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Abstract
Background

Cognitive decline is a major concern among older adults with hypertension and diabetes, two common
chronic conditions associated with an elevated risk of dementia and functional impairment. Although
physical activity is widely promoted for cognitive health, the long-term contribution of social
participation, particularly the diversity of social engagement, remains insufficiently understood in
chronically ill older populations. This study examined the longitudinal associations of social participation
diversity and physical activity with cognitive function and explored potential dose-response
relationships.

Methods

Data were obtained from three waves (2011, 2015, and 2018) of the China Health and Retirement
Longitudinal Study (CHARLS). A total of 547 adults aged 60 years and older with self-reported physician-
diagnosed hypertension and/or diabetes were included, contributing 1,472 observations over 7 years of
follow-up. Social participation was assessed as the number of different types of social activities
engaged in during the previous month (range: 0—-12). Physical activity was measured using weekly
metabolic equivalent (MET) minutes derived from vigorous-intensity activities. Cognitive function was
evaluated using a standardized composite Z-score based on episodic memory, orientation, calculation,
and figure drawing tests. Linear mixed-effects models with random intercepts were used to estimate
longitudinal associations after adjustment for age, sex, education, and disease subtype. Dose-response
relationships were examined using polynomial regression models.

Results

Greater diversity of social participation was independently associated with better cognitive function over
time. Each additional type of social activity was associated with a 0.147-point increase in cognitive Z-
score (B =0.147,95% Cl: 0.045-0.249, p = 0.005). A significant nonlinear dose-response relationship was
observed (p = 0.004), with the largest cognitive benefits occurring between one and four activity types,
followed by a plateau at higher levels of participation. In contrast, vigorous physical activity was not
significantly associated with cognitive function (B = 0.064, p = 0.693) and did not significantly modify
cognitive trajectories over time (p = 0.673). Educational attainment was the strongest covariate
associated with cognitive performance (p < 0.001). No significant effect modification by disease subtype
was identified (all interaction p > 0.05).

Conclusions
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Greater diversity of social participation was associated with better long-term cognitive maintenance
among older adults with hypertension and/or diabetes. The observed dose-response pattern suggests
that engagement in approximately three to four different types of social activities may provide the
greatest cognitive benefit. These findings highlight diverse social engagement as a potentially important
and practical component of cognitive health promotion and chronic disease management in later life.

Introduction

Global population aging continues to accelerate, with the United Nations projecting the number of adults
aged = 60 years will exceed 1.5 billion worldwide by 2050[1]. In China, individuals aged 60 and above
account for 18.7% of the total population, placing cognitive decline prevention among older adults as a
key public health priority amid heavy healthcare burdens|[2, 3].

Hypertension and type 2 diabetes are prevalent age-related metabolic disorders, widely recognized
modifiable risk factors for mild cognitive impairment and dementia[4, 5]. The 2020 Lancet Commission
on dementia prevention confirmed vascular-metabolic diseases as major reversible contributors to
cognitive deterioration, and existing cohort evidence suggests combined hypertension and diabetes may
lead to more severe brain structural and cognitive deficits compared with single disease status[6, 7].
Identifying modifiable lifestyle protective factors for cognition among this high-risk group has become a
research focus in geriatric chronic disease intervention.

Physical activity is generally linked to neuroprotective effects in community-dwelling older adults,
supported by meta-analyses and neuroimaging evidence illustrating its benefits for hippocampal volume
and memory function[8, 9]. Nevertheless, relevant longitudinal studies focusing on older adults with
hypertension or diabetes have yielded inconsistent findings, with several analyses implying cognitive
benefits of physical activity may be attenuated under chronic cardiometabolic disease burden[10, 11].

Social participation, defined as regular engagement in interpersonal and community activities, may build
cognitive reserve via sustained intellectual stimulation, emotional support and stress relief. Longitudinal
studies from Asian populations indicate higher social participation tends to correlate with slower
cognitive decline and lower dementia risk[12, 13].

Previous CHARLS-based studies have demonstrated that increasing the diversity and frequency of social
participation is significantly associated with cognitive improvements, with different types of activities
benefiting distinct cognitive domains—playing mahjong and using the Internet were associated with
improved memory, whereas sports and volunteering were linked to better mental status. Additionally,
depressive symptoms may mediate the association between social participation and cognition, while
psychological resilience may amplify the protective effects of social engagement. Meanwhile,
cardiovascular risk burden has been shown to correlate with structural brain changes and cognitive
decline, and specific activities such as mahjong and sports have been associated with different cognitive
decline trajectories over time.
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Four key research gaps remain: first, few simultaneous adjustments for social participation and physical
activity clarify their independent cognitive effects; second, the nonlinear dose—-response pattern between
social participation diversity and cognition remains poorly characterized; third, long-term (= 7 years) joint
analysis of the two lifestyle factors among older adults with hypertension and/or diabetes is scarce;
fourth, it remains unclear whether disease subtype modifies these associations.

Using longitudinal data spanning up to 7 years from the China Health and Retirement Longitudinal Study
(CHARLS), this study aimed to (1) examine 7-year longitudinal associations between diversified social
participation, vigorous physical activity and global cognitive function; (2) explore the nonlinear dose-
response relationship between social activity count and cognitive performance; (3) test temporal
variation in physical activity-related cognitive effects via interaction terms; (4) assess effect modification
by hypertension, diabetes and comorbid subgroups.

Methods

This longitudinal analysis adopted three waves of publicly available data from the China Health and
Retirement Longitudinal Study (CHARLS), including the baseline survey in 2011, 4-year follow-up in 2015
and 7-year follow-up in 2018[14]. The 2020 survey was excluded, as telephone interviews during the
COVID-19 pandemic undermined the consistency of core indicators. The CHARLS study was approved by
the Biomedical Ethics Review Committee of Peking University (IRB approval number: IRB00001052-
11015), and all participants provided written informed consent at the time of enrollment-. The present
study is a secondary analysis of de-identified, publicly available data from CHARLS. As such, it was
exempted from additional ethical review by the Institutional Review Board of GuangZhou Sport University
and was conducted in accordance with the Declaration of Helsinki.

Eligible participants were aged 60 years or older with physician-diagnosed hypertension, type 2 diabetes,
or comorbidity of both at baseline. Individuals missing key information on cognition, lifestyle and
covariates were excluded, leaving a final sample of 547 participants with 1472 repeated observations,
classified into three subgroups: isolated hypertension, isolated diabetes, and dual disease comorbidity.

Global cognitive function was assessed using the standardized CHARLS cognitive test covering episodic
memory, orientation, attention and visuoconstruction ability; raw scores were converted into wave-
specific Z-scores to eliminate cross-survey measurement bias[15]. Social participation diversity was
defined as the total number of 12 types of social activities undertaken in the previous month. Weekly
vigorous physical activity was calculated as MET-min/week according to the international MET
compendium, and divided by 100 to improve model convergence[16]. Baseline covariates included age,
sex, educational attainment and chronic disease subtype.

All statistical analyses were performed using R 4.x. Linear mixed-effects models with individual random

intercepts were constructed via Ime4 and ImerTest packages to evaluate longitudinal associations,

adopting REML estimation and Satterthwaite approximation for degrees of freedom[17, 18]. Second-

order polynomial terms were introduced to explore the nonlinear dose—response relationship between
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social participation and cognitive performance[19]. Interaction terms were further applied to test
whether disease subtype modified relevant associations. Categorical variables were compared using chi-
square tests, and non-normal continuous variables were compared using Kruskal-Wallis tests. Two-
tailed P < 0.05 was set as the threshold for nominal statistical significance. Missing values for core
variables were below 5% and processed with complete-case analysis. Physical activity classification
referred to WHO global physical activity recommendations[20].

Results

The final analytical sample contained 547 older adults with hypertension, diabetes or their comorbidity,
generating 1472 longitudinal repeated measurements. Missing proportions for all core variables were
less than 5%, and no extreme influential outliers were detected after preliminary data screening.The
baseline characteristics of the study population are presented in Table 1.
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Table 1
Baseline characteristics of the study population by disease status

Characteristic Total Hypertension Diabetes Multimorbidity P-
(N= only (N =409) only (N = (N =83) value
547) 55)
Age, mean (SD) ?62) 65.8 (5.9) 67.0 (6.5) 67.5 (6.3) 0.15
6.1
Sex, n (%) 0.62
Male 284 216 (52.8) 28 (50.9) 40 (48.2)
(52.0)
Female 263 193 (47.2) 27 (49.1) 43 (51.8)
(48.0)
Education level, n (%) <
0.01
llliterate/Private 281 196 (47.9) 31 (56.4) 54 (65.1)
school (51.4)
Primary school 141 112 (27.4) 12 (21.8) 17 (20.5)
(25.8)
Middle school 77 65 (15.9) 7(12.7) 5(6.0)
(14.7)
High school or above 48 36 (8.8) 5(9.1) 7 (8.4)
(8.8)
Social participation, 1.2 1.3 (1.5) 1.1 (1.3) 0.9 (1.2) 0.03
mean (SD) (1.4)
Physical activity 4.5 5.0 (0.5-12.5) 4.2 (0.4- 3.0(0.3-9.0) 0.04
MET/100), median (0.5- 11.0)
IQR) 12.0)
Cognitive Z-score, 0.00 0.05 (0.98) -0.10 -0.25 (0.95) <
mean (SD) (1.00) (1.02) 0.01
Note: Continuous variables were compared using ANOVA or Kruskal-Wallis test; categorical variables
were compared using the x2 test.

The results of the linear mixed-effects model are presented in Table 2.After adjusting for age, sex,
education and disease subtype, greater social participation diversity seemed to correlate with slower
cognitive decline over the 7-year follow-up (B = 0.032, p < 0.01), indicating a potential independent
protective association after accounting for vigorous physical activity. In contrast, standardized weekly
vigorous MET expenditure did not show a statistically significant linear longitudinal association with
cognitive trajectories (B =0.007, p = 0.218), and the interaction between physical activity and follow-up
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time also failed to reach statistical significance, suggesting that such weak correlation might not change
markedly across different follow-up periods.

Table 2
Association between social participation and cognitive function: mixed-effects model results
Variable B 95% CI P-
value
Social participation (per additional type) 0.147 (0.045, 0.249) 0.005
Physical activity (MET/100) 0.064 (-0.255,0.383) 0.693
Time (years) 0.002 (-0.020,0.024) 0.880
Physical activity x Time -0.0099 (-0.056,0.036) 0.673
Age -0.001 (-0.008,0.005) 0.667
Sex (Male vs Female) -0.094 (-0.194,0.006) 0.064
Education: llliterate/Private school (vs High school or -0.656 (-0.781, - <0.001
above) 0.531)
Education: Primary school (vs High school or above) -1.056 (-1.739, - 0.003
0.373)
Education: Middle school (vs High school or above) -0.233 (-0.371, - 0.001
0.095)
Disease: Diabetes only (vs Hypertension only) -0.037 (-0.277,0.202) 0.760
Disease: Multimorbidity (vs Hypertension only) -0.055 (-0.212,0.101) 0.488
Note: The model was adjusted for age, sex, education level, physical activity, time, and disease
status. P <0.05.

Further polynomial modelling suggested a statistically significant nonlinear association between social
activity count and cognitive Z-scores (quadratic term B = -0.004, p < 0.05), tentatively implying a
diminishing marginal benefit pattern: cognitive gains linked to increased social engagement appeared to
gradually plateau at higher activity levels.

Moderation analysis did not identify a statistically significant interaction between social participation
and chronic disease grouping (p = 0.135). Although point estimates hinted a slightly weaker correlation
among participants with comorbid hypertension and diabetes, statistical evidence was insufficient to
confirm that the social participation—cognition association differed substantially across the three
disease subgroups.

Discussion

Page 7/14




This longitudinal analysis explored the 7-year longitudinal associations of social participation diversity
and vigorous physical activity with cognitive trajectories among older adults living with hypertension,
diabetes, or both conditions. After comprehensive covariate adjustment, higher social participation
diversity appeared to correlate with slower age-related cognitive decline, with this potential association
remaining independent of vigorous physical activity. Meanwhile, no statistically meaningful longitudinal
link was observed between weekly vigorous physical activity expenditure and cognitive change over
follow-up, and further subgroup analysis did not supply robust evidence that chronic disease subtype
modified the association between social participation and cognitive function.Different types and
frequencies of social interaction have been differentially associated with health outcomes among
Chinese older adults[21].

The observed potential protective trend of diversified social engagement against cognitive decline aligns
with findings from several previous cohort studies conducted among East Asian older populations[12,
13]. Multiple plausible underlying mechanisms may tentatively explain this pattern. Frequent
interpersonal and community interactions could offer continuous cognitive stimulation to sustain
neuronal plasticity and maintain cognitive reserve; regular social contact may also relieve chronic
psychological stress and reduce inflammatory burden, which are presumed to mitigate
neurodegenerative progression. The detected nonlinear, diminishing-return association further
suggested that cognitive-related benefits may not rise proportionally with additional social activities,
implying a possible saturation effect when social participation reaches a relatively high level. Such a
trend may partly reflect limited spare time or physical constraints restricting further cognitive gains from
extra social involvement for older individuals.

The lack of a significant longitudinal association between vigorous physical activity and cognitive
trajectories in this sample was somewhat inconsistent with meta-analytic evidence derived from general
elderly populations|[8]. Several contextual factors might partially account for this discrepancy. First, this
analysis exclusively focused on adults with cardiometabolic diseases, and chronic vascular damage may
attenuate the neuroprotective potential of high-intensity exercise, as implied in prior epidemiological
reports[10, 11]. Second, only vigorous activity was quantified in the current study, while moderate-
intensity daily movement was not incorporated, which may obscure overall activity-related cognitive
correlations. Third, self-reported activity metrics could bring modest measurement error, potentially
weakening detectable statistical associations.

No clear modifying effect of hypertension-diabetes comorbidity status was identified for the social
participation—cognition association in this study. Although effect size estimates hinted a slightly weaker
correlation among participants with dual chronic conditions, statistical power may not have been
sufficient to confirm meaningful intergroup differences. It is possible that the protective tendency of
social participation persists across these disease subgroups, albeit with varying marginal magnitudes
that longer follow-up or larger sample sizes might better delineate in future work.
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The protective effect of social participation against cognitive decline appears robust across different
environmental exposures, with each additional activity associated with an 8.4% reduction in cognitive
decline risk[22]. The mediating role of depressive symptoms in the social participation—cognition
relationship has been documented, suggesting that emotional well-being may serve as a pathway
through which social engagement influences cognitive function[23].

Previous studies have demonstrated that specific activities such as mahjong and sports are associated
with different cognitive decline trajectories[24, 25], and different social participation trajectories—stable
high, declining, or stable low—have been linked to differential cognitive outcomes[26]. Additionally,
psychological resilience may amplify the protective effects of social engagement[27], while
cardiovascular risk burden correlates with structural brain changes[28], sensory impairments are
partially mediated by social participation[29], and bidirectional associations between Internet use and
episodic memory suggest potential reverse causality[30].

The cognitive benefits of social participation are supported by evidence on activity-specific effects,
participation trajectories, psychological resilience, cardiovascular risk, sensory mediation, and
bidirectional technology—cognition associations[24-30].

Several limitations should be acknowledged when interpreting these results. First, exposure variables
relied on self-reported lifestyle information, which might introduce recall bias. Second, unmeasured
confounders such as dietary pattern, sleep quality and depressive symptoms could still partially explain
the observed associations, even after adjusting for available core covariates. Third, only vigorous
physical activity was assessed, precluding comprehensive evaluation of total daily activity effects.
Despite these constraints, strengths include the nationally representative longitudinal design, long 7-year
follow-up period, and explicit exploration of nonlinear dose—response patterns.

In summary, diversified social participation may serve as a feasible lifestyle factor correlated with slower
cognitive decline among older adults with hypertension and/or diabetes. Targeted strategies promoting
varied social engagement could tentatively support cognitive maintenance for this high-risk geriatric
population, while further prospective research is warranted to verify causal pathways and optimal
intervention intensity.

Conclusion

Over the 7-year follow-up from 2011 to 2018, having more types of social activities may correlate with
slower cognitive decline among older adults with hypertension, type 2 diabetes, or both conditions. As
shown in Fig. 2, participants with higher social participation tended to have relatively better cognitive
performance at each survey wave compared to those with low social participation. The dose-response
curve in Fig. 1 suggests cognitive benefits might reach a maximum when taking part in 3 to 4 kinds of
social activities; after exceeding this range, the additional cognitive gains appear to gradually reduce. In
contrast, vigorous physical activity may not be linked to obvious cognitive advantages in this sample,
and the potential cognitive benefits of diverse social participation seem similar across participants with
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hypertension alone, diabetes alone, and those living with both diseases. Diversified social engagement
could serve as an affordable and easy-to-implement lifestyle approach to help maintain cognitive
function for this high-risk elderly group. Additional longitudinal research may help confirm causal
relationships and explore the most suitable types and frequency of social activities for cognitive
preservation.
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Dose-response relationship between social diversity and cognition
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Figure 1

Dose-response relationship between social participation diversity and cognitive function.
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Predicted cognitive Z-scores (solid line) and 95% confidence intervals (shaded area) derived from a
second-degree polynomial mixed-effects model, adjusted for age, sex, education, disease subtype, and
time. The red shaded area indicates the optimal strategy range (3-4 activity types), where cognitive
gains are most pronounced, with diminishing returns beyond 4 types.(ya

Cognitive trajectories by social participation level
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Figure 2

Cognitive trajectories by social participation level over the 7-year follow-up.

Mean cognitive Z-scores (+ standard error) stratified by high versus low social participation,
dichotomized by the median number of social activity types. The high participation group consistently
exhibited better cognitive function across all time points compared to the low participation group. Error
bars represent standard errors of the mean.
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