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Background: Frailty and cognitive impairment are significant problems faced by older adults, which have a significant impact on their activities of daily living, social activities, and quality of life.

Design: Cross-sectional study.

Methods: A total of 252 older adults in two communities in Yangzhou were randomly selected. The cognitive function of the elderly was assessed using the Memory and Executive Screening (MES). The frailty phenotype was used to evaluate the frail situation of older adults. The activity of daily living (ADL), functional activities questionnaire (FAQ), and European quality of 5-dimensions (EQ-5D) were used to evaluate health outcomes in the elderly. SEM was used to explore the direct and indirect relationship among cognitive function, frailty and health outcomes.

Results: There was a significant direct correlation between cognitive function and frailty; the direct effect was −0.521. The influence path of cognitive function on health outcomes included direct and indirect effects; the total effect was −0.759. The effect of frailty on health outcomes included direct and indirect effects; the total effect was 0.440.

Conclusion: According to SEM, cognitive function interacts with frailty and may reduce the quality of life, the ADL, and social activities among older adults directly and indirectly, so future assessments of older adults should consider both cognitive function and frailty, so as to further improve the health outcome of the elderly. When formulating relevant intervention measures in the future, we need to consider that it cannot only improve the cognitive function, but also improve the frail situation, so as to jointly improve the health outcomes of older adults.
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INTRODUCTION

By the end of 2018 the population ≥ 60 years of age in China accounted for 17.90% of the total population, thus indicating that the degree of aging in China is on the rise (National Bureau of Statistics of China, 2019). Cognitive impairment and frailty are the most common geriatric syndromes in older adults, which pose a major threat to them, as specifically reflected in the aggravation of disability, a decline in the quality of life, and an increase in mortality (Fabrício et al., 2020). Cognitive impairment generally refers to various degrees of cognitive dysfunction caused by various reasons, including various stages from mild cognitive impairment (MCI) to Alzheimer’s disease (AD). Cognitive impairment and frailty often occur in the same older adults and interact with each other. The coexistence of the two can accelerate the decline of physical and cognitive functions and form a vicious cycle (Brigola et al., 2015). Frailty refers to a weakening in strength and a disorder in physiological function, which will lead to an increase in dependency, vulnerability, and susceptibility to death (Dent et al., 2017). Older adults with frailty have a reduced ability to cope with acute diseases, and have a correspondingly increased risk of falls, disability and death (Fried et al., 2001). The study found that the risk of death, hospitalization, disability and fall in older adults with frailty was 1.7–4.4 times higher than those without frailty (Zheng et al., 2016).


Relationship Between Cognitive Function and Frailty

Aging is associated with physical frailty and cognitive decline. Frail older adults are at higher risk for cognitive decline (Calderón-Larrañaga et al., 2019; Grande et al., 2019). The studies showed that frailty was significantly correlated with the incidence of cognitive impairment (Armstrong et al., 2016; Tsutsumimoto et al., 2019), and the incidence of cognitive impairment in frail older adults was 8 times that of normal older adults (Kulmala et al., 2014). Meanwhile, frailty predicts a poorer cognitive development trajectory among MCI patients, and is associated with the high risk of developing MCI (Kiiti Borges et al., 2019). In addition, based on data from the Canadian Study of Health and Aging, Song et al. (2014) found that the incidence rate of cognitive impairment increased exponentially with the increase of frailty index, and frailty is an independent risk factor for cognitive impairment. Cognitive impairment is related to frailty, and both have common biological mechanisms, including genetic alternations, immune system dysfunction, and neuroinflammation (Sargent et al., 2020).



Effects of Cognitive Function and Frailty on Health Outcomes

Studies have shown that frailty interacts with cognitive impairment, which leads to adverse health outcomes, such as a poorer quality of life (Feng et al., 2017). Hussenoeder et al. (2021) showed that the quality of life in older adults with MCI is closely related to cognition and is lower than healthy older adults. Cognitive function can affect the ADL, social activities, and quality of life among older adults (Ginsberg et al., 2019). Frailty increases the risk of adverse health outcomes, such as falls, disability, decreased ADL, limited physical activity, falls, risk of admission to the hospital and death (Vermeiren et al., 2016; Panza et al., 2018; Zhang et al., 2019). Kojima (2018) showed that decreased ADL in frail older adults is significantly higher than that in healthy older adults. Meanwhile, Audai et al. (2020) found that frail older adults have a lower quality of life than non-frail older adults. Although MCI and frailty interact with each other, cognitive function and frailty affect ADL, social activities, and the quality of life, but a study of the interaction and influence has not been reported.

Structural equation modeling (SEM) is a method to establish, estimate and test causality models. It can study not only the explicit variables, but also the latent variables, and it can display the relationship and size of variables through path graph (Wu, 2010). Therefore, this study intends to use SEM to explore the direct and indirect relationship among cognitive function, frailty and health outcomes, so as to provide reference for the later development of intervention measures to improve the health level and quality of life of the older adults in the community.




MATERIALS AND METHODS


Participants

In general, the minimum sample size is required to be more than 200 to obtain a relatively stable model. Some scholars believe that the sample size should be 5–10 times of the free parameter to be estimated before it is considered acceptable (Kline, 2005; American Psychological Association, 2010). Therefore, a total of 252 older adults who lived in 2 Yangzhou City communities from September 2017 to June 2018 were selected using the random sampling and random number methods. The exclusion criteria were as follows:(1) older adults with mental disorders, such as depression and an unstable condition; (2) older adults with severe hearing and vision disorders who could not cooperate; (3) older adults with language communication disorders who could not complete the investigation; (4) older adults with central nervous system damage caused by severe diseases, such as tumors and infections; (5) older adults with cerebrovascular disease and an unstable condition; and (6) older adults who were unwilling to sign informed consent.



Cognitive Assessment

All subjects completed the MES. MES was developed by Guo et al. (2012) for the screening of AD and MCI, including memory factor and executive factor, with 50 points for each part. The higher the score, the better the cognitive function, and when the score is less than 72, amnestic MCI can be diagnosed. The memory test adopts immediate recall, short delayed recall and long delayed recall, and the executive function test mainly includes fluency, finger 1 test, visuospatial structure ability and finger 2 test, which can effectively reflect the major cognitive impairment areas (Guo et al., 2012). The correlation coefficients of MES-M and MES-E with MES were 0.89 and 0.88, and the intra-group correlation coefficients were 0.92 when tested again at an interval of 23–35 days, suggesting that MES has good reliability and validity (Guo et al., 2012). MES is simple to operate and execute, and is not affected by education level, and it is time-consuming and can quickly assess the degree of impairment of episodic memory and executive function in major cognitive areas without obvious ceiling and floor effects.



Frailty Assessment

Frailty phenotype assessment was proposed by Fried et al. (2001), including 5 items, which are (1) body mass decline: in the past year, body mass decline > 4.54 kg or > 5% of body mass; (2) Slow walking speed: measure the time required to walk 4 m, and judge whether the walking speed is slow according to height and gender, it involves measuring the 4-m distance on the open ground in advance, to instruct the older adults to walk normally as usual, and record the time with a stopwatch; (3) Grip strength weakening: use the grip dynamometer to measure the grip strength, and the patient was told to measure the hand strength twice with the dominant hand to get the maximum value, and whether the grip strength was weakened was judged according to gender and body mass index; (4) Low physical activity: use the international physical activity scale (Liou et al., 2008) to calculate the amount of exercise within 1 week. When the amount of exercise for men and women is less than 383 and 270 kcal, respectively, the amount of physical activity is low; (5) Fatigue: the items of self-rating depression scale were asked: “do you feel that you have to make efforts to do everything in the past week, which has occurred for several days” and “can’t walk forward in the past week, which has occurred for several days” are used for inquiry. If one item lasts for more than 3 days, it is fatigue (Geriatrics Branch of the Chinese Medical Association, 2017). The value of each item is 1 point, 1 point will be counted if the item is satisfied, otherwise, no score will be scored. According to the frailty phenotype score as the gold standard, when the score is 0∼2, it is the non-frailty stage, when the score is ≥ 3, it is the frailty stage (Fried et al., 2001).



Health Outcome Assessment

The ADL was developed by Lawton and Brody (1969), which is composed of two parts, basic activities of daily living (BADL) and instrumental activities of daily living (IADL). There are 14 items in the scale, and the score of each item ranges from 1 to 4 points. If 2 or more items are ≥ 3, or the total score is ≥ 22 points, it indicates that the ability of daily living is significantly reduced. The FAQ was compiled by Pfeffer et al. (1982), with a total of 10 items, such as correct use of various tickets, timely payment of various bills, and self-shopping. The score was 0–3 points, with a total score of 0–30 points. The higher the score, the worse the social function. The EQ-5D was used to describe the QoL and health outcome (Gottschalk et al., 2020). It includes five dimensions: mobility, self-care, usual activities, pain/discomfort, anxiety/depression. Each dimension has three levels, and respondents can make choices on five dimensions and three levels in the questionnaire, and calculate EQ-5D index scores through the utility value conversion table. The EQ-5D is the most widely used QoL assessment scale worldwide.



Quality Control

Before the survey, professional physicians conducted standardized training for team members, including subject-related professional knowledge, scale evaluation and survey terminology. After the training, the study can be carried out only after passing the assessment. The cognitive function of the subjects was assessed by the same neurologist. All surveys were conducted face-to-face in the community meeting room to ensure that there was no interference in the survey process. The final completed questionnaire was confirmed by two people to ensure the integrity of the questionnaire. Data was performed by two persons to ensure the correctness of data entry.



Statistical Analyses

All survey data were recorded by two persons using Excel software and SPSS 24.0 was used for statistical analysis. The measurement data are expressed in the mean ± standard deviation ([image: image]). The exploratory factor analysis was carried out using SPSS 22.0 statistical software. The confirmatory factor analysis and SEM were established using AMOS21.0 statistical software. P < 0.05 was statistically significant.




RESULTS


Baseline Characteristics

There were 252 older adults in the communities, 82 of whom had MCI (prevalence rate = 32.54%). In terms of age distribution, the age of the subjects ranged from 60 to 89 years old, with an average age of (70.76 ± 7.88) years old. In terms of gender distribution, the proportion of men and women is balanced. The majority of older adults had hypertension, other variables such as education level, occupation, marital status and BMI are shown in Table 1.


TABLE 1. Characteristics of participants (n = 252).
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Cognitive Function, Frailty, and Health Outcome Scores

Based on the assessment of cognitive function, frailty, and health outcomes of the elderly in the communities, it was shown that there is a huge range of scores in the assessment of them. The overall cognitive function score was 80.57 ± 8.91; the memory function score was 36.15 ± 6.70 and the executive function score was 44.41 ± 4.42. The total frailty score was 0.37 ± 0.65; the healthy outcome score was 14.50 ± 1.03 for ADL, 2.08 ± 2.55 for the FAQ, and 0.21 ± 0.06 for the EQ-5D; Table 2).


TABLE 2. Scores of cognitive function, frailty, and health outcome (n = 252).

[image: Table 2]


Relationships Between Cognitive Function, Frailty, and Health Outcome

Table 3 documents the results of correlation analyses of cognitive function, frailty, and health outcome. The results of the Pearson’s correlation analyses showed that MES-M was significantly correlated with MES-E, ADL, FAQ, self-reported exhaustion and grip strength (P < 0.05). MES-E was significantly correlated with ADL, FAQ, self-reported exhaustion (P < 0.05). ADL was significantly correlated with FAQ and grip strength (P < 0.05). FAQ was significantly correlated with self-reported exhaustion and grip strength (P < 0.05). Also, self-reported exhaustion was significantly correlated with grip strength (P < 0.05).


TABLE 3. Pearson’s correlation coefficient of study variables (n = 252).

[image: Table 3]


Explorative Factor Analyses


Item Discriminant Validity Analyses

The size of the correlation between the test variables is the premise of explorative factor analysis. The judgment indicators mainly included the Kaiser-Meyer-Olkin (KMO) value and Bartlett’s test of sphericity. The KMO values were between 0 and 1. The larger the value, the better the result of factor analysis. A KMO value < 0.5 was not suitable for factor analysis (Wu and Pan, 2014). In the current study, the KMO value was 0.631 > 0.500 and the Bartlett test of sphericity χ2 was 295.105 (P < 0.001); the difference was statistically significant, indicating that there was a strong correlation between the variables, and suitable for factor analysis.




Factor Analyses

Principal component analysis (PCA) was used to calculate the correlation matrix, eigenvalues, and eigenvectors among the variables. The eigenvalues were arranged from large-to-small to calculate the corresponding principal components.

The matrix of initial components was rotated by the maximum variance orthogonal rotation method, and the final factor loading matrix was obtained. There were three common factors with eigenvalues > 1. The first common factor was the total MES score, which is used to evaluate cognitive function, so this factor is referred to as cognitive function. The second common factor was ADLs, social activities, and QoL were similar, which was referred to as health outcomes. The frailty phenotype score was third common factor, which was referred to as frailty. The three common factors finally accounted for 65.431% of the total variation (Supplementary Tables 1, 2).



Construction of Structural Equation Modeling, Model Modification and Fit Change

The model was a non-recursive model, which had 10 observation variables and 33 parameters to be estimated. According to the t rule [33 < 10 × (10 + 1)/2], the model was identified. The maximum likelihood (ML) method was selected as the model estimation method.

The fitting degree test of the initial model indicated that the fitting result was not ideal, so it was necessary to modify the initial model using a parameter test and correction index to achieve good fitting. Amos provided two model correction indices, including a modified index (MI) and critical ratio (CR) (Fang et al., 2018). In the process of model fitting, professional knowledge is also required. According to the CR (t-value) provided by Amos, model parameters with no significant difference were deleted. The results showed that body weight had no effect on frailty (P = 0.132 > 0.05), so this item was deleted, which was consistent with domestic and international studies (Moreira and Lourenço, 2013; Hou et al., 2018). The final structural equation model was determined and the modified model is shown in Figure 1.


[image: image]

FIGURE 1. A path diagram of direct and indirect influences of cognitive function, frailty and health outcome among community-dwelling elderly people.


Through the modified fitting, the overall fitness of the model reached a good state, and each fitting index also showed that the model fitted well (Table 4).


TABLE 4. Model fit indices.

[image: Table 4]


Factor Path Analyses

Table 5 shows the path and path coefficients of the cognitive function effects on health outcomes and frailty. It can be seen from Table 5 that the interaction between cognitive function and frailty was a direct effect, and the path coefficient was −0.521, indicating that the better the cognitive function, the less likely frailty occurs. The influence of cognitive function on health outcomes included direct and indirect effects. There was one path of a direct effect with a path coefficient of −0.728, and there was one path coefficient with an indirect effect with a path coefficient of −0.031. The total effect of cognitive function on health outcomes was −0.759, indicating that the better cognitive function, the lower the health outcome score. The influence of frailty on health outcomes included direct and indirect effects. There was one path of a direct effect with a path coefficient of 0.060 and one path coefficient of an indirect effect with a path coefficient of 0.380. The total effect of decline on health outcome was 0.440, which indicated that the more severe the frailty, the worse the health outcomes (Table 5).


TABLE 5. Pattern effect results of cognitive function, frailty, and health outcome.
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DISCUSSION

Studies have shown that the frail older adults have a higher risk of MCI (Borges et al., 2019), and the ADL and quality of life will decline (Audai et al., 2020). At the same time, the ADL, social activities, and QoL of the elderly with MCI will also be affected (Ginsberg et al., 2019), but the study on the interaction and connection between the three has not been demonstrated. Therefore, based on explorative analysis, SEM was applied to construct a cognitive intervention model to provide support for later intervention. The results suggested that cognitive function, frailty and health outcomes are closely related. Specifically, cognitive function interacts with frailty and may reduce the quality of life, the ADL, and social activities among the elderly. Through modification, a well-fitted model was created, and the pathways and total effects of cognitive function on frailty and health outcomes are listed in the results.


Relationship Between Cognitive Function and Frailty

The results of path analysis showed that cognitive function and frailty interacted with each other, and the path coefficient was −0.521, which was consistent with international studies. De Cock et al. (2018) reported that frailty is associated with the decline in cognitive function, which is accompanied by accelerated aging. Grip strength and fatigue are the main causes of frailty in the elderly (Audai et al., 2020). Symeon et al. (2018) found that fatigue, as a sign of physical frailty, is related to cognitive function and can be used as a supplementary indicator of cognitive assessment. Grip strength is one of the manifestations of muscle loss, which can be used as a predictor of cognitive decline with age (Fritz et al., 2017).



Effects of Cognitive Function on Health Outcomes

In this study, the effect of cognitive function on health outcomes was −0.759, which was a significant effect. Altieri et al. (2021) found that compared with healthy older adults, the elderly with MCI had more difficulties with ADL, especially instruments of activities of daily living (IADL). Social activities require the participation of multiple cognitive domains, therefore, social activities of the elderly with MCI are also significantly reduced (Becker et al., 2021). Hussenoeder et al. (2020) found that QoL is closely related to cognitive function, and QoL of with MCI older adults is lower than healthy elderly. Cognitive impairment is the direct cause of the decline in the quality of life of the elderly (Marshall et al., 2011). Cognitive impairment, particularly those related to memory and executive function, can prevent patients from performing some activities of daily living. The main driving factors of the quality of life are: full of energy, pain free, ability to carry out activities of daily living and to move around (Salkeld et al., 2000; Molzahn et al., 2010). For MCI older adults, complex ADL is the most affected in the activities of daily living, while basic activities of daily living are often maintained to the AD stage. One of the main drivers of quality of life in older adults is the ability to carry out activities of daily living. Therefore, cognitive impairment can also affect the quality of life of the elderly.

In addition, the current study showed that cognitive function not only directly affected health outcomes, but also indirectly affected health outcomes through frailty. The quality of life (Dong, 2017) and ADL (Kojima, 2018) of the frail elderly will decline. With the increase of age, physical frailty (poor ability to perform daily living activities), psychological frailty (loneliness) and social frailty (social relationships) may occur to varying degrees due to the influence of personal factors and disease factors, which will eventually lead to the decline of quality of life (Gobbens et al., 2010). Fatigue is generally considered to be a key factor of frailty, and muscle fatigue (assessed by continuous grip strength) is associated with quality of life (Rizzoli et al., 2013). As a manifestation of muscle loss, grip strength is associated with cognitive function, which further affects quality of life.



Effects of Frailty on Health Outcomes

In the current study, the direct effect of frailty on health outcomes was 0.060, which was significantly less than the indirect effect, possibly because the decline in quality of life and ADL is not the main manifestation of frailty (Xi and Guo, 2014). Moreover, this study was conducted in the community. The quality of life and daily living ability of the elderly in the community are acceptable. Therefore, the direct effect of frailty on the health outcomes of the elderly in the community is not so significant. In the future, the impact of frailty on the health outcomes of the elderly in the communities and nursing institutions can be considered. In addition, there are many ways for health outcomes, including psychological status and sleep status. Frail older adults are more prone to depression (Soysal et al., 2017). Insomnia is far more common in frail older adults than in non-frail older adults (Lee et al., 2018), and sleep disorders are more likely to occur. In addition, the frail older adults are more likely to suffer from diseases, pain and taking a variety of drugs which will also reduce their sleep quality (Du, 2017). All of the above reasons may lead to the direct effect of frailty on health outcomes to be smaller than the indirect effect.

There are many other health outcomes for the elderly. In this study, health outcome as an endogenous potential variable has a measurement error of 0.58, indicating that the part of health outcomes that could not be explained by cognitive function and frailty was an error in the SEM. This suggests that we can expand the health outcomes of the elderly in the future, such as psychological status and sleep quality, so as to further improve the SEM. In this study, it was found that cognitive function can affect health outcomes in the elderly, and it can also affect health outcomes in the elderly by influencing frailty. Similarly, frailty can affect health outcomes in older adults, as well as by affecting cognitive function. Frailty and cognitive impairment are common geriatric syndromes, so future assessments of older adults should consider both cognitive function and frailty, so as to further improve the health outcome of the elderly. At the same time, we can explore the intervention methods suitable for cognitive impairment and weakness, so as to improve the quality of life of the elderly. At the same time, we can explore appropriate interventions for cognitive impairment and frailty to improve the health outcomes of the elderly.




CONCLUSION

In this study, SEM was used to explore the relationship among cognitive function, frailty and health outcomes among the elderly in the community. This model has a good fitting degree. When formulating relevant intervention measures in the future, we need to consider that it cannot only improve the cognitive function of the elderly, but also improve the frail situation, so as to jointly improve the health outcome of the elderly. In addition, there are other manifestations of health outcomes in the elderly, and we need to consider the impact of this aspect in future studies to improve the SEM. Moreover, although the model has a good degree of fitting, due to the limitation of sample size, the impact of the increase of data on the model needs to be verified in the later stage. And it would be great to test the model by a subset of data from new samples. Since this study was only carried out in Yangzhou community and did not include the elderly in hospital or in nursing institutions, the sample lacks certain representativeness, which can be further improved in the future.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Ethics Committee of Northern Jiangsu People’s Hospital. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

HX drafted the manuscript and performed statistical analyses. CH, YJ, XD, and DZ collected the data. QZ and SZ controlled the quality of data. DG and HX conceived and designed this research. All authors edited and approved the final manuscript.



FUNDING

This work was supported by the Project of Nantong Science and Technology Project, China (MSZ0030).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnagi.2021.790251/full#supplementary-material



REFERENCES

Altieri, M., Garramone, F., and Santangelo, G. (2021). Functional autonomy in dementia of the Alzheimer’s type, mild cognitive impairment, and healthy aging: a meta-analysis. Neurol. Sci. 42, 1773–1783. doi: 10.1007/s10072-021-05142-0

American Psychological Association (2010). Publication Manual of the American Psychological Association. Washington, DC: American Psychological Association.

Armstrong, J. J., Godin, J., Launer, L. J., White, L. R., Mitnitski, A., Rockwood, K., et al. (2016). Changes in frailty predict changes in cognition in older men: the honolulu-asia aging study. J. Alzheimers Dis. 53, 1003–1013. doi: 10.3233/JAD-151172

Audai, A., Hayajneh, H. H., Eman, S., Al-Satari, D. C. W., and Rababa, M. (2020). The relationship between frailty and depression, quality of life, disability, and hospitalization among community-dwelling older adults. BMC Geriatr. Available online at: https://orcid.org/0000-0002-8141-3530 (accessed November 20, 2020).

Becker, S., Boettinger, O., Sulzer, P., Hobert, M. A., Brockmann, K., Maetzler, W., et al. (2021). Everyday function in alzheimer’s and Parkinson’s patients with mild cognitive impairment. J. Alzheimers Dis. 79, 197–209. doi: 10.3233/JAD-200256

Borges, M. K., Canevelli, M., Cesari, M., and Aprahamian, I. (2019). Frailty as a predictor of cognitive disorders: a systematic review and meta-analysis. Front. Med. (Lausanne) 6:26. doi: 10.3389/fmed.2019.00026

Brigola, A. G., Rossetti, E. S., Dos Santos, B. R., Neri, A. L., Zazzetta, M. S., Inouye, K., et al. (2015). Relationship between cognition and frailty in elderly: a systematic review. Dement Neuropsychol. 9, 110–119. doi: 10.1590/1980-57642015DN92000005

Calderón-Larrañaga, A., Vetrano, D. L., Ferrucci, L., Mercer, S. W., Marengoni, A., Onder, G., et al. (2019). Multimorbidity and functional impairment-bidirectional interplay, synergistic effects and common pathways. J. Intern. Med. 285, 255–271. doi: 10.1111/joim.12843

De Cock, A. M., Perkisas, S., Verhoeven, V., Vandewoude, M., Fransen, E., and Remmen, R. (2018). The impact of cognitive impairment on the physical ageing process. Aging Clin. Exp. Res. 30, 1297–1306. doi: 10.1007/s40520-018-1016-8

Dent, E., Lien, C., Lim, W. S., Wong, W. C., Wong, C. H., Ng, T. P., et al. (2017). The asia-pacific clinical practice guidelines for the management of frailty. J. Am. Med. Dir. Assoc. 18, 564–575. doi: 10.1016/j.jamda.2017.04.018

Dong, L. J. (2017). The Relationship Between Frailty and Health-Related Quality of Life Among Community-Dwelling Older People.Ph. D, Thesis. Shandong (IL): Shandong University.

Du, H. F. Q. (2017). Analysis of sleep health management in old-age service centers and common sleep disorders of elderly population. World J. Clin. Cases 4, 84–89. doi: 10.3969/j.issn.2095-7130.2017.02.005

Fabrício, D. M., Chagas, M., and Diniz, B. S. (2020). Frailty and cognitive decline. Transl. Res. 221, 58–64. doi: 10.1016/j.trsl.2020.01.002

Fang, Q. W., Liu, Z. Q., Yuan, H. B., Cai, N., He, N., and Zhang, T. J. (2018). Construction of structural equation model and implementation of amos software. Chin. J. Health Stat. 35, 958–960.

Feng, L., Nyunt, M. S., Gao, Q., Feng, L., Lee, T. S., Tsoi, T., et al. (2017). Physical frailty, cognitive impairment, and the risk of neurocognitive disorder in the singapore longitudinal ageing studies. J. Gerontol. A Biol. Sci. Med. Sci. 72, 369–375. doi: 10.1093/gerona/glw050

Fried, L. P., Tangen, C. M., Walston, J., Newman, A. B., Hirsch, C., Gottdiener, J., et al. (2001). Frailty in older adults: evidence for a phenotype. J. Gerontol. A Biol. Sci. Med. Sci. 56, M146–M156. doi: 10.1093/gerona/56.3.m146

Fritz, N. E., McCarthy, C. J., and Adamo, D. E. (2017). Handgrip strength as a means of monitoring progression of cognitive decline - a scoping review. Ageing Res. Rev. 35, 112–123. doi: 10.1016/j.arr.2017.01.004

Geriatrics Branch of the Chinese Medical Association (2017). Chinese experts consensus on evaluation and intervention for elderly patients with frailty. Chin. J. Geriatr. 36, 251–256. doi: 10.3760/cma.j.issn.0254-9026.2017.03.007

Ginsberg, T. B., Powell, L., Emrani, S., Wasserman, V., Higgins, S., Chopra, A., et al. (2019). Instrumental activities of daily living, neuropsychiatric symptoms, and neuropsychological impairment in mild cognitive impairment. J. Am. Osteopath Assoc. 119, 96–101. doi: 10.7556/jaoa.2019.015

Gobbens, R. J., Luijkx, K. G., Wijnen-Sponselee, M. T., and Schols, J. M. (2010). Toward a conceptual definition of frail community dwelling older people. Nurs. Outlook 58, 76–86. doi: 10.1016/j.outlook.2009.09.005

Gottschalk, S., König, H. H., Nejad, M., and Dams, J. (2020). Psychometric properties of the EQ-5D for the assessment of health-related quality of life in the population of middle-old and oldest-old persons: study protocol for a systematic review. Front. Public Health 8:578073. doi: 10.3389/fpubh.2020.578073

Grande, G., Haaksma, M. L., Rizzuto, D., Melis, R., Marengoni, A., Onder, G., et al. (2019). Co-occurrence of cognitive impairment and physical frailty, and incidence of dementia: systematic review and meta-analysis. Neurosci. Biobehav. Rev. 107, 96–103. doi: 10.1016/j.neubiorev.2019.09.001

Guo, Q. H., Zhou, B., Zhao, Q. H., Wang, B., and Hong, Z. (2012). Memory and executive screening (MES): a brief cognitive test for detecting mild cognitive impairment. BMC Neurol. 12:119. doi: 10.1186/1471-2377-12-119

Hou, X. L., Wu, C. X., Bo, D. X., Xiang, Y. P., and Li, X. (2018). Prevalence and factors associated with frailty among institutional older adults. Chin. J. Nurs. 53, 88–93. doi: 10.3761/j.issn.0254-1769.2018.01.016

Hussenoeder, F. S., Conrad, I., Roehr, S., Fuchs, A., Pentzek, M., Bickel, H., et al. (2020). Mild cognitive impairment and quality of life in the oldest old: a closer look. Qual. Life Res. 29, 1675–1683. doi: 10.1007/s11136-020-02425-5

Kiiti Borges, M., Oiring de Castro Cezar, N., Silva Santos Siqueira, A., Yassuda, M., Cesari, M., and Aprahamian, I. (2019). The relationship between physical frailty and mild cognitive impairment in the elderly: a systematic review. J. Frailty Aging 8, 192–197. doi: 10.14283/jfa.2019.29

Kline, R. B. (2005). Principles and Practice of structural equation modeling, 2nd Edn. New York: Guilford Press.

Kojima, G. (2018). Quick and simple frail scale predicts incident activities of daily living (ADL) and instrumental ADL (IADL) disabilities: a systematic review and meta-analysis. J. Am. Med. Dir. Assoc. 19, 1063–1068. doi: 10.1016/j.jamda.2018.07.019

Kulmala, J., Nykänen, I., Mänty, M., and Hartikainen, S. (2014). Association between frailty and dementia: a population-based study. Gerontology 60, 16–21. doi: 10.1159/000353859

Lawton, M. P., and Brody, E. M. (1969). Assessment of older people: self-maintaining and instrumental activities of daily living. Gerontologist 9, 179–186.

Lee, D. R., Santo, E. C., Lo, J. C., Ritterman Weintraub, M. L., Patton, M., and Gordon, N. P. (2018). Understanding functional and social risk characteristics of frail older adults: a cross-sectional survey study. BMC Fam. Pract. 19:170. doi: 10.1186/s12875-018-0851-1

Liou, Y. M., Jwo, C. J., Yao, K. G., Chiang, L. C., and Huang, L. H. (2008). Selection of appropriate chinese terms to represent intensity and types of physical activity terms for use in the taiwan version of IPAQ. J. Nurs. Res. 16, 252–263. doi: 10.1097/01.jnr.0000387313.20386.0a

Marshall, G. A., Rentz, D. M., Frey, M. T., Locascio, J. J., Johnson, K. A., Sperling, R. A., et al. (2011). Executive function and instrumental activities of daily living in mild cognitive impairment and Alzheimer’s disease. Alzheimers Dement 7, 300–308. doi: 10.1016/j.jalz.2010.04.005

Molzahn, A., Skevington, S. M., Kalfoss, M., and Makaroff, K. S. (2010). The importance of facets of quality of life to older adults: an international investigation. Qual. Life Res. 19, 293–298. doi: 10.1007/s11136-009-9579-7

Moreira, V. G., and Lourenço, R. A. (2013). Prevalence and factors associated with frailty in an older population from the city of Rio de Janeiro, Brazil: the FIBRA-RJ study. Clinics (Sao Paulo) 68, 979–985. doi: 10.6061/clinics/2013(07)15

National Bureau of Statistics of China (2019). The Main Target Set for Maintaining Economic Development Within An Appropriate Range in 2018 Was Well Met. Available online at: http://www.stats.gov.cn/english/PressRelease/201901/t20190121_1645832.html (accessed January 21, 2019)

Panza, F., Lozupone, M., Solfrizzi, V., Sardone, R., Dibello, V., Di Lena, L., et al. (2018). Different cognitive frailty models and health- and cognitive-related outcomes in older age: from epidemiology to prevention. J. Alzheimers Dis. 62, 993–1012. doi: 10.3233/JAD-170963

Pfeffer, R. I., Kurosaki, T. T., Harrah, C. H. Jr., Chance, J. M., and Filos, S. (1982). Measurement of functional activities in older adults in the community. J. Gerontol. 37, 323–329. doi: 10.1093/geronj/37.3.323

Rizzoli, R., Reginster, J. Y., Arnal, J. F., Bautmans, I., Beaudart, C., Bischoff-Ferrari, H., et al. (2013). Quality of life in sarcopenia and frailty. Calcif. Tissue Int. 93, 101–120. doi: 10.1007/s00223-013-9758-y

Salkeld, G., Cameron, I. D., Cumming, R. G., Easter, S., Seymour, J., Kurrle, S. E., et al. (2000). Quality of life related to fear of falling and hip fracture in older women: a time trade off study. BMJ 320, 341–346. doi: 10.1136/bmj.320.7231.341

Sargent, L., Nalls, M., Amella, E. J., Slattum, P. W., Mueller, M., Bandinelli, S., et al. (2020). Shared mechanisms for cognitive impairment and physical frailty: a model for complex systems. Alzheimers Dement 6:e12027. doi: 10.1002/trc2.12027

Song, X., Mitnitski, A., and Rockwood, K. (2014). Age-related deficit accumulation and the risk of late-life dementia. Alzheimer’s Res. Ther. 6:54. doi: 10.1186/s13195-014-0054-5

Soysal, P., Veronese, N., Thompson, T., Kahl, K. G., Fernandes, B. S., Prina, A. M., et al. (2017). Relationship between depression and frailty in older adults: a systematic review and meta-analysis. Ageing Res. Rev. 36, 78–87. doi: 10.1016/j.arr.2017.03.005

Symeon, H., Panagiotakis, P. S., Ioannis Zaganas, M. B., Garyfalia, S., Perysinaki, N. F., Maria Giaka, S. K., et al. (2018). Self-reported fatigue as a risk index for dementia diagnosis. Eur. Geriatr. Med. 9, 211–217. doi: 10.1007/s41999-017-0020-4

Tsutsumimoto, K., Doi, T., Nakakubo, S., Kim, M., Kurita, S., Ishii, H., et al. (2019). Impact of social frailty on Alzheimer’s disease onset: a 53-month longitudinal cohort study. J. Alzheimers Dis. 70, 587–595. doi: 10.3233/JAD-181178

Vermeiren, S., Vella-Azzopardi, R., Beckwée, D., Habbig, A. K., Scafoglieri, A., Jansen, B., et al. (2016). Frailty and the prediction of negative health outcomes: a meta-analysis. J. Am. Med. Dir. Assoc. 17, 1163.e1–1163.e17. doi: 10.1016/j.jamda.2016.09.010

Wu, M. L. (2010). Structural Equation Model-Operation and Application of AMOS, 2nd Edn. Chongqing: Chongqing University Press.

Wu, S., and Pan, F. M. (2014). SPSS Statistical Analysis. Beijing: Tsinghua University Press.

Xi, X., and Guo, G. F. (2014). The current status and influencing factors of frailty among elders in community. Chin. Nursing Manage. 14, 1315–1319. doi: 10.3969/j.issn.1672-1756.2014.12.024

Zhang, X., Dou, Q., Zhang, W., Wang, C., Xie, X., Yang, Y., et al. (2019). Frailty as a predictor of all-cause mortality among older nursing home residents: a systematic review and meta-analysis. J. Am. Med. Dir. Assoc. 20, 657–663.e4. doi: 10.1016/j.jamda.2018.11.018

Zheng, Z., Guan, S., Ding, H., Wang, Z., Zhang, J., Zhao, J., et al. (2016). Prevalence and incidence of frailty in community-dwelling older people: beijing longitudinal study of aging II. J. Am. Geriatr. Soc. 64, 1281–1286. doi: 10.1111/jgs.14135


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.

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.

Copyright © 2022 Xue, Huang, Zhu, Zhou, Ji, Ding, Zhang and Gu. 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/fnagi-13-790251-g001.jpg
‘—Pl Memory function

13

Executive function

i

grip strength

self-reported
exhaustion

physical activity

4m walking time

26

*§)

34

¥,

Cognitive
function

A

-.52

Frailty

:

66

>
.56 ADL
Health 81
. FAQ
Outcome

5






OPS/images/fnagi-13-790251-i000.jpg





OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Relationships Among Cognitive Function, Frailty, and Health Outcome in Community-Dwelling Older Adults



		INTRODUCTION



		Relationship Between Cognitive Function and Frailty



		Effects of Cognitive Function and Frailty on Health Outcomes







		MATERIALS AND METHODS



		Participants



		Cognitive Assessment



		Frailty Assessment



		Health Outcome Assessment



		Quality Control



		Statistical Analyses







		RESULTS



		Baseline Characteristics



		Cognitive Function, Frailty, and Health Outcome Scores



		Relationships Between Cognitive Function, Frailty, and Health Outcome



		Explorative Factor Analyses



		Item Discriminant Validity Analyses







		Factor Analyses



		Construction of Structural Equation Modeling, Model Modification and Fit Change



		Factor Path Analyses







		DISCUSSION



		Relationship Between Cognitive Function and Frailty



		Effects of Cognitive Function on Health Outcomes



		Effects of Frailty on Health Outcomes







		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		SUPPLEMENTARY MATERIAL



		REFERENCES

















OPS/images/fnagi-13-790251-t001.jpg
Characteristics

Gender

Male

Female
Educational level
Primary and below
Junior high

Senior high and above
Occupation
Mental labor
Physical labor
Marital status
Married
Divorced/Widowed
Hypertension

No

Yes

Diabetes

No

Yes

Coronary heart disease

No

Yes

Cerebral infarction
No

Yes
Hyperlipidemia

No

Yes

Family history of dementia

No

Yes

BMI

18.5
18.6~23.9
24~27.9
28

Frequency

128
124

54
95
103

1156
137

208
44

120
132

209
43

232
20

245

217
35

233
19

10
108
98
36

Proportion(%)

50.79
49.21

21.43
37.70
40.87

45.63
54.37

82.54
17.46

47.62
52.38

82.94
17.06

92.06
7.94

97.22
2.78

86.11
13.89

92.46
7.54

3.97
42.86
38.89
14.29






OPS/images/cover.jpg
, frontiers
in Aging Neuroscience

Relationships Among Cognitive
Function, Frailty, and Health
Outcome
in Community-Dwelling Older
Adults





OPS/images/fnagi-13-790251-t003.jpg
1

MES-M 1
MES-E 0.173**
ADL —-0.179**
FAQ —0.301**
EQ-5D —0.019
Physical activity 0.039
Self-reported exhaustion —0.129*
4 m walking time —0.006
Grip strength 0.222**

1
—0.155"
—0.231**
—0.058
—0.062
—0.137~
-0.115
0.063

1
0.452**
0.088

—0.009
0.066
0.076

—0.177™

1
0.079
0.067
0]k

—0.042

—-0.277

0.005
0.072
—0.034
—0.069

0.079
0.052
—0.074

1
—0.057
—0.292**

—0.044

1

*P < 0.05 *P < 0.01.






OPS/images/fnagi-13-790251-t002.jpg
Item Minimum Maximum
MES-T 57 97
MES-M 12 48
MES-E 32 50
ADL 14 18
FAQ 0 8
EQ-5D 0.15 0.42
Frailty phenotype 0 2
Grip strength (kg) 9.60 47.60

4 m Walking time (s)  2.60 8.50

X+ts
80.57 +£8.91
36.15+6.70
44.41 £4.42
14.50 +1.08
2.08 £2.55
0.21 £0.06
0.37 £0.65
29.08 £7.97
4.36 £0.79

95%Cl

79.46, 81.67
35.29, 37.02
43.86, 44.96
14.37, 14.63
1.76, 2.39
0.20, 0.22
0.29,0.45
28.09, 30.07
4.26, 4.46

MES-E, MES Executive; MES-M, MES Memory; ADL, Activity of Daily Living
Scale; FAQ, Functional Activities Questionnaire; EQ-5D, European Quality of

5-Dimensions.






OPS/images/fnagi-13-790251-t005.jpg
Influence path Direct Indirect Total

effect effect effect
Frailty«<> Cognitive function —0.521 —0.521
Health outcome «-Cognitive function —0.728 —0.728
Health outcome «Frailty «-Cognitive function —0.031 —0.759
Health outcome «Frailty 0.060 0.060
Health outcome<«Cognitive function «Frailty 0.380 0.440






OPS/images/fnagi-13-790251-t004.jpg
Index Acceptable range Value

¥2-value 26.790
P-value >0.050 0.314
RMSEA <0.050 0.022
GFI >0.900 0.978
AGFI >0.900 0.958
CFl >0.900 0.988
Tu >0.900 .982

RMSEA, Root Mean Square Error of Approximation; GFI, Goodness of Fit Index;
AGFI, Adjusted Goodness of Fit; CFl, Comparative Fit Index; TLI, Tucker-Lewis
Index.






OPS/images/logo.jpg
’ frontiers
in Aging Neuroscience





