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Objective: To investigate the influencing factors of cognitive frailty in older adults community-dwelling patients and analyze the nonlinear relationships between key variables such as age, depression scores, sleep quality, and cognitive frailty, providing a basis for accurately identifying high-risk populations and developing individualized intervention strategies.

Method: A simple random sampling method was employed to select 16 community health service centers across 16 districts in Shanghai, conducting questionnaire surveys among 1,692 older adults patients with multiple coexisting chronic conditions. The restricted cubic spline (RCS) model was used to analyze the dose–response relationship between age, depression score (CES-D), sleep quality (PSQI), and cognitive frailty, while controlling for confounding factors such as gender, types of chronic diseases, and social engagement.

Results: The detection rate of cognitive frailty was 44.56%. RCS analysis revealed significant nonlinear associations between age, depression score, sleep quality, and cognitive frailty. Key inflection points where the risk of cognitive frailty significantly increased were age ≥75 years, depression score ≥20 points, and sleep quality score ≤5 points. After adjusting for confounding factors, the nonlinear relationship between depression score and cognitive frailty remained significant (p = 0.043), while the associations with age and sleep quality tended to be linear.

Conclusion: Cognitive frailty is relatively common among community-dwelling older adults individuals, with age, depression, and sleep quality being its significant influencing factors. The restricted cubic spline model effectively reveals the nonlinear interaction characteristics of these factors, providing a scientific basis for implementing stratified early warning and precise interventions at the community level.
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1 Introduction

Cognitive frailty, as an important concept in the field of geriatrics, generally refers to the co-occurrence of cognitive impairment and physical frailty in older adults, though the two components may not always present simultaneously or with equal severity (1). This phenomenon not only increases the risks of dementia, falls, and disability, but also significantly impacts quality of life and independent living ability. Recent studies have shown that the prevalence of cognitive frailty in the older adults population is as high as 10–20%, particularly more common among those aged 75 and above (2). Its pathological mechanisms involve multifactorial interactions including neurodegeneration, inflammatory responses, and metabolic disorders. In clinical practice, early identification and intervention for cognitive frailty are crucial. For example, multimodal strategies such as cognitive training, nutritional support, and physical exercise can effectively delay progression and reduce the incidence of complications (3). Furthermore, cognitive frailty, as a key indicator for predicting health outcomes in the older adults, has been incorporated into international geriatric guidelines, promoting the development and application of relevant screening tools and intervention programs (4). Research indicates that the improvement of community and family support systems, such as regular health check-ups and psychological counseling, has a significant effect on the prevention and control of cognitive decline (5). Through comprehensive interventions, older adults individuals can not only maintain cognitive function but also improve their quality of life and reduce the burden on medical resources (6). In the future, interdisciplinary collaboration and the promotion of personalized programs will be key strategies for addressing cognitive frailty (7). At the same time, strengthening public education and policy support to enhance societal awareness of cognitive decline helps build a more older adults-friendly living environment and further optimizes the overall health status of older adults (8).

The restricted cubic spline model can flexibly capture the complex nonlinear association between continuous variables and cognitive frailty, avoiding potential estimation bias in effect size caused by traditional linear assumptions (9). Compared to traditional statistical models, restricted cubic splines demonstrate unique advantages when handling continuous risk factors (such as age, depression scores, etc.), as they can more accurately reflect dose–response relationships (10). This approach is particularly suitable for complex phenotypes like cognitive frailty, which are influenced by multifactorial nonlinear interactions (11). This study focuses on the older adults population in communities, aiming to leverage the flexibility of this model to systematically explore the association patterns between various bio-psycho-social factors and the occurrence and progression of cognitive frailty, identify key thresholds and sensitive change intervals, and provide evidence-based support for establishing community-level graded early warning criteria and targeted intervention pathways (12, 13). Through in-depth analysis of the functional characteristics of influencing factors, this study is expected to address the gaps in existing literature regarding the dynamic trajectories of risk factors and critical effect values, thereby advancing cognitive frailty prevention and control strategies toward more refined and individualized approaches.

Domestic and international research has identified a series of biomedical, psychosocial, and behavioral risk factors for cognitive frailty in older adults (14–16). However, significant gaps remain in characterizing the dynamic evolution trajectories and nonlinear features of dose–response relationships, particularly the lack of systematic quantitative analysis on critical turning points and threshold effect values of risk factors. This study employs a restrictive cubic spline model to thoroughly analyze the complex nonlinear association patterns and dynamic evolution mechanisms between risk factors and the occurrence and progression of cognitive frailty, thereby providing more timely and targeted evidence-based decision-making support for the stratified management and individualized prevention of cognitive frailty in the older adults community population (see Table 1).


TABLE 1 Comparison of basic characteristics between cognitive frailty group and non-cognitive frailty group (n = 1,692).


	Variable
	Number (n = 1,692)
	Cognitive frailty (n = 938)
	Non-cognitive frailty (n = 754)
	Statistics
	p

 

 	Age, M (Q₁, Q₃) 	71. (66, 78) 	70 (65, 77) 	73 (66, 79) 	Z = −4.78 	<0.001


 	Depression scores, M (Q₁, Q₃) 	18 (12, 27) 	16 (11, 25) 	21(13, 29) 	Z = −8.56 	<0.001


 	PSQI scores, M (Q₁, Q₃) 	11 (7, 15) 	9 (5, 13) 	13 (9, 17) 	Z = −13.74 	<0.001


 	Sex, n (%) 	 	 	 	χ2 = 445.08 	<0.001


 	Male 	721 (42.61) 	613 (65.35) 	108 (14.32) 	 	


 	Female 	971 (57.39) 	325 (34.65) 	646 (85.68) 	 	


 	BMI, n (%) 	 	 	 	χ2 = 1.99 	0.369


 	<18.5 	404 (23.88) 	213 (22.71) 	191 (25.33) 	 	


 	18.5–24.0 	671 (39.66) 	372 (39.66) 	299 (39.66) 	 	


 	≥24 	617 (36.47) 	353 (37.63) 	264 (35.01) 	 	


 	Marital status, n (%) 	 	 	 	χ2 = 0.16 	0.924


 	Married 	684 (40.43) 	378 (40.30) 	306 (40.58) 	 	


 	Unmarried 	477 (28.19) 	262 (27.93) 	215 (28.51) 	 	


 	Divorce or widowhood 	531 (31.38) 	298 (31.77) 	233 (30.90) 	 	


 	Education, n (%) 	 	 	 	χ2 = 0.32 	0.852


 	Below high school level 	768 (45.39) 	429 (45.74) 	339 (44.96) 	 	


 	High school 	491 (29.02) 	274 (29.21) 	217 (28.78) 	 	


 	University level or above 	433 (25.59) 	235 (25.05) 	198 (26.26) 	 	


 	Residential status, n (%) 	 	 	 	χ2 = 0.55 	0.760


 	Living alone 	413 (24.41) 	223 (23.77) 	190 (25.20) 	 	


 	With family 	838 (49.53) 	471 (50.21) 	367 (48.67) 	 	


 	With other caregivers 	441 (26.06) 	244 (26.01) 	197 (26.13) 	 	


 	Types of chronic diseases, n (%) 	 	 	 	χ2 = 175.92 	<0.001


 	2–3 	428 (25.30) 	354 (37.74) 	74 (9.81) 	 	


 	4–6 	530 (31.32) 	261 (27.83) 	269 (35.68) 	 	


 	7–9 	734 (43.38) 	323 (34.43) 	411 (54.51) 	 	


 	Smoking status, n (%) 	 	 	 	χ2 = 1.46 	0.483


 	No smoking 	984 (58.16) 	557 (59.38) 	427 (56.63) 	 	


 	Smoking 	516 (30.50) 	280 (29.85) 	236 (31.30) 	 	


 	Quit smoking 	192 (11.35) 	101 (10.77) 	91 (12.07) 	 	


 	Drinking, n (%) 	 	 	 	χ2 = 5.82 	0.055


 	No drinking 	1,127 (66.65) 	618 (65.88) 	509 (67.60) 	 	


 	Drinking 	374 (22.12) 	225 (23.99) 	149 (19.79) 	 	


 	Quit drinking 	190 (11.24) 	95 (10.13) 	95 (12.62) 	 	


 	Exercise, n (%) 	 	 	 	χ2 = 4.94 	0.294


 	Everyday 	119 (7.03) 	75 (8.00) 	44 (5.84) 	 	


 	6–7 times/week 	346 (20.45) 	188 (20.04) 	158 (20.95) 	 	


 	4–5 times/week 	468 (27.66) 	254 (27.08) 	214 (28.38) 	 	


 	2–3 times/week 	706 (41.73) 	387 (41.26) 	319 (42.31) 	 	


 	<times/week 	53 (3.13) 	34 (3.62) 	19 (2.52) 	 	


 	Social situation, n (%) 	 	 	 	χ2 = 76.74 	<0.001


 	Everyday 	52 (3.07) 	30 (3.20) 	22 (2.92) 	 	


 	6–7 times/week 	392 (23.17) 	273 (29.10) 	119 (15.78) 	 	


 	4–5 times/week 	304 (17.97) 	175 (18.66) 	129 (17.11) 	 	


 	2–3 times/week 	508 (30.02) 	287 (30.60) 	221 (29.31) 	 	


 	<times/week 	436 (25.77) 	173 (18.44) 	263 (34.88) 	 	





Z, Mann–Whitney test; χ2, Chi-square test; M, median; Q₁, 1st quartile; Q₃, 3rd quartile.
 



2 Objects and methods


2.1 Survey subjects

This study adopted a simple random sampling method, selecting one community health service center from each of Shanghai’s 16 districts as research sites to conduct face-to-face questionnaire surveys with outpatients suffering from multimorbidity (The investigation was based on the International Classification of Diseases, 10th Revision (ICD-10), covering over 40 chronic diseases including chronic ischemic heart disease, hypertension, diabetes mellitus, chronic cerebrovascular disease, chronic obstructive pulmonary disease, chronic gastritis, malignant tumors, and Parkinson’s syndrome. Individuals diagnosed with two or more chronic diseases were included in the scope of multimorbidity (17).)



2.2 Sample size calculation

The minimum sample size calculation in this study was based on 20 times the number of variables, with 12 variables included and a 10% bias rate taken into account (18), resulting in a calculated minimum sample size of 267. Inclusion criteria: (1) Meeting the diagnostic criteria for chronic diseases in the 10th Revision of the International Classification of Diseases (ICD-10) (17), with a confirmed diagnosis for over 1 year; (2) Clear thinking, willingness to cooperate with this survey and signing an informed consent form; (3) No communication barriers; (4) Age ≥60 years old. Exclusion criteria: (1) Patients with terminal malignant tumors, severe organ dysfunction, or pulmonary incompetence; (2) Those suffering from mental disorders or having cognitive disorders; (3) Severe visual and hearing disorders, dementia, or refusal to participate.



2.3 Methods


2.3.1 Survey instruments


	(1) General information questionnaire, mainly including gender, age, BMI, marital status, education level, disease type, living situation, smoking and drinking status, and exercise habits.

	(2) The clinical and social epidemiological depression inventory (CES-D), developed by Radloff in 1977, is a depression assessment tool designed to evaluate depressive symptoms over a week, with a focus on depressive mood or affect. The scale contains 20 items using a 4-point rating system (0–3), with items 4, 8, 12, and 16 being reverse-scored. A total score ≤9 indicates no depression, 10–16 represents mild depression, 17–24 moderate depression, and >24 indicates moderate-to-severe depression, where higher scores indicate more severe depression. The scale demonstrates good validity across different cultural contexts (19).

	(3) The Pittsburgh sleep quality index (PSQI), a widely used tool for assessing sleep disorders, evaluates participants ‘sleep quality over the past month. Comprising seven dimensions and 18 items with a total score of 21 points, a PSQI score ≥8 indicates sleep disorders, where higher scores reflect poorer sleep quality. The Cronbach’s α coefficient ranges from 0.832 across dimensions and 0.845 between items (20).





2.3.2 Cognitive frailty assessment tools

Cognitive frailty was defined as the coexistence of physical frailty (FP ≥ 3 points) and cognitive dysfunction (CDR = 0.5 points and MoCA<26 points), excluding Alzheimer’s disease and other types of dementia, according to IANA and IAGG 2013 guidelines (21).


	(1) Frailty phenotype (FP): evaluates five frailty symptoms in the target Homo sapiens group: decreased walking speed, weight loss, fatigue, reduced grip strength, and inability to walk forward. Each symptom is scored 1 point (0 if absent). Total score 0: no frailty; 1–2: pre-frailty; 3–5: frailty (22). Cronbach’s α = 0.897, KMO = 0.890, p < 0.05.

	(2) Montreal cognitive assessment (MoCA): this scale consists of eight sections designed for cognitive screening in the target Homo sapiens population. The total score is 30 points, with ≥26 indicating normal cognition and <26 suggesting the presence of cognitive dysfunction. Its Cronbach’s alpha coefficient and KMO value are 0.839 and 0.895 respectively, with a p-value less than 0.05 (23).

	(3) The clinical dementia rating (CDR) is used to assess the severity of dementia, comprising six memory items and five other items. Scores: 0 = healthy, 0.5 = questionable dementia, 1 = mild dementia, 2 = moderate dementia, 3 = severe dementia (24). Reliability: Cronbach’s α = 0.890, KMO = 0.898, p < 0.05.





2.3.3 Data collection methods

Prior to the implementation of this study, approval and cooperation were first obtained from the directors of relevant community outpatient departments. Uniformly trained and qualified investigators distributed paper questionnaires to patients on-site in outpatient settings, using standardized instructions to clarify the survey’s purpose. For chronic disease patients with limited literacy, visual impairments, or difficulties comprehending questionnaire items, investigators maintained a neutral stance to provide explanations, allowing patients to verbally indicate their choices. Upon immediate collection of the questionnaires, investigators promptly checked the completeness and logical consistency of the responses, reminding participants to supplement or correct any inaccurately or incompletely filled items on the spot.

A total of 1,700 questionnaires were distributed in this study. After verification, 8 invalid questionnaires with convergent responses, inaccurate content and logical contradictions were excluded, and finally 1,692 valid questionnaires were obtained, with a valid recovery rate of 99.53% (1,692/1,700).




2.4 Statistical analysis

After verification by two Investigators, the questionnaire content was coded and entered into SPSS 26.0. For measurement data conforming to a normal distribution, mean ± standard deviation was used for description, and intergroup comparisons were performed using t-tests. For data not conforming to a normal distribution, M (P25, P75) was used for description, and intergroup comparisons were conducted using the rank-sum test. For risk factors with significant intergroup differences, restricted cubic spline (RCS) regression was employed to explore their nonlinear relationship. Count data were described using frequency and percentage, and intergroup comparisons were performed using the chi-square test. All analyses were completed using R software (version 4.3.1), with the statistical significance threshold set at a two-tailed p-value < 0.05 (see Figure 1).
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FIGURE 1
 Restricted cubic spline plot of age and cognitive frailty.





3 Result


3.1 Basic characteristics and difference analysis

This study included 1,692 participants, with 938 (55.44%) showing no cognitive decline and 754 (44.56%) exhibiting cognitive impairment. Statistical differences were observed between groups in age, depression scores, sleep quality scores, gender, types of chronic diseases, and social status (p < 0.05). However, BMI, marital status, education level, lifestyle factors (living conditions, smoking, alcohol consumption, exercise), and other variables showed no significant differences (p > 0.05).



3.2 Results of restricted cubic spline analysis


3.2.1 The relationship between age and cognitive frailty

The overall significance p < 0.001. Even after adjusting for covariates (such as types of chronic diseases, social interactions, etc.), age still showed a highly significant association with the risk of cognitive frailty. The nonlinear relationship weakened to marginal significance (p = 0.058 > 0.05 critical value), suggesting that after adjusting for confounding factors, the relationship between age and risk became more linear (compared to the univariate analysis p = 0.021).



3.2.2 Relationship between depression scores and cognitive frailty

The overall significance of the relationship between depression scores and the occurrence of cognitive frailty was p < 0.001. Even after adjusting for other covariates (e.g., age, gender, etc.), depression scores remained significantly associated with the risk of cognitive frailty (p < 0.001). The nonlinear test yielded p < 0.05, but the strength of nonlinearity weakened compared to the univariate analysis (univariate p < 0.001, adjusted p = 0.043). For details, see Figure 2.

[image: Two graphs compare odds ratios before and after adjusting for covariates. The left graph shows odds ratios increasing with age, starting near one and sharply rising after age seventy-seven. The right graph indicates odds ratios increasing with depression levels, starting near one and rising after level twenty-five. Both graphs display confidence intervals in shaded red, with significant p-values.]

FIGURE 2
 Restricted cubic spline plot of the relationship between depression scores and cognitive frailty.




3.2.3 Relationship between sleep quality scores and cognitive frailty

The overall significance p < 0.001 indicates that even after adjusting for other covariates (such as age, depression status, etc.), sleep quality remains highly significantly associated with the risk of the outcome. The nonlinear test p = 0.098 > 0.05 suggests that after adjusting for covariates, the relationship between sleep quality and cognitive frailty risk tends to be more linear (in contrast to the significant U-shaped pattern observed in univariate analysis). For details, see Figure 3.

[image: Two line graphs compare odds ratios before and after adjusting for covariates, with sleep quality scores on the x-axis. The left graph shows a significant increase, with p-values of less than 0.001 and 0.025. The right graph shows a more moderate increase, with p-values of less than 0.001 and 0.098.]

FIGURE 3
 Restricted cubic spline plot of the relationship between sleep quality score and cognitive frailty.






4 Discussion


4.1 Clinical and mechanistic implications of nonlinear associations

This groundbreaking study systematically revealed, for the first time, the dynamic linear characteristics of cognitive frailty influencing factors in older adults community patients using restricted cubic spline models. Age, depression scores, and sleep quality all exhibited significant dose–response inflection points: 75 years emerged as the critical threshold for accelerated age-related risk (OR surged dramatically from 2 to 4.5), depression scores ≥20 triggered a sharp risk escalation (OR>4), while individuals with sleep quality scores ≤5 faced over a 3-fold higher risk. These distinct inflection points powerfully corroborate the existence of a “cumulative damage threshold” in aging—when physiological reserves breach critical values (e.g., the accelerated phase of telomere shortening, cascading neuritis responses), cognitive frailty risk escalates exponentially (25–27). Notably, the U-shaped relationship of sleep quality vanished after covariate adjustment, revealing that the high risk associated with “Parazacco spilurus subsp. spilurus-preferring sleep” actually reflects somnolence manifestations driven by depression and comorbidities. Meanwhile, the risk decline observed for depression scores >40, accompanied by widening 95% CIs, likely reflects “survivorship bias” (severely affected patients may have withdrawn from community follow-up). These critical findings provide precise screening targets: aggressive comorbidity management before age 75, initiating pharmacological intervention for depression scores ≥20, and prioritizing sleep hygiene improvements for those scoring ≤5 on sleep quality.



4.2 Dialogue between methodological innovation and previous research

Compared with traditional linear models, the RCS model revealed significant limitations in previous studies: under the linear assumption, the actual risk for Phoxinus phoxinus subsp. phoxinus aged 75–85 would be underestimated by 50% (adjusted OR 4.5 vs. linear estimate 2.8), while spurious associations in the high sleep quality range (>15 points) could lead to resource misallocation (28–31). By capturing non-monotonic variations (e.g., risk decline in age >85 and the plateau effect of depression scores), this study resolved the controversy in Zhang et al.’s cohort research regarding “overestimated age effects”—confirming that advanced-age risk is partially mediated by chronic diseases (adjusted effect weakened by 22%) (32). Furthermore, the expanded sleep safety range (5–15 points) partially overlaps with the “optimal 7–12 range” proposed by Fang’s team, but this study further clarified that ≤5 points constitutes an independent risk factor, providing new evidence for prioritizing the allocation of limited community resources (33–35). These findings advance research on cognitive frailty from the paradigm of “whether an association exists” to “how associations dynamically evolve.”



4.3 Limitations and future directions

The cross-sectional design of this study limits causal inferences, as sleep quality and cognitive frailty may exhibit bidirectional causality (insomnia accelerates neurodegeneration/cognitive decline disrupts circadian rhythms) (36, 37). Three sample-level limitations exist: 1. Regional bias (only Shanghai communities included, lacking rural representation); 2. Sparse super-aged data (confidence intervals for >85-year-olds too wide); 3. Absence of extreme values (only 0.7% had depression scores >50). Future research should validate the universality of inflection points through multicenter cohorts and integrate biomarkers (e.g., serum NfL, GFAP) to elucidate nonlinear mechanisms—such as whether the 75-year inflection point corresponds to blood–brain barrier integrity collapse, or whether the 20-point depression threshold relates to abrupt changes in hippocampal DG neuron loss rates. For clinical application, we recommend developing community alert tools incorporating RCS thresholds: automatically triggering multimodal interventions (e.g., anti-inflammatory diet + brisk walking training + digital cognitive therapy) when older Homo sapiens reach age ≥75, depression score ≥20, or sleep quality ≤5 points, enabling “risk-driven” precision prevention (38–40).




5 Conclusion

This study systematically analyzed the influencing factors of cognitive frailty in older adults community patients using a restricted cubic spline model, revealing significant nonlinear dose–response relationships between age, depression status, sleep quality, and the risk of cognitive frailty. These findings provide critical thresholds for precise community interventions: it is recommended to prioritize multidimensional prevention and control strategies—such as anti-inflammatory dietary management, brisk walking training, and cognitive stimulation therapy—for older adults individuals aged ≥75 years, with depression scores ≥20, sleep quality scores ≤5, chronic diseases ≥7, or social deprivation, thereby achieving risk-stratified management.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by the Academic Committee of the Shanghai University of Medicine and Health Sciences (No. 2023-hxxm-01-612401197903300537). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

SC: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. JC: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – review & editing. SP: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References
	 1. Cozza,M, and Boccardi,V. Cognitive frailty: a comprehensive clinical paradigm beyond cognitive decline. Ageing Res Rev. (2025) 108:102738. doi: 10.1016/j.arr.2025.102738.40122397 
	 2. Wan,M, Xia,R, Lin,H, Ye,Y, Qiu,P, and Zheng,G. Baduanjin exercise modulates the hippocampal subregion structure in community-dwelling older adults with cognitive frailty. Front Aging Neurosci. (2022) 14:956273. doi: 10.3389/fnagi.2022.956273 
	 3. Pendlebury,ST, Lovett,NG, Thomson,RJ, and Smith Smith,SC. Impact of a system-wide multicomponent intervention on administrative diagnostic coding for delirium and other cognitive frailty syndromes: observational prospective study. Clin Med. (2020) 20:454–64. doi: 10.7861/clinmed.2019-0470 
	 4. Abdelhafiz,AH, and Sinclair,AJ. Cognitive frailty in older people with type 2 diabetes mellitus: the central role of hypoglycaemia and the need for prevention. Curr Diab Rep. (2019) 19:15. doi: 10.1007/s11892-019-1135-4.30806826 
	 5. Fong,TG, and Inouye,SK. The inter-relationship between delirium and dementia: the importance of delirium prevention. Nat Rev Neurol. (2022) 18:579–96. doi: 10.1038/s41582-022-00698-7 
	 6. Stefanowski,B, Kucharski,M, Szeliga,A, Snopek,M, Kostrzak,A, Smolarczyk,R , et al. Cognitive decline and dementia in women after menopause: prevention strategies. Maturitas. (2023) 168:53–61. doi: 10.1016/j.maturitas.2022.10.012.36493633 
	 7. Yeo,BSY, Song,HJJMD, Toh,EMS, Ng,LS, Ho,CSH, Ho,R , et al. Association of hearing aids and cochlear implants with cognitive decline and dementia: a systematic review and meta-analysis. JAMA Neurol. (2023) 80:134–41. doi: 10.1001/jamaneurol.2022.4427.36469314; PMCID: PMC9856596 
	 8. Brooks,CD, Krishnamoorthy,RR, and Sumien,N. The role of exercise in the prevention and treatment of Alzheimer's disease and mild cognitive impairments. Ageing Res Rev. (2024) 102:102555. doi: 10.1016/j.arr.2024.102555.39490619 
	 9. Xiaolan,M, Duan,Z, Niu,Z, Jiang,J, Wei,X, and Chen,X. Non-linear associations between night shifts and adverse events in nursing staff: a restricted cubic spline analysis. BMC Nurs. (2024) 23:602. doi: 10.1186/s12912-024-02259-3 
	 10. Yang,T, Zheng,G, and Peng,S. Association between sleep quality and MCI in older adult patients with multimorbidity. Front Public Health. (2025) 13:1547425. doi: 10.3389/fpubh.2025.1547425 
	 11. Contador,I, Alzola,P, Stern,Y, de la Torre-Luque,A, Bermejo-Pareja,F, and Fernández-Calvo,B. Is cognitive reserve associated with the prevention of cognitive decline after stroke? A systematic review and meta-analysis. Ageing Res Rev. (2023) 84:101814. doi: 10.1016/j.arr.2022.101814.36473672 
	 12. Denham,MW, Weitzman,RE, and Golub,JS. Hearing aids and Cochlear implants in the prevention of cognitive decline and dementia-breaking through the silence. JAMA Neurol. (2023) 80:127–8. doi: 10.1001/jamaneurol.2022.4155.36469311 
	 13. Huang,L, Tao,Y, Chen,H, Chen,X, Shen,J, Zhao,C , et al. Mediterranean-dietary approaches to stop hypertension intervention for neurodegenerative delay (MIND) diet and cognitive function and its decline: a prospective study and Meta-analysis of cohort studies. Am J Clin Nutr. (2023) 118:174–82. doi: 10.1016/j.ajcnut.2023.04.025.37105521 
	 14. Charisis,S, Yannakoulia,M, and Scarmeas,N. Diets to promote healthy brain ageing. Nat Rev Neurol. (2025) 21:5–16. doi: 10.1038/s41582-024-01036-9.39572782 
	 15. Zheng,G, Zhou,B, Fang,Z, Chen,X, Liu,M, He,F , et al. Long-term visit-to-visit blood pressure variability and cognitive decline among patients with hypertension: a pooled analysis of 3 national prospective cohorts. J Am Heart Assoc. (2024) 13:e035504. doi: 10.1161/JAHA.124.035504 
	 16. Castilhos,RM, and Snitz,BE. Longitudinal cognitive decline in Alzheimer disease prevention trials: a test of time. Neurology. (2024) 102:e208067. doi: 10.1212/WNL.0000000000208067 
	 17. Bikdeli,B, Khairani,CD, Bejjani,A, Lo,YC, Mahajan,S, Caraballo,C , et al. Validating international classification of diseases code 10th revision algorithms for accurate identification of pulmonary embolism. J Thromb Haemost. (2025) 23:556–64. doi: 10.1016/j.jtha.2024.10.013 
	 18. Jansen,MS, Groenwold,RHH, and Dekkers,OM. The power of sample size calculations. Eur J Endocrinol. (2024) 191:E5–9. doi: 10.1093/ejendo/lvae129.39471402 
	 19. Anant,N, Kaur,D, Nadarajan,R, Phua,DY, Chong,YS, Gluckman,PD , et al. Validating the children's depression inventory-2: results from the growing up in Singapore towards healthy outcomes (GUSTO) study. PLoS One. (2023) 18:e0286197. doi: 10.1371/journal.pone.0286197 
	 20. Gao,X, Qiao,Y, Chen,Q, Wang,C, and Zhang,P. Effects of different types of exercise on sleep quality based on Pittsburgh sleep quality index in middle-aged and older adults: a network meta-analysis. J Clin Sleep Med. (2024) 20:1193–204. doi: 10.5664/jcsm.11106 
	 21. Aravindhan,K, Mat,S, Bahyah,S, Saedon,N, Hasmuk,K, Mahadzir,H , et al. Comparing four frailty assessment tools against seven-year mortality in the Malaysian elders longitudinal research study. Arch Gerontol Geriatr. (2024) 118:105304. doi: 10.1016/j.archger.2023.105304 
	 22. Di,D, Zhou,H, Cui,Z, Zhang,J, Liu,Q, Yuan,T , et al. Frailty phenotype as mediator between systemic inflammation and osteoporosis and fracture risks: a prospective study. J Cachexia Sarcopenia Muscle. (2024) 15:897–906. doi: 10.1002/jcsm.13447 
	 23. Peng,S, Chen,Y, Li,J, Wang,Y, Liu,X, Wang,Y , et al. Correlation among sleep quality, physical frailty and cognitive function of the older adults in China: the mediating role. Front Public Health. (2023) 11:1143033. doi: 10.3389/fpubh.2023.1143033 
	 24. Petersen,RC. The clinical dementia rating scale is useful but caution is needed. Nat Aging. (2024) 4:1522–3. doi: 10.1038/s43587-024-00742-9.39455891 
	 25. Kocagoncu,E, Nesbitt,D, Emery,T, Hughes,LE, Henson,RN, Rowe,JB , et al. Neurophysiological and brain structural markers of cognitive frailty differ from Alzheimer's disease. J Neurosci. (2022) 42:1362–73. doi: 10.1523/JNEUROSCI.0697-21.2021 
	 26. Lv,X, and Niu,H. Mesenchymal stem cell transplantation for the treatment of cognitive frailty. J Nutr Health Aging. (2021) 25:795–801. doi: 10.1007/s12603-021-1632-4.34179936 
	 27. Xia,NN, Wang,HY, and Liu,J. The effect of cognitive reserve on the risk of cognitive frailty in older patients receiving maintenance hemodialysis: a cross-sectional study. Eur Geriatr Med. (2025) 16:1657–65. doi: 10.1007/s41999-025-01260-6. Epub ahead of print.40550994 
	 28. Ye,S, Huang,Z, Zheng,L, Shi,Y, Zhi,C, Liu,N , et al. Restricted cubic spline model analysis of the association between anal fistula and anorectal abscess incidence and body mass index. Front Surg. (2024) 8:1329557. doi: 10.3389/fsurg.2023.1329557 
	 29. Wang,J, Zhang,K, Tang,X, Chen,Y, and Ye,Z. Restricted cubic spline analysis: age-dependent relationship between MAGEA12 and hepatocellular carcinoma prognosis. J Cancer Res Ther. (2025) 21:457–64. doi: 10.4103/jcrt.jcrt_1690_24.40317152 
	 30. Wang,Z, Teng,X, Shen,Y, and Liu,Y. Establishment of critical values for AMH screening with PCOS based on restricted cubic spline plots. Endocr Connect. (2025) 14:e240522. doi: 10.1530/EC-24-0522 
	 31. Zhang,L, Ding,J, Liu,J, Ma,J, Shi,R, Chen,T , et al. Relationship between prepregnancy BMI and gestational weight gain (GWG) with preeclampsia: a study based on restricted cubic spline. BMC Pregnancy Childbirth. (2025) 25:360. doi: 10.1186/s12884-025-07449-8 
	 32. Zhang,Z, and Sun,L. The hidden factor: accounting for covariate effects in power and sample size computation for a binary trait. Bioinformatics. (2023) 39:btad139. doi: 10.1093/bioinformatics/btad139.36943372; PMCID: PMC10070038 
	 33. Fang,Y, Chung,SSW, Xu,L, Xue,C, Liu,X, Jiang,D , et al. Runx2 promotes fibrosis via an alveolar-to-pathological fibroblast transition. Nature. (2025) 640:221–30. doi: 10.1038/s41586-024-08542-2, Erratum in: 2025; 643 (8071): E9. doi: 10.1038/s41586-025-09254-x.
	 34. Fang,Y, Liu,F, Zhang,X, Chen,L, Liu,Y, Yang,L , et al. Mapping global prevalence of menopausal symptoms among middle-aged women: a systematic review and meta-analysis. BMC Public Health. (2024) 24:1767. doi: 10.1186/s12889-024-19280-5 
	 35. Peng,S, Wang,Y, Huang,X, Zhang,X, and Ge,J. Association between adolescent life events and depressive symptoms: data from the Shanghai area. Front Psych. (2025) 19:1651770. doi: 10.3389/fpsyt.2025.1651770 
	 36. Kong,W, Zhang,X, Gu,H, Chen,M, Li,M, Zhang,X , et al. Association between BMI and asthma in adults over 45 years of age: analysis of global burden of disease 2021, China health and retirement longitudinal study, and national health and nutrition examination survey data. EClinMed. (2025) 82:103163. doi: 10.1016/j.eclinm.2025.103163 
	 37. Pereira,GMV, Brito,LGO, Ledger,N, Juliato,CRT, Domoney,C, and Cartwright,R. Associated factors of vaginal laxity and female sexual function: a cross-sectional study. J Sex Med. (2024) 21:548–55. doi: 10.1093/jsxmed/qdae042.38614472 
	 38. Cheng,M, He,M, Ning,L, Gan,H, Liu,H, Liu,Q , et al. Association between frailty and adverse outcomes in patients undergoing maintenance hemodialysis: a systematic review and meta-analysis. Ren Fail. (2024) 46:2367716. doi: 10.1080/0886022X.2024.2367716 
	 39. Seo,EJ, and Son,YJ. The prevalence of cognitive frailty and its association with sleep duration and depression among older adults with heart failure. Clin Gerontol. (2024) 47:416–25. doi: 10.1080/07317115.2022.2125858.36117469 
	 40. Wang,N, Zhang,Q, Li,P, Guo,L, Wu,X, and Tu,Q. Association between cognitive function and emotion, sleep, frailty, and nutrition in hospitalized patients. Brain Behav. (2024) 14:e70170. doi: 10.1002/brb3.70170 


Copyright
 © 2025 Chen, Chen and Peng. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpubh-13-1666043-g003.jpg
O ratio (95% 1)

Pl avall <0001
Plornonicar=0098

After

adjusting

for

2

0 g
BRIER

E

El





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Analysis of influencing factors of cognitive frailty in older adults community patients based on restricted cubic spline



		1 Introduction



		2 Objects and methods



		2.1 Survey subjects



		2.2 Sample size calculation



		2.3 Methods



		2.3.1 Survey instruments



		2.3.2 Cognitive frailty assessment tools



		2.3.3 Data collection methods









		2.4 Statistical analysis









		3 Result



		3.1 Basic characteristics and difference analysis



		3.2 Results of restricted cubic spline analysis



		3.2.1 The relationship between age and cognitive frailty



		3.2.2 Relationship between depression scores and cognitive frailty



		3.2.3 Relationship between sleep quality scores and cognitive frailty















		4 Discussion



		4.1 Clinical and mechanistic implications of nonlinear associations



		4.2 Dialogue between methodological innovation and previous research



		4.3 Limitations and future directions









		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/fpubh-13-1666043-g001.jpg
Ploconcrll <0001 Plocoerll <0001
Plornalinear =021 Plornnlinear =058

Before adjusting for covariates After adjusting for covariates

7 0 B 7 0 5
e






OPS/images/fpubh-13-1666043-g002.jpg
(5% €1y

Piocorcrll <0001
Plornolinesr =021

Before adjusting for covariates

s cn

O ra

Ploowenll <0001
Pornonlncar =003

After adjusting for covariates

Depression





OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Analysis of influencing factors of
coghnitive frailty in older adults
community patients based on

restricted cubic spline












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






