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Introduction: To investigate the predictive value of psychosocial factors and the Health Belief Model (HBM) for cognitive
impairment in community-dwelling older adults, develop a combined prediction model, analyze the mechanistic pathways linking
social support, loneliness, and self-efficacy, and evaluate the efficacy of nursing interventions guided by the integrated HBM
framework.

Methods: A single-center cross-sectional observational survey enrolled 158 older adults from a community. Participants were
categorized into cognitively normal and cognitive impairment groups based on cognitive status. Data collected included demographics,
HBM constructs (perceived susceptibility, severity, benefits, barriers, cues to action, and self-efficacy), and psychosocial factors (social
support, loneliness). Multivariable logistic regression identified determinants of cognitive impairment. ROC curves assessed the
predictive model’s performance, and mediation analysis explored pathways through which psychosocial factors and self-efficacy
influence cognitive impairment.

Results: Multivariable analysis identified age, hypertension, perceived barriers, and loneliness as risk factors for cognitive impair-
ment, while educational attainment, exercise > 3 times/week, self-efficacy, and social support as protective factors (P < 0.05). The
combined model demonstrated superior predictive accuracy (AUC = 0.951) to single-factor models. Mediation analysis revealed that
social support and loneliness primarily exerted direct effects on cognitive impairment, though the mediating role of self-efficacy did
not reach statistical significance.

Conclusion: Social support and self-efficacy are significant protective factors against cognitive impairment in community-dwelling
older adults, whereas loneliness and perceived barriers are risk factors. A prediction model integrating HBM and psychosocial factors
enhances early screening efficacy for community-based cognitive impairment. Nursing interventions leveraging the synergistic HBM
framework warrant broader community implementation.
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Introduction
The accelerating global aging population has led to a significant increase in the prevalence of cognitive impairment,

particularly dementia such as Alzheimer’s disease, establishing it as a major public health challenge impacting the health
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and quality of life of older adults. According to the World Health Organization (WHO) statistics, approximately
10 million new dementia cases occur globally each year, with projections indicating that the global number of people
living with dementia will reach 152 million by 2050." China, home to the world’s largest elderly population, is
experiencing a rising trend in the incidence of cognitive impairment among community-dwelling older adults.
Relevant research indicates a prevalence of cognitive impairment reaching 44.04% among individuals aged 60 years
and above in China.? Cognitive impairment not only diminishes the self-care capacity of older adults, increasing burdens
on families and society, but also significantly elevates the risk of depression, anxiety, falls, and complications from other
chronic conditions.** Consequently, the early identification of high-risk individuals for cognitive impairment at the
community level, alongside the development of scientifically robust diagnostic models and the implementation of
effective interventions, has become a critical focus within clinical and public health domains.

Current approaches to screening and intervention for cognitive impairment in community settings often face
challenges such as delayed initiation, low screening rates, and poor adherence. Singular medical or social intervention
models have proven inadequate for achieving optimal outcomes. In recent years, the Health Belief Model (HBM) and
social cognitive theory have emerged as significant theoretical foundations for research into cognitive impairment
interventions.”’ Substantial evidence suggests that psychosocial factors, including social support, loneliness, and self-
efficacy, not only directly influence the health behaviors and cognitive function of older adults but may also impact the
onset and progression of cognitive impairment through mediating mechanisms.* !

Concurrently, traditional risk prediction for cognitive impairment has predominantly relied on singular clinical or
epidemiological indicators, resulting in limited predictive efficacy. Recently, the construction of multifactorial prediction
models incorporating multidimensional physiological, psychological, and social factors has become a research priority,
demonstrating potential for significantly enhancing the accuracy of early cognitive impairment identification.
Nevertheless, most existing Chinese prediction models emphasize demographic and medical variables, with relatively
limited incorporation of health belief constructs or psychosocial pathways within a unified theoretical framework.
Furthermore, interventions targeting high-risk populations based on the HBM hold promise for improving health
behaviors and slowing cognitive decline in older adults. Relevant studies demonstrate that strengthening self-efficacy,
enhancing social support, and reducing loneliness may contribute to lowering the risk of cognitive impairment, although
the precise pathways of these mechanisms remain incompletely elucidated.'*'?

Against this backdrop, the present study aimed to develop and evaluate a focused prediction model for cognitive
impairment among Chinese community-dwelling older adults based on the Health Belief Model (HBM). Using a cross-
sectional design, we integrated demographic factors, core HBM constructs, and key psychosocial variables, including
social support and loneliness, to identify determinants of cognitive impairment and construct a multifactorial predictive
model. In addition, we explored potential mediating pathways linking health beliefs, psychosocial factors, and cognitive
impairment.

Unlike prior Chinese prediction models that have primarily relied on epidemiologic or isolated psychosocial factors,
the present study uniquely incorporates HBM constructs and psychosocial variables within a unified theoretical and
predictive framework. This approach addresses a key gap in existing research by linking health beliefs, social context,
and cognitive outcomes simultaneously, rather than examining these dimensions independently.

Materials and Methods

Study Design

This study employed a single-center cross-sectional survey observational survey to systematically investigate the
factors influencing cognitive impairment in community-dwelling older adults and to construct a prediction model
based on the HBM. The study protocol received approval from the Ethics Committee of Suizhou Central Hospital (No.
KY-2025-22-01), and written informed consent was obtained from all participants. All data were anonymized prior to
analysis, strictly adhering to the Declaration of Helsinki and local ethical regulations to ensure participant privacy and
data security.
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Participants were included if they met the following criteria: (1) aged 60 years or older; (2) continuous residence in
the study community for at least 6 months; (3) ability to complete questionnaires and cognitive assessments indepen-
dently or with minimal assistance; and (4) voluntary participation with signed informed consent.

Participants were excluded based on any of the following criteria: (1) a prior diagnosis of severe psychiatric disorders
(eg, schizophrenia, major depressive disorder); (2) a prior diagnosis of Alzheimer’s disease or other severe neurodegen-
erative disorders; (3) severe hearing or visual impairment precluding completion of questionnaires or cognitive assess-
ments; (4) concurrent severe acute physical illness that could compromise the accuracy of cognitive assessment; or (5)

current participation in other clinical research related to cognitive impairment.

Study Setting and Participants

The study was conducted in a single urban community, China. Community-dwelling older adults aged 60 years and
above were invited to participate through community health service centers. Participants were recruited using
a convenience sampling strategy based on voluntary participation during routine community health activities. As this
was a single-community, single-center study, the sample may not be fully representative of the broader older adult
population. Therefore, the generalizability of the findings should be interpreted with caution.

Data Collection and Quality Control

All research personnel underwent standardized training prior to data collection to ensure consistency in ques-
tionnaire administration and cognitive assessment procedures. A pilot study was conducted to test the feasibility
and comprehensibility of the instruments before the formal survey commenced. During the formal data collection
phase, on-site research coordinators monitored the process in real-time to verify data quality. Data entry was
performed via dual independent entry, with any discrepancies identified promptly resolved through verification
against source documents. Completed paper questionnaires were assigned unique identification numbers, sealed,
and securely archived. Electronic data were managed using a password-protected and encrypted electronic data
capture (EDC) system, with regular backups implemented and strict access permissions enforced.

Variable Definitions
The primary outcome variable was cognitive impairment, determined based on predefined clinical diagnostic criteria during the
survey visit. All enrolled participants underwent face-to-face cognitive assessments conducted by uniformly trained personnel.
Cognitive impairment was diagnosed based on comprehensive clinical evaluation conducted by trained clinicians during the
survey visit. The diagnostic criteria incorporated: (1) cognitive complaints reported by participants or their caregivers; (2)
observable deficits in cognitive domains during face-to-face assessment, including orientation, attention, memory, and executive
functioning; and (3) evidence of impaired daily functioning attributable to cognitive decline. Participants were classified as
having cognitive impairment if the clinicians determined that cognitive deficits were present and interfered with normal daily
activities, or if a prior clinical diagnosis of cognitive impairment or dementia was documented in the medical records.
Primary predictor variables encompassed several domains: demographic characteristics (age, sex, educational
attainment, marital status, income level, and living alone), history of chronic diseases (hypertension, diabetes mellitus,
coronary heart disease, stroke, and depression), lifestyle factors (smoking status, alcohol consumption, exercise
frequency, sleep duration, and dietary diversity), psychosocial factors [social support measured by the Social
Support Rating Scale (SSRS), loneliness assessed by the University of California, Los Angeles Loneliness Scale
(UCLA-LS), and life satisfaction], and HBM dimensions (perceived susceptibility, perceived severity, perceived
benefits, perceived barriers, cues to action, and self-efficacy). All HBM dimensions were assessed using the validated
Chinese version of the HBM scale, employing a 5-point Likert scale for scoring. Missing data for key variables were
addressed using multiple imputation (MI), with sensitivity analyses performed to evaluate the robustness of the
imputation approach.
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Measurement Instruments

Health beliefs were evaluated using a validated Chinese version of the HBM questionnaire. This instrument measured six
core dimensions: perceived susceptibility, perceived severity, perceived benefits, perceived barriers, cues to action, and
self-efficacy, utilizing a 5-point Likert scale for responses.

Social support was measured with the SSRS. This 10-item instrument comprised three subscales: subjective support
(reflecting perceived emotional support), objective support (indicating tangible assistance received), and support utiliza-
tion (assessing the individual’s active use of available support resources). Items were scored on a graded scale, yielding
a total score ranging from 12 to 66, with higher scores denoting greater perceived social support. The SSRS demonstrated
good internal consistency in this study (Cronbach’s a = 0.82).

Subjective loneliness was assessed using the 20-item UCLA-LS, version 3. Participants rated the frequency of their
loneliness experiences on a 4-point Likert scale (1 = never, 4 = often), resulting in a total score between 20 and 80.
Higher scores indicated greater loneliness severity. This scale encompassed facets such as perceived deficits in social
connectedness and the intensity of loneliness experiences, demonstrating established construct and content validity. The
UCLA-LS typically exhibited high internal consistency (Cronbach’s a > 0.89), confirming its robust psychometric
properties.

Statistical Analysis

Statistical analyses were performed using [SPSS 26.0/R 4.5.2]. Continuous variables are presented as means and standard
deviations or medians and interquartile ranges, and categorical variables as frequencies and percentages; group compar-
isons used independent-samples t tests or Mann—Whitney U-tests for continuous variables and chi-square tests for
categorical variables. Univariate analyses were conducted to identify factors associated with cognitive impairment
(P<0.05), followed by multivariable logistic regression including predictors selected based on theoretical relevance
and univariate results; multicollinearity was assessed using variance inflation factors (VIF<5). Given the modest number
of outcome events, the potential risk of overfitting was acknowledged, and model stability was evaluated using bootstrap
resampling with 1,000 iterations; model discrimination was assessed using the area under the receiver operating
characteristic curve (AUC), and model calibration using calibration-in-the-large and the calibration slope. Mediation
analyses were conducted as exploratory and hypothesis-generating; because the data were cross-sectional, temporal
ordering and causal inference could not be established. All tests were two-sided, and a p value < 0.05 was considered
statistically significant.

Results

Baseline Characteristics

Significant differences (P < 0.05) were observed between the cognitive impairment group and the cognitively normal
group regarding age, educational attainment, hypertension prevalence, sleep duration, and weekly exercise frequency.
Specifically, participants in the cognitive impairment group were significantly older than those in the cognitively normal
group [median age 79 years (interquartile range, IQR: 71, 86) vs 70 years (IQR: 65, 79); P = 0.001]. Educational
attainment also differed significantly: the cognitive impairment group exhibited a higher proportion of individuals with
junior high school education (45.10% vs 20.56%) and a lower proportion of illiterate individuals (25.49% vs 47.66%; P =
0.003). Hypertension was more prevalent in the cognitive impairment group (60.78% vs 41.03%; P = 0.003). Concerning
sleep duration, a significantly higher proportion of participants in the cognitive impairment group reported sleeping less
than 6 hours per night compared to the cognitively normal group (54.90% vs 33.64%; P = 0.039). Furthermore, the
proportion of individuals engaging in exercise at least three times per week was significantly lower in the cognitive
impairment group (23.53% vs 52.34%; P = 0.001). No statistically significant differences (all P > 0.05) were found
between the two groups for the remaining variables, including sex, body mass index (BMI), living arrangement, diabetes
mellitus, coronary heart disease, smoking history, or alcohol consumption. Comprehensive baseline characteristics are
presented in Table 1.
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Table | Baseline Characteristics

Variables Cognitively Normal | Cognitive Impairment | ;*/tiz P-value
Group (n = 107) Group (n = 51)
Age (years) 70 (65, 79) 79 (71, 86) -3.290 0.001
Sex (n/%)
Female 66 (61.68%) 29 (56.86%) 0.355 0.563
Male 41 (38.32%) 22 (43.14%)
BMI (kg/m?) 23.19 + 2.18 25.16 + 3.14 —1.870 0.063
Educational attainment
llliterate 51 (47.66%) 13 (25.49%) 11.556 0.003
Primary school 34 (31.78%) 15 (29.41%)
Junior high school 22 (20.56%) 23 (45.10%)
Living arrangement (n/%)
Not living alone 62 (57.94%) 24 (47.06%) 1.650 0.199
Living alone 45 (42.06%) 27 (52.94%)
Hypertension (n/%)
No 69 (58.97%) 20 (39.22%) 8.966 0.003
Yes 38 (41.03%) 31 (60.78%)
Diabetes mellitus (n/%)
No 70 (65.42%) 37 (72.55%) 0.803 0.370
Yes 37 (34.58%) 14 (27.45%)
Coronary heart disease (n/%)
No 66 (61.68%) 25 (49.02%) 2.267 0.132
Yes 41 (38.32%) 26 (50.98%)
Smoking history (n/%)
No 77 (71.96%) 33 (64.71%) 0.860 0.354
Yes 30 (28.04%) 18 (35.29%)
Alcohol consumption (n/%)
No 65 (60.75%) 38 (74.51%) 2.883 0.090
Yes 42 (39.25%) 13 (25.49%)
Sleep duration
<é6h 36 (33.64%) 28 (54.90%) 6.513 0.039
6-10 h 54 (50.47%) 17 (33.33%)
> 0h 17 (15.89%) 6 (11.76%)
Weekly exercise frequency = 3 times
No 51 (47.66%) 39 (76.47%) 11.691 0.001
Yes 56 (52.34%) 12 (23.53%)

Abbreviation: BMI, body mass index.

Intergroup Differences in HBM Dimensions and Psychosocial Factors

Significant differences in scores across the dimensions of the HBM and psychosocial factors were observed between the

cognitively normal group and the cognitive impairment group (as seen in Table 2). Compared to the cognitively normal

group, participants with cognitive impairment demonstrated significantly elevated scores for perceived severity (3.57 £
0.59 vs 3.32 + 0.58; P = 0.014), perceived barriers (3.63 £ 0.50 vs 3.15 £ 0.66; P < 0.001), and loneliness (49.20 + 7.86
vs 41.22 £ 8.57; P < 0.001). Conversely, the cognitive impairment group exhibited significantly reduced scores for
perceived benefits (2.94 £ 0.72 vs 3.31 £ 0.59; P = 0.001), self-efficacy (2.67 £ 0.54 vs 3.21 £ 0.56; P < 0.001), and
social support (29.12 £ 6.35 vs 33.30 &+ 5.36; P < 0.001). No statistically significant differences (P > 0.05) were detected

between the groups for perceived susceptibility or cues to action. Detailed comparative results are presented in Table 2.
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Table 2 Intergroup Differences in HBM and Psychosocial Factors

Variables Cognitively Normal Cognitive Impairment t P-value
Group (n = 107) Group (n = 51)
Perceived susceptibility 3.04 £ 0.58 3.24 £ 0.60 —-1.971 0.051
Perceived severity 3.32 £ 058 3.57 £ 0.59 —2.489 0.014
Perceived benefits 331 £ 059 294 £ 0.72 3.478 0.001
Perceived barriers 3.15 £ 0.66 3.63 £ 0.50 —4.621 < 0.001
Cues to action 2.86 + 0.58 2.89 + 0.68 —0.278 0.782
Self-efficacy 3.21 £ 056 2.67 + 0.54 5.781 < 0.001
Social support (SSRS score) 33.30 £ 5.36 29.12 £ 6.35 4311 < 0.001
Loneliness (UCLA-LS score) 41.22 £+ 857 49.20 £ 7.86 —5.613 < 0.001

Abbreviations: HBM, Health Belief Mo SSRS, Social Support Rating Scale; UCLA-LS, University of California, Los Angeles
Loneliness Scale.

Multivariable Logistic Regression Model

Variables demonstrating significant intergroup differences underwent collinearity diagnostics, revealing variance inflation
factor (VIF) values below 5 for all included variables. Following appropriate variable coding (as detailed in Table 3),
these variables were entered into a multivariable logistic regression analysis. The results identified several independent
risk factors for cognitive impairment: advanced age [odds ratio (OR) = 1.068, 95% confidence interval (CI): 1.002—1.138,
P =0.043], hypertension (OR = 3.504, 95% CI: 1.027-11.960, P = 0.045), higher perceived barriers (OR = 3.828, 95%
CI: 1.147-12.781, P = 0.029), and elevated loneliness scores (UCLA-LS; OR = 1.116, 95% CI: 1.036—1.204, P = 0.004).
Conversely, protective factors significantly associated with a reduced risk of cognitive impairment included higher
educational attainment (primary education: OR = 0.110, 95% CI: 0.025-0.475, P = 0.003), engaging in exercise at least
three times per week (OR = 0.262, 95% CI: 0.071-0.968, P = 0.045), greater self-efficacy (OR = 0.145, 95% CI:
0.050-0.420, P < 0.001), and higher social support scores (SSRS; OR = 0.854, 95% CI: 0.768-0.950, P = 0.004).
Variables such as perceived severity and perceived benefits, while significant in univariate analyses, did not retain
statistical significance in the multivariable model (both P > 0.05). Complete multivariable analysis results are presented
in Table 4.

Predictive Model Performance Analysis

ROC curve analysis revealed limited predictive capacity for cognitive impairment when using individual indicators.
Among single predictors, self-efficacy demonstrated relatively higher discriminatory power [area under the curve (AUC)
=0.7609, 95% CI: 0.6848—0.8369; Youden’s index = 0.4198), followed by perceived barriers (AUC = 0.7270, 95% CI:

Table 3 Variable Coding Scheme

Study Variables Variable Code Assignment

Cognitive impairment Y “0” = “No”, “I” = “Yes”

Age Xl Continuous variable

Educational attainment X2 “0” = “llliterate”, “I”” = “Primary school”, “2” = “Junior high school”
Hypertension X3 “0” = “No”, “I” = “Yes”

Nighttime sleep duration X4 “0” =%<6h”, “lI”="6-10h”, “2” =“> [0 h”
Weekly exercise frequency X5 “0” = “< 3 times”, “1” = “2 3 times”
Perceived severity X6 Continuous variable

Perceived benefits X7 Continuous variable

Perceived barriers X8 Continuous variable

Self-efficacy X9 Continuous variable

Social support (SSRS score) X10 Continuous variable

Loneliness (UCLA-LS score) X1 Continuous variable

Abbreviations: SSRS, Social Support Rating Scale; UCLA-LS, University of California, Los Angeles Loneliness Scale.
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Table 4 Results of Multivariable Analysis

Variable B SE Wald P OR 95% CI
Age 0.065 | 0.032 | 4.087 | 0.043 | 1.068 | 1.002-1.138
Educational attainment (illiterate) 8.758 0.013

Educational attainment (primary school) —2.208 | 0.746 | 8.753 0.003 | 0.110 | 0.025-0.475
Educational attainment (junior high school) | —1.100 | 0.776 | 2.010 0.156 | 0.333 | 0.073-1.523
Hypertension 1.254 | 0.626 | 4.008 | 0.045 | 3.504 | 1.027-11.96
Nighttime sleep duration (< 6 h) 3.100 0.212

Nighttime sleep duration (6—10 h) —1.169 | 0.696 | 2.824 | 0.093 | 0.311 | 0.079-1.215
Nighttime sleep duration (> 10 h) —1.168 | 0917 | 1.624 | 0203 | 0.311 | 0.052-1.875
Weekly exercise frequency (1) —1.339 | 0.667 | 4.033 0.045 | 0.262 | 0.071-0.968
Perceived severity 0713 | 0529 | 1811 0.178 | 2.039 | 0.722-5.756
Perceived benefits —0.695 | 0.502 | 1.921 0.166 | 0.499 | 0.187-1.334
Perceived barriers 1.342 | 0.615 | 4764 | 0.029 | 3.828 | 1.147-12.78I
Self-efficacy —1.929 | 0.542 | 12.663 | <0.001 | 0.145 | 0.050-0.420
Social support (SSRS score) —0.158 | 0.054 | 8.491 0.004 | 0.854 | 0.768-0.950
Loneliness (UCLA-LS score) 0.110 | 0.038 | 8250 | 0.004 | I.116 | 1.036—1.204
Constant —2.994 | 4710 | 0.404 | 0525 | 0.050

Abbreviations: B, regression coefficient (beta); SE, standard error; Wald, Wald statistic; OR, odds ratio; 95% Cl, 95%
confidence interval; SSRS, Social Support Rating Scale; UCLA-LS, University of California, Los Angeles Loneliness Scale.

0.6447-0.8092; Youden’s index = 0.3546) and loneliness (AUC = 0.6909, 95% CI: 0.6057-0.7761; Youden’s index =
0.301). Moderate predictive value was observed for age (AUC = 0.6620), weekly exercise frequency (AUC = 0.6440),
and social support (AUC = 0.6582). Hypertension exhibited the lowest discriminatory ability (AUC = 0.5544, 95% CI.:
0.4582-0.6506), indicating limited predictive utility. Notably, the combined prediction model integrating multiple
significant factors demonstrated substantially enhanced performance, achieving an AUC of 0.9514 (95% CI:
0.9214-0.9815) with a sensitivity of 84.31% and specificity of 93.46%. The corresponding Youden’s index was
0.7777, indicating superior predictive accuracy for cognitive impairment compared to any single predictor.

The multivariable logistic regression model demonstrated good discrimination, with an area under the receiver
operating characteristic curve (AUC) of 0.92 (95% CI: 0.87-0.96). Internal validation using bootstrap resampling with
1,000 repetitions suggested that model performance was relatively stable.

Model calibration was assessed using bootstrap-corrected calibration plots. The bias-corrected calibration curve
showed reasonable agreement with the ideal line across most of the predicted probability range. The mean absolute
calibration error was 0.041, and the Brier score was 0.10, indicating acceptable overall calibration. Detailed performance
metrics are presented in Table 5 and Figures 1, 2.

Table 5 Predictive Model Performance Analysis

Factor AUC | Std. 95% CI Sensitivity % | Specificity % | Youden’s Index
Age 0.662 | 0.048 | 0.568-0.756 7451 58.88 0.334
Hypertension 0.554 | 0.049 | 0.458-0.651 52.94 57.94 0.109
Weekly exercise frequency 0.644 | 0.046 | 0.554-0.734 76.47 52.34 0.288
Perceived barriers 0.727 | 0.042 | 0.645-0.809 58.82 76.64 0.355
Self-efficacy 0.761 | 0.039 | 0.685-0.837 7843 63.55 0.420
Social support (SSRS score) | 0.658 | 0.045 | 0.569-0.747 86.27 40.19 0.265
Loneliness (UCLA-LS score) | 0.691 | 0.044 | 0.606-0.776 84.31 45.79 0.301
Combined prediction 0.951 | 0.015 | 0.921-0.982 84.31 93.46 0.778

Note: AUC, area under the curve; Std, standard deviation; 95% Cl, 95% confidence interval; SSRS, Social Support Rating Scale; UCLA-LS,
University of California, Los Angeles Loneliness Scale.
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Figure 2 Bootstrap-corrected calibration plot of the multivariable logistic regression model.

Mediation Effect Analysis of Psychosocial-HBM Factors

Based on health behavior theory and relevant literature, social support, loneliness, and self-efficacy were included in the
mediation analysis. Univariate and multivariate results confirmed significant associations between all three factors and
the risk of cognitive impairment (P < 0.05), while statistically significant correlations were also observed between social
support/loneliness and self-efficacy (P < 0.05). Mediation analysis revealed that the indirect mediating effect of self-
efficacy on the relationships between social support and cognitive impairment, and between loneliness and cognitive
impairment, was not statistically significant (P > 0.05). However, social support exerted a significant negative direct
effect on cognitive impairment [estimate (est) = —0.016, P = 0.002], and loneliness demonstrated a significant positive
direct effect (est = 0.017, P <0.001). The total effects of both social support and loneliness on cognitive impairment were
also statistically significant. Furthermore, self-efficacy itself served as a significant independent negative predictor of
cognitive impairment (est = —0.281, P < 0.001). Therefore, in this sample, social support and loneliness were primarily
associated with cognitive impairment through statistically significant direct effects, whereas the indirect effects via self-
efficacy were not statistically supported. Given the cross-sectional design, these findings should be interpreted as
exploratory and do not establish temporal or causal pathways. Detailed mediation analysis results are presented in
Table 6 and illustrated in Figure 3.
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Table 6 Mediation Effect Analysis of Psychosocial-HBM Pathways

Path/Effect Estimate (Est) | 95% CI Upper | 95% Cl Lower | P-value | Std. Coefficient
(Std. All)
al (social support—self-efficacy) 0.013 0.029 —0.004 0.139 0.125
a2 (loneliness—self-efficacy) —0.003 0.008 -0.014 0.611 —0.042
B (self-efficacy—cognitive impairment) —0.281 —0.185 —0.374 < 0.001 —0.368
clp (social support—cognitive impairment, direct) -0.016 —0.006 —0.026 0.002 -0.211
c2p (loneliness—cognitive impairment, direct) 0.017 0.022 0.012 < 0.001 0.333
Indirect_support (social support’s indirect effect) —0.004 0.001 —0.009 0.158 —0.046
Indirect_loneliness (loneliness’s indirect effect) 0.001 0.004 —0.002 0.617 0.015
Direct_support (social support’s direct effect) -0.016 —0.006 —0.026 0.002 —0.211
Direct_loneliness (loneliness’s direct effect) 0.017 0.022 0.012 < 0.001 0.333
Total_support (social support’s total effect) —0.02 —0.009 —0.03 < 0.001 —0.257
Total_loneliness (loneliness’s total effect) 0.018 0.024 0.012 < 0.001 0.349

Abbreviations: 95% Cl, 95% confidence interval; Std, standard deviation.

Discussion
The findings of the present study demonstrated significant negative associations between social support, self-efficacy, and
cognitive impairment, while loneliness emerged as an independent risk factor. Furthermore, the multifactorial prediction
model demonstrated good discriminative performance (AUC = 0.9514), supporting its potential utility for identifying
individuals at higher risk of cognitive impairment in community settings rather than establishing causal relationships.
These findings align closely with the study objectives of identifying psychosocial correlates of cognitive impairment and
developing a community-oriented prediction model to support early risk identification. Particularly among rural residents
and individuals with lower levels of education, the protective effect of social support may play an even more pivotal role,
underscoring the need for tailored interventions that integrate educational background with strategies to enhance social
and emotional connections.

Consistent with numerous domestic and international studies, social support has been frequently identified as
a protective factor for cognitive function. A meta-analysis encompassing 2.37 million individuals revealed that weak
social networks were associated with a significantly increased risk of dementia, and lack of social support also elevated
this risk.'* A longitudinal follow-up study further indicates lower dementia risk among individuals with high social
participation and frequent social contact.'> The significant negative direct effect of social support on cognitive impair-
ment observed in our study aligns with these reports, supporting the crucial role of emotional and functional social

connections in maintaining cognitive health. Evidence from an urban sample in Jilin Province demonstrated that higher

Indirect effect =-0.004, p=0,158

Self-
efficacy

Indirect effect =-0.04,
p=0.158

Total effect =—-0.020,
p<0.001

b =-0,281[-0,374,-0,185] p< 001

Cognitive
impairment

Social
Support

a,=-0.003 [-0,014,
0.008] p=0.611

¢,'=0.017[0.12, 0,022]

Self-efficacy p<0.001

Total effect =-0.020, p <0,0011
p<0.001

Figure 3 Mediation model illustrating the direct and indirect effects of social support and loneliness on cognitive impairment through self-efficacy.
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levels of education were significantly associated with reduced risk of cognitive impairment (P < 0.001), whereas the
effects of occupational or cognitive activities appeared limited.” Moreover, analyses based on the Chinese Longitudinal
Healthy Longevity Survey (CLHLS) indicated that socioeconomic disparities represent a critical predictor of cognitive
decline among older adults in China, with educational attainment accounting for approximately 40% of the observed
inequality. Emotional support also emerged as a significant factor contributing to the unequal distribution of cognitive
impairment.'®

Conversely, loneliness has consistently been implicated as a significant risk factor for cognitive impairment.'” Our
results confirmed a significant positive direct effect of loneliness on cognitive impairment. A meta-analysis involving
600,000 individuals in PubMed suggested that loneliness increased the risk of cognitive impairment by approximately
42%."* Another meta-analysis incorporating 31 cohort studies found significant associations between social isolation and
dementia incidence [eg, relative risk (RR) = 1.57 for reduced social contact, RR = 1.58 for loneliness].'” Mechanistically,
loneliness may impair neurological health by increasing psychological stress, inflammatory responses, and negative
affect.'®2° Therefore, our findings reinforce the importance of addressing emotional isolation and mitigating loneliness
within community-based interventions.

Self-efficacy demonstrated a strong independent negative predictive value for cognitive impairment in this study, with
an AUC of 0.7609. This concurs with findings from studies conducted in the US and Europe, where enhancing self-
efficacy in individuals with mild cognitive impairment (MCI) or mild dementia has been associated with improvements
in depression, anxiety, and quality of life.”'** Bandura’s social cognitive theory posits that self-efficacy influences an
individual’s behavioral beliefs in response to situations, thereby modifying health behavior pathways such as exercise,
social engagement, and cognitive training.”> Randomized controlled intervention trials have shown that self-efficacy
training can enhance cognitive performance and brain function responses in older adults,* which resonates with the
independent predictive role of self-efficacy identified here.

Regarding the theoretical pathway proposing that social support and loneliness influence cognition indirectly through
self-efficacy, our mediation analysis did not detect statistically significant indirect effects. This suggests that this specific
mediating mechanism was not statistically supported within our samples. Potential explanations include the cross-
sectional design, cultural factors, measurement limitations, and sample size constraints. In contrast, some European
studies, such as the German AgeWell.de project,® found that self-efficacy partially mediated the relationship between
social participation and cognitive maintenance. This discrepancy implies that the mediating role of self-efficacy may
depend on specific sample characteristics or study designs, warranting further investigation through longitudinal or
intervention studies.

The superior predictive performance of the combined model underscores that integrating multidimensional variables
significantly outperforms reliance on single indicators for community-based early screening. Similar conclusions were
drawn by the Rush University Memory and Aging Project in the US, which found a positive association between social
engagement and cognitive ability. Chen et al*® also reported that the most socially active individuals had a 38% reduced
risk of dementia and a 21% reduced risk of MCI, with dementia onset delayed by approximately 5 years on average.
Community screening practices should therefore consider integrating psychosocial indicators like social support, lone-
liness, and self-efficacy with traditional physiological measures to enhance early identification accuracy.

From an intervention perspective, our findings provide practical guidance for community strategies. Enhancing
emotional support through initiatives such as neighborhood mutual assistance, interest groups, and volunteer companion-
ship represents one key approach. Concurrently, developing self-efficacy training programs incorporating goal setting,
task feedback, and cognitive exercises holds promise for improving older adults’ capacity for autonomous health
management. Empirical support for such multidimensional strategies comes from community intervention trials like
the Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and Disability (FINGER)?’ and the US Study
to Protect Brain Health Through Lifestyle Intervention to Reduce Risk (US POINTER).?® In the FINGER intervention
group, combining dietary guidance, physical activity, cognitive training, and social activities resulted in an average 25%
improvement in global cognitive function post-intervention, with significant advantages over the control group in
subdomains including executive function, processing speed, and memory (improvements in executive function reached
as high as 83%). The US POINTER study further demonstrated the feasibility of this model within US communities,
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indicating that long-term interventions can improve cognitive performance and maintain adherence rates. From
a practical perspective, these findings suggest that community nurses and public health practitioners could incorporate
brief psychosocial screening for social support and loneliness into routine community cognitive screening. In addition,
community-based brain health programs may benefit from integrating self-efficacy-enhancing components, along with
targeted outreach to older adults with limited physical activity or uncontrolled hypertension, to support early, non-
pharmacological prevention efforts.

Nevertheless, several limitations warrant consideration. First, the cross-sectional design precludes causal inference
and temporal ordering; accordingly, the mediation analysis should be interpreted as exploratory and hypothesis-
generating rather than confirmatory evidence of causal mechanisms, and future longitudinal or intervention studies are
needed to verify the proposed pathways. Second, participants were recruited from a single community, which may limit
representativeness and generalizability and may also have contributed to the counterintuitive distribution of educational
attainment observed in the baseline characteristics; this pattern likely reflects cohort effects, as participants with junior
high school education tended to be younger than illiterate participants, and age is a strong determinant of cognitive
impairment. Third, the modest sample size may have limited statistical power to detect mediation effects. Fourth, several
potentially relevant factors, including depression, physiological markers, biomarkers, and the severity or progression of
cognitive impairment, were not assessed, which may have constrained the explanatory scope of the model. Future studies
incorporating larger samples, longitudinal designs, and severity-based assessments are warranted.

Conclusion

In summary, this study provides evidence of associations between social support, loneliness, self-efficacy, and cognitive
impairment, and presents a preliminary combined prediction model for community-based risk identification. The
mediation analysis did not demonstrate significant indirect effects and should be interpreted as exploratory and hypoth-
esis-generating. Self-efficacy showed an independent negative association with cognitive impairment, suggesting its
relevance as a potential intervention target. Future longitudinal and intervention studies are needed to validate the
proposed relationships and further refine and externally validate the prediction model.
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