation  (Ref) 
Cluster 1: Socializing & helping 
Cluster 3: Working 
Cluster 4: Active in multiple states 
Cluster 5: Socializing 
Cluster 6: Helping 

– 
0.49 
0.52 
0.58 
0.17 
0.06 

– 
(-0.002 – 0.98) 
(0.03 – 1.01) 
(0.09 – 1.06) 
(-0.33 – 0.67) 
(-0.46 – 0.59) 

*Adjusted for age, sex, urbanicity of residence, marital status, medical history, and health behaviors, CESD in 1996, 
accounted for IPCW. 
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Supplementary Table 3.3. Multinomial logistic regression for the association between 
educational attainment and social participation cluster membership (reference group: low 
social participation cluster (i.e., Cluster 2)), younger subgroup. 
 RRR (95% confidence interval) 
 Cluster 1 Cluster 3 Cluster 4 Cluster 5 Cluster 6 
Education level (ref: no formal education) 
Elementary 
school 

1.45  
(1.00 – 2.11) 

1.90  
(1.28 – 2.82) 

2.15 
(1.50 – 3.09) 

1.04  
(0.72–1.51) 

1.00  
(0.70–1.43) 

Middle/High 
school 

1.41  
(0.90 – 2.20) 

1.70  
(1.07 – 2.72) 

1.88  
(1.22 – 2.87) 

0.83  
(0.51–1.33) 

0.95  
(0.61–1.48) 

College or 
above 

1.62  
(0.86 – 3.07) 

2.94  
(1.62 – 5.36) 

1.37 
(0.70 – 2.66) 

0.75  
(0.35–1.61) 

0.81  
(0.40–1.65) 
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Supplementary Table 3.4. Association between educational attainment, social participation 
pattern, and the interaction between educational attainment and social participation 
pattern, and cognitive functioning in 2015, younger subgroup$* 

Cognitive Score (in 2015) 
Cluster Coef. 95% C.I. 

No formal education  (Ref) 
Elementary school 
Middle/High school 
College or above 
Cluster 2  (Ref) 
Cluster 1 
Cluster 3 
Cluster 4 
Cluster 5 
Cluster 6 
Cluster 2*No formal education (Ref) 
Cluster 1*Elementary school 
Cluster 3*Elementary school 
Cluster 4*Elementary school 
Cluster 5*Elementary school 
Cluster 6*Elementary school 
Cluster 1*Middle/High school 
Cluster 3*Middle/High school 
Cluster 4*Middle/High school 
Cluster 5*Middle/High school 
Cluster 6*Middle/High school 
Cluster 1*College or above 
Cluster 3*College or above 
Cluster 4*College or above 
Cluster 5*College or above 
Cluster 6*College or above 

– 
1.23 
2.30 
2.50 

– 
1.42 
1.33 
1.45 
0.26 
0.16 

– 
-0.58 
-0.51 
-0.47 
-0.15 
0.55 
-0.92 
-0.91 
-1.17 
-0.58 
0.17 
-0.97 
-1.11 
-1.89 
0.28 
-0.22 

– 
(0.59 – 1.85) 
(1.52 – 3.05) 
(1.40 – 3.55) 

– 
(0.49 – 2.36) 
(0.35 – 2.32) 
(0.57 – 2.33) 
(-0.59 – 1.11) 
(-0.75 – 1.08) 

– 
(-1.70 – 0.53) 
(-1.65 – 0.64) 
(-1.50 – 0.56) 
(-1.20 – 0.91) 
(-0.59 – 1.69) 
(-2.20 – 0.37) 
(-2.27 – 0.45) 
(-2.41 – 0.08) 
(-1.96 – 0.81) 
(-1.18 – 1.53) 
(-2.74 – 0.80) 
(-2.84 – 0.61) 
(-3.71 – -0.07) 
(-1.79 – 2.35) 
(-2.05 – 1.61) 

$Adjusted for age and sex, accounted for IPCW. 
* Cluster 2: Low social participation  (Ref); Cluster 1: Socializing & helping; Cluster 3: 
Working; Cluster 4: Active in multiple states; Cluster 5: Socializing; Cluster 6: Helping. 
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Supplementary Table 5. Aged-adjusted association between educational attainment and 
cognitive functioning in 2015, Older subgroup 

Cognitive Score (in 2015) 
Educational attainment Coef. 95% C.I. p-value 

No formal education  (Ref) 
Elementary school 
Middle/High school 
College or above 

– 
0.78 
2.03 
3.98 

– 
(0.13 – 1.42) 
(1.28 – 2.78) 
(2.78 – 5.17) 

– 
0.019 

<0.001 
<0.001 
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Supplementary Table 6. Association between social participation clustering and cognitive 
functioning in 2015, older subgroup 

Cognitive Score (in 2015) 
Cluster Coef. 95% C.I. p-value 

Cluster 3: Low social participation (Ref) 
Cluster 1: Socializing 
Cluster 2: Helping 
Cluster 4: Working & low social participation 
Cluster 5: Helping & socializing 
Cluster 6: Active in multiple states 

– 
-0.40 
0.47 
2.26 
3.11 
1.09 

– 
(-1.13 – 0.33) 
(-0.72 – 1.66) 
(1.37 – 3.15) 
(2.13 – 4.08) 
(0.25 – 1.94) 

– 
0.288 
0.441 

<0.001 
<0.001 
0.011 
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Supplementary Table 7. Multinomial logistic regression for the association between 
educational attainment and social participation cluster membership (reference group: low 
social participation cluster (i.e., Cluster 3)), older subgroup. 
 RRR (95% confidence interval) 
 Cluster 1 Cluster 2 Cluster 4 Cluster 5 Cluster 6 
Education level (ref: no formal education) 
Elementary 
school 

1.13 (0.86–
1.49) 

1.71 (1.24 – 
2.37) 

1.14 (0.87 – 
1.48) 

2.02 (1.38 – 
2.96) 

1.90 (1.41 – 
2.55) 

Middle/High 
school 

0.92 (0.63–
1.33) 

2.10 (1.41 – 
3.11) 

0.82 (0.57 – 
1.19) 

3.43 (2.23 – 
5.27) 

1.04 (0.68 – 
1.58) 

College or 
above 

0.94 (0.53–
1.68) 

2.69 (1.54 – 
4.70) 

1.13 (0.66 – 
1.94) 

3.51 (1.91 – 
6.48) 

1.05 (0.54 – 
2.02) 
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Supplementary Table 8. Association between educational attainment, social participation 
pattern, and the interaction between educational attainment and social participation 
pattern, and cognitive functioning in 2015, older subgroup$* 

Cognitive Score (in 2015) 
Cluster Coef. 95% C.I. 

No formal education  (Ref) 
Elementary school 
Middle/High school 
College or above 
Cluster 3  (Ref) 
Cluster 1 
Cluster 2 
Cluster 4 
Cluster 5 
Cluster 6 
Cluster 3*No formal education (Ref) 
Cluster 1*Elementary school 
Cluster 2*Elementary school 
Cluster 4*Elementary school 
Cluster 5*Elementary school 
Cluster 6*Elementary school 
Cluster 1*Middle/High school 
Cluster 2*Middle/High school 
Cluster 4*Middle/High school 
Cluster 5*Middle/High school 
Cluster 6*Middle/High school 
Cluster 1*College or above 
Cluster 2*College or above 
Cluster 4*College or above 
Cluster 5*College or above 
Cluster 6*College or above 

– 
0.35 
2.29 
1.18 

– 
0.43 
0.48 
1.18 
1.40 
0.49 

– 
0.06 
-0.17 
0.14 
1.41 
0.29 
-2.08 
1.08 
0.25 
-0.88 
1.24 
2.65 
1.93 
4.03 
0.65 
3.57 

– 
(-0.55 – 1.25) 
(1.04 – 3.55) 
(-1.25 – 3.60) 

– 
(-0.87 – 1.73) 
(-1.42 – 2.37) 
(-1.01 – 3.37) 
(-2.14 – 4.95) 
(-1.28 – 2.25) 

– 
(-1.65 – 1.76) 
(-2.96 – 2.61) 
(-2.29 – 2.56) 
(-2.32 – 5.14) 
(-1.68 – 2.25) 
(-4.06 – -0.10) 
(-1.69 – 3.85) 
(-2.64 – 3.15) 
(-4.84 – 3.08) 
(-1.93 – 4.01) 
(-1.03 – 6.33) 
(-2.79 – 6.66) 
(0.17 – 7.89) 
(-4.59 – 5.89) 
(-0.37 – 7.52) 

$Adjusted for age and sex, accounted for IPCW. 
* Cluster 3: Low social participation (Ref); Cluster 1: Socializing; Cluster 2: Helping; Cluster 4: Working & low 
social participation; Cluster 5: Helping & socializing; Cluster 6: Active in multiple states. 
 


