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Abstract

Introduction:
Social interaction, physical frailty, and subjective cognitive difficulties are important public health
concerns in aging societies because they are relevant to community screening, health promotion, and
preventive planning. This study examined whether longitudinal associations among social interaction
(SI), Kihon Checklist-defined physical frailty (PF), and Kihon Checklist-defined subjective cognitive
decline (SCD) mainly reflected stable between-person differences or within-person temporal processes
among community-dwelling older adults.

Methods
This 6-year prospective cohort study used data from 307 adults aged 65 years and older in a Japanese
community cohort in 2014, 2017, and 2020. SI was measured using the 18-item Index of Social
Interaction. PF and SCD were operationalised using official Kihon Checklist domain-based cut-offs and
treated as binary screening-defined states. A Bayesian random intercept cross-lagged panel model
separated trait-like differences from within-person temporal deviations, adjusting for baseline covariates.

Results
Model fit was acceptable (PPP = 0.605; 95% CrI for the observed–replicated chi-square difference: -55.25
to 41.20; final PSR = 1.001). Higher trait-like SI was associated with lower trait-like PF (β = -0.445, 95%
CrI − 0.649 to -0.230) and lower trait-like SCD (β = -0.354, 95% CrI − 0.636 to -0.065). Within-person
autoregressive paths were observed, but all cross-lagged credible intervals included zero.

Conclusion
SI, PF, and SCD were associated mainly at the stable between-person level. Clear within-person cross-
lagged associations were not observed; however, this finding should be interpreted cautiously because
of the modest sample size, binary screening-defined outcomes, and limited temporal resolution. The
findings support the use of social interaction as part of community-based functional aging profiles for
population monitoring, early risk identification, and preventive public health planning, rather than as
evidence of short-term temporal effects.

Introduction
Maintaining functional ability is a central goal of community health, health promotion, and aging
research. In later life, physical frailty, cognitive decline, and social disconnection are all linked to reduced
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independence, poorer quality of life, and greater care needs. [1–8] Social connectedness has also been
associated with lower mortality, better cognitive outcomes, and healthier ageing trajectories. [6–15]

Social participation has been linked to lower frailty risk, reduced disability, and longer disability-free life
expectancy, including in Japanese cohorts. [16–20] However, for gerontological interpretation and
community-based ageing research, it remains unclear whether these associations indicate stable long-
term risk profiles or short-term change processes. This distinction is important because the implications
differ. If the associations are mainly between-person, social interaction may be useful for population
monitoring, risk identification, and sustained community support. If the associations are mainly within-
person, short-term changes in social interaction may be more directly relevant to preventing subsequent
physical or cognitive decline. Most previous longitudinal studies have not explicitly separated these two
levels of variation, which can lead to different interpretations of the same observed association. [21–23]

This distinction is particularly relevant for community screening studies using KCL-defined risk states,
because such indicators are often interpreted for long-term monitoring rather than clinical diagnosis. [28–

32]

This study examined the longitudinal relationships among social interaction (SI), physical frailty (PF), and
subjective cognitive decline (SCD) in community-dwelling older adults in Japan. SI was assessed using
the Index of Social Interaction (ISI), which was developed in Japanese ageing research and has been
linked to mortality, functional status, and broader social relationship patterns in later life. [24–27, 33] PF
and SCD were operationalised using official domain-based cut-offs from the Kihon Checklist (KCL),
consistent with Japanese community screening practice. [28–32]

The present study therefore aimed to clarify whether associations among SI, KCL-defined PF, and KCL-
defined SCD in community-dwelling older adults are better understood as stable between-person
functional aging profiles or as within-person temporal processes. This distinction is important for
community health because conventional longitudinal associations may combine stable between-person
differences with within-person temporal deviations, leading to different implications for population
monitoring, early risk identification, health maintenance, and health promotion planning. [21–23] A
Bayesian random intercept cross-lagged panel model was used to separate trait-like differences from
within-person deviations across three waves. [21–23] We hypothesised that higher social interaction
would be associated with lower physical frailty and lower subjective cognitive difficulty, while
recognising that the available three-wave, 3-year interval data may be better suited to identifying stable
community-level risk profiles than to establishing short-term temporal ordering. [6–20,24−27,33]

From a public health perspective, this distinction is not merely methodological. If social interaction is
mainly linked with PF and SCD through stable between-person profiles, it may serve as a population-level
marker for identifying older adults with less favorable functional aging profiles and for informing
community-based health promotion strategies. [6–20,24−33] If, in contrast, short-term within-person
changes are evident, the findings would have stronger implications for temporally targeted prevention.
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[21–23] Clarifying this distinction may therefore help avoid overinterpreting conventional longitudinal
associations and support more appropriate use of social, physical, and cognitive screening information
in community public health practice. [21–23,28−32]

Methods

Study design and participants
This study was a 6-year longitudinal cohort study using data collected in 2014, 2017, and 2020 as part of
the Community Empowerment and Care for Well-being and Healthy Longevity study in a suburban area
of Japan. The target population consisted of community-dwelling adults aged 65 years and older at
baseline in 2014. The analytic sample included participants who had valid scores or valid classifications
for the three main variables at all three waves. The final analytic sample comprised 307 participants.

The study population consisted of community-dwelling older adults who were able to participate in the
survey. Individuals who were institutionalised, receiving full-time nursing care, or unable to provide
meaningful survey responses were not included in the source cohort. Invalid wave scores were defined
as missing 9 or more items for the 18-item ISI, missing 2 or more items for the 5-item KCL physical
domain, or missing 2 or more items for the 3-item KCL cognitive domain. Participants with invalid or
missing data for any of the three primary variables at any wave were not included in the analytic sample.
Although this approach improved interpretability of the longitudinal model by ensuring valid repeated
measurement of all three focal constructs, it may also have increased vulnerability to selection bias
related to attrition and missingness, particularly if participants retained in the analytic sample were
healthier, more stable, or more likely to remain engaged over time. [37, 38] Accordingly, the present
findings should be interpreted as characterising associations among older adults with valid repeated
measurement across all three focal constructs over the 6-year follow-up.

Participant selection is shown in Fig. 1.

Measures

Social interaction
Social interaction was measured using the ISI, an 18-item multidimensional instrument developed for
older adults in Japan. [24–27] The scale covers five domains: independence, social curiosity, interaction,
participation in society, and feelings of safety. Higher total scores indicate greater social interaction.

Physical frailty
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Physical frailty was assessed using the physical function domain of the KCL, comprising items Q6-Q10.
[28–30] Rather than using a positively scored continuous summary, the domain was classified according
to the official KCL domain-based cut-off. Participants with 3 or more unfavourable responses were
classified as positive for physical frailty. [28–30]

Subjective cognitive decline
Subjective cognitive decline was operationalised using the cognitive function domain of the Kihon
Checklist (items Q18-Q20). Participants with one or more unfavourable responses were classified as
positive for SCD. [28, 30–32] In the present study, this variable was treated as a KCL-based community
screening indicator of subjective cognitive difficulty rather than as a syndrome-level clinical diagnosis.
This operationalisation was considered appropriate for three reasons. First, the KCL cognitive domain
consists of self-reported cognitive complaints and cognitively oriented daily function items, which
makes it suitable as a community screening indicator of subjective cognitive difficulty. Second, previous
Japanese studies have directly used the KCL cognitive function domain to assess subjective cognitive
decline or closely related subjective cognitive complaints in community-dwelling older adults. Third, the
KCL cognitive function domain has shown predictive validity for later dementia in population-based
follow-up, supporting its relevance as an early-risk screening construct in community settings, while not
equating it with clinically adjudicated cognitive impairment. [31, 32, 34, 35]

Covariates
Baseline covariates included age, sex, employment status, subjective economic status, smoking status,
alcohol consumption, and chronic disease count. Age and chronic disease count were treated as
continuous variables. Sex was coded as 1 = male and 2 = female. Employment status was coded as 0 = 
not working and 1 = working. Subjective economic status was coded as 0 = not good and 1 = good.
Smoking status was coded as 0 = non-smoker and 1 = current smoker. Alcohol consumption was coded
as 0 = non-drinker and 1 = current drinker.

Statistical analysis
To address the longitudinal question while separating stable person-level differences from within-person
temporal deviations, a Bayesian RI-CLPM was estimated. [21–23] SI was modelled as a repeated
continuous variable across the three waves. PF and SCD were modelled as repeated binary states. The
model estimated associations among random intercepts, autoregressive paths within each construct,
and cross-lagged paths across constructs.

Baseline covariates were specified as predictors of the random intercepts only, so that covariate
adjustment was applied at the trait level rather than to wave-specific deviations. [23] To retain the analytic
sample, baseline covariates with missing values were included in the model by estimating their means
and variances within the Bayesian framework, rather than treating them as fixed exogenous variables.
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Bayesian estimation was conducted in Mplus version 8.3. [40] Model fit was evaluated using the posterior
predictive p-value, the 95% credible interval for the difference between observed and replicated chi-
square values, and the potential scale reduction factor. Interpretation followed current recommendations
for Bayesian reporting. [39]

The conceptual RI-CLPM is shown in Fig. 2.

Results
Baseline characteristics of the study sample are presented in Table 1. The analytic sample included 307
community-dwelling older adults. The mean baseline age was 71.64 years (SD = 5.61), and the mean
chronic disease count was 1.36 (SD = 1.04). Mean social interaction scores declined across waves, from
16.82 (SD = 1.75) in 2014 to 16.52 (SD = 2.03) in 2017 and 16.09 (SD = 2.44) in 2020. The prevalence of
physical frailty increased from 8.8% in 2014 to 12.4% in 2017 and 19.5% in 2020. Subjective cognitive
decline was present in 31.3% of participants in 2014, 59.9% in 2017, and 62.9% in 2020. 

Table 1. Characteristics of the study sample (n = 307)

Panel A. Continuous variables

Variable Mean ± SD

Baseline age 71.64 ± 5.61

Chronic disease count 1.36 ± 1.04

Social interaction T1 (2014) 16.82 ± 1.75

Social interaction T2 (2017) 16.52 ± 2.03

Social interaction T3 (2020) 16.09 ± 2.44

 

Panel B. Categorical covariates and binary outcomes
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Variable Category n (%)

Sex Male 139 (45.3)

Female 168 (54.7)

Employment status Working 142 (46.3)

Not working 131 (42.7)

Missing 34 (11.1)

Subjective economic status Good 246 (80.1)

Not good 49 (16.0)

Missing 12 (3.9)

Smoking status Current smoker 27 (8.8)

Non-smoker 265 (86.3)

Missing 15 (4.9)

Alcohol consumption Current drinker 109 (35.5)

Non-drinker 191 (62.2)

Missing 7 (2.3)

Physical frailty at T1 (2014) Present 27 (8.8)

Not present 280 (91.2)

Physical frailty at T2 (2017) Present 38 (12.4)

Not present 269 (87.6)

Physical frailty at T3 (2020) Present 60 (19.5)

Not present 247 (80.5)

Subjective cognitive decline at T1 (2014) Present 96 (31.3)

Not present 211 (68.7)

Subjective cognitive decline at T2 (2017) Present 184 (59.9)

Not present 123 (40.1)

Subjective cognitive decline at T3 (2020) Present 193 (62.9)

Not present 114 (37.1)

Note: Data are presented as mean ± standard deviation (SD) for continuous variables and n (%) for
categorical variables. Social interaction was assessed using the 18-item Index of Social Interaction.
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Physical frailty and subjective cognitive decline were operationalised using the physical and cognitive
domains of the Kihon Checklist, respectively, based on official domain-based cut-offs. Percentages for
baseline categorical covariates were calculated using the full analytic sample (n = 307), with missing
values shown explicitly where applicable.

Abbreviations: SD, standard deviation; T1, baseline in 2014; T2, 2017 follow-up; T3, 2020 follow-up.

Model fit, between-person associations, and trait-level covariate effects are shown in Table 2. The
Bayesian RI-CLPM showed acceptable global fit, with a posterior predictive p-value of 0.605 and a 95%
credible interval for the difference between observed and replicated chi-square values ranging from
-55.25 to 41.20. Convergence was satisfactory, with a final potential scale reduction factor of 1.001.

At the between-person level, higher stable social interaction was associated with lower stable physical
frailty and lower stable subjective cognitive decline. The standardised association between the random
intercepts of SI and PF was β = -0.445 (95% CrI, -0.649 to -0.230), and that between SI and SCD was β =
-0.354 (95% CrI, -0.636 to -0.065). The association between trait-level PF and trait-level SCD was positive
in direction but uncertain (β = 0.270, 95% CrI, -0.044 to 0.565).

Among baseline covariates, older age was associated with lower trait-level SI, higher trait-level PF, and
higher trait-level SCD. Employment was positively associated with trait-level SI. Chronic disease count
was positively associated with trait-level PF and showed a positive tendency for trait-level SCD. The
remaining baseline covariates showed no clear associations with the random intercepts. 

Table 2. Bayesian model fit, between-person associations, and trait-level covariate effects in the RI-
CLPM

Panel A. Model fit and convergence diagnostics
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Index Value

Number of observations 307

Estimator Bayesian estimation

Link function Probit

Number of chains 4

Iterations 320,000

Thinning 10

Number of free parameters 119

Posterior predictive p-value (PPP) 0.605

95% CrI for observed–replicated χ² difference -55.25 to 41.20

Final PSR 1.001

 

Panel B. Between-person associations among random intercepts

Path Standardized β 95% CrI

RI-SI with RI-PF -0.445 -0.649 to -0.230

RI-SI with RI-SCD -0.354 -0.636 to -0.065

RI-PF with RI-SCD 0.270 -0.044 to 0.565

 

Panel C. Trait-level covariate effects on random intercepts
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Covariate RI-SI β (95% CrI) RI-PF β (95% CrI) RI-SCD β (95% CrI)

Age -0.339 (-0.553 to
-0.117)

0.509 (0.340 to
0.665)

0.336 (0.015 to
0.619)

Sex 0.042 (-0.107 to
0.210)

0.042 (-0.115 to
0.201)

0.040 (-0.176 to
0.254)

Employment status 0.243 (0.080 to
0.412)

-0.100 (-0.264 to
0.066)

0.116 (-0.101 to
0.334)

Subjective economic
status

0.046 (-0.098 to
0.194)

-0.133 (-0.264 to
0.003)

-0.124 (-0.311 to
0.065)

Smoking status -0.133 (-0.287 to
0.019)

-0.037 (-0.202 to
0.121)

0.076 (-0.109 to
0.265)

Alcohol consumption 0.018 (-0.152 to
0.184)

-0.038 (-0.207 to
0.131)

-0.110 (-0.323 to
0.111)

Chronic disease count -0.036 (-0.238 to
0.165)

0.188 (0.007 to
0.360)

0.228 (-0.043 to
0.501)

Note: Panel A presents Bayesian model fit and convergence diagnostics. Panel B presents standardized
between-person associations among the random intercepts of social interaction (SI), physical frailty
(PF), and subjective cognitive decline (SCD). Panel C presents standardized effects of baseline
covariates on the random intercepts. Covariates were specified as predictors of the trait-level
components only. Estimates are reported as standardized coefficients with 95% credible intervals (CrIs).

Abbreviations: RI-CLPM, random intercept cross-lagged panel model; RI, random intercept; SI, social
interaction; PF, physical frailty; SCD, subjective cognitive decline; PPP, posterior predictive p-value; PSR,
potential scale reduction factor; CrI, credible interval. 

Within-person autoregressive and cross-lagged estimates are presented in Table 3. All three constructs
showed autoregressive continuity across waves. For SI, the autoregressive effects were β = 0.317 (95%
CrI, 0.077 to 0.520) from 2014 to 2017 and β = 0.320 (95% CrI, 0.061 to 0.555) from 2017 to 2020. For
PF, the corresponding effects were β = 0.302 (95% CrI, 0.012 to 0.723) and β = 0.505 (95% CrI, 0.017 to
0.895). For SCD, they were β = 0.332 (95% CrI, 0.076 to 0.749) and β = 0.601 (95% CrI, 0.135 to 0.927).

Cross-lagged effects were generally small and all 95% credible intervals included zero. A directionally
coherent pattern was observed for the SI-PF pair. For the SI-PF pair, the point estimates were negative in
both directions across the two intervals. Paths involving SCD were close to zero throughout. Taken
together, these findings indicate that the clearest evidence in the present model was observed at the
between-person level, whereas the within-person cross-lagged estimates remained uncertain under the
present data structure. 

Table 3. Standardized within-person autoregressive and cross-lagged effects across the 2014–2017
and 2017–2020 intervals
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Panel A. Autoregressive effects

Path Standardized β 95% CrI

SI T1 → SI T2 0.317 0.077 to 0.520

SI T2 → SI T3 0.320 0.061 to 0.555

PF T1 → PF T2 0.302 0.012 to 0.723

PF T2 → PF T3 0.505 0.017 to 0.895

SCD T1 → SCD T2 0.332 0.076 to 0.749

SCD T2 → SCD T3 0.601 0.135 to 0.927

 

Panel B. Cross-lagged effects

Path Standardized β 95% CrI

PF T1 → SI T2 -0.077 -0.334 to 0.188

PF T2 → SI T3 -0.111 -0.475 to 0.224

SCD T1 → SI T2 0.028 -0.224 to 0.282

SCD T2 → SI T3 0.047 -0.312 to 0.374

SI T1 → PF T2 -0.060 -0.378 to 0.295

SI T2 → PF T3 -0.069 -0.389 to 0.299

SCD T1 → PF T2 -0.002 -0.352 to 0.317

SCD T2 → PF T3 -0.004 -0.503 to 0.499

SI T1 → SCD T2 0.013 -0.272 to 0.326

SI T2 → SCD T3 0.014 -0.293 to 0.315

PF T1 → SCD T2 0.001 -0.303 to 0.283

PF T2 → SCD T3 0.001 -0.405 to 0.432

Note: Panel A presents autoregressive effects, indicating the extent to which deviations from an
individual’s expected level persisted to the next wave within the same construct. Panel B presents cross-
lagged effects, indicating whether deviations in one construct predicted subsequent deviations in
another construct. Estimates are standardized coefficients with 95% credible intervals (CrIs). All paths
were estimated within the Bayesian RI-CLPM while controlling for stable between-person differences
through random intercepts.
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Abbreviations: SI, social interaction; PF, physical frailty; SCD, subjective cognitive decline; T1, 2014; T2,
2017; T3, 2020; CrI, credible interval.

Discussion
The principal finding of this study was that social interaction, KCL-defined physical frailty, and KCL-
defined subjective cognitive difficulty were more clearly linked at the stable between-person level than at
the within-person cross-lagged level. Older adults with consistently higher social interaction tended to
show a more favorable functional aging profile, characterized by lower screening-defined physical frailty
and lower screening-defined subjective cognitive difficulty. This finding is consistent with prior evidence
linking stronger social relationships and social participation with healthier aging, lower frailty risk,
reduced functional disability, and better cognitive outcomes. [6-20,24-27,33] In contrast, clear within-person
cross-lagged associations were not observed across the 3-year intervals. This pattern should not be
interpreted as evidence that within-person processes are absent. Rather, given the modest sample size,
binary screening-defined outcomes, and three-wave design with relatively long intervals, the findings
indicate that the present data were better suited to identifying stable community-level risk profiles than
to establishing short-term temporal ordering among the three domains. [21-23,28-32]

From a public health perspective, these findings support a profile-based interpretation of social
interaction in later life. Rather than suggesting that short-term changes in social interaction directly
produce subsequent changes in frailty or subjective cognitive difficulty, the results indicate that social
interaction may help characterize older adults with more favorable or more vulnerable functional aging
profiles. [6-20,24-33] This interpretation is relevant to community-based screening, health promotion, and
preventive planning because social participation, physical functioning, and subjective cognitive
difficulties are observable and potentially monitorable domains in community-dwelling populations. [16-

20,28-33] Social interaction may therefore be considered one component of population-level functional
aging assessment, particularly in settings where community health workers, local governments, or
preventive care programs seek to identify groups who may benefit from sustained social and functional
support. [6-20,24-33] Further evidence is needed before drawing conclusions about temporal ordering,

individual-level causal pathways, or short-term intervention effects. [21-23]

Taken together, these findings support a cautious profile-based interpretation of social interaction in this
cohort. Social interaction was clearly linked with screening-defined physical frailty and subjective
cognitive difficulty at the stable between-person level, whereas the present data did not provide clear
evidence for short-term cross-domain temporal ordering. This interpretation is compatible with broader
aging frameworks that view physical, cognitive, and social resources as accumulated and maintained
over time [1-8] , and with cohort evidence linking social connectedness, social participation, and social
relationship patterns with mortality, dementia risk, frailty, disability, and functional status in later life. [6-

20,24-27,33]
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The SI-PF relationship deserves cautious attention. Although all cross-lagged credible intervals included
zero, the estimated directions were consistent across both intervals: higher SI tended to predict lower
later PF, and higher PF tended to predict lower later SI. This pattern should not be interpreted as evidence
of a confirmed reciprocal mechanism. Instead, it should be treated as hypothesis-generating evidence
that the SI-PF link may warrant further testing in cohorts with larger samples, shorter intervals, more
measurement occasions, and richer measures of physical functioning. This cautious interpretation is
consistent with previous longitudinal evidence linking social participation with lower frailty risk,
prevention of functional disability, and longer disability-free life expectancy in older adults. [16-20]

Paths involving SCD were close to zero at the within-person level. This may partly reflect the nature of
the measure: the KCL cognitive domain is a community screening indicator of subjective cognitive
difficulty, not a clinically adjudicated diagnosis of SCD or preclinical Alzheimer’s disease. Previous
studies nevertheless support the relevance of KCL cognitive items to subjective cognitive complaints
and later dementia risk, and broader SCD literature suggests that subjective cognitive decline is a
heterogeneous construct whose prognostic meaning depends on measurement context and population
characteristics. [31,32,34-36] In this cohort, KCL-based subjective cognitive difficulty was more clearly
represented in stable between-person profiles than in short-interval within-person cross-lagged paths;
however, this should be interpreted cautiously given the screening-based nature of the measure and the
heterogeneity of SCD constructs. [31,32,34-36]

A key strength of this study is that it clarifies the level at which SI-PF-SCD associations are most evident,
which is directly relevant to how longitudinal findings should be interpreted in public health research. [21-

23] By separating stable between-person differences from within-person temporal deviations, the study
reduces the risk of interpreting population-level associations as short-term individual-level temporal
processes. [21-23] In addition, the use of official KCL domain-based thresholds improved alignment with
Japanese community screening practice and made PF and SCD interpretable as screening-defined
geriatric risk states. [28-32] This design is particularly relevant for community health research because
social interaction, physical frailty, and subjective cognitive difficulty are commonly observed in
community-dwelling older adults and may jointly inform population monitoring and preventive planning.
[6-20,24-33]

Limitations

Several limitations should be considered. First, the study included only three waves with 3-year intervals,
which may have been too coarse to detect shorter-term within-person changes in social interaction,
frailty status, or subjective cognitive difficulty. Second, PF and SCD were based on questionnaire-derived
KCL domains rather than clinical diagnoses or objective performance testing; therefore, the findings
should be interpreted as relating to screening-based states in community settings rather than clinical
syndromes. [28-36] In particular, the SCD measure in this study reflects a KCL-based community screening
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indicator and should not be treated as equivalent to a full syndrome-level or clinically adjudicated
definition of subjective cognitive decline.

A further limitation is that the absence of credible within-person cross-lagged associations should not be
interpreted as evidence against meaningful within-person processes. The analytic conditions in the
present study were not optimal for detecting such processes: the sample size was modest, PF and SCD
were modelled as binary screening-defined states, and only three measurement occasions separated by
3-year intervals were available. These features may have reduced statistical power and temporal
resolution, particularly for detecting small or short-lived changes in social interaction, frailty status, or
subjective cognitive difficulty. [21-23,28-32] Therefore, the within-person findings should be considered
inconclusive rather than definitively null.

Third, the analytic sample was restricted to participants with valid data on all three focal variables
across all three waves. Although this improved interpretability of the longitudinal model, it may also have
introduced selection bias. In particular, this restriction may have favoured individuals who were healthier,
more stable, or more likely to remain engaged over time, while under-representing participants with
greater frailty, greater cognitive vulnerability, or more disrupted response patterns. As a result, the
observed dominance of between-person associations may have been strengthened to some extent by
selective retention. Future studies using larger samples, shorter follow-up intervals, and less restrictive
missing-data strategies are needed to examine whether weaker within-person processes may have been
underestimated in the present complete-case analytic sample. [37,38]

Fourth, the study was conducted in a suburban Japanese setting, so external generalisability to other
populations and service contexts should be made cautiously. Finally, residual confounding remains
possible because factors such as education, depressive symptoms, and objective cognitive performance
were not modelled in the present analysis. Accordingly, the findings should not be used to infer the
effectiveness of specific community interventions or policy programs. They are better interpreted as
epidemiological evidence on how social, physical, and cognitive screening indicators cluster over time in
a community-dwelling older population. [21-23,28-32] Future studies incorporating objective physical
performance, standardized cognitive assessment, depressive symptoms, and more frequent repeated
measurements are needed to clarify whether social interaction is involved in shorter-term temporal
processes or primarily reflects stable functional aging profiles. [21-23,34-36]

Conclusion
In this 6-year cohort of community-dwelling older adults in Japan, social interaction, KCL-defined
physical frailty, and KCL-defined subjective cognitive difficulty were associated mainly at the stable
between-person level. Older adults with consistently higher social interaction tended to show lower
screening-defined physical frailty and lower screening-defined subjective cognitive difficulty. [6-20,24-33]

Clear within-person cross-lagged associations were not observed, but this finding should be interpreted
cautiously because of the modest sample size, binary outcomes, and limited temporal resolution. [21-
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23,28-32] The results support the use of social interaction as part of community-level functional aging
profiles for population monitoring, early risk identification, and preventive public health planning, while
further studies with larger samples, more waves, shorter intervals, and richer clinical measures are
needed to clarify temporal processes among social, physical, and cognitive domains. [6-20,24-36]

Declarations
Acknowledgments

The authors express their sincere gratitude to all participants and staff members of T village for their
voluntary participation in this study.

Author contributions

Study conception and design: Haotian Gao, Ruifeng Zhao, Shuanghong Li, Tokie Anme. Data collection:
all authors. Data analysis and interpretation: Haotian Gao, Ruifeng Zhao, Shuanghong Li. Drafting of the
manuscript: Haotian Gao. Critical revision of the manuscript: Tokie Anme, Shuanghong Li. All authors
approved the final version of the manuscript.

Funding

This research was supported by the Japan China Sasakawa Medical Fellowship through the Japan China
Medical Association. The funder had no role in the study design, data collection, analysis, interpretation,
writing of the manuscript, or decision to submit the article for publication.

Conflict of interest

Haotian Gao received financial support from the Japan China Sasakawa Medical Fellowship through the
Japan China Medical Association. The authors declare no other conflict of interest.

Data availability statement

The datasets generated during and/or analysed during the current study are not publicly available due to
the confidentiality of community survey data and research governance restrictions but are available from
the corresponding author on reasonable request.

Ethics approval and consent to participate

This study was approved by the Ethics Committee of the University of Tsukuba, Japan (approval No.
1331-7). Participation in the original community surveys was voluntary and return of the completed
questionnaire after provision of the survey information was regarded as informed consent to participate
in the original survey procedures. The present study used anonymized existing data provided under a
collaborative research framework between T village and the University of Tsukuba. According to the
approved ethics documents, the use of these data for the present secondary analysis was based on

Page 16/22



procedures at the source institution, including public disclosure of the research information on the
municipal website and disclosure of procedures for requesting discontinuation of data use or provision.
All procedures involving human participants and human data were conducted in accordance with
relevant guidelines and regulations, including the Declaration of Helsinki and its later amendments or
comparable ethical standards.

Consent to publish

Not applicable.

Clinical trial number

Not applicable.

References
1. Rowe JW, Kahn RL. Successful aging. Gerontologist. 1997;37(4):433-440.

doi:10.1093/geront/37.4.433

2. Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: evidence for a phenotype. J Gerontol A
Biol Sci Med Sci. 2001;56(3):M146-M156. doi:10.1093/gerona/56.3.M146

3. Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in elderly people. Lancet.
2013;381(9868):752-762. doi:10.1016/S0140-6736(12)62167-9

4. Hoogendijk EO, Afilalo J, Ensrud KE, Kowal P, Onder G, Fried LP. Frailty: implications for clinical
practice and public health. Lancet. 2019;394(10206):1365-1375. doi:10.1016/S0140-
6736(19)31786-6

5. Robertson DA, Savva GM, Kenny RA. Frailty and cognitive impairment—a review of the evidence and
causal mechanisms. Ageing Res Rev. 2013;12(4):840-851. doi:10.1016/j.arr.2013.06.004

6. Berkman LF, Glass T, Brissette I, Seeman TE. From social integration to health: Durkheim in the new
millennium. Soc Sci Med. 2000;51(6):843-857. doi:10.1016/S0277-9536(00)00065-4

7. Holt-Lunstad J, Smith TB, Layton JB. Social relationships and mortality risk: a meta-analytic review.
PLoS Med. 2010;7(7):e1000316. doi:10.1371/journal.pmed.1000316

8. Livingston G, Huntley J, Liu KY, et al. Dementia prevention, intervention, and care: 2024 report of the
Lancet Standing Commission. Lancet. 2024;404(10452):572-628. doi:10.1016/S0140-
6736(24)01296-0

9. Kuiper JS, Zuidersma M, Oude Voshaar RC, et al. Social relationships and risk of dementia: a
systematic review and meta-analysis of longitudinal cohort studies. Ageing Res Rev. 2015;22:39-57.
doi:10.1016/j.arr.2015.04.006

10. Fratiglioni L, Paillard-Borg S, Winblad B. An active and socially integrated lifestyle in late life might
protect against dementia. Lancet Neurol. 2004;3(6):343-353. doi:10.1016/S1474-4422(04)00767-7

Page 17/22



11. Bassuk SS, Glass TA, Berkman LF. Social disengagement and incident cognitive decline in
community-dwelling elderly persons. Ann Intern Med. 1999;131(3):165-173. doi:10.7326/0003-4819-
131-3-199908030-00002

12. James BD, Wilson RS, Barnes LL, Bennett DA. Late-life social activity and cognitive decline in old
age. J Int Neuropsychol Soc. 2011;17(6):998-1005. doi:10.1017/S1355617711000531

13. Shankar A, Hamer M, McMunn A, Steptoe A. Social isolation and loneliness: relationships with
cognitive function during 4 years of follow-up in the English Longitudinal Study of Ageing.
Psychosom Med. 2013;75(2):161-170. doi:10.1097/PSY.0b013e31827f09cd

14. Kelly ME, Duff H, Kelly S, et al. The impact of social activities, social networks, social support and
social relationships on the cognitive functioning of healthy older adults: a systematic review. Syst
Rev. 2017;6(1):259. doi:10.1186/s13643-017-0632-2

15. Saito T, Murata C, Saito M, et al. Influence of social relationship domains and their combinations on
incident dementia: a prospective cohort study. J Epidemiol Community Health. 2018;72(1):7-12.
doi:10.1136/jech-2017-209811

16. Abe T, Okuyama K, Kamada M, et al. Social participation and physical prefrailty in older Japanese
adults: the Shimane CoHRE study. PLoS One. 2020;15(12):e0243548.
doi:10.1371/journal.pone.0243548

17. Kanamori S, Kai Y, Aida J, et al. Social participation and the prevention of functional disability in
older Japanese: the JAGES cohort study. PLoS One. 2014;9(6):e99638.
doi:10.1371/journal.pone.0099638

18. Matsuyama S, Murakami Y, Lu Y, Sone T, Tomata Y, Tsuji I. Association between social participation
and disability-free life expectancy in Japanese older people: the Ohsaki Cohort 2006 Study. J
Epidemiol. 2022;32(10):456-463. doi:10.2188/jea.JE20200574

19. Takeuchi H, Ide K, Hayashi T, Abe N, Nakagomi A, Kondo K. Association between social participation
and frailty among older adults: a longitudinal study from Japan Gerontological Evaluation Study.
Nihon Koshu Eisei Zasshi. 2023;70(9):529-543. doi:10.11236/jph.22-088

20. Xie B, Ma C. Effect of social participation on the development of physical frailty: do type, frequency
and diversity matter? Maturitas. 2021;151:48-54. doi:10.1016/j.maturitas.2021.06.015

21. Hamaker EL, Kuiper RM, Grasman RPPP. A critique of the cross-lagged panel model. Psychol
Methods. 2015;20(1):102-116. doi:10.1037/a0038889

22. Mund M, Nestler S. Beyond the cross-lagged panel model: next-generation statistical tools for
analyzing interdependencies across the life course. Adv Life Course Res. 2019;41:100249.
doi:10.1016/j.alcr.2018.10.002

23. Mulder JD, Hamaker EL. Three extensions of the random intercept cross-lagged panel model. Struct
Equ Modeling. 2021;28(4):638-648. doi:10.1080/10705511.2020.1784738

24. Anme T. Evaluation of environmental stimulation and its relation to physical deterioration in the
elderly after 3 years: a health-social longitudinal study. Nihon Koshu Eisei Zasshi. 1997;44(3):159-
166. Japanese.

Page 18/22



25. Anme T, Shinohara R, Sugisawa Y, Itoh S. Social interaction and mortality: a seven-year longitudinal
study of elderly people. Nihon Koshu Eisei Zasshi. 2006;53(9):681-687. doi:10.11236/jph.53.9_681.

26. Watanabe K, Tanaka E, Watanabe T, et al. Association between the older adults' social relationships
and functional status in Japan. Geriatr Gerontol Int. 2017;17(10):1522-1526. doi:10.1111/ggi.12909.

27. Watanabe K, Tanaka E, Watanabe T, et al. Social relationships and functional status among
Japanese elderly adults living in a suburban area. Public Health. 2020;179:84-89.
doi:10.1016/j.puhe.2019.09.016.

28. Arai H, Satake S. English translation of the Kihon Checklist. Geriatr Gerontol Int. 2015;15(4):518-519.
doi:10.1111/ggi.12397.

29. Satake S, Senda K, Hong YJ, et al. Validity of the Kihon Checklist for assessing frailty status. Geriatr
Gerontol Int. 2016;16(6):709-715. doi:10.1111/ggi.12543.

30. Satake S, Shimokata H, Senda K, Kondo I, Arai H, Toba K. Predictive ability of seven domains of the
Kihon Checklist for incident dependency and mortality. J Frailty Aging. 2019;8(2):85-87.
doi:10.14283/jfa.2019.3.

31. Goda A, Murata S, Nakano H, et al. The relationship between subjective cognitive decline and health
literacy in healthy community-dwelling older adults. Healthcare (Basel). 2020;8(4):567.
doi:10.3390/healthcare8040567.

32. Tomata Y, Sugiyama K, Kaiho Y, Sugawara Y, Hozawa A, Tsuji I. Predictive ability of a simple
subjective memory complaints scale for incident dementia: evaluation of Japan's national checklist,
the Kihon Checklist. Geriatr Gerontol Int. 2017;17(9):1300-1305. doi:10.1111/ggi.12864.

33. Miura KW, Sekiguchi T, Otake-Matsuura M, et al. Patterns of social relationships among community-
dwelling older adults in Japan: latent class analysis. BMC Geriatr. 2022;22(1):75.
doi:10.1186/s12877-022-02748-7.

34. Jessen F, Amariglio RE, van Boxtel M, et al. A conceptual framework for research on subjective
cognitive decline in preclinical Alzheimer's disease. Alzheimers Dement. 2014;10(6):844-852.
doi:10.1016/j.jalz.2014.01.001.

35. Jessen F, Amariglio RE, Buckley RF, et al. The characterisation of subjective cognitive decline. Lancet
Neurol. 2020;19(3):271-278. doi:10.1016/S1474-4422(19)30368-0.

36. Pike KE, Cavuoto MG, Li L, Wright BJ, Kinsella GJ. Subjective cognitive decline: level of risk for future
dementia and mild cognitive impairment, a meta-analysis of longitudinal studies. Neuropsychol Rev.
2022;32(4):703-735. doi:10.1007/s11065-021-09522-3.

37. Sterne JAC, White IR, Carlin JB, et al. Multiple imputation for missing data in epidemiological and
clinical research: potential and pitfalls. BMJ. 2009;338:b2393. doi:10.1136/bmj.b2393.

38. Howe LD, Tilling K, Galobardes B, Lawlor DA. Loss to follow-up in cohort studies: bias in estimates
of socioeconomic inequalities. Epidemiology. 2013;24(1):1-9. doi:10.1097/EDE.0b013e31827623b1.

39. van Doorn J, van den Bergh D, Böhm U, et al. The JASP guidelines for conducting and reporting a
Bayesian analysis. Psychon Bull Rev. 2021;28(3):813-826. doi:10.3758/s13423-020-01798-5.

Page 19/22



40. Muthén LK, Muthén BO. Mplus User’s Guide. 8th ed. Los Angeles, CA: Muthén & Muthén; 1998–2017.

Figures

Figure 1

Flowchart of participant selection across the 2014, 2017, and 2020 survey waves
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Note: The source population comprised community-dwelling older adults aged 65 years and over at
baseline in 2014. Participants were excluded if they were institutionalised, receiving full-time nursing
care, or had conditions preventing meaningful participation. Invalid wave scores were defined as missing
≥9 items for the 18-item Index of Social Interaction (ISI), missing ≥2 items for the 5-item Kihon Checklist
(KCL) physical domain, or missing ≥2 items for the 3-item KCL cognitive domain. Participants with
invalid or missing classifications for any of the three focal variables at any wave were excluded from the
analytic sample. Final analytic sample: n = 307.

Figure 2

Conceptual path diagram of the Bayesian random intercept cross-lagged panel model

Note: SI was modelled as a continuous repeated measure using the Index of Social Interaction. PF and
SCD were modelled as binary repeated states using the physical and cognitive domains of the Kihon
Checklist, respectively. Random intercepts represent stable between-person differences. Within-person
latent components represent deviations from an individual’s expected level at each wave. Autoregressive
paths indicate temporal carry-over within the same construct, and cross-lagged paths indicate
prospective within-person associations across constructs. Baseline covariates were specified as
predictors of the random intercepts only. For visual clarity, residual correlations among within-wave
latent deviations and thresholds/intercepts are not fully displayed. RI denotes random intercepts.
Displayed coefficients are standardized; solid lines indicate p < .05 (* p < .05, ** p < .01, *** p < .001).
Covariate paths to random intercepts are omitted for clarity.
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Abbreviations: RI-CLPM, random intercept cross-lagged panel model; SI, social interaction; PF, physical
frailty; SCD, subjective cognitive decline.
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