

[image: image1]
Association between grip strength and cognitive impairment in older American adults












	
	TYPE Original Research
PUBLISHED 30 November 2022
DOI 10.3389/fnmol.2022.973700






Association between grip strength and cognitive impairment in older American adults

Jian Huang1†, Xinping Wang2†, Hao Zhu3, Dong Huang4, Weiwang Li5, Jing Wang6 and Zhirong Liu1*


1Department of Neurology, Xijing Hospital, Airforce Military Medical University, Xi'an, China

2Department of Geriatrics, Air Force 986 Hospital, Xi'an, China

3Department of Neurology, Xianyang First People's Hospital, Xianyang, China

4Department of Neurology, The Second People's Hospital of Shaanxi Province, Xi'an, China

5Department of Neurology, Xi'an Daxing Hospital, Xi'an, China

6Department of Neurology, Xi'an First Hospital, Xi'an, China

[image: image2]

OPEN ACCESS

EDITED BY
James Cheng-Chung Wei, Chung Shan Medical University Hospital, Taiwan

REVIEWED BY
Galya Bigman, United States Department of Veterans Affairs, United States
 Muddanna Sakkattu Rao, Kuwait University, Kuwait

*CORRESPONDENCE
 Zhirong Liu, liuzhir8019@126.com

†These authors have contributed equally to this work

SPECIALTY SECTION
 This article was submitted to Neuroplasticity and Development, a section of the journal Frontiers in Molecular Neuroscience

RECEIVED 20 June 2022
 ACCEPTED 07 November 2022
 PUBLISHED 30 November 2022

CITATION
 Huang J, Wang X, Zhu H, Huang D, Li W, Wang J and Liu Z (2022) Association between grip strength and cognitive impairment in older American adults. Front. Mol. Neurosci. 15:973700. doi: 10.3389/fnmol.2022.973700

COPYRIGHT
 © 2022 Huang, Wang, Zhu, Huang, Li, Wang and Liu. 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.



Background and aims: Exponential population aging has led to an increased prevalence of cognitive impairment worldwide. Hand grip strength, which may be associated with physical activity, could be a useful predictor of cognitive impairment. However, few studies have reported the association, if any, between hand grip strength and cognitive function.

Methods: We used data obtained from the National Health and Nutrition Examination Survey between 2011–2012 and 2013–2014 to investigate the association between hand grip strength and cognitive impairment. Cognitive impairment was assessed using the Consortium to Establish a Registry for Alzheimer's Disease (CERAD), animal fluency (AF), and digit symbol substitution test (DSST) scores. Cutoff values of CERAD < 5, AF < 14, and DSST < 34 were used to define cognitive impairment. In this cross-sectional study, we used odds ratios to determine the potential usefulness of hand grip strength for the prediction of cognitive impairment.

Results: This study included 2,623 participants aged ≥60 years. The DSST results showed that hand grip strength was associated with a low risk of cognitive impairment and that subgroup analysis showed that male sex, 60–69 years of age, and the Non-Hispanic (NH)-White, NH Black, and Asian were associated with a significantly low risk of cognitive impairment. The CERAD test results showed that 70–79 years of age and the NH White were significantly associated with a low risk of cognitive impairment. By following full adjustment, we did not observe statistically significant differences between hand grip strength and cognitive impairment based on the CERAD test. The AF test results showed that >80 years of age, female sex, and the NH White were associated with a significantly low risk of cognitive impairment. The most important finding is that a linear association lies between grip strength and cognitive impairment, as well as a sex-based linear association. Machine learning of the XGBoost model suggests that grip strength is one of the top two most important negative predictor variables.

Conclusion: We observed an inverse relationship between hand grip strength and cognitive impairment, which might suggest a shared underlying mechanism that needs to be further investigated using a large-scale prospective clinical trial to validate our findings.
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Introduction

Neurological disorders are the leading cause of disability and the second leading cause of death worldwide. Cognitive impairment is prevalent worldwide, particularly in those aged ≥60 years (Feigin et al., 2020). Increases are expected globally as a result of population growth and aging, and cognitive decline warrants urgent attention from policymakers and governments (Carroll, 2019). Reportedly, 6.2 million Americans aged ≥65 years are diagnosed with Alzheimer's disease (AD), and 13.8 million Americans are expected to have AD by 2060 (Warren, 2022). Therefore, AD and cognitive decline are associated with a high socioeconomic burden in the United States (US), and the burden is expected to increase 2-fold to 3.3% of the population by 2060 (Matthews et al., 2019). Unfortunately, currently, early diagnosis and effective treatment of cognitive impairment are relatively limited (Piersol et al., 2018). Therefore, researchers and policymakers consider the prevention of cognitive impairment a more viable strategy (Liss et al., 2021).

Several studies have focused on the role of diet and physical activity (Frith and Loprinzi, 2017, 2018), as well as protective and risk factors in the prevention of cognitive impairment (Li et al., 2019; Dong et al., 2020b; Casagrande et al., 2021; Kim et al., 2021; Pereira et al., 2021). In view of the fact that hand grip strength may associate with physical activity, hand grip strength may also associate with cognitive function (Bohannon, 2019). Previous studies have reported a likely association between hand grip strength and cognitive abilities (Sternäng et al., 2016). However, another study observed no association between hand grip strength and cognitive function (Ritchie et al., 2016). A recent study that included elderly cancer survivors observed an association between hand grip strength and cognitive function in this patient population (Yang et al., 2018).

However, clinical findings that describe the association between hand grip strength and cognitive impairment remain inconsistent. Therefore, we extracted data from the National Health and Nutrition Examination Survey (NHANES) (2011–2012 and 2013–2014) to investigate the association between hand grip strength and cognitive impairment in elderly adults in the US. To the best of our knowledge, this is the first study that confirms the association between grip strength and cognitive impairment based on representative national data.



Materials and methods


Study population

We extracted data from the NHANES across two phases (2011–2012 and 2013–2014). The NHANES included cross-sectional nationally representative health examination surveys that are used to assess the health and nutritional status of the population in the US. The purpose of the information collected by NHANES was for health statistics. Several studies based on the NHANES data have been published in recent years (Flegal et al., 2005; Wong et al., 2019; Appiah et al., 2021). A total of 19,931 participants completed the survey in 2011–2012 (n = 9,756) and 2013–2014 (n = 10,175). Exclusion criteria were as follows: (a) <60 years of age (16,299 individuals), (b) inability to complete cognitive function tests (n = 695), and (c) inability to perform hand grip strength experiments (n = 314). Eventually, data from 2,623 participants were analyzed (Figure 1). Written informed consent was obtained from all participants and by the Research Ethics Review Board of the National Centre for Health Statistics. Informed consent was not required for the second phase of the study for analysis of the public database. This study is reported based on the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines (Vandenbroucke et al., 2007).
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FIGURE 1
 Flow chart showing the selection of study participants.




Primary exposure

We obtained a detailed protocol for the hand grip strength test from the NHANES Muscle Strength Procedures Manual (Yang et al., 2018). Briefly, a dynamometer was used for bilateral hand assessment. Participants were randomly assigned to grasp the dynamometer using the maximal strength possible, and each hand was tested three times. Participants who could not correctly grasp the dynamometer were excluded from the study, and we measured the combined grip strength (kg) (the sum of the largest reading from each hand).



Outcome variables

Cognitive function evaluation was performed at a mobile examination center. A series of tests were performed to assess participants' working memory, delayed recall, and verbal fluency. Participants consented to audio-record the testing throughout the assessment for quality purposes, and the score was approved by all participants.

The Consortium to Establish a Registry for Alzheimer's Disease (CERAD) test battery was used for the assessment of new learning, recognition memory, and delayed recall. Three consecutive learning trials were included in the CERAD-Word Learning test (Morris et al., 1989). After participants read 10 unrelated words aloud, they were required to recall the words. The sum of the three trial scores was 30. During the CERAD-Delayed Recall test (Sotaniemi et al., 2012; Dong et al., 2020a), participants were instructed to recall 10 words in the CERAD-Word Learning test after completing the other trials.

The animal fluency (AF) test, which measures participants' verbal fluency, involves naming as many animals as the participant can in 1 min (Prince et al., 2003). The digit symbol substitution test (DSST) was used to assess working memory, processing speed, and sustained attention. Participants were instructed to copy symbols in 133 boxes after 2 min. The correct matches were included in the total score (Brody et al., 2019).

Unfortunately, cutoffs for cognitive tests that can be used as a gold standard remain unavailable. Based on the historical literature, the 25th percentile of the scores is widely accepted as the cutoff value (Bailey et al., 2020). In the present study, the 25th percentile of the scores was CERAD < 5, AF < 14, and DSST < 34, respectively. Combined CERAD, AF, and DSST tests scores, a score of less than the 25th percentile of the scores on at least one of the CERAD, AF, and DSST tests, is considered as cognitive impairment.



Covariates

We extracted potential confounders, including sociodemographic factors, lifestyle, and health status from the previous literature.

Sociodemographic factors included sex, age, race, educational level, marital status, and the poverty-income ratio. The following age categories were used: 60–69, 70–79, and ≥80 years. Race was categorized into the following groups: Mexican American/other Hispanic, Non-Hispanic (NH)-White, NH-Black, NH-Asian, and other races. Educational level was classified as less than high school, high school, and above high school. The poverty–income ratio was calculated by dividing family (or individual) income by the poverty guidelines specific to the survey year and was categorized into <1 and >1. Marital status was classified into married/living with a partner, widowed/divorced/separated, and never married.

Lifestyle patterns were categorized based on personal habits, including alcohol consumption (12 alcoholic drinks/year), smoking (at least 100 cigarettes), and vigorous work activity (yes or no) (Fan et al., 2021). Health status was evaluated based on history of coronary heart disease, stroke, diabetes, hypertension, and high serum cholesterol levels. The body mass index (BMI) was classified into the following groups: <25, 25–30, and >30 kg/m2. Depression was assessed using the 9-question Patient Health Questionnaire. Based on the reports in the literature, scores ≥10 were defined as depression (Ge et al., 2020). Arm length, arm circumference, and waist circumference, which may be potential confounders of hand grip strength, were considered in the analysis.



Statistical analysis

Continuous variables are expressed as weighted mean ± standard deviation and were compared using an independent t-test. Categorical variables are expressed as weighted percentages and were compared using the chi-square test. A multivariate logistic regression model was established to determine the association between hand grip strength and cognitive impairment. The model was adjusted for sex, age, race, educational level, marital status, poverty-income ratio, alcohol consumption, smoking, vigorous work activity, BMI, depression, and a history of coronary heart disease, stroke, diabetes, hypertension, and high serum cholesterol levels. Furthermore, we performed subgroup analysis based on age, sex, and race. Finally, we constructed the XGBoost algorithm model to predict the relative importance of selected variables (grip strength, arm circumference, waist circumference, and arm length). We performed the XGBoost model to analyze the contribution of each variable to cognitive impairment.

All statistical analyses were performed using the R software (http://www.R-project.org) and Empowerstats (http://www.empowerstats.com, X&Y Solutions, Inc., USA). A full sample 4-year mobile examination center assessment weight was used to represent the survey among older adults. A two-sided test was used, and p < 0.05 was considered statistically significant.




Results


Characteristics of study participants

We analyzed the records of 2,623 participants aged ≥60 years in this study. Table 1 shows the overall characteristics of the study samples represented as quartiles of grip strength. We observed CERAD scores <5 in 20.61%, AF scores <14 in 20.33%, and DSST scores <34 in 13.61% of participants. In addition to a history of diabetes and high serum cholesterol levels, statistically significant differences were observed in most participants through quartiles of hand grip strength (p > 0.05). Furthermore, high hand grip strength was associated with male sex, 60–69 years of age, NH White race, married status/living with a partner, poverty-income ratio >1, higher educational levels, vigorous work activity, BMI > 30 kg/m2, alcohol consumption, smoking (at least 100 cigarettes), and a history of coronary heart disease. In contrast, low hand grip strength was associated with female sex, Asian race, never married status, less vigorous work activity, poverty-income ratio <1, BMI 25–30 kg/m2, a history of stroke, diabetes, hypertension, high serum cholesterol levels, and depression. Notably, arm length, arm circumference, and waist circumference were associated with hand grip strength.


TABLE 1 General characteristics of participants (n = 2,623) stratified by grip strength (1–4, kg) in the NAHENS 2011–2014.
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Association between hand grip strength and cognitive impairment based on the Consortium to Establish a Registry for Alzheimer's Disease test results

Table 2 shows the association between hand grip strength and cognitive impairment measured using the CERAD test. The non-adjusted model showed an odds ratio (OR) of 0.99 [95% confidence interval (CI) 0.99–1.00]. After adjustment for age, sex, and race, a statistically significant difference was observed between hand grip strength and a low risk of cognitive impairment (OR = 0.98, 95% CI 0.97–0.99) and CERAD in Q2–Q4 (Q2: OR = 0.63, 95% CI 0.47–0.85; Q3: OR = 0.68, 95% CI 0.49–0.95; Q4: OR = 0.52, 95% CI 0.35–0.77). However, following full adjustment, we did not observe statistically significant differences between hand grip strength and cognitive impairment.


TABLE 2 Associations between grip strength (kg) and cognitive impairment (CERAD<5) (n = 2,623), NHANES 2011–2014.
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Subgroup analysis revealed that 70–79 years of age (full adjustment: OR = 0.97, 95% CI 0.96–0.99) and NH White race (full adjustment: OR = 0.97, 95% CI 0.96–0.98) were associated with a significantly low risk of cognitive impairment. However, there were no statistically significant differences in sex after full adjustment.



Association between hand grip strength and cognitive impairment based on the AF test results

Table 3 shows the association between hand grip strength and cognitive impairment based on the AF test results. The non-adjusted model showed an OR of 0.98 (95% CI 0.98–0.99). After adjustment for age, sex, and race, a statistically significant difference was observed between hand grip strength and a low risk of cognitive impairment (OR 0.98, 95% CI 0.97–0.99) and AF in Q2–Q4 (Q2: OR = 0.67, 95% CI 0.51–0.86; Q3: OR = 0.63, 95% CI 0.47–0.86; Q4: OR = 0.53, 95% CI 0.36–0.76). However, following full adjustment, we did not observe statistically significant differences between hand grip strength and cognitive impairment.


TABLE 3 Associations between grip strength and cognitive impairment (AF<14) (n = 2,623), NHANES 2011–2014.
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Subgroup analysis indicated that >80 years of age (full adjustment: OR = 0.97, 95% CI 0.94–0.99), female sex (OR = 0.98, 95% CI 0.96–0.99), and NH White race (full adjustment: OR = 0.98, 95% CI 0.96–0.99) were associated with a significantly low risk of cognitive impairment.



Association between hand grip strength and cognitive impairment based on the DSST results

Table 4 shows the association between hand grip strength and cognitive impairment based on the DSST results. A statistically significant difference was observed between hand grip strength and a low risk of cognitive impairment in each model (full adjustment: OR = 0.97, 95% CI 0.96–0.98) and DSST in Q2–Q4 (full adjustment: Q2: OR = 0.68, 95% CI 0.48–0.97; Q3: OR = 0.57, 95% CI 0.37–0.87; Q4: OR = 0.34, 95% CI 0.20–0.58).


TABLE 4 Associations between grip strength and cognitive impairment (DSST<34) (n = 2,623), NHANES 2011–2014.
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Subgroup analysis revealed that 60–69 years of age (full adjustment: OR = 0.97, 95% CI 0.96–0.99), male sex (full adjustment: OR = 0.97, 95% CI 0.96–0.98), NH White race (full adjustment: OR = 0.96, 95% CI 0.94–0.98), NH Black race (full adjustment: OR = 0.97, 95% CI 0.96–0.99), and Asian race (full adjustment: OR = 0.83, 95% CI 0.72–0.95) were associated with a significantly low risk of cognitive impairment.



Sensitivity analysis outcomes

We used a smooth curve fit model to investigate the possibility of a non-linear association between hand grip strength and cognitive impairment (Figure 2). After full adjustment for covariates (using the aforementioned full adjustment model), our analysis indicated a linear association between hand grip strength and cognitive impairment. Furthermore, the smooth curve fit model was applied to investigate a sex-stratified association between hand grip strength and cognitive impairment (Figure 3). These results were consistent with those obtained using the full adjustment model, which showed a linear association.
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FIGURE 2
 The association between grip strength and cognitive impairment. Consortium to Establish a Registry for Alzheimer's Disease (CERAD) (A), animal fluency (AF) (B), and digit symbol substitution test (DSST) (C) represent cognitive impairment. The red points show a smooth curve fitting line, the blue points show 95% confidence interval. The relationship was adjusted for age, race, gender, education, marital status, poverty-income ratio, alcohol, smoked, vigorous work activity, BMI, history of coronary heart disease, diabetes, stroke, hypertension, high cholesterol, depressive, arm length, arm circumference, and waist circumference.
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FIGURE 3
 The association between grip strength and cognitive impairment for male sex (red line) and female sex (blue line). CERAD (A), AF (B), and DSST (C) represent cognitive impairment. The relationship was adjusted for age, race, gender, education, marital status, poverty-income ratio, alcohol, smoked, vigorous work activity, BMI, history of coronary heart disease, diabetes, stroke, hypertension, high cholesterol, depressive, arm length, arm circumference, and waist circumference.




Machine learning using the XGBoost algorithm model

We used the machine learning of the XGBoost model to determine the relative importance of variables associated with cognitive impairment. Variables included grip strength, arm circumference, waist circumference, and arm length. Data showed that each variable's contribution by the XGBoost model, arm circumference, and grip strength was the topmost important negative variables of the dataset based on AF and DSST. Arm length was the most important positive variable of the dataset based on cognitive function tests (Figure 4).


[image: Figure 4]
FIGURE 4
 Relative importance of the selected variables using XGBoost and the corresponding variable importance score based on CERAD (A), AF (B), and DSST (C). The X-axis indicates the importance score, which is the relative number of a variable that is used to distribute the data, and Y-axis indicates the selected variable.





Discussion

In the present study, we analyzed the data of 2,623 elderly American adults to investigate the association between grip strength and cognitive impairment. After adjustment for all potential confounders, our results showed an association between growth hand grip strength and cognitive impairment, and statistically significant differences were observed in NH White, NH Black, Asian, male sex, and individuals aged 60–69 years throughout subgroup analyses. Furthermore, a linear correlation was observed between hand grip strength and cognitive impairment. Finally, machine learning of the XGBoost model shows that grip strength is one of the top two most important negative predictor variables.

Several previous studies have investigated the association between hand grip strength and cognitive function. In 2000, Christensen et al. reported that grip strength could not predict future changes in memory or IQ (Christensen et al., 2000). Deary et al. (2011) also observed no association between grip strength and cognitive function. In 2016, Ritchie et al. (2016) reported no association between an increase or decrease in grip strength and cognitive impairment. Nevertheless, some researchers who used the horizontal linear mixed growth model have confirmed a clear association between cognitive impairment and a decline in grip strength (Macdonald et al., 2011). Another study indicated that grip strength did not predict cognitive impairment in individuals aged < 65 years; however, it could predict a decline in all cognitive domains in individuals aged >65 years (Sternäng et al., 2016). A study that included cancer survivors and used information from the NHANES database reported an association between cognitive impairment and hand grip strength (Yang et al., 2018). Several studies have investigated the association between cognitive functioning and hand grip strength (Firth et al., 2018; Robitaille et al., 2018; Yoon et al., 2018; Ahrenfeldt et al., 2019; Imaoka et al., 2019; Kim and Kim, 2019; Liu et al., 2019, 2020; Hooyman et al., 2021; Watermeyer et al., 2021). Our results were consistent with those reported by previous studies; we observed that cognitive impairment was associated with grip strength in older American adults.

High hand grip strength was associated with male sex, vigorous work activity, alcohol consumption, smoking, and a history of coronary heart disease. However, low hand grip strength was associated with female sex, never married status, a history of stroke, diabetes, hypertension, high serum cholesterol levels, and depression. The mechanism under the interesting results may involve the basal metabolic rate and blood flow to the upper extremities. Regular exercise and a healthy lifestyle are also important factors. Of course, the exact mechanism needs to be confirmed by more animal and clinical trials.

The following are the strengths of the present study. (a) The large sample size (2,623 participants) is a strength because an increase in sample size improves the statistical power of the study, and our results are statistically more significant. (b) In this study, we sorted different categories of missing data, which minimized the effect of missing data on bias in our results. (c) We eliminated as many confounders as possible, including a history of chronic disease and depressive status, and used the three most common tests performed in clinical practice for the assessment of cognitive function. (d) The linear association between grip strength and cognitive impairment was supported by the use of a smooth curve fit model and further confirmed using subgroup and sensitivity analyses.

The following are the weaknesses of the present study that may have affected our results. (a) Owing to the cross-sectional study design, it is difficult to distinguish causality between grip strength and cognitive impairment owing to its internal characteristics. (b) The study population was limited to Americans; therefore, our results may not be generalizable. (c) Cognitive function evaluation was based on the cognitive level of the interviewee; therefore, some cognitive functions that did not meet the interview requirements may have been excluded inadvertently.

In conclusion, our study highlights an inverse relationship between hand grip strength and cognitive impairment, which might suggest a shared underlying mechanism that needs to be further investigated using a large-scale prospective clinical trial to validate our findings.
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