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Background: Frailty is a multidimensional syndrome that increases an individual’s vulnerability for developing adverse health outcomes, which include dementia. It might serve as a promising target for dementia prevention. However, there are currently no studies summarizing the association between multi-concept frailty and the risk of cognitive disorders. This study aims to summarize the evidence of associations between multi-concept frailty and cognitive disorders based on longitudinal studies.

Methods: Scopus, The Cochrane Library, PsycINFO, CINAHL, PubMed, and EMBASE databases were searched from inception to January 2, 2022. Longitudinal studies, which explored the association of frailty with incident risk of cognitive decline or dementia, were included. The multivariable-adjusted effect estimates were pooled by random-effects models. The evidence credibility was depicted according to the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) method.

Results: A total of 30 longitudinal studies were included. Four types of frailty concepts were involved, including physical, cognitive, social, and biopsychosocial frailty. The meta-analysis comprised 20 studies of 252,571 older adults (mean age: 64.1–80.4 years), among whom 7,388 participants developed cognitive decline or dementia. Physical frailty was associated with higher risk of developing cognitive disorders [pooled relative risk (pRR) = 1.52, 95% confidence interval (CI): 1.28–1.80, I2 = 21.2%, pRR = 1.62 for cognitive decline, 95% CI: 1.07–2.45, I2 = 40.2%, pRR = 1.37 for all-cause dementia (ACD), 95% CI: 1.13–1.66, I2 = 0.0%]. Cognitive frailty (pRR = 2.90, 95% CI: 1.28–6.55, I2 = 78.1%) and pre-frailty (pRR = 4.24, 95% CI: 2.74–6.56, I2 = 30.2%) were linked to higher risk of ACD. Biopsychosocial frailty could predict a 41% (pRR = 1.41, 95% CI: 1.17–1.71) elevated risk of cognitive decline or dementia [pRR = 1.53 (95% CI: 1.19–1.96) for ACD and 1.11 (95% CI: 1.05–1.17) for Alzheimer’s disease (AD)]. In the systematic review, social frailty was associated with a 53% higher risk of AD. Preventing frailty could avoid a maximum of 9.9% cognitive disorders globally. The overall evidence strength is rated as low-to-moderate. Inconsistency and imprecision are major sources of bias.

Conclusion: Frailty in late life is a promising risk factor for cognitive disorders. Frail elderly should be monitored for their cognitive dynamics and initiate early prevention of dementia.

Systematic Review Registration: www.ClinicalTrials.gov, identifier CRD4202127 3434.
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INTRODUCTION

Around 55 million people are living with dementia worldwide and there are nearly 10 million new cases every year. The impact of dementia on individuals, families, and society can be physical, psychological, social, and economic (WHO, 2022). Medications for treating dementia produce limited clinical benefits (Orrell and Brayne, 2015; Winblad et al., 2016), it is, thus, particularly important to identify potentially modifiable risk factors, which can help predict and/or prevent dementia. The etiology of dementia is multifactorial. A new life-course model reported the twelve potentially modifiable risk factors for dementia, which accounted for around 40% of worldwide dementias: less education, hypertension, hearing impairment, smoking, obesity, depression, physical inactivity, diabetes, low social contact, excessive alcohol consumption, traumatic brain injury, and air pollution (Livingston et al., 2020). At present, the multi-intervention strategy with multiple targets has been proposed to be the most promising way for Alzheimer’s disease (AD) prevention. Thus, we have reason to believe that an integrated indicator, a developing indicator that takes into account all risk factors for dementia, should have an optimal ability for predicting dementia.

Frailty is a multidimensional syndrome reflecting a non-specific state of vulnerability and a multisystem change (Morley et al., 2013). It is an integrated indicator and might serve as a promising target for dementia prevention. A cross-sectional clinicopathological study showed the degree of frailty among people of the same age modified the association between AD pathology and AD, since individuals with even a low level of AD pathology might be at risk for dementia if they had high amounts of frailty (Wallace et al., 2019). Recently, another cross-sectional clinicopathological study suggested that frailty was associated with dementia status independently of neuropathological burden. Preventing severe frailty could avoid 14.2% of dementia cases (Wallace et al., 2021). Besides, the result of a randomized clinical trial confirmed that physical exercise can reverse frailty and improve cognitive function (Tarazona-Santabalbina et al., 2016). In the last decades, although more than forty operational definitions have been proposed about frailty, these can be summarized in four major conceptual models according to constituent elements: physical frailty, cognitive frailty, social frailty, and biopsychosocial frailty. Physical frailty is a medical syndrome that is characterized by diminished strength, endurance, and reduced physiologic function (Morley et al., 2013). Some evidence showed that physical frailty may be closely associated with cognitive impairment (Panza et al., 2015), and one person would be judged to be cognitively frailty if he has both physical frailty and cognitive impairment without dementia (Kelaiditi et al., 2013). Social frailty is a continuum of being at risk of losing, or having lost, social and general resources, activities, or abilities that are important for fulfilling basic social needs (Bunt et al., 2017). Biopsychosocial frailty considers the integral functioning of individuals, and it is a broader concept that covers frailty factors in physical, social, and psychological dimensions (Gobbens et al., 2010; de Vries et al., 2011; Panza et al., 2019).

Though longitudinal studies explored associations between varying concepts of frailty and cognitive disorders [cognitive decline, all-cause dementia (ACD), or AD], the conclusion is largely debated. The present study aims to meta-analyze the relationships of frailty with the risk of developing cognitive disorders based on evaluating the evidence’s credibility.



METHODS


Search Strategy and Selection Criteria

We followed the recommendations by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2009 guidelines (Stroup et al., 2000; Moher et al., 2010). Scopus, The Cochrane Library, PsycINFO, CINAHL, PubMed, and EMBASE were searched until January 2, 2022 (final update) using the strategy: (longitudinal OR cohort OR prospective OR retrospective OR nested case-control) AND (cognitive OR dementia OR Alzheimer OR cognition), AND (frailty OR frail). Bibliographies of relevant original studies and systematic reviews were hand-searched in case of omission. The inclusion criteria were as follows: (a) Study was designed as a population-based longitudinal study; (b) participants were adults without dementia at baseline; (c) frailty status was examined at baseline; and (d) studies reported the association of frailty status with risk of developing dementia or cognitive decline. Exclusion criteria includes: (a) Reviews or conference abstracts; (b) cross-sectional studies; and (c) postoperative cognitive dysfunction. We did not restrict the language category when searching for literature. If studies were based on an identical population, the study with a larger sample size was included. Literature selection was performed by two experienced investigators (Guo CY and Xu W) and any disagreements were resolved by consensus and arbitration within the review team.



Data Extraction

Predesigned templates were used to extract the data, including general items (first author, publication year, and country), study design (prospective/retrospective cohort or nested case-control study), sample source (community organization, or others), participation rate at baseline (generalizability), mean age, female percentage, baseline cognitive status (free of dementia, mild cognitive impairment, or cognitively intact), sample size and incident case number for analysis, frailty type and assessment approach, outcome and diagnostic criteria, follow-up duration, attrition rate, adjusted confounders, and the multivariable-adjusted risk estimates. The data extraction was performed by two experienced investigators (Guo CY and Xu W) and any discrepancies were addressed by negotiation within the review team.



Assessment of the Study Quality and Credibility of Meta-Analyses

An evolving Newcastle-Ottawa Quality Assessment Scale (NOS) for observational cohort studies was employed to evaluate the quality of eligible studies (Yu et al., 2020). The score for each item evaluated the risk of bias in sample selection, confounding bias, and outcome (Supplementary Appendix 1). Quality evaluation was performed by two investigators (Guo CY and Xu W) and any disagreements were resolved by consensus and arbitration within the team. The total score of NOS was regarded here as a proxy to assess the overall risk of bias for every single study. The credibility of meta-analyses was appraised according to the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) criteria of inconsistency, imprecision, risk of bias, publication bias, and indirectness (Gopalakrishna et al., 2014). Inconsistency refers to heterogeneity. Imprecision refers to random error. The risk of bias was evaluated by a weighted NOS score. The source of indirectness, herein, is the use of surrogate endpoints in place of the outcome—dementia (Supplementary Appendix 2).



Statistical Analyses

When both the multivariable-adjusted model and the model without adjusted confounding factors were included in one study, we selected the effect estimates of the former model (Supplementary Table 1). Multivariable-adjusted OR, RR, or HR with 95% CI of risks of cognitive disorders for frailty compared with non-frailty were extracted from the included studies. Risk estimates and 95% CI were logarithmically transformed and pooled using random models (DerSimonianLaird method) (Higgins et al., 2003). We use the following formula to convert ORs to RRs because ORs is inclined to overvalue the effect’s sizes compared with RRs/HRs (Grant, 2014).
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P0 is the incidence of the outcome in the non-frail group, and the incidence rate of the total sample would be used if P0 was not accessible (Grant, 2014). We calculated a 95% prediction interval to assess the precision of the result (Riley et al., 2011). The heterogeneity across the studies was assessed by chi-square test, and considered as present if the P-value was less than 0.1. Heterogeneity was classified as possibly low (0–30%), moderate (30–60%), and substantial (60–100%) in the present study. The degree of heterogeneity was analyzed using the I-square (I2) statistic. If the number of publications included in the meta-analysis is greater than or equal to ten, the source of heterogeneity will be explored via sensitivity analyses and subgroup analyses according to multiple variables, including sample source, study design, sample size, cognitive status at baseline, and quality score. We also used meta-regression to explore the influence of the follow-up period and the diagnostic method of outcomes on effect size. Egger’s test was carried out to assess publication bias. Finally, population attributable risk (PAR) was calculated using the method by Barnes and Yaffe (2011) to estimate the percentage of total cognitive disorders attributable to frailty in the global population. Meta-analysis was conducted using the Stata 12.0 for windows (StataCorp LP, College Station, Texas, United States).




RESULTS


Searching Results and Characteristics of Studies

Figure 1A exhibits the flow diagrams of the study selection process. The search yielded 5,798 articles after deduplication. After scanning the titles and abstracts, 79 articles were considered as potentially eligible. After reviewing the bibliography and full-texts, 30 studies met the eligibility criteria, and 20 studies reporting risk estimates were included in the meta-analysis (Buchman et al., 2007; Avila-Funes et al., 2009, 2012; Boyle et al., 2010; Gray et al., 2013; Solfrizzi et al., 2013, 2017a,2017b,2019; Montero-Odasso et al., 2016; Feng et al., 2017; Rogers et al., 2017; Trebbastoni et al., 2017; Chen et al., 2018; Shimada et al., 2018a,b; Li et al., 2020; Sugimoto et al., 2020; Bai et al., 2021; Ward et al., 2021) cognitive domains (Boyle et al., 2010; Bunce et al., 2019; Magnuson et al., 2019; Thibeau et al., 2019; Gale et al., 2020; Paolillo et al., 2020; Chen et al., 2021; Williams et al., 2021), two literature investigated the association between social frailty and cognition (Tsutsumimoto et al., 2019; Huang et al., 2021), and one literature investigated the correlation between cognition and frailty status transitions (Liu et al., 2021). The detailed characteristics of studies included in the systematic review and meta-analysis are summarized in Table 1 (for more details see Supplementary Table 1). Studies included in the meta-analysis reported three types of frailty concepts, including physical, cognitive, and biopsychosocial frailty (Figure 1B). The corresponding assessment scale of diverse frailty is presented in Supplementary Table 2. Twelve (60%) studies analyzed the effect of physical frailty on cognitive decline (Boyle et al., 2010; Montero-Odasso et al., 2016; Feng et al., 2017; Chen et al., 2018) (20%), ACD (Avila-Funes et al., 2012; Gray et al., 2013; Solfrizzi et al., 2013, 2017a; Montero-Odasso et al., 2016; Shimada et al., 2018a,b; Li et al., 2020) (40%), or AD (Buchman et al., 2007; Avila-Funes et al., 2012; Gray et al., 2013; Solfrizzi et al., 2013) (20%). Seven (35%) studies investigated the relationship between cognitive frailty and ACD (Avila-Funes et al., 2009; Montero-Odasso et al., 2016; Solfrizzi et al., 2017a,b; Shimada et al., 2018a,b; Sugimoto et al., 2020) (35%), AD (Solfrizzi et al., 2017b) (5%), or cognitive decline (Montero-Odasso et al., 2016) (5%). Six (30%) studies reported the connection between biopsychosocial frailty and ACD (Rogers et al., 2017; Solfrizzi et al., 2019; Li et al., 2020; Bai et al., 2021; Ward et al., 2021) (25%) or AD (Trebbastoni et al., 2017; Solfrizzi et al., 2019) (10%).
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FIGURE 1. Search flowchart (A) and summary characteristics of included studies (B). The search yielded 5,798 literatures after deduplication. After scanning the titles and abstracts, 79 articles were considered as potentially eligible. After reviewing the bibliography and full-texts, 30 studies met the eligibility criteria, and 20 studies reporting risk estimates were included in the meta-analyze. AD, Alzheimer’s disease; POCD, postoperative cognitive dysfunctive; SM and MA, systematic review and meta-analysis.



TABLE 1. Characteristics of included studies.
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Physical Frailty and Cognitive Disorders

Meta-analysis of eleven studies (23,182 subjects) showed that physical frailty was significantly associated with an increased risk of developing cognitive disorders (pRR = 1.52, 95% CI: 1.28–1.80, I2 = 21.1%). The relationship remained significant for ACD (pRR = 1.37, 95% CI: 1.13–1.66, I2 = 0.0%) or cognitive decline (pRR = 1.62, 95% CI: 1.07–2.45, I2 = 40.2%), while no association was revealed for AD (pRR = 1.28, 95% CI: 0.88–1.86, I2 = 51.3%). No significant association was revealed between physical prefrailty and cognitive disorders (Figure 2). Sensitivity analysis, by excluding one study each time, barely changed the primary result. No subgroup difference was revealed for sample source, study design, sample size, baseline cognitive status, or quality score (Supplementary Figure 1). Meta-regression revealed that the follow-up period and the diagnostic method of outcomes had no significant influence on effect size.
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FIGURE 2. Association of frailty with risk of cognitive disorders. Since physical frailty involved both prefrailty (a condition between frail and non-frail) and frailty (Morley et al., 2013), cognitive frailty involved both cognitive prefrailty and cognitive frailty. AD, Alzheimer’s disease; CI, confidence interval; N, number of studies; WQS, weighted quality score.




Cognitive Frailty and Cognitive Disorders

Six studies (13,922 subjects) were pooled in analyses for the effects of cognitive frailty. Cognitive frailty could predict significantly higher risk of incident of ACD (pRR = 2.90, 95% CI: 1.28–6.55, I2 = 78.1%). Moreover, meta-analysis of three studies (9,649 subjects) revealed that cognitive pre-frailty was also associated with higher risk of cognitive disorders (pRR = 2.91, 95% CI:1.43–5.92, I2 = 77.1%). The risk estimate of cognitive pre-frailty people was especially large for ACD (pRR = 4.24, 95% CI: 2.74–6.56, I2 = 30.2%).



Biopsychosocial Frailty and Cognitive Disorders

Six studies (219,616 subjects) investigated the impact of biopsychosocial frailty. Biopsychosocial frailty had significant effect on cognitive disorders (pRR = 1.41, 95% CI: 1.17–1.71; I2 = 95.8%), the larger effect was found on dementia (pRR = 1.53, 95% CI: 1.19–1.96; I2 = 95.7%), and biopsychosocial frailty also contributed to a 11% higher risk of AD (pRR = 1.11, 95% CI: 1.05–1.17; I2 = 0.0%).



Systematic Review

As shown in Supplementary Table 3, eight studies explored relationships between frailty and performance in specific cognitive domains over time. In old people (mean age: 59.4–79 years), physical frailty was associated with a more rapid decline in memory and visuospatial ability, but physical frailty did not affect verbal fluency. There wasn’t a consistent conclusion on the relation of physical frailty to speed or executive function. Two studies of social frailty have shown that social frailty was connected with a 53% higher risk of AD (Tsutsumimoto et al., 2019) and cognitive decline was greater in the social pre-frailty or frailty group than robustness group (Huang et al., 2021). In addition, a new study indicated (Liu et al., 2021) that cognitive impairment was connected to the transitions from non-frail to physical frail status.



Credibility of Meta-Analyses

In general, the evidence robustness is low-to-moderate. Heterogeneity was obvious in meta-analyses about physical prefrailty, cognitive frailty, and biopsychosocial frailty. Imprecision is a common problem for analyses of physical prefrailty, cognitive frailty, cognitive prefrailty, and biopsychosocial frailty. A small number of publications, a diverse approach of frailty assessment, limited generalizability, follow-up inadequacy, and attrition are major sources of bias (Figure 3).
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FIGURE 3. Credibility of meta-analyses results (for more details see Supplementary Table 4). The credibility improved with the increased area of the radar map.




Population Attributable Risk

We computed PAR for three types of frailty for which global prevalence was accessible as follows: physical frailty (12%) (O’Caoimh et al., 2021), cognitive prefrailty/frailty (9%) (Qiu et al., 2022), and biopsychosocial frailty (26.8%) (Veronese et al., 2021). The PAR was 5.87, 4.22, and 9.90%, respectively.




DISCUSSION

The present study indicated that non-demented elderly with frailty (including physical, cognitive, social, and biopsychosocial frailty) were at higher risk of developing dementia, though the evidence strength is limited by inconsistency and imprecision. Compared to previous publications (Borges et al., 2019; Bu et al., 2021; Chu et al., 2021), the present study had several advantages: (1) The topic is comprehensive covering all aspects of frailty, including the “biopsychosocial model”; (2) more evidence was incorporated (10 more longitudinal studies); (3) the results were translated based on evidence evaluation, we evaluated the robustness of the evidence for each association and provided clues for further research in this field.

Physical frailty is a condition in which the individual experiences losses in the physical domains of human functioning. We found physical frailty is an important risk factor for cognitive disorders. The underlying mechanisms might be explained by common risk factors shared between physical frailty and cognitive decline. Specifically, common risk factors included brain neuropathology (neurofibrillary tangles, β-amyloid load, nigral neuronal loss, genetic mutations, and cerebral atrophy), hormonal dysregulation (reduced testosterone and insulin resistance), cardiovascular risk (diabetes, dyslipidemia, and hypertension), psychological and environmental factors (depression and nutritional deficiencies) and chronic inflammation (Kelaiditi et al., 2013; Robertson et al., 2013; Gallucci et al., 2018). In studies investigating correlations between frailty and performance in specific cognitive domains in the elderly, physical frailty was associated with memory decline. It is possible that neuropathological effects produced by the above risk factors of physical frailty could affect the hippocampus [associated with memory (Panegyres, 2004)] and result in cognitive disorders. Alterations in hippocampal synaptic function, neuronal membrane properties, and axonal trajectories, which might lead to dementia, have been reported for people with frailty (Bishop et al., 2010). Little work has directly explored mechanisms underlying this link, so experimental evidence is needed to support these possible mediators. Liu and colleagues found that impairment in cognition was associated with the transitions from non-frail to physical frail status (Liu et al., 2021), suggesting that the relationship between physical frailty and cognitive ability may be bi-directional.

Cognitive frailty is a state characterized by cognitive impairment due to physical conditions not the presence of concomitant neurological disease (Kelaiditi et al., 2013). According to our study, cognitive frailty had a stronger predictive validity on dementia than physical frailty. To determine the primary and secondary preventative measures for cognitive frailty, Ruan proposed two subtypes of cognitive frailty based on the severity of cognitive impairment: the reversible and the potentially reversible (the definitions are presented in Box 1; Ruan et al., 2015). Solfrizzi found that the reversible cognitive frailty was a short- and long-term predictor of overall dementia (Solfrizzi et al., 2017b), while no association was revealed between the potentially reversible cognitive frailty and dementia (Solfrizzi et al., 2017a). Our results indicated that cognitive prefrailty is also a vital predictor of cognitive disorders. It may be a useful indicator for identifying early signs of dementia and a promising intervention target for dementia prevention.


BOX 1. Definitions of multi-concept frailty.

• Physical frailty/prefrailty is a medical syndrome characterized by diminished strength, endurance, and reduced physiologic function that increases an individual’s vulnerability for adverse health-related outcomes.

• Cognitive frailty/prefrailty is a state characterized by cognitive impairment due to physical conditions not the presence of concomitant neurological disease.

• Potentially reversible cognitive frailty is a clinical syndrome of mild cognitive impairment caused by physical factors (e.g., physical frailty).

• Reversible cognitive frailty is a clinical syndrome of subjective cognitive decline caused by physical factors.

• Social frailty is a continuum of being at risk of losing, or having lost, social and general resources, activities, or abilities that are important for fulfilling basic social needs.

• Biopsychosocial frailty is a broader concept that covers frailty factors in physical, social, and psychological dimensions.



Social frailty can be defined as the absence of social resources, social activities, and self-management abilities (Bunt et al., 2017). There are several potential mechanisms between social frailty and cognition at present. First, social stress may affect hormones, immune functioning, and inflammatory processes and induce cognitive decline, social interactions and social support may buffer physiological reactions to stress (Fratiglioni et al., 2000; Cohen, 2004; Agrigoroaei and Lachman, 2011). Second, rich social networks contribute to cognitive function exercise and provide easier access to health information (Berkman et al., 2000; Tsutsumimoto et al., 2019). Third, social frailty was independently associated with poor physical function (Tsutsumimoto et al., 2017), we presume it could lead to cognitive decline through physical frailty.

The three dimensions of frailty (physical, social and psychological) are interrelated rather than independent (Teo et al., 2019), and biopsychosocial frailty fully reflected the multidimensional nature of frailty. However, the risk estimates of cognitive disorders in biopsychosocial frailty individuals were smaller than physical frailty or cognitive frailty in our results. Firstly, follow-up periods of the included studies for biopsychosocial frailty ranged from 5 to 8.5 years and maybe too short to capture overall predictive properties of frailty. Biopsychosocial frailty was evaluated by multidimensional frailty index (FI) in 5 included articles and a previous study showed that frailty based on FI better-predicted dementia over 10 years rather than over 5 years. Items related to health defects for developing multidimensional FI may be partial, leading to smaller risk estimates. Our results showed that multidomain interventions might take an important part in delaying the future appearance of cognitive disorders and secondary occurrence of adverse health-related outcomes, such as disability, hospitalization, and mortality. There have been trials showing that physical exercise can treat frailty and improve cognitive function. The lifestyle interventions and independence for elders study (LIFE)-randomized clinical trial, involving 1,298 participants with cognitive frailty, suggested that physical activity reduced the severity of cognitive frailty compared with a health education program (Liu et al., 2018). Another randomized multicenter control trial proved that physical exercise had benefits for cognitive status among physical pre-frail/frail patients with mild cognitive impairment or dementia (Casas-Herrero et al., 2019). Furthermore, the findings from another randomized trial ascertained a supervised-facility multicomponent exercise program can reverse physical frailty and improve cognitive function (Tarazona-Santabalbina et al., 2016). Physical exercise should be regarded as a vital component of multidomain interventions. Better results may be produced if physical exercise is combined with interventions in other areas.

Our results suggested a frail state may indicate the onset of cognitive decline; however, the results are subject to some limitations in practical application. First, heterogeneity of frailty diagnostic criteria and diagnostic methods of the outcome. Diverse diagnostic criteria of frailty had been used now. Physical frailty is diagnosed as physical FI ≥ 0.25 or conforms to the standard of frailty phenotype, while biopsychosocial frailty is evaluated based on multidimensional FI in most cases. Nevertheless, the items included in FI and diagnostic criteria of social and cognitive frailty are ambiguous. Second, the threshold for assessing frailty or non-frailty varied from study to study, which could significantly affect the proportions classified as frail or not. However, we cannot investigate thresholds and potential impacts because the studies used diverse frailty scales and evaluation criteria. Third, participants from organizations such as medical centers tended to have more risk factors of cognitive decline than community residents. That may decrease the representation of the total population. Fourth, the length of follow-up included in meta-analysis ranged from 2 to 15 years, insufficient follow-up time in some studies may reduce risk estimates of cognitive disorders.

Based on the credibility of our meta-analyses, we propose several suggestions for future research. Firstly, developing authoritative screening scales with higher sensitivity and specificity for cognitive frailty and biopsychosocial frailty, and controlling confounding factors may sufficiently help reduce inconsistency. Furthermore, expanding sample size or random sampling from community residents could promote the generalizability of the conclusion. Frailty and cognitive changes should be measured simultaneously in longitudinal studies with adequate follow-up to test for reverse causation or lead-lag effects.

In conclusion, the present study suggested that frailty is significant to help identify populations at high risk of cognitive disorders. Frail elderly should be regarded as the primary target of resource allocation in the prevention and treatment of dementia.
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Type of frailty

PE
PF}

CF

PF

PF

PF

PF

PF;
cF

PF

BF

PF;
Potentially
reversible CF

Reversible CF

BF

PF

PF;
CF

PF;
CF

PF

PF

BF

PF

Social frailty

PF

PF;
BF

PF

Potentially

reversible CF

PF

BF

PF;
Psychosodial
frailty

PF

BF

Social frailty

*As the information of sample wasn't accessible, the total participation information was used as a proxy.

#The components included going out less, not visiting friends, not feeling helpful to others, living alone, and not talking every day.

Frailty
assessment

mFP

mFP;
PF-+Cl (subjects in
the lowest quartile
in MMSE and IST)
Ascore based on
grip strength,
timed walk, body
composition and
fatigue

mFP

mFP

mFP

mFP;
PF+Cl (MoCA<26
and CDR = 05)

mFP

Muttidimensional FI
(>0.25)
mFP;

PF -+MCI

PF (mFP) +SCD
(MMSE > 15 +
impairs on
GDS-30 item 14)
Ascore based on
multidimensional FI
mFP

Slowness or
muscle weakness;
PF+CI (deficits
on=1
NCGG-FAT's
domains)

mFP;
PF-+Cl (deficits
onz2
NCGG-FAT's
domains)
mFP

A modified score
based on mFP

PF (mFP) +impairs
on = 1items of
GDS-303 or 10

Ascore based on
physical FI

Frailty: with > 2
components®

mFP

mFP or physical
Fl > 0.25;
Multidimensional
FI>0.25
mFP

PF (physical
FI 2 0.25) +MCI
(NIA-AR)
mFP

A score based on
multidimensional FI

mFP;
Frailty: integrating
self-rated health,
mood, social
contact
FRAIL Scale

Ascore based on
multidimensional FI
Frailty: with > 2
components®

&The components included financial difficulty, living alone, non-participation in social activities, not regular contacting with others.
AD, Alzheimer's disease; BF; biopsychosociel frailty: CDR, Clinical Dementia Rating; CF; cognitive fraity; Cl, Cognitive impairment; DSM, Diagnostic and Statistical Manual
of Mental Disorders; Fl, frailty index; FRAIL, fatigue, resistance, ambulation, ilnesses, and loss of weight; GDS, Geriatric Depression Scale; HIV, human immunodeficiency
virus; IC, intrinsic capacity; ICD-10, International Classification of Diseases-10; IST, Isaacs Set Test; MCI, mild cognitive impairment; mFP, modified frailty phenotype;
MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; m, month; na, not applicable; NCGG-FAT, National Center for Geriatrics and Gerontology
Functional Assessment Tool; NIA-AA, National Institute on Aging-Alzheimer's Association criteria; NINCDS-ADRDA, National Institute of Neurological and Communicative
Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association; PF. physical frailty: SCD, subjective cognitive decline; y, year:

Interesting
outcome and its
diagnostic
criteria

Follow-up

AD: 3y (mean)
NINCDS-ADRDA
Dementia:
DSM-IV

4y (max)

MCI: Cl and
without dementia
(NINCDS-
ADRDA);
Performance in
cognitive
domains.

121y (max)

Dementia:
DSM-IV;
AD:
NINCDS-ADRDA
Dementia:
DSM-IV;
AD:
NINCDS-ADRDA
Dementia:
DSM-I;
AD:
NINCDS-ADRDA
Cognitive
decline: at least
2 points decrease
of MoCA score;
Dementia:
DSM-IV and
CDRz 1
Cognitive
decline:
MMSE < 23;

7y (max)

65y
(mean)

39y
(median)

15y
(mear);
Sy (max)

3y (max)

Dementia:

Self-report

Dementia:
DSM-II

9.4y
(mean)
35y (max)

Dementia:
DSM-IlI;
AD:
NINCDS-ADRDA

AD: NIA-AA

7y (max)

5y (max)

Cognitive
decline: at least
two points
decrease of
MoCA score

2y (max)

Dementia:
ICD-10

3y (max)

Dementia:
ICD-10

2y (max)

Performance in
specific cogritive
domains
Performance in
specific cogritive
domains

12y (max)

7 m (max).

Dementia:
DSM-I;
AD:
NINCDS-ADRDA

Performance in Na
specific cognitive
domains
AD: [CD-10

7y (max)

53 m (max);
515m
(mean)

Performancein 9y (max)

specific cognitive

domains
Dementia: The
10/66 dementia

diagnosis

5y (mean)

Performance in
specific cognitive
domains
Dementia:
NIA-AA

2y (max)

3y (max);
25y
(median)
Performancein 5y (max)
specific cognitive
domains
Dementia:
DSM-II-R and
DSM-IV
Performance in
specific cognitive
domains

19y (max)

4y (max)

The correlation
between IC
domains and
frailty
Dementia:ICD-9 8y
andICD-10  (median)
The association 3y (max)
between social
frailty and IC

21y (max)
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