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Aims: This study analyzes the impact of frailty, mild cognitive impairment, and cognitive frailty on adverse outcomes in community-dwelling older adults.

Methods: This systematic review and meta-analysis were conducted using the PRISMA guidelines and MOOSE statement. We developed a specific search strategy for each electronic database and searched PubMed, Web of Science, MEDLINE, and Embase from initial records to July 2021. The studies on adverse outcomes of frailty, pre-frailty, mild cognitive impairment, and mild cognitive impairment with pre-frailty and cognitive frailty were included. Two researchers independently extracted data based on a spreadsheet and assessed the risk of bias. The primary outcomes were mortality, dementia, disability, and hospitalization. The second outcome included quality of life and falls. All analysis was conducted by using Review Manager (RevMan) 5.3 software.

Results: A total of 22 cohort studies (71,544 older adults with mean age ranging from 65.1 to 93.6 years) were included with a low risk of bias and high methodological quality with a NOS score ≥7. Compared to robust elders, individuals identified as frailty were associated with a higher risk of mortality (RR = 2.11, 95% CI: 1.57–2.83) and disability (RR = 5.91, 95% CI: 2.37–14.74). Mild cognitive impairment with pre-frailty was associated with mortality (RR = 1.74, 95% CI: 1.48–2.05) and dementia (RR = 4.15, 95% CI: 1.87–9.20). Pre-frailty was associated with a higher risk of mortality (RR = 1.29, 95% CI: 1.11–1.50). Cognitive frailty was associated with higher risk of incident mortality (RR = 2.41, 95% CI: 1.97–2.94), dementia (RR = 3.67, 95% CI: 2.81–4.78), disability (RR = 11.32, 95% CI: 4.14–30.97), and hospitalization (RR = 2.30, 95% CI: 1.60–3.32), as well as poor quality of life.

Conclusion: Cognitive frailty could be a comprehensive psychosomatic predictor for adverse outcomes among older people. Interactions between frailty, mild cognitive impairment, and cognitive frailty on adverse outcomes must be further explored.

Systematic review registration: [https://inplasy.com/inplasy-2022-5-0064/], identifier [INPLASY202250064].
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Introduction

Epidemiologic studies showed that the proportion of the population over 60 years is expected to double from 12 to 22% globally between 2015 and 2050 (1). Aging is a progressive and inevitable process of biology over time, manifested by degenerative changes in structure, a decline in function, and a weakening of adaptability and resistance (2, 3). As a result, the aging population increases rapidly, increasing the number of adults with frailty and mild cognitive impairment (4), putting tremendous pressure on the healthcare systems. Frailty and mild cognitive impairment are two critical indicators of the aging process (5).

Frailty has been described as a multidimensional clinical gerontological syndrome (6, 7). A cumulative decline of multiple physiological systems leads to reduced energy reserves, increased susceptibility to stressors, and dysregulated physiological system dynamic balance (8, 9). There are various screening methods for the assessment of frailty syndrome, and most studies have been based on the Fried phenotypic that was proposed by Fried: fatigue or self-reported exhaustion, involuntary weight loss, weakness (poor grip strength), slow walking speed, and lack of physical activity. Frailty is defined as the presence of at least three of these conditions, with one or two being defined as pre-frailty, and if none of these is non-frailty (10). Pre-frailty is an intermediate stage between non-frailty and frailty, and it may be a temporary state in which some older adults can improve muscle strength and regain energy following exercise. However, many older adults with pre-frailty experience continued physical decline, increasing the risk of mortality, and over time, pre-frailty may progress to frailty. A systematic review showed that frailty in community-dwelling was 10.7% (11).

Mild cognitive impairment is described as a decline of intellectual functions such as memory, thinking, and executive function, which is characterized by a moderate decline in one or more cognitive areas at previous levels, but not within the range of dementia (12). The American Academy of Neurology (AAN) guideline noted that the prevalence of mild cognitive impairment in older people over 60 ranged from 6.7 to 25.2% and increased with age (13). Data showed that mild cognitive impairment was significantly associated with frailty (14, 15). The International Academy on Nutrition and Aging (IANA) and the International Association of Gerontology and Geriatrics (IAGG) provided the first definition of a ‘Cognitive Frailty’ condition in older adults, definition as the coexistence of frailty and mild cognitive impairment (Clinical Dementia Rating [CDR] = 0.5), excluding concurrent Alzheimer’s disease or other types of dementia (16). Cognitive frailty includes potentially reversible cognitive frailty and reversible cognitive frailty. The former is indicated by mild cognitive impairment (MCI) (CDR = 0.5), and the latter by a pre-MCI subjective cognitive decline (SCD) (CDR = 0) and positive biomarkers of neurodegeneration (17). A meta-analysis showed that the estimated prevalence of cognitive frailty was 6% in older people community-dwelling (7). Recognition of associations between predictors as mild cognitive impairment and frailty alone and combined, and multiple adverse health outcomes, could not only inform treatment decisions and goals of care, but also provide predictors for early identification and intervention among the increasing old populations to reduce the occurrence of adverse health outcomes (18).

Previous systematic reviews and meta-analyses have shown that the coexistence of physical frailty and mild cognitive impairment can detect a cumulative negative effect, significantly increasing all-cause mortality or dementia (19–21). However, those have focused on the association of cognitive frailty with all-cause mortality and dementia, with relatively single adverse outcomes. Furthermore, findings remain controversial due to the differences in sample size, study design, measurement, the definition of frailty and adverse outcomes, and the population surveyed. Nevertheless, we hypothesized that frailty, mild cognitive impairment, and cognitive frailty would increase older people’s risk of adverse outcomes. Thus, this systematic review and meta-analysis were designed to explore the associations between individuals with frailty alone, mild cognitive impairment alone, cognitive frailty, and multiple adverse outcomes, offering evidence for further intervention.



Methods

We reviewed studies assessing the effect of frailty, mild cognitive impairment, and cognitive frailty on adverse outcomes. The content of this systematic review followed the protocol of the Preferred Reporting Items for Systematic Review and Meta-analyses (PRISMA) guidelines and the Meta-Analysis of Observational Studies in Epidemiology (MOOSE) statement (22, 23) (see Supplementary Material 1). It was registered on the INPLASY website (INPLASY registration number: INPLASY202250064) (see Supplementary Material 2).


Search strategy

We searched the relevant studies about the effect of frailty, mild cognitive impairment, and cognitive frailty on adverse outcomes (such as mortality, dementia, hospitalization, and disability) in older adults from PubMed, Web of Science, MEDLINE, Embase from initial records to July 2021. The search included selected keywords, medical subject headings, titles/abstracts, and free words, and these retrieval words were combined with Boolean operators (see Supplementary Material 3: S1). In parallel, the citation lists of relevant articles and reviews were screened to identify additional eligible articles which might have been missed by electronic search.



Inclusion criteria and exclusion criteria

Inclusion criteria: (a) population: ≥60 years old in community-dwelling older adults; (b) intervention: participants with cognitive frailty, mild cognitive impairment with frailty, physical frailty (or pre-frailty), and mild cognitive impairment without dementia; (c) clinical diagnostic criteria: frailty, pre-frailty, mild cognitive impairment, cognitive frailty, and mild cognitive impairment with the pre-frailty need to be defined using internationally agreed-upon diagnostic criteria or need to describe specific diagnostic criteria; (d) comparison: robust older adults without mild cognitive impairment or physical frailty (or pre-frailty); (e) outcomes: reported the hazard ratio (HR), the odds ratio (OR), or the risk ratio (RR) with 95% confidence interval (CI) of the adverse outcomes, as well as outcomes or underlying data that contribute to the calculation of the above values; (f) study design: a prospective cohort study or population-based longitudinal studies. Exclusion criteria: (a) case reports, meeting reports, reviews or systematic reviews, meta-analysis; (b) no relevant outcomes data (HR, OR, and RR) available or insufficient statistics; (c) non-English literature.



Study selection and data extraction

The two investigators completed the entire work independently, and a third investigator participated in discussions to make a final decision if there was disagreement. Researchers independently searched titles and abstracts of relevant articles. If the information met the selection criteria, the full text was analyzed. The process was carried out strictly following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidance and the Meta-Analysis of Observational Studies in Epidemiology (MOOSE) statement. We used a spreadsheet to record information from eligible articles about the information on the author, publication year, country, sample size, frailty categories, average age, the definition of frailty/mild cognitive impairment (assessment tools), prevalence of frailty/mild cognitive impairment/cognitive frailty, follow-up time, adverse outcomes and effect measure (OR, RR, and HR). We also extracted data on pre-frailty and mild cognitive impairment with pre-frailty. When measures of effect with varying degrees of adjustment were provided, the most adjusted estimate was used for the present study.



Quality evaluation

Two researchers independently scored the quality of the studies included in meta-analyses following the Newcastle-Ottawa scale (NOS) used for cohort and case-control studies. Any disagreements were discussed until a consensus was reached. The NOS scale consisted of nine criteria, covering three elements selection, comparability, and outcome: (1) selection: representativeness of the exposed cohort, selection of the non-exposed cohort, ascertainment of exposure, demonstration that outcome of interest was not present at the start of the study; (2) comparability: according to the most critical or another essential factor to choose control; (3) outcomes: assessment of outcome, follow-up long enough for outcomes to occur, adequacy of follow up of cohorts. The evaluation used the semi-quantitative principle of the star system; the highest score was nine stars. Studies with a NOS score ≥6 are considered high quality (24).



Statistical analysis

We adopted a random-effects model if the heterogeneity test significantly detected statistical difference (I2 > 50%) or used a fixed-effects model. When the heterogeneity was high, the source would be explored further. Sensitivity analyses were performed to examine whether eliminating any single study influenced the pooled effect. Subgroup analyses were conducted according to the different health states and divided into five groups: cognitive frailty, mild cognitive impairment with pre-frailty, frailty, pre-frailty, and mild cognitive impairment. Besides, the publication bias was analyzed using a visual inspection of the funnel plots (25). All analysis was conducted using Review Manager (RevMan) 5.3 software; a p-value < 0.05 was considered statistically significant.



Ethical

This research did not involve human and animal experimentation.




Results


Study selection

A total of 6463 studies were identified by retrieving the four electronic databases and relevant meta-analyses of previous. Next, the 2281 duplicate studies were removed through automatic and manual checking, and after screening the titles and abstracts, 87 studies remained (see Figure 1). Finally, the full text was read according to the predefined inclusion and exclusion criteria, and 22 studies were finally included for meta-analysis.
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FIGURE 1
Flow diagram of the selection process of the studies.




Study description

Twenty-two cohort studies involving 71,544 subjects were included in this study (see Supplementary Material 3: M1), of which 39,407 (55.1%) were female, and the mean age ranged from 65.1 to 93.6 years. The follow-up period was 2–14 years. All patients were recruited from communities such as the United States, France, Brazil, Mexico, Spain, Singapore, China, Korea, Canada, Japan, and Italy. The prevalence of frailty, mild cognitive impairment and cognitive frailty varied from 1.8–37.0, 2.5–55.6%, and 0.7–50.1%, respectively (Table 1).


TABLE 1    The characteristics of included studies.
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Frailty, mild cognitive impairment, and cognitive frailty assessment

We found that frailty was most commonly defined by the Fried phenotype (FP) [the Cardiovascular Health Study criteria (CHS)], with 13 studies in which frailty met at least 3 of the five criteria: weight loss, exhaustion, low physical activity, slowness, and weakness. Of these, Downer et al. (26) used only four criteria of FP, including weight loss of more than 10 pounds, self-reported exhaustion, slow walking speed, and poor grip strength (pre-frail = 1 criterion, and frail = 2 + criteria) (26). In addition, one study used the FRAIL Scale (FS) assessment, and two used the frailty index (FI) to determine. Other assessment tools are not commonly used, such as walking speed and grip-strength measurements, dynapenia, the Kihon Checklist (KCL), and self-reported responses based on six questions.

To identify mild cognitive impairment, the most used was the Mini-Mental State Examination (MMSE), with 14 studies, but for cut-off varies slightly, from 18 to 27, or according to the level of education. Of these, Avila-Funes et al. (27) combined the Isaacs Set Test (IST) (27), and Solfrizzi et al. (28) combined the Geriatric Depression Scale-30 items (GDS-30) to determine mild cognitive impairment (28). In addition, three studies used the National Center for Geriatrics and Gerontology-Functional Assessment Tool (NCGG-FAT), and another one combined the Montreal Cognitive Assessment (MoCA) score below 26 and the Clinical Dementia Rating (CDR) of 0.5 to define mild cognitive impairment. Finally, the seldomly used ones include the Health and Retirement Study (HRS), the Cross-Cultural Cognitive Examination (CCCE), the Short Portable Mental Status Questionnaire (SPMQ), and KCL.

A definition of cognitive frailty was based on the coexistence of frailty and mild cognitive impairment in the original studies.




Methodological quality

The methodological quality of the included 22 cohort studies was assessed using the NOS (see Supplementary Material 3: Table 1). The bias risk scores of all the reports ranged between 7 and 9 (a total score of 9), with six studies scoring full marks, ten studies scoring seven, and six studies scoring eight. The methodological quality of the included studies was high, with a low risk of bias. The primary bias for the included studies was that the follow-up was not long enough and the incomplete adjustment of important confounders in some articles. Hao et al. (11) was a community study on a 90 + year cohort in Sichuan Province in China (11). Montero-Odasso et al. (29) were done from geriatric clinics and a retirement community in London, Ontario (29). No stars were given for the representativeness of the exposed cohort for these two studies. Feng et al. (30) was an inadequacy of follow-up of cohorts, and therefore no star was given for this item (30).



Primary outcomes

The results showed that individuals with cognitive frailty had a relatively high mortality risk, dementia, disability, and hospitalization (see Supplementary Material 3: Figure 1). The results displayed that cognitive frailty was the most effective predictor for mortality (RR = 2.41, 95% CI: 1.97–2.94), disability (RR = 11.32, 95% CI: 4.14–30.97), and hospitalization (RR = 2.30, 95% CI: 1.60–3.32) while mild cognitive impairment with pre-frailty was the strongest predictor for dementia (RR = 4.15, 95% CI: 1.87–9.20).


Mortality

Figure 2 depicted the relationships between cognitive frailty, frailty, mild cognitive impairment, and mortality, respectively. Compared to robust older adults, those with cognitive frailty had the highest risk of mortality (RR = 2.41, 95% CI: 1.97–2.94, I2 = 65%, Z = 8.63, p < 0.001), followed by the frailty group (RR = 2.11, 95% CI: 1.57–2.83, I2 = 82%, Z = 4.98, p < 0.001), the mild cognitive impairment group (RR = 1.46, 95% CI: 1.29–1.64, I2 = 37%, Z = 6.17, p < 0.001). Mortality was significantly increased in all three subgroups. There was a stepwise association between the frailty category and mortality (see Supplementary Material 3: Figure 2). The RR for mortality was 1.74 (95% CI: 1.48–2.05, I2 = 0%, Z = 6.68, p < 0.001) for mild cognitive impairment with pre-frailty and 1.29 (95% CI: 1.11–1.50, I2 = 0%, Z = 3.32, p < 0.001) for pre-frailty.
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FIGURE 2
Forest plot of the association between cognitive frailty, frailty, and mild cognitive impairment and mortality in older adults (reference group: participants were free of frailty and mild cognitive impairment), using random-effects meta-analysis. ➀: follow-up 3.5 years; ➁: follow-up 7 years; 95% CI, 95% confidence interval; high FIB, high fibrinogen (inflammatory); low FIB, low fibrinogen (inflammatory).




Dementia

Figure 3 described the relationships between cognitive frailty, frailty, mild cognitive impairment, mild cognitive impairment with pre-frailty, and pre-frailty (see Supplementary Material 3: Figure 3) with an incidence of dementia, respectively. In comparison to robust older people, the RR for dementia was 3.67 (95% CI: 2.81–4.78, I2 = 0%, Z = 9.56, p < 0.001) for cognitive frailty, 1.25 (95% CI: 0.92–1.71, I2 = 0%, Z = 1.42, p = 0.16) for frailty, 3.01 (95% CI: 2.10–4.31, I2 = 27%, Z = 5.98, p < 0.001) for mild cognitive impairment, 4.15 (95% CI: 1.87–9.20, I2 = 55%, Z = 3.51, p < 0.001) for mild cognitive impairment with pre-frailty, 1.00 (95% CI: 0.69–1.45, I2 = 5%, Z = 0.01, p = 0.99) for pre-frailty.
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FIGURE 3
Forest plot of the association between cognitive frailty, frailty, and mild cognitive impairment and incident dementia in older adults (reference group: participants were free of frailty and mild cognitive impairment), using random-effects meta-analysis. ➀: follow-up 3.5 years; ➁: follow-up 7 years; 95% CI, 95% confidence interval; high FIB, high fibrinogen (inflammatory); low FIB, low fibrinogen (inflammatory).




Disability

We examined the effect of cognitive frailty, frailty, mild cognitive impairment, and mild cognitive impairment with pre-frailty and pre-frailty on disability, respectively. The results showed that cognitive frailty was highly associated with disability compared with robust older people (RR = 11.32, 95% CI: 4.14–30.97, I2 = 98%, Z = 4.73, p < 0.001, see Figure 4), which was high than frailty (RR = 5.91, 95% CI: 2.37–14.74, I2 = 96%, Z = 3.81, p < 0.001) and mild cognitive impairment (RR = 3.07, 95% CI: 1.55–6.08, I2 = 91%, Z = 3.22, p < 0.001). Both included articles (27, 31) showed no statistically significant effects on disability in older people for both mild cognitive impairment with pre-frailty and pre-frailty.


[image: image]

FIGURE 4
Forest plot of the association between cognitive frailty, frailty, and mild cognitive impairment and disability in older adults (reference group: participants were free of frailty and mild cognitive impairment), using random-effects meta-analysis. 95% CI, 95% confidence interval; high FIB, high fibrinogen (inflammatory); low FIB, low fibrinogen (inflammatory).




Hospitalization

Five articles (5, 27, 31–33) (see Figure 5 and Supplementary Material 3: Figure 4) involved hospitalization. Results showed that the risk for hospitalization with cognitive frailty had a significant increase (RR = 2.30, 95% CI: 1.60–3.32, I2 = 29%, Z = 4.46, p < 0.001) compared with those without. The RRs were 2.19 (95% CI: 0.96–4.99, I2 = 70%, Z = 1.86, p = 0.06) for frailty group and 1.47 (95% CI: 1.08–2.02, I2 = 24%, Z = 2.44, p = 0.01) for mild cognitive impairment group. The RRs were 1.20 (95% CI: 0.95–1.50, I2 = 42%, Z = 1.55, p = 0.12) in mild cognitive impairment with pre-frailty group. The two included articles (27, 31) showed an association between pre-frailty and risk of hospitalization in older people, with statistically significant results.
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FIGURE 5
Forest plot of the association between cognitive frailty, frailty, and mild cognitive impairment and hospitalization in older adults (reference group: participants were free of frailty and mild cognitive impairment), using random-effects meta-analysis. 95% CI, 95% confidence interval.





Other adverse outcomes


Quality of life

Two studies (31, 32) used the Short Form-12 (SF-12) to evaluate the quality of life of the subjects. Feng et al. (31) showed that in comparison to robust older people, the OR for poor quality of life at baseline was 5.34 (95% CI: 2.42–11.77, p < 0.001) for cognitive frailty, 2.96 (95% CI: 1.05–8.31, p = 0.04), for frailty and 0.74 (95% CI: 0.50–1.10, p = 0.14) for mild cognitive impairment (31). After 3-year follow-up, cognitive frailty (OR = 26.9, 95% CI: 3.05–238.4, p = 0.03) appeared highly associated with poor quality of life compared to frailty (OR = 1.72, 95% CI: 0.29–10.03, p = 0.55) and mild cognitive impairment (OR = 0.82, 95% CI: 0.47–1.42, p = 0.47). Yu et al. (32) found that the older people who were mild cognitive impairment with pre-frailty were also associated with poor quality of life over the 4-year follow-up period (OR = 1.53, 95% CI: 1.06–2.22) (32).



Falls

Brigola et al. (33) evaluated the cumulative effect of mild cognitive impairment and frailty on falls in older adults over 4 years. Compared to robust older people, the OR was 1.11 (95% CI: 0.72–1.90) for mild cognitive impairment, 1.83 (95% CI: 0.83–3.95) for frailty, and 1.44 (95% CI: 0.51–4.05) for cognitive frailty (33). No cumulative effect regarding the occurrence of falls was found for any of the three clinically heterogeneous syndromes.




Publication bias and sensitivity analysis

Given the rigorous design of the included studies, most funnel plots showed a basic symmetrical shape (see Supplementary Material 3: Figures 5–7). However, for a subgroup of disability (see Supplementary Material 3: Figure 8), its funnel plot showed asymmetrical, suggesting possible publication bias. In the sensitivity analysis of the primary adverse outcomes, we found a minor difference between the comprehensive effect value and the total comprehensive effect value after excluding each study, indicating that the results of this study were highly stable.




Discussion

This systematic review and meta-analysis provided a pooled analysis of frailty, pre-frailty, mild cognitive impairment and cognitive frailty, and mild cognitive impairment with pre-frailty on adverse outcomes of older adults, with different effect values.

The results showed a higher risk of mortality and disability for individuals with frailty compared to robust older adults. The high correlation between frailty, mortality, and disability might relate to the fact that older adults often suffer from multiple chronic diseases and low levels of immune function. For example, cardiovascular disease, kidney disease, and diabetes, which overlap with frailty to create a vicious cycle, have been reported to be associated with mortality and contribute to a decline in their functioning, contributing to a detrimental effect on ADLs/IADLs (34–36). Meanwhile, frailty is often present in older people who are not yet disabled but might make them vulnerable to developing a disability in the presence of stressors (37). However, pre-frailty did not reach a statistically significant association with disability. A plausible explanation for this might be that pre-frailty is defined as the manifestation of only one or two frailty-related components with its severity not enough to meet the definition of ADLs/IADLs (38).

Furthermore, no association was observed between frailty and dementia or hospitalization. Although the current definition of frailty mainly focuses on physical aspects, whereas dementia is more of a neurocognitive disorder (39), frailty might not be a direct or sensitive predictor of dementia. Recently, a study indicated that individuals with a low degree of Alzheimer’s disease pathology might also be at risk for dementia if they have severe frailty, suggesting that frailty might mediate the association between brain neuropathology and impending dementia (40). Similarly, frailty was not found to be associated with hospitalization. According to the definition, frailty focuses on a slowly degraded and chronic state of physical function (10), easy to neglect by the patient and doctors, so it appears to be not associated with hospitalization. However, it also suggests the importance of including frailty in routine clinical assessments for early intervention, as it increases the risk of disability and mortality.

Mild cognitive impairment is a common clinical symptom seen in older people and is one of the independent risk factors of dementia. Mild cognitive impairment is not only a symptom but also a state of disease, which is accessible comorbid with many chronic physical and psychological diseases (41). This study exhibited that mild cognitive impairment was associated with mortality, dementia, disability, and hospitalization. Mild cognitive impairment was thought to be a possible age-related reduction in cognitive reserve, a physiological precursor to degenerative neurological disease (42). Older adults with mild cognitive impairment had a higher risk of dementia and disability than mortality and hospitalization. Mild cognitive impairment is an intermediate state of dementia, and older adults with mild cognitive impairment seem more likely to transition to clinical dementia (43). In contrast to frailty, which was only associated with mortality and disability—relatively more severe adverse outcomes, mild cognitive impairment was associated with all four adverse outcomes in older people, serving as a significant indicator for early identification of adverse outcomes.

Although frailty and mild cognitive impairment are usually regarded as two separate concepts, however, they tend to coexist in later life, interacting with each other and having cumulatively negative effects on health with significant adverse outcomes (21, 35, 44, 45). With mild cognitive impairment, older people tend to suffer from slow gait, fatigue, and reduced physical activity, increasing the risk of becoming frailty (14, 40). Bunce et al. (14) evaluated the association between specific cognitive domains and frailty and found that individuals classified as frailty at baseline showed deficits on tests that assessed information processing speed and verbal fluency (14). Results from prospective cohort studies also showed that people with mild cognitive impairment at baseline were more likely to develop frailty, influencing the trajectory of frailty and vice versa (15, 46). Nevertheless, it is also reported that there was a reverse association between cognitive frailty and adverse outcomes and that prodromal symptom of adverse outcomes might co-occur with or lead to cognitive frailty (30). In summary, cognitive frailty, a combination of frailty and mild cognitive impairment, was a more comprehensive assessment indicator for early identification and intervention for adverse outcomes in older people.

Our results suggested that frailty, mild cognitive impairment, cognitive frailty, pre-frailty, and mild cognitive impairment with pre-frailty, were strongly associated with adverse outcomes in older adults. While pre-frailty is defined as an intermediate stage between non-frailty and frailty, we believe intervention strategies could provide opportunities for reversal, which might be the best time to intervene. Meanwhile, mild cognitive impairment could improve the predictive ability of frailty and pre-frailty for mortality, dementia, disability, and hospitalization. Therefore, it was suggested that adding mild cognitive impairment to the simultaneous assessment of frailty or pre-frailty might help to better predict adverse outcomes in older adults.

Epidemiological and clinical studies have now explored many mechanisms to explain the link between frailty and mild cognitive impairment in chronic inflammation, including oxidative stress, hormonal dysregulation, cardiovascular risk, epigenetic changes, hypothalamic-pituitary-adrenal (HPA) axis dysfunction, and mental health (47, 48). In addition, understanding the temporal relationship between mild cognitive impairment and frailty is vital to predicting the occurrence of another impairment. However, the specific mechanisms of this relationship have not been elucidated, calling for further research to understand the underlying interrelated pathophysiological mechanisms and the sequence between them. Since frailty is a dynamic process and cognitive decline is modifiable, cognitive frailty may also be a reversible clinical syndrome but with the preventable decline of accompanying functions (49–51). Furthermore, cognitive frailty is strongly associated with poor quality of life in older people. The frailty components, including fatigue, slow walking speed, and lack of physical activity, partially overlap with the definition of poor quality of life, severely affecting the physical functioning, energy, social functioning, and mental health of older people, and was even worse when combined with mild cognitive impairment. So, it is necessary to have effective strategies that target the prevention and management of frailty and mild cognitive impairment in the ageing population throughout the progress.


Strengths and limitations

The strengths of this review lie in the comprehensive search of multiple electronic databases and hand-searching to perform a more comprehensive analysis of the relationship between frailty, mild cognitive impairment, and cognitive frailty and increased risk of adverse outcomes in older adults. Moreover, all studies were sifted, and data were extracted by two trained reviewers independently, providing a reliable overview of the evidence in this field. The overall quality of included studies in this review was high. Moreover, the results of the included studies were moderately adjusted for confounding factors, making the overall heterogeneity of this study not high.

However, some limitations did exist in this study. (a) The measurements for frailty and mild cognitive impairment varied in the included literature, which might increase the heterogeneity of the results. However, there is also a strong correlation between different measurements. (b) Although most studies have adjusted confounding factors, the numbers and types differ, affecting the results. (c) Subgroup analysis by reversible and potentially reversible cognitive frailty was not performed since only two related pieces of literature were included. (d) Unpublished gray literature was not included, and only English articles were retrieved.



Future directions

The evaluation instrument for frailty and cognitive frailty varies, with no clear consensus on the best instrument used for clinical practice—even some studies have taken a self-report approach to identify frailty. However, there was evidence showing the association between frailty, mild cognitive impairment, and specific biomarkers; it is necessary to develop well-established instruments and derive precise biomarkers for frailty and mild cognitive impairment, to carry on special screening programs and therapeutic strategies. Moreover, the focus will be on the complex biological processes of underlying frailty. Finally, a large sample size, multi-center, and follow-up studies are needed to dynamically explore the long-term interaction effect of frailty, mild cognitive impairment, and cognitive frailty on adverse outcomes among older people.




Conclusion

This systematic review and meta-analysis provided an evidence-based practice for the associations between adverse health outcomes and frailty, mild cognitive impairment, and cognitive frailty among older people. It is suggested that cognitive frailty tends to be a comprehensive critical predictor of adverse outcomes for older people. Therefore, multidimensional measures should be adopted to reduce the occurrence of adverse outcomes through early identification and intervention among the steadily increasing old populations.
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05178
0.2481
0.1529
0.1528

3.7%
05%
1.2%
26%
35%
35%

34.7%

2.60[2.00, 3.38]
1.91[1.00, 3.69)
1.93[1.48,252)
$.12[3.00,8.74)
2.13[1.39, 3.26)
3.10(1.28,7.51)
1.92[1.26, 2.93)
6.68 [1.80, 24.79)
2.65(2.08, 3.38)
9.13[1.63,51.14)
8.25[2.99, 22.76)
1.74[1.07, 283
1.39(1.03,1.88)
2.28 [1.69,3.08)
2.41[1.97,2.94)

Heterogeneily. Tau'= 0.08, Chi*= 37,13, df= 13 (P = 0.0004), "= 65%

Testfor overall effect Z= 863 (P < 0.00001)

1.1.2 Frail VS Robust
Alberti 2019
Avla-Funes 2009
Downer 2020

Feng 2017a

Hao 2018

Lee WU 2018
Lee Y 2018

Liu LK 2018

Okura 2019

Solfrizzi 2017a high FI8
Solfrizzi 2017a low FIB
StJohn 2017
Subtotal (95% CI)

0.7885
0.2311
0.1989
0.3988
0.3988

047
05188
1.6864
0.6098
29145
1.3507
0.5933

0.1315
0.2579

0.133
05274

0.246
0.3537
0.2023
0.6639

0.118
0.3603
0.4275
0.1496

36%
26%
36%
1.1%
2.7%
1.9%
3.0%
0.8%
3.7%
1.9%
1.5%
35%

30.0%

2.20(1.70, 2.85)
1.26 [0.76, 2.09)
1.2210.94, 1.58)
1491053, 419
1.4910.92, 2.41)
1.60 [0.80, 3.20)
1.68(1.13, 2.50)
540[1.47,19.84)
1.84 [1.46, 2.32)
18.44 [9.10, 37.36)
3.86 (1.67,8.92)
1.81[1.35, 2.43)
2.11[1.57, 2.83)

Heterogeneily. Tau*= 019, Chi*= 61.34, df= 11 (P < 0.00001); "= 82%

Test for overall effect Z= 4,98 (P <0.00001)

1.1.3 Mild cognitive impalrment VS Robust

Alberti 2019
Avla-Funes 2009
Downer 2019

Downer 2020
Esteban-Comejo 2019
Feng 2017a

Hao 2018

Lee VYW 2018

Lee Y 2018

Okura 2019

Solfrizzi 2017a high FIB
Solfrizzi 2017a low FIB
StJohn 2017

Subtotal (95% CI)

0.47
0.3988
0.4383
0.3507
0.2927
0.5306
0.3577
0.0953

-0.3567

0.4187
1.5539
0.7467

0.0681
0.2745
0.1704
0.1349
0.0961
0.2362
0.2195
1.2234
0.2254
0.1292
0.5342
0.5853

03988 0.141

28%
3.7%
1.1%
1.0%
36%

35.4%

1.60 [1.40, 1.83)
1.49[0.87, 2.55)
1.55(1.11, 2.16)
1.42(1.09, 1.85)
1.34[1.11,1.62)
1.70 [1.07, 2.70)
1.4310.93, 2.20)
1.10[0.10,12.10)
0.70 [0.45,1.09)
1.52[1.18, 1.96)
4.73[1.66,13.48)
2.11[067,6.65)
1.49(1.13,1.96)
1.46 [1.29, 1.64)

Heterogeneily: Tau*= 001, Chi*= 1915, df= 12 (P = 0.08), "= 37%
Test for overall effect Z=6.17 (P < 0.00001)

Total (95% CI)

100.0%

1.93[1.70, 2.20)

Heterogeneily. Tau= 0,10, Chi*= 158 65, df= 38 (P < 0.00001), P= 76%
Test for overall effect Z= 10.05 (P < 0.00001)
Yest for subarouo differences: Chi*= 2035. df= 2 (P < 0.0001). F= 90.2%
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Number

Author and Country

Year
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(27)

(33)
(26)

(26)

(53)

(31)

(30)

(11

(51)

(51)

)

(5)

(29)

(54)

(55)

(56)

(57)

(28)

(45)

United States

French

Brazil

United States

Mexico

Spain

Singapore

Singapore

China

Taiwan, China

South Korea

Taiwan, China

United States

Canada

Japan

Japan

Japan

Italy

Italy

Canada

Sample
size/female
(N)

7338/4098

6030/3690

405/231
639/378

1392/599
3677/2058

2375/1515

1575/1021

705/475
1103/510
11266/6726
678/314

690/451
252/158

5076/2963
4570/2326
4072/2087
2373/1030

2150/922

1751/1025

Physical frailty
categories (N)

Robust: 6265 Frail:
1073

Robust: 2738
Pre-frail: 2871 Frail:
421

Frail: 90

Robust: 275
Pre-frail: 267

Robust: 574 Frail:
282

Robust: 1370
Pre-frail: 897

Robust: 1552
Pre-frail: 792 Frail:
61

Robust: 1044
Pre-frail: 502 Frail:
29

Robust: 86

Frail: 96

Robust: 572
Dynapenia: 408
Robust: 4654
Pre-frail: 5716 Frail:
896
Robust: 588
Robust: 194

Robust: 86 Pre-frail:
131 Frail: 35

Robust: 2374 Frail:
928
Robust: 2561 Frail:
752

Robust: 3601 Frail:
206

Robust: 2117 Frail:
172

NR

Robust: 1279 Frail:
472

Age (Mean £ SD)
Total Robust  Pre-frailty  Frailty
744 +7.0 73.2+6.4 NR Cognitively
normal:
77.8 £7.6
Cognitively
impaired:
799+74
741 +£5.2 73.5+5.1 744 +52 76.6 £5.5
70.6 £7.1 NR NR NR
822+£37 81.8+3.5  Cognitively NR
intact: 82.3 £ 4.1
Cognitively
impaired:
82.7+£43
67.2 £ 6.1 66.6 + 5.8 NR 68.2+£6.8
715+£78 68.8 +6.2 71.4+7.7 NR
65.8+7.5 64.2+6.3 68.0£8.3 753 +8.8
66.0 £ 7.6 64.6 + 6.3 67.9+82 759 £ 8.1
93.6 £33 925+2.6 NR 93.1+34
65.1£9.5 61.1+75 NR 68.5+£9.5
729 +£6.7 71.0+ 54 739471 763+73
733+£53 73.0+£5.1 NR NR
>70 NR NR NR
76.7 £ 8.6 751+£7.0 76.7+£7.8 80.6 £13.2
759 £6.9 NR NR NR
719 £5.5 70.6 £ 4.5 NR 744 +£6.3
71.6 £5.2 71.1 £ 49 NR 769 £6.5
76.7 £ 44 72.5+53 NR 759 +49
732 +£5.6 732+ 5.6 NR 76.7 £4.6
(reversible
cognitive frailty)
775+7.1 753 £6.2 NR Cognitively
intact: 79.0 £ 6.4
Cognitively
impaired:

820+£75
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21 (58) Japan 9936/5139 Robust: 5274 Frail: 73.5+54
2250
22 (32) China 3491/1691 Robust: 2008 720+ 4
Pre-frail: 1483

Assessment method Prevalence

Frailty/ Mild Frailty N Mild cognitive Cognitive Mild

Per-frailty  cognitive (%) impairment frailty cognitive
impairment N (%) N (%) impairment

with
pre-frailty
N (%)

FP HRS 1073 (14.6%) 1470 (20.0%) 397 (5.4%) NR

FpP MMSE and IST 421 (7.0%) 711 (11.8%) 92 (1.5%) 345 (5.7%)

FP MMSE 90 (22.2%) 133 (32.8%) 44 (10.9%) NR

FP MMSE 66 (16.9%) 178 (27.9%) NR 81 (12.7%)

Self-reported  CCCE 282 (22.0%) 246 (19.2%) 181 (13.0%) NR

responses based

on six questions

ES MMSE NR 1409 (38.3%) 832 (22.6%) NR

FP CMMSE 61 (2.6%) 476 (20.0%) 43 (1.8%) 212 (8.9%)

FP CMMSE 29 (1.8%) 141 (9.0%) 15 (1.0%) 66 (4.2%)

FI MMSE 96 (13.6%) 170 (24.1%) 353 (50.1%) NR

Dynapenia SPMSQ 408 (37.0%) 28 (2.5%) 95 (8.6%) NR

Modified MMSE-KC 896 (8.0%) 2855 (25.3%) 392 (3.3%) 1609 (13.8%)

Fp

Dynapenia MMSE, CVVLT, NR NR 90 (13.3%) NR

(slowness and/  BNT, VFT, CFT,

or weakness) DB, and CDT

FP MMSE NR NR 45 (6.5%) NR

FP MoCA and 35(13.9%) 140 (55.6%) 27 (10.7%) 67 (26.6%)
CDR

KCL (SR-MD, 5 KCL (SR-CD,3 1686 (33.2%) 1774 (34.9%) 756 (14.9%) NR

items) items)

Slow walking NCGG-FAT 752 (16.5%) 676 (14.8%) 441 (9.6%) NR

speed or muscle

weakness

Fp NCGG-FAT 206 (5.1%) 222 (5.5%) 43 (1.1%) NR

FP MMSE 172 (7.2%) 67 (2.8%) 17 (0.7%) NR

FP MMSE and NR NR 54 (2.5%) NR
GDS-30

FI MMSE 472 (27.0%) 537 (30.7%) 211 (12.1%) NR

Walking-speed NCGG-FA 2250 (22.6%) 1303 (13.1%) 1109 (11.2%) NR

and

grip-strength

measurements

Fp CMMSE NR 607 (17.4%) NR 302 (8.7%)

SD, standard deviations; FP, fried phenotype; FS, FRAIL Scale; Fl, frailty index; MMSE, the Minimum Mental State Examination; CMMSE, the Cantonese version of Mini-Mental
Status Examination/the Chinese version of the Mini-Mental State Examination; MMSE-KC, the Korean version of the Mini-Mental State Examination; MoCA, the Montreal Cognitive
Assessment; HRS, the Health and Retirement Study; CDR, the Clinical Dementia Rating; IST, the Isaacs Set Test; NCGG-FAT, the National Center for Geriatrics and Gerontology-
Functional Assessment Tool; KCI, the Kihon Checklist; SR-MD, self-reported mobility decline; SR-CD, self-reported cognitive decline; CCCE, the Cross-Cultural Cognitive Examination;
CVVLT, the Chinese Version Verbal Learning Test; BNT, the Boston Naming Test; DB, the digital backward; VFT, the Verbal Fluency Test; CFT, the Taylor Complex Figure Test; CDT,
the Clock Drawing Test; SPMSQ, the Short Portable Mental Status Questionnaire; GDS-30, the Geriatric Depression Scale-30 items; QOL, poor quality of life; SF-12, Short Form-12; ADL,

72147

NR

Follow-up

8 years

4 years

4 years

Frailty: 4 years
Mortality:
10 years
12 years

14 years

3 years

3 years
4 years
4 years

3 years

2.5 years

11 years

5 years

3 years

3 years

2 years

3.5 years

3.5and 7 years

5 years

2 years

Poor quality of
life: 4 years
Physical
limitation:

4 years

Hospitalization:

7 years
Mortality:
12 years

activities of daily living; IADL, instrumental activities of daily living; HR, hazard ratio; OR, odds ratio; RR, rate ratio; NR, not reported.

NR

Adverse
outcome

Disability
(ADL)
Mortality
Disability (ADL,
TIADL, and
Mobility)
Hospitalization
Mortality
Dementia
Disability
(IADL)
Hospitalization
Falls

Mortality
Frailty

Mortality

Mortality
Physical activity
level

Disability (ADL,
IADL)

QOL (SF-12)
Hospitalization
Mortality
Dementia
Mortality
Mortality
Mortality

Mortality

Hospitalization
Nursing Home
Admission
Disability (ADL,
IADL, and
mobility)
Dementia
Cognitive
decline
Mortality

Dementia

Dementia
Disability
(ADL)
Mortality
Dementia
Dementia

Mortality

Mortality
Disability

Poor quality of
life (SF-12)
Physical
limitation
Hospitalization
Mortality

76.0 £5.7

NR

Effect
measure

HR

OR/HR

OR

HR/OR

HR

HR

OR/HR

OR

HR

HR

HR

HR

RR

HR

HR

HR

HR
RR

HR

HR
HR

OR





