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Social support and cognitive activity
and their associations with incident cognitive
impairment in cognitively normal older adults
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Abstract

Objectives To explore the associations of social support, and cognitive activity with cognitive impairment incidence,
and further examine the mediation effect of cognitive activity on the association between social support and
cognitive impairment incidence based on a nationwide elderly Chinese cohort.

Methods \We collected the participants from an ongoing cohort of the Chinese Longitudinal Healthy Longevity
Survey (CLHLS). A total of 9394 older adults aged 65 or more years and free of cognitive impairment who participated
in the CLHLS between 2008 and 2018 were included. The information on social support and cognitive activity was
collected through a questionnaire. The incident cognitive impairment cases were identified through the Mini-Mental
State Examination scale (MMSE). Cox proportional hazard regression models were conducted to calculate the hazard
ratios (HRs) and 95% confidence interval (Cl) of social support and cognitive activity associated with cognitive
impairment. We used casual mediation models to assess the indirect association of cognitive activities underlying the
association between social support and cognitive impairment.

Results The adjusted HRs (95% Cl) of incident cognitive impairment were 0.956 (0.932 to 0.980), and 0.895 (0.859

to 0.933) associated with per 1 score increase in social support and cognitive activity score, respectively. Better
adherence to social support was associated with a higher cognitive activity score (adjusted $=0.046, 95% CI[0.032—
0.060]). The baseline cognitive activity, as well as the mean cognitive activity at baseline and during the first follow-up
wave, mediate the association between social support and the incidence of cognitive impairment, accounting for
11.4% and 12.6% of the total association, respectively. The participants who were aged 80 years or older, or those
with mild daily functional limitations gained more benefits in the development of cognitive activity related to social
support, leading to a reduction in the risks of cognitive impairment.

Conclusion The results of this nationwide cohort provide consistent evidence linking social support, and cognitive
activity to reduced risk of subsequent cognitive impairment incidence. These findings provide additional evidence to
inform the social strategies to prevent cognitive impairment incidence in elderly people.
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Background

The elderly are suffering increased risks of cognitive
impairment, which usually involves the decline in one
or more cognitive domains, and finally progresses to
severe cognitive impairment and dementia [1]. The dis-
ease burden related to cognitive impairment is dramati-
cally increasing with the rapid progression of global aging
[2]. The number of people living with dementia glob-
ally is expected to rise from over 50 million in 2019 to
152 million by 2050, with the annual cost of dementia
estimated at USD $1 trillion, set to double by 2030 [3].
Unfortunately, there is currently no effective treatment
for dementia, making it crucial to identify modifiable risk
factors to reduce or delay cognitive impairment in older
adults [4].

Social support is a modifiable contextual factor that
was found to help preserve cognitive functioning [5],
which refers to a person’s perception of the availability of
help or support from others in their social network [6].
The evidence has shown that individuals with less social
support are at a higher risk of cognitive impairment,
including global cognition and episodic memory [7, 8].
Although several studies have highlighted the media-
tion roles of emotional encouragement, stress buffering,
or engagement in interpersonal activities, the pathway
underlying the association between social support on
the cognitive function in older adults remains largely
unknown [9].

Increasing evidence indicates that physical activity
could potentially serve as a link between social support
and cognitive function. The findings suggest that there is
a positive influence between social support and physical
activity levels in older adults [10]. The impact of social
support on physical activity may be achieved through
encouragement, emotional affirmation, or financial sup-
port, or it may be achieved through the transfer of valu-
able knowledge [11]. Furthermore, physical activity is
increasingly documented as a protective factor associ-
ated with a lower incidence of cognitive impairment
and dementia, providing benefits to adults and younger
older adults [12, 13]. However, the evidence regard-
ing these associations among the oldest-old (aged 80 or
older) remains limited. Limited by aging and frailty, the
improvement of Vigorous- or moderate-intensity out-
door physical activity by social support might be less pro-
nounced among the oldest-old [14].

Fortunately, recent evidence has increasingly high-
lighted the importance of cognitive activity in promot-
ing cognitive health in older adults [15]. These cognitive
activities, which typically involve lighter-intensity activi-
ties such as reading books, playing cards, and listening to
the radio, have shown better adherence and benefits to
cognitive health in older adults [16]. Some studies sug-
gest that cognitive activity has a protective effect on the

Page 2 of 11

structure and function of cardiopulmonary and neuro-
muscular systems [17]. Further evidence has reported
similar health benefit pathways of cognitive activity
related to physical activity [18], which highlighted the
odds of the mediation role of cognitive activity on the
association between social support and cognitive func-
tions. However, no studies have been designed to imme-
diately examine these mediation associations, which
limited the applications of treating social support as an
intervention to improving cognitive function in older
adults, especially in those with lower odds of participat-
ing in outdoor physical activities.

Therefore, to fill the blank of evidence, we aimed to
examine the associations of social support and cognitive
activity with subsequent cognitive impairment incidence
based on an ongoing nationwide cohort of the Chinese
Longitudinal Healthy Longevity Survey (CLHLS). We
further examined the mediation role of cognitive activ-
ity underlying the association between social support and
cognitive impairment incidence.

Methods

Study design and participants

The study used data from CLHLS conducted by Peking
University’s Research Center for Aging Health and
Development. The project has conducted eight follow-up
surveys from 1998 to 2018 and has interviewed 113,000
people, covering information on the health status, quality
of life, care, and medical needs of the elderly. The sample
came from randomly half of the cities and counties in 23
provinces of China since 1998. More information about
the cohort can be found in other literature [19, 20].

Our study used CLHLS’s datasets from 2008 to 2018,
which included 16,954 participants who were followed
up four times in 2008, 2011, 2014, and 2018. We excluded
391 (2.3%) adults under the age of 65 and 5415 (31.9%)
participants with dementia or cognitive impairment at
baseline. Of the remaining participants, we excluded
another 1718 who were lost to follow-up in 2011 and
36 who were missing major variables, resulting in a final
analysis population of 9394 participants with complete
information on the study variable. The flow chart of
research object screening is shown in Fig. 1.

Exposure: social support

In our study, social support consisted of the variables
related to a person’s perception of the availability of
emotional help, informational support, or instrumental
support from others, divided into support from family
and friends, and support from outside the family [21].
Social support from family and friends included con-
tacts with family members and friends (who do you chat
with the most; if you have something on your mind or
an idea, who do you talk to first; who do you ask first
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16954 Participants took
part in the survey

11148 Cognitively normal
individuals at baseline
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Fig. 1 Flow chart of study participants

for help when you have problems or difficulties), sick
care (whether family members provided care when par-
ticipants were in sick), money received (whether par-
ticipants received money from children). Social support
outside the family included the perceived availability of
social services from the community and social insurance
[22]. The total score ranged from O to 15, with a higher
score indicating a higher level of social support. Specific
scoring methods are given in eTable 1.

Measurements of cognitive activity
Epidemiologic research has shown that a wide range of
specific activities can be protective against cognitive
decline and Alzheimer’s disease. These activities usually
involve significant effort in processing new information,
such as crossword puzzles and games [23]. In all studies,
leisure activities that require information-seeking and
processing are considered “cognitive” Most studies have
focused on a narrow range of leisure activities, includ-
ing reading books, newspapers, or magazines, doing
crosswords or playing cards, and watching television or
listening to the radio. However, a few studies have also
explored other activities such as participating in group
discussions and attending cultural and social events [15].
We used four variables to measure cognitive activ-
ity: reading/surfing the Internet, playing cards/mahjong,
watching TV/listening to the radio, and participating in
social activities. We used a five-point category scale for
each item, with 1 being almost every day, and 5 being not
attending. We then converted each entry into three cat-
egories, 0=never, 1=sometimes, 2=usually, and added
all the entries to obtain the total score. The total score of

cognitive activity ranged from 0 to 8, with a higher score
indicating a higher level of cognitive activity.

Cognitive impairment assessment

Cognitive function was measured using the Chinese
version of the Mini-Mental State Examination scale
(MMSE), which included time localization ability, place
localization ability, reaction ability, attention and calcula-
tion ability, repetition ability, recall ability, naming ability,
understanding and self-coordination ability, and visuo-
spatial ability. Getting all 24 questions correctly earns a
total of 30 points, with higher scores representing better
cognitive function. This scale has been widely used in epi-
demiological studies of cognitive function screening and
has good applicability in the Chinese population [24, 25].
The outcomes were divided according to education level:
those without education who scored less than 18 points
on the MMSE scale had cognitive impairment; those who
have received 1-6 years of education and scored less than
21 points on the MMSE scale were considered to have
cognitive impairment; those with more than 6 years of
education who scored less than 25 points on the MMSE
scale were considered to have cognitive impairment;
other conditions were considered normal cognitive func-
tion [26, 27].

The time of the first appearance of cognitive impair-
ment after baseline or death, loss of follow-up, and the
end of follow-up was recorded as the outcome time,
whichever came first. In particular, previous research
showed that participants were more likely to be unable to
answer relatively difficult tasks when they exhibited poor
health and/or existing cognitive limitations. Therefore,
following prior research, we categorized responses of
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“unable to answer” as incorrect answers. This approach
has been widely used in previous studies and will not
introduce potential bias [28].

Confounders

The confounders of this study included age, sex (male/
female), education (less than primary school/primary
school/junior high school and over), residence (rural/
town/city), main occupation before age 60 (manual
laborers [commercial, service or industrial worker/ self-
employed/ agriculture, forestry, animal husbandry or
fishery worker/ houseworker/ never worked] or non-
manual laborers [professional and technical personnel/
governmental, institutional or managerial personnel/
military personnel]), household income (family’s annual
income from last year, less than 12,000 RMB/12,000 RMB
or more[divided by the median household income]), liv-
ing pattern (living with family members/alone/at the
nursing home), smoking (no/yes), drinking (no/yes),
physical activity score, diet score, activities of daily liv-
ing (ADL), and the number of chronic diseases. Physical
activity score was measured by housework, gardening,
personal outdoor activities, and raising domestic ani-
mals. The total score of physical activity ranged from 0 to
8, with a higher score indicating a higher level of physical
activity. Diet score was calculated according to a previ-
ous report [29]. The total score ranged from 0 to 12, and
higher scores indicated better adherence to the cMIND
(Chinese version of the Mediterranean-DASH Inter-
vention for Neurodegenerative Delay) diet. ADLs were
measured by 14 items: dressing, eating, bathing, indoor
movement, control of defecation, toilet, visiting neigh-
bor’s house alone, going out shopping alone, cooking,
washing clothes, walking 1 km continuously, lifting about
5 kg of heavy objects, squatting and standing up 3 times
in succession, and traveling alone by public transporta-
tion. For each activity, participants were given one point
if they could easily complete it without any help; if they
could complete it, but there were certain difficulties or
they needed other people to help them complete a spe-
cific action, they would get two points; if the participants
were unable to complete the activities, they received
three points. Then, we added all the items to obtain the
total score for follow-up analysis. 14 points represented
no ADL limitation. A higher ADL score represented a
worse ability to perform daily activities. The categorized
ADL variable used the tertiles (the 33% and 66% quar-
tiles) of ADL as the cut-off values.

Statistical analysis

In the descriptive analyses of the baseline characteris-
tics of the participants, the distributions of continuous
variables are summarized by mean (standard deviation),
and the categorical variables are described by frequency
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(percentage). We used the Chi-square test (categorical
variable), or ANOVA analysis (continuous variable) to
infer the significance of baseline difference. The Cox pro-
portional hazard regression model was used to assess the
associations of social support and cognitive activity with
subsequent risk of incident cognitive impairment. We
performed the Schoenfeld residual error tests to examine
the assumption of proportional hazards assumptions in
Cox regression models. A generalized linear model was
used to assess the linear trend of the social support and
cognitive activity tertiles (the 33% and 66% quartiles),
respectively, treating the tertiles as continuous variables
(1-3) and conducting linear correlation analysis with
cognitive impairment.

For assessing mediations of the social support on cog-
nitive impairment incidence through developing cogni-
tive activity, we applied the 2-stage regression method for
survival data proposed by VanderWeele [30]. We speci-
fied a linear regression model for the mediator (cogni-
tive activity) adjusted for social support and confounders
and a Cox proportional hazards regression model for the
outcome (cognitive impairment) adjusted for social sup-
port, cognitive activity, and confounders. The following
potential confounders were included in both models: age,
sex, education, residence, occupation, household income,
living pattern, smoking, drinking, physical activity score,
diet score, ADL, and number of chronic diseases. We
used the Med4way [31, 32] command to calculate the
mediating and interacting effects in this study. Med4way
can be used when the outcome is continuous, dichoto-
mous, count, or survival time, and the mediator is con-
tinuous or binary. This method assumed that the total
effect (TE) of social support on cognitive impairment can
decompose into four components: the controlled direct
effect (CDE, due neither to mediation nor interaction),
the reference interaction (INTref, due to interaction
only), the mediated interaction (INTmed, due to media-
tion and interaction) and the pure indirect effect (PIE,
due to mediation only). The estimates of the total effect
and four components were presented as excess risk ratio
(RR), i.e., RR minus (1) The specific paths of the four-way
effect decomposition and explanation were shown in
Fig. 2 and eTable (2) Then, we used age, sex, education,
household income, and ADL as grouping variables for
subgroup analysis.

Finally, we conducted analogous mediation analyses
excluding participants who died in 2011, using individual
chronic diseases as confounders, using cognitive activity
without participating in social activities as a mediator,
and focusing study population aged 60 years and older
for sensitivity analyses.

All statistical tests were 2-sided at a significance level
of P<0.05. Mediation analysis was performed using the
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Fig. 2 Conceptual framework of the research using four-way decomposition mediation analysis. Abbreviations: SS = Social support; CA=Cognitive activ-
ity; Cl=Cognitive impairment. Note: A solid line represents a practical path, while a dashed line indicates that the path is blocked

“Med4way” command in Stata 15.0 [31]. Another statisti-
cal analysis was conducted in R, version 4.2.2.

Result

Demographic characteristics

The analyzed cohort included 9394 participants (4570
men [48.6%],4824 women [51.4%] initially free of
cognitive impairment, with an average age of 83.54
(10.78), ranging from 65 to 116 years old. Among them,
17.8%(n=1674)developed cognitive impairment during a
mean follow-up of 5.1 (3.2) years (47,697 person-years of
follow-up). The mean MMSE score at baseline was 26.85
(3.29). The mean cognitive activity score and social sup-
port score at baseline were 2.10 (1.63) and 10.94 (2.23),
respectively. Cognitive impairment was associated with
lower levels of social support and cognitive activity, but
also presented in females, older individuals, lower edu-
cation, manual laborers, poor marital status, smoking,
drinking, lower physical activity score and diet score, and
worse ability of daily living (Table 1).

The risk of cognitive impairment by social support and
cognitive activity

In this study, better baseline adherence to social support
and cognitive activity were associated with lower risks of
subsequent incident cognitive impairment (Table 2). The
multivariable-adjusted HRs and 95% confidence inter-
val (CI) were 0.956 (0.932 to 0.980), and 0.895 (0.859 to
0.933) associated with a per 1 score increase in social
support and cognitive activity score, respectively. Simi-
lar associations were obtained by replacing the measure-
ments of social support and cognitive activity by tertiles.

The association between social support and cognitive
activity

There was a positive association between social support
and cognitive activity. Better adherence to social support
was associated with greater odds of participating in cog-
nitive activity (adjusted 5=0.046, 95% CI[0.032—0.060])
(Table 3).
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Table 1 The distributions of baseline characteristics of the study participants stratified by cognitive status

Variables Overall No cognitive Cognitive P-value
impairment impairment
N (%) 9394 7720(82.2%) 1674(17.8%)
Sex (%) Male 4570 (48.6) 3942 (51.1) 628 (37.5) <0.001
Female 4824 (51.4) 3778 (48.9) 1046 (62.5)
Baseline age (mean [SD)) 83.54 (10.78) 83.00 (10.96) 86.06 (9.50) <0.001
Education (%) Less than primary 5355 (57.0) 4259 (55.2) 1096 (65.5) <0.001
school
Primary school 2992 (31.9) 2571 (33.3) 421 (25.1)
Junior high school 1047 (11.1) 890 (11.5) 157 (94)
and over
Occupation (%) Manual laborers 8566 (91.2) 6995 (90.6) 1571 (93.8) <0.001
Non-manual laborers 828 (8.8) 725 (94) 103 (6.2)
Household income (%)° Less than 12,000 CNY 4795 (51.0) 3927 (50.9) 868 (51.9) 0.482
12,000 CNY or more 4599 (49.0) 3793 (49.1) 806 (48.1)
Residence (%) Urban 1617 (17.2) 1323 (17.1) 294 (17.6) 0.200
Town 1947 (20.7) 1627 (21.1) 320(19.1)
Rural 5830 (62.1) 4770 (61.8) 1060 (63.3)
Marital status (%) Married 3879 (41.3) 3363 (43.6) 516 (30.8) <0.001
Divorced/ widowed/ 5515 (58.7) 4357 (56.4) 1158 (69.2)
never married
Living with (%) Living with family 7739 (82.4) 6383 (82.7) 1356 (81.0) 0.202
members
Alone 1535 (16.3) 1243 (16.1) 292 (17.4)
At nursing home 120 (1.3) 94 (1.2) 26 (1.6)
Smoking (%) No 7451 (79.3) 6068 (78.6) 1383 (82.6) <0.001
Yes 1943 (20.7) 1652 (21.4) 291 (17.4)
Drinking (%) No 7524 (80.1) 6132 (79.4) 1392 (83.2) 0.001
Yes 1870 (19.9) 1588 (20.6) 282 (16.8)
Physical activity score (mean [SD]) 3.15(.02) 3.19(2.03) 2.97 (2.00) <0.001
Diet score (mean [SD]) 488 (1.58) 491 (1.59) 475 (1.52) <0.001
ADLs (mean [SD]) 17.95 (5.57) 17.79 (5.54) 18.67 (5.64) <0.001
Chronic disease No. (mean [SD]) 0.98(1.17) 0.98 (1.18) 0.98 (1.14) 0.968
Cognitive activity score at baseline (mean [SD]) 2.10(1.63) 2.16 (1.64) 1.80 (1.55) <0.001
Social support score at baseline (mean [SD]) 10.94 (2.23) 11.02 (2.24) 10.56 (2.17) <0.001
MMSE score at baseline (mean [SD]) 26.85 (3.29) 26.99 (3.23) 26.19 (3.44) <0.001

Note: a:manual laborers including commercial, service or industrial workers/ self-employed/ agriculture, forestry, animal husbandry or fishery worker/ houseworker/
never worked; non-manual laborers including professional and technical personnel/ governmental, institutional or managerial personnel/ military personnel. b: The
median of household income (12,000 CNY, or about 1700 USD) was taken as the cut-off value

Table 2 The risk of cognitive impairment by social support and cognitive activity

Social support, HR(95%ClI for HR) Cognitive activity, HR(95%ClI for HR)
Unadjusted Adjusted Unadjusted Adjusted
Scores(continuous) 0.867(0.851,0.883)** 0.956(0.932,0.980)** 0.757(0.732,0.784)** 0.895(0.859,0.933)**
Status by tertiles
T1 1[Reference] 1[Reference] 1[Reference] 1[Reference]
T2 0.803(0.698,0.925)** 0.898(0.779,1.036) 0.532(0.475,0.596)** 0.755(0.671,0.850)**
T3 0.400(0.357,0.448)** 0.794(0.692,0.912)** 0.390(0.346,0.440)** 0.712(0.614,0.825)**
P for trend <0.001%* 0.071* <0.001** 0.026**

Abbreviations: HR=hazard ratio; T=tertiles

Note: The following adjusted variables were included in each model: age, sex, education, residence, occupation, household income, living pattern, smoking,
drinking, physical activity score, diet score, ADL, and number of chronic diseases. P for trend, obtained from the Generalized Linear Model of a linear association of
the tertiles as continuous variables (1-3) with risk of cognitive impairment. * P<0.1, ** P<0.05
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Table 3 Linear regression coefficients (95%Cl) for the association between social support and cognitive activity
Coefficient per point of the 95% Cl P-value
cognitive activity
Model 1 0.205 0.191 0.220 <0.001
Model 2 0.046 0.032 0.060 <0.001

Note: Model 1 adjusted social support only. Model 2: Model 1+age, sex, education, residence, occupation, household income, living pattern, smoking, drinking,
physical activity score, diet score, ADL, and number of chronic diseases

Table 4 The effects of social support on cognitive impairment due to mediation and interaction with cognitive activity

Variable The CA score in 2008 as a mediator The mean of CA score in 2008 and 2011 as a
mediator ?
Excess RR (95%Cl) % mediated Excess RR (95%Cl) %
mediated

Total effect -0.125(-0.193,-0.057)* 100.0 -0.137(-0.244,-0.031)* 100.0
CDE -0.112(-0.180,-0.043)* 89.4 -0.118(-0.233,-0.004)* 85.9
INTref 0.001(-0.004,0.005) -0.5 0.001(-0.012,0.012) 0.1
INTmed 0.001(-0.006,0.006) -03 -0.002(-0.009,0.005) 14
PIE -0.014(-0.022,-0.007)* 114 -0.017(-0.028,-0.006)* 126

Abbreviations: CDE=controlled direct effect; INTref=reference interaction effect; INTmed=mediated interaction effect; PIE=pure indirect effect; RR=risk ratio;
CA=cognitive activity

Note: The following adjusted variables were included in each model: age, sex, education, residence, occupation, household income, living pattern, smoking,
drinking, physical activity score, diet score, ADL, and number of chronic diseases. * P<0.05. a, Participants who had cognitive impairment in 2011 and had a missing

CA score in 2011 were excluded

The effects of social support on cognitive impairment due
to mediation and interaction with cognitive activity

We explored the mediating and interacting role of cog-
nitive activity in the effect of social support on cognitive
impairment in the elderly. For all analyses, the cognitive
activity was treated as a mediator, and the total effect of
social support on cognitive impairment was significant
(excess risk ratio [RR] = -0.125, 95%CI[-0.193,-0.057])
which can be divided into four parts. The controlled
direct effect (excess RR=-0.112, 95%CI[-0.180,-0.043]) of
social support on cognitive impairment, and pure media-
tion effect of cognitive activity as a mediator (excess RR=-
0.014, 95%CI[-0.022,-0.007]) were significant. However,
the effect of reference interaction and mediated inter-
action were not significant (P>0.05). The proportion
of the controlled direct effect and pure indirect effect
were 89.4% and 11.4%, respectively. Similarly, replacing
the mediator of baseline cognitive activity by the mean
of cognitive activity scores between 2008 and 2011, the
direct effect and indirect effect were —0.118(95%CI[-
0.233, -0.004]) and -0.017 (95%CI[-0.028, -0.006]),
respectively, and the indirect effect accounted for 12.6%
of the total association (Table 4). The results of subgroup
analysis showed that the mediating effect of cognitive
activity was primarily in individuals who were over 80
years old, individuals with mild daily functional limita-
tions (ADL score ranged from 15 to 18), or individuals
with normal daily function (Fig. 3, eTable 3).

After excluding participants who died in 2011, using
individual chronic diseases as confounders, using cog-
nitive activity without participating in social activities
as a mediator, and focusing study population aged 60

years and older, the results remained little changes in
the main results (eTable 4). Overall, the cognitive activ-
ity performed significant mediating roles in the relation
of social support and cognitive impairment.

Discussion

In this nationwide prospective cohort, we provided com-
pelling evidence linking higher levels of social support
and cognitive activity to a lower subsequent incidence of
cognitive impairment in Chinese older adults. Our find-
ings underscore the mediating role of cognitive activ-
ity in enhancing the likelihood of mitigating cognitive
impairment associated with social support, illuminating
a potentially modifiable pathway for intervention. The
strength of these associations persisted even after adjust-
ments for potential confounding variables and compre-
hensive sensitivity analyses. Particularly striking is the
pronounced significance of these associations within the
oldest-old and those with mild daily functional limita-
tions. These findings emphasize the critical importance
of targeting and improving the “social support-cognitive
activity” pathway as a preventive strategy to effectively
reduce the risk of cognitive impairment incidence among
both the oldest-old population and older adults with mild
daily functional limitations.

After adjusting for other confounders, we observed a
significant protective association between social support
and cognitive impairment in older adults (HR=0.956,
95%CI1[0.932—-0.980]), consistent with prior research in
this field [22, 33]. It is plausible that higher levels of per-
ceived social support have a favorable influence on an
individual’s lifestyle behaviors, such as seeking medical
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Subgroup Case/Overall PIE Proportion mediated
Age, years

65~79 406/3493 - 13

280 1268/5901 —— 12.9
Sex

Male 628/4570 — li722

Female 1046/4824 . 7.4
Education

Less than primary school 1096/5355 + 7.6

Primary school and over 578/4039 ==~ | 23.8
Household income

Less than 12000 CNY ~ 868/4795 —— 11

12000 CNY or more 806/4599 —— 12
ADLs §

14 points 527/4077 e 147

15~18 points 526/2428 —— 12.8

>18 points 621/2889 —— i

-0.[06 -O.IO3 (I) O.IO3

Fig. 3 Subgroup analysis of mediating effects of cognitive activities. Abbreviations: PIE=pure indirect effect. Note: The tertiles of ADLs score were taken
as the cut-off value. The forest plot represents the 95% confidence interval for Excess RR of PIE

care, engaging in regular exercise, adhering to medica-
tion regimens, and quitting smoking, which collectively
contribute to improved cognitive function and overall
health outcomes [34]. This protective association could
be attributed to the opportunities for communication and
interpersonal interaction that social support networks
provide, potentially contributing to a reduction in cog-
nitive decline [33]. Additionally, social support has been
demonstrated to protect individuals against the adverse
consequences of stressful events, thereby fostering posi-
tive impacts on well-being and cognition [9]. Despite the
protective impact of social support on cognitive function,
changes in life circumstances such as retirement, loss of
a partner or friend, and changes in financial status may
lead to a decrease in the level of available social support
among older adults [35]. Therefore, further research into
the potential pathways linking social support and cog-
nitive health is crucial for targeted interventions in this
population.

The finding related to cognitive activity is supported
by prior research showing the protective association
of cognitive activity with cognitive impairment in older
adults(HR=0.895, 95%CI[0.859-0.933]) [12, 36]. Mech-
anisms by how participation in cognitive activity may
influence the incidence of cognitive impairment include
enhanced cognitive reserve through the use of more
effective neural networks [37, 38]. A whitepaper pub-
lished by Reserve, Resilience, and Protective Factors Pro-
fessional Interest Area, defines cognitive reserve refers
to “the adaptability (i.e., efficiency, capacity, flexibility) of

cognitive processes that helps to explain differential sus-
ceptibility of cognitive abilities or day-to-day function to
brain aging, pathology or insult” [39]. Current evidence
suggests cognitive reserve can develop throughout indi-
viduals’ lives via experiences like stimulating cognitive
activity, education, and work [40]. These experiences can
enhance neural connectivity and cognitive abilities, act-
ing as a protective shield against disease-related changes
and enabling the brain to compensate for damage by
activating alternative neural pathways [40]. In essence,
this supports the “use it or lose it” concept, where cog-
nitive engagement strengthens neural circuits, promotes
brain plasticity, and optimizes brain networks’ efficiency
through activities that encourage neurogenesis and
increased synaptic density [41].

We presented prospective population evidence sug-
gesting that cognitive activity mediates the relationship
between social support and cognitive impairment with
the mediating effect estimated at 11.4%. One plausible
explanation was that a supportive environment from
families and society could stimulate or encourage healthy
behaviors, such as cognitive activity, and provide vari-
ous sources of information, which could help to have a
positive impact on health [42]. Consequently, individu-
als with higher levels of social support who engaged in
more cognitive activity to maintain brain stimulation and
release stress exhibited a reduced likelihood of devel-
oping cognitive impairment. Specially, when using the
mean of cognitive activity scores in 2008 and 2011 as a
mediator, the indirect effect increased from 11.4 to 12.6%
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underscoring the sustained temporal persistence of the
mediating effect of cognitive activity.

Several early studies have suggested that social inter-
action involved in some kinds of activities may be more
relevant to cognitive function [43]. However, the results
of mediation analyses in this study did not support the
significant social support-cognitive activity interactions
underlying the association between social support and
cognitive impairment incidence in older adults. Addi-
tionally, to further confirm the odds of these interac-
tions, we replaced the definitions of cognitive activities
by excluding the variables related to social activities and
replicated the mediation analyses. The significant evi-
dence indicated the mediation role of cognitive activity
on the study associations (eTable4). All of these results
consistently supported the mediation roles of reading/
surfing the Internet, playing cards/mahjong, and watch-
ing T'V/listening to the radio on the association between
social support and cognitive impairment incidence in
older adults.

Significantly, we observed that the oldest-old and older
adults with mild daily functional limitations derived
greater benefits from the mediating effects discussed ear-
lier. Existing evidence has indicated a higher incidence of
cognitive impairment in the oldest-old and older adults
with mild daily functional limitations [24, 44]. While the
link between exercise and reduced dementia risk is well-
established [37], specific exercise recommendations for
individuals aged 80 and older remain limited. Vigorous-
or moderate-intensity exercise may not be appropriate
as an intervention for maintaining and preserving cogni-
tive function in this age group or those with mild daily
functional limitations. Exploring strategies for maintain-
ing social support among the very elderly or those with
mild daily functional limitations may offer a promising
approach to postponing cognitive decline. Therefore,
strengthening the positive influence of social support on
cognitive impairment in these older adults through cog-
nitive activity presents a highly effective avenue for pro-
moting cognitive health.

As the population continues to age, initiatives aimed at
enhancing economic, social, and educational opportuni-
ties may exert a profound impact on cognitive and brain
health among older adults [45, 46]. For instance, encour-
aging families to provide increased financial and emo-
tional support to older individuals, promoting a variety
of cognitive activities (e.g., chess and card competitions),
expanding learning opportunities within older commu-
nities (e.g., establishing senior universities and librar-
ies), and fostering social connections (e.g., creating green
spaces and senior activity center) may all contribute to
the promotion of cognitive health [47].

This study contributes valuable insights to the field of
geriatric neurology and highlights the potential for public
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health interventions aimed at preserving cognitive health
in aging populations. However, some limitations should
be mentioned in this study. Firstly, the data on social
support and cognitive activity relied on self-reporting,
which may cause recall bias. Secondly, some unmeasured
potential covariates (such as medication use) might con-
found the association between social support, cognitive
activity, and cognitive impairment. Thirdly, comparing
the characteristics of participants and those who were
lost to follow-up, it was found that residents with higher
household incomes and current residence in cities were
more likely to be lost to follow-up. Therefore, for older
adults with higher socioeconomic status, more cau-
tion should be used when interpreting the study results.
Finally, cognitive function in this study was assessed only
by MMSE, and no clinical assessment or other cognitive
testing in subdomains was performed.

Conclusion

This study provided compelling evidence linking higher
levels of social support and cognitive activity to a lower
subsequent incidence of cognitive impairment in Chi-
nese older adults. Particularly striking is the pronounced
significance of these associations within the oldest-old
and those with mild daily functional limitations. As the
population continues to age, initiatives to improve eco-
nomic, social, and educational opportunities may have a
profound impact on cognitive and brain health in older
adults. It is crucial to provide older individuals with
increased mental, emotional, and material support while
encouraging their engagement in more cognitive activi-
ties during leisure time to mitigate the risk of cognitive
impairment.
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