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Abstract

Background: Measures of handgrip strength may show promise for detecting cognitive erosion 

during aging.

Objective: To determine the associations between lower handgrip strength and poorer cognitive 

functioning for aging Americans.

Methods: There were 13,828 participants aged at least 50 years from the 2006 wave of the 

Health and Retirement Study included and followed biennially for 8 years. Handgrip strength was 

assessed with a hand-held dynamometer and cognitive functioning was assessed with a modified 

version of the Mini-Mental State Examination. Participants aged <65 years with scores 7–11 had 

a mild cognitive impairment, ≤6 had a severe cognitive impairment, and ≤11 had any cognitive 

impairment. Respondents aged ≥65 years with scores 8–10 had a mild cognitive impairment, 

≤7 had a severe cognitive impairment, and ≤10 had any cognitive impairment. Separate covariate-

adjusted multilevel logistic models examined the associations between lower handgrip strength 

and any or severe cognitive impairment. A multilevel ordered logit model analyzed the association 

between lower handgrip strength and poorer cognitive functioning.
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Results: Every 5-kg lower handgrip strength was associated with 1.10 (95% confidence interval 

(CI): 1.04, 1.15) and 1.18 (CI: 1.04, 1.32) greater odds for any and severe cognitive impairment, 

respectively. Similarly, every 5-kg lower handgrip strength was associated with 1.10 (CI: 1.05, 

1.14) greater odds for poorer cognitive functioning.

Conclusions: Measurement of handgrip strength is a simple, risk-stratifying method for helping 

healthcare providers determine poorer cognitive functioning. Interventions aiming to prevent 

or delay cognitive dysfunction should also implement measures of handgrip strength as an 

assessment tool for determining efficacy.
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INTRODUCTION

Millions of adults in the United States are living with a mild or severe cognitive impairment, 

which is a hallmark precursor for Alzheimer’s disease and other related dementias [1–3]. 

Those that have a cognitive impairment experience higher healthcare costs, poorer quality 

of life, and greater premature mortality risk [4–7]. Reduced neural and motor system 

functioning during aging is linked to the onset of cognitive deficits [8, 9]. Therefore, 

detecting neural and motor system dysfunction with biomarkers of aging that are simple 

to measure may be helpful for discovering early identification and progression of cognitive 

declines. Such biomarkers may help healthcare providers determine cognitive impairment 

risk in their patients, and enhance assessments for interventions aiming to delay or prevent 

cognitive morbidity [10].

Handgrip strength is an easy and inexpensive method for estimating overall muscle strength, 

and is a powerful biomarker of aging [11]. Age-related declines in handgrip strength are 

not only due to reductions in muscle mass and quality, but are also exquisitely sensitive to 

the integrity of the neural systems that support the control of coordinated movement, and 

handgrip strength has been suggested to serve as a discriminating measure of neurological 

function and brain health [12]. For example, due to reduced neural drive to the muscles, 

the muscle force generated during handgrip strength measurements in aging adults is 

approximately half of what would be expected if the skeletal musculature were fully 

activated by the nervous system [13–15]. Similarly, the cognitive demand for completing 

motor tasks increases during aging [9], and hand dexterity, which is partially mediated by 

nervous and motor system functioning, is a determinant for handgrip strength performance. 

Given that age-related reductions to the nervous and motor systems are mechanisms for 

cognitive declines and contribute to diminished handgrip strength, this may help to explain 

why decreased handgrip strength is associated with an increased risk for Alzheimer’s 

disease [16].

The population in the United States is projected to grow rapidly [17], and being that age is a 

primary risk factor for cognitive impairment [18], the prevalence of cognitive morbidity 

in the United States is also expected to drastically increase [19]. Therefore, research 

that improves assessments and identifies biomarkers with diagnostic tools that distinguish 
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cognitive dysfunction from normal brain aging is a priority for helping to mitigate the 

prevalence and progression of cognitive impairment [10]. Although reduced neural and 

motor system functioning is linked to decreased handgrip during aging, it remains unclear 

how handgrip strength and cognitive health are connected [11]. Providing more clarity for 

the longitudinal associations between handgrip strength and cognitive functioning will help 

to advance how cognitive impairments are assessed. Accordingly, the purpose of this study 

was to determine the associations between lower handgrip strength and poorer cognitive 

functioning for aging Americans.

METHODS AND MATERIALS

Participants

Data from the Health and Retirement Study (HRS) were analyzed for this investigation. 

Publicly available HRS data files were joined with the cleaned and standardized RAND 

HRS dataset [20]. The HRS is designed to monitor the health and financial status of 

middle-aged and older Americans [21]. Since 1992, participants in the HRS have been re-

interviewed biennially and followed longitudinally until death. New cohorts of participants 

are intermittently added to the original sample, thereby allowing the HRS to maintain a 

national representative sample of community-dwelling aging adults over time [21]. The HRS 

uses a multi-state probability design, including geographical stratification and oversampling 

of certain demographic groups. More information about the HRS is published elsewhere 

[22].

Those aged at least 50 years who participated in the 2006 wave of the HRS and could 

complete interviews without a proxy (n = 15,734) were followed for eight years (2008, 2010, 

2012, and 2014 waves). Beginning in the 2006 wave, a mixed-mode design for follow-up 

was deployed, wherein half of the participants alternated completion of the core and detailed 

face-to-face interviews, which included physical and biological measures. The half-samples 

alternated the detailed interviews at each subsequent wave to reduce participant burden. 

Interview response rates for each wave of the HRS have been >80% [21]. Written informed 

consent was provided by each participant prior to entering the HRS and the University’s 

Behavioral Sciences Committee Institutional Review Board approved all protocols. Data 

used in this secondary analysis contained no direct identifiers, thereby ensuring participant 

anonymity.

Outcome variables

Cognitive functioning was assessed at each wave with a series of tests that were modified 

from the Telephone Interview of Cognitive Status, a validated screening tool from the Mini-

Mental State Examination that was designed for population-based studies [23]. A 27-point 

composite scale was used for respondents aged under 65 years that included immediate 

and delayed word recall from a list of 10 words (0–20 points), serial sevens subtraction 

test starting with the number 100 (0–5 points), and counting backward at maximal speed 

for 10 consecutive numbers starting from 20 (0–2 points). Participants with scores ≤11 

were considered as having any cognitive impairment, those with scores of 7–11 had a mild 
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cognitive impairment, while respondents with scores ≤6 had a severe cognitive impairment 

[24].

Participants aged 65 years and older completed a 35-point composite scale. Additional 

assessments on the 35-point scale included object naming (0–2 points), date naming (0–4 

points), and correctly identifying the current president and vice president of the United 

States (0–2 points). Those with scores ≤10 were considered as having any cognitive 

impairment, participants with scores of 8–10 had a mild cognitive impairment, and 

respondents with scores ≤7 had a severe cognitive impairment [25].

Exposure variable

Handgrip strength was measured with a Smedley spring-type hand-held dynamometer 

(Scandidact, Denmark). Before performing handgrip strength tests, interviewers explained 

the protocol and fit the dynamometer to the hand size of each person. Participants completed 

a practice trial with the arm at the side and elbow flexed at 90-degrees. Beginning with 

the non-dominant hand, participants completed two handgrip strength measures, alternating 

between hands. For each measure, participants squeezed the dynamometer with maximal 

effort, and then released the muscle contractions.

A 30-second break was allowed between assessments if only one hand could be used for 

testing. Participants unable to stand or position their arm while gripping the dynamometer 

could be seated and rest their upper arm on a supporting object. Those that had a surgical 

procedure, swelling, inflammation, severe pain, or an injury in both hands did not engage 

in handgrip strength testing. More details about handgrip strength testing are published 

elsewhere [26]. The maximal handgrip strength measurement from a single trial on either 

hand was included in the analyses.

Given that handgrip strength measures were conducted in the detailed face-to-face 

interviews, data for handgrip strength from either the 2006 and 2008 waves, or 2010 

and 2012 waves were ad hoc imputed. For example, if a participant had their handgrip 

strength measured in the 2006 wave, the same handgrip strength value was used for the 

2008 wave; whereas, if a participant had handgrip strength measured in the 2008 wave, the 

same handgrip strength value was used for the 2006 wave. Figure 1 shows a portrayal for 

how handgrip strength data from the 2006 and 2008 waves, or 2010 and 2012 waves were 

imputed.

Covariates

Participants reported their age, sex, race, and ethnicity (Black, Hispanic, or White), height, 

and body mass at each wave. Time was measured as wave of participation in the HRS. 

Body mass index (BMI) was calculated as body mass in kilograms divided by height in 

meters-squared. Morbidity was collected by self-reported healthcare provider diagnosed 

hypertension, diabetes, cancer (excluding minor skin cancer), lung disease such as bronchitis 

or emphysema, heart condition, stroke, emotional or psychiatric problems, and arthritis or 

rheumatism. The number of affirmative morbid diagnoses were summed at each wave and 

included in the analyses.
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The 8-item Center for the Epidemiologic Studies Depression (CES-D) scale was used 

for examining depressive symptoms [27]. Respondents indicated if they experienced any 

negative (felt depressed, everything was an effort, restless sleep, loneliness, sadness, and 

could not get going) or positive emotions (happiness, enjoyed life; reverse scored) during the 

week before the interview date. Scores ranged from 0–8, with higher values suggesting more 

depressive symptoms. Continuous scores were included in the analyses.

Participants indicated if they engaged in moderate or vigorous physical activity “every 

day”, “more than once a week”, “once a week”, “one to three times a month”, “never”. 

Those reporting any moderate or vigorous physical activity were considered as engaging 

in moderate-to-vigorous physical activity. Participants also reported their educational 

achievement and were categorized as either a college graduate or above, high school 

graduate or passing a high school equivalency test and completed some college, or did 

not graduate from high school.

Social engagement was examined by three variables: 1) volunteer activity at religious, 

educational, health-related, or other organization for at least one hour in the past year, 

2) weekly or greater contact with parents or in-laws, and 3) current employment status. 

Scores ranged from 0–3 with higher scores suggesting more social engagement [28]. The 

continuous scores were included in the analyses.

Respondents told interviewers at each wave if they had ever smoked more than 100 

cigarettes in their lifetime, and if they were currently smoking cigarettes. Likewise, a 

single-item measure of self-rated health was collected at each wave, wherein participants 

scored their health as either “excellent”, “very good”, “good”, “fair”, or “poor”.

Statistical analysis

All analyses were conducted with SAS 9.4 software (SAS Institute; Cary, NC). A multilevel 

logistic regression model examined the association between lower handgrip strength 

and any cognitive impairment using no cognitive impairment as the reference group. 

Another multilevel random effects logit model determined the association between lower 

handgrip strength and severe cognitive impairment using no cognitive impairment and mild 

cognitive impairment combined as the reference group. The outcomes from the cognitive 

functioning assessments (no cognitive impairment, mild cognitive impairment, severe 

cognitive impairment) were then categorized as ordinal data for evaluating worst cognitive 

functioning. A multilevel random effects ordinal logistic regression model analyzed the 

association between lower handgrip strength and poorer cognitive functioning. All models 

were adjusted for age, sex, race and ethnicity, BMI, morbidity, CES-D score, smoking 

history, current smoking status, moderate-to-vigorous physical activity, social engagement, 

time (wave), educational achievement, and self-rated health as fixed effects. Data were 

organized with each row representing a single wave for a participant. The models included 

a random intercept and random effect for time (slope), and unstructured covariance for each 

model. More details regarding multilevel models are published elsewhere [29, 30].

Sensitivity analyses were performed for the associations between lower handgrip strength 

and any cognitive impairment, severe cognitive impairment, and poorer cognitive 
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functioning. Each regression model was stratified separately by sex and age (middle-aged 

adults: 50–64 years; older adults: ≥65 years). Moreover, proxy respondents who were 

originally removed from these data were included in each of our models after their 

cognitive functioning was scored [24], to determine how inclusion of proxies impacted the 

associations between lower handgrip strength and each of the outcomes. Multiple imputation 

was also performed as an additional sensitivity analysis to determine how missing covariates 

and sample attrition impacted our models. The imputation models were imputed five times 

using all the variables that were included in our models. The datasets were analyzed using 

the same multilevel logistic modeling methodologies. Rubin’s rules were used to combine 

the results [31]. Another sensitivity analysis examined how only analyzing handgrip strength 

measurements from the half-samples at each wave (i.e., no ad hoc imputation for the 

2006 and 2008, and 2010 and 2012 waves) influenced the results. The results for sex 

and age stratification, inclusion of proxy respondents, multiple imputation, and individual 

wave handgrip strength measurements were reported as sensitivity analyses (Supplementary 

Tables) because we did not plan to perform these analyses a priori. An alpha level of 0.05 

was used for all analyses.

RESULTS

After excluding 1,906 participants for missing covariates at all waves, 13,828 participants 

(87.9%) were included and a data flow diagram is depicted in Fig. 2. The descriptive 

characteristics of the participants are shown in Table 1. To make comparisons for the 

descriptive characteristics at each wave, the means and 95% confidence intervals (CI) are 

presented in Supplementary Table 1.

The results for the association between lower handgrip strength and any cognitive 

impairment are in Table 2. Every 5-kg lower handgrip strength was associated with a 1.10 

(CI: 1.04, 1.15) greater odds for any cognitive impairment. Table 3 presents the results for 

the association between lower handgrip strength and severe cognitive impairment. Every 

5-kg lower handgrip strength was associated with a 1.18 (CI: 1.04, 1.32) greater odds for 

severe cognitive impairment. The results for the association between lower handgrip strength 

and poorer cognitive functioning are shown in Table 4. Every 5-kg lower handgrip strength 

was associated with a 1.10 (CI: 1.05, 1.14) greater odds for poorer cognitive functioning.

Supplementary Table 2 shows the sex and age stratified estimates for the associations 

between lower handgrip strength and any cognitive impairment, severe cognitive 

impairment, and poorer cognitive functioning. Results for the associations between 

lower handgrip strength and any cognitive impairment, severe cognitive impairment, 

and poorer cognitive functioning after adding 2,735 proxy respondents to the models 

are in Supplementary Table 3. Likewise, Supplementary Table 4 presents the estimates 

for the associations between lower handgrip strength and any cognitive impairment, 

severe cognitive impairment, and poorer cognitive functioning after multiple imputation. 

Supplementary Table 5 shows the estimates for the association between lower handgrip 

strength and any cognitive impairment, severe cognitive impairment, and poorer cognitive 

functioning when only examining handgrip strength measurements by the half-samples at 

each wave.

McGrath et al. Page 6

J Alzheimers Dis. Author manuscript; available in PMC 2022 September 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



DISCUSSION

The principal results of this investigation revealed that lower handgrip strength was 

associated with cognitive dysfunction for aging Americans. Specifically, every 5-kg lower 

handgrip strength was associated with 10% increased odds for any cognitive impairment and 

18% increased odds for severe cognitive impairment. Likewise, every 5-kg lower handgrip 

strength was associated with 10% increased odds for poorer cognitive functioning. Handgrip 

strength may serve as an important biomarker for detecting poorer cognitive functioning 

and the onset of cognitive morbidity. These findings suggest that it would be useful to 

include measures of handgrip strength in assessments of cognitive functioning for helping 

healthcare providers determine cognitive impairment risk and evaluations of interventions 

aiming to prevent or delay cognitive dysfunction. The findings also have implications for 

better understanding common neurodegenerative processes underlying reductions in both 

motor and cognitive function.

Although research examining the association between handgrip strength and cognitive 

functioning are mixed [32], previous cross-sectional and longitudinal investigations of 

have revealed that low handgrip strength was associated with mild cognitive impairment 

in older Koreans and Mexican Americans [33, 34]. These investigations have postulated 

that the association between low handgrip strength and mild cognitive impairment could 

be a product of pathogenic (e.g., high inflammatory markers, low sex steroid levels, 

high oxidative stress), skeletal muscle (e.g., sarcopenia and dynapenia), or neural factors. 

Our findings indicated that lower handgrip strength was associated with any cognitive 

impairment, but our interpretation of these results is that age-related neurodegeneration is 

critically involved in explaining this association. For example, the fine motor skills of the 

hands are often limited in those with a cognitive impairment, and the cortical and subcortical 

brain regions that control hand dexterity are also related to cognitive functions [35]. 

Therefore, the neural and motor intricacies for completing a grip force task may become 

compromised at the onset of cognitive impairment. Given that lower handgrip strength was 

associated with any cognitive impairment, likely as a result of age-related neural and motor 

system deficits, lower handgrip strength may factor into advanced cognitive impairments.

Severe cognitive impairment is indicative of dementia [25], and diminished neural and motor 

functioning are characteristics associated with dementia [8, 35]. The age-related neural and 

motor system deficits that contribute to decreased handgrip strength may help to explain 

our results that revealed lower handgrip strength was associated with severe cognitive 

impairment. Our results are compatible with those of another investigation that showed 

decreased handgrip strength was associated with an increase in Alzheimer’s disease risk 

[16]. During a handgrip strength assessment, each digit on the hand differentially contributes 

to the force produced on the dynamometer [36, 37], and when digits are not functioning 

uniformly in grasping tasks declines in handgrip strength occur, and reduced output in the 

sensorimotor integration process implies reduced neural and motor system function [12, 38]. 

These factors are diminished in those with a more advanced cognitive impairment, which 

may help to explain our findings.
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Cognitive dysfunction, in itself, should be viewed as a temporal sequence because a 

distinct characteristic of Alzheimer’s disease is the progressive loss of memory and 

cognition [39]. The Reisberg scale provides healthcare providers with an overview for 

the stages of cognitive deterioration [40]. Such scales highlight that cognitive morbidity 

is progressive, and certain health factors may relate to cognitive erosion. Our finding that 

lower handgrip strength was associated with poorer cognitive functioning demonstrates 

that handgrip strength declines are linked to cognitive erosion. This finding is consistent 

with the “common cause hypothesis”, which states that common factors are responsible 

for age-related deterioration in cognitive and non-cognitive processes [41, 42]. Progressive 

declines in handgrip strength may lead to advancements in severity for cognitive impairment 

stages. Healthcare providers with aging adult patients should include measures of handgrip 

strength for detecting poorer cognitive functioning and the onset of cognitive impairment. 

Likewise, testing handgrip strength in assessments of interventions targeting the prevention 

and treatment of cognitive dysfunction may help to determine an intervention’s efficacy. 

Beginning such assessments earlier may also help to improve intervention integration and 

participant adherence.

It should be noted that our sensitivity analyses revealed females and older adults had slightly 

elevated odds ratios for the association of handgrip strength and any cognitive impairment, 

and poorer cognitive functioning relative to the odds ratios for males and middle-aged 

adults, respectively. Many have suggested that cognitive impairment is more prevalent 

and impactful in females due to health factors such as hormones and genetics [43]. The 

apolipoprotein E4 allele may also be influential for cognitive functioning in females and its 

role in the association between weakness and cognitive impairment should continue to be 

investigated [43]. Reduced muscle strength is also higher in females that are 80 years of age 

and over [44], which may help to explain our findings in older adults. Healthcare providers 

and targeted interventions should consider the role of sex and age for the association 

between muscle strength and cognitive function.

Although measures of handgrip strength are often used for identifying age-related changes 

to the musculoskeletal system such as sarcopenia and dynapenia [11], the role of neural 

and motor system deficits during aging should also be acknowledged as factors that may 

contribute to lower handgrip strength and frailty. For example, diminished nervous system 

functioning during aging is a limiting aspect for the generation of neural signals that are 

responsible for muscle contractions, which in turn, affect motor performance, muscle mass, 

and strength [45]. This may help to explain why mechanisms of frailty and composite 

measures of muscle strength are associated with reduced cognitive functioning [39, 46]. 

Future research should continue evaluating methodologies and measures of muscle strength, 

including handgrip strength, and developing diagnostic tools that may better identify the 

onset and progression of cognitive dysfunction. Further, interventions seeking to delay or 

prevent cognitive deterioration should focus on preserving the integrity of the neural and 

motor systems. For example, diet and physical activity participation have shown promise 

for preserving cognitive functioning during aging [47, 48]. Also, examining the bidirectional 

associations between handgrip strength and cognitive impairments may help to parse out 

how handgrip strength and cognition influence one another.
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Some limitations should be mentioned. Our sample included those aged at least 50 

years, therefore, dynamic measures of neural and motor system functioning such as gait 

speed could not be included in our models because those HRS data were only available 

for participants aged at least 65 years. Further, the smaller number of cases for severe 

cognitive impairment likely explained why the odds ratios for each of our multilevel logistic 

regression models were similar. Data for handgrip strength measures were ad hoc imputed 

because such assessments were a part of the detailed face-to-face interviews that occurred 

in the half-samples at alternating waves. Handgrip strength data for the 2016 wave of the 

HRS were not yet publicly available at the time of analyses and thereby could not be merged 

with data from the 2014 wave. Multilevel models have the ability to overcome intermittent 

missing data between waves and participant drop-out was sparse between waves [49]. The 

number of missing observations at each wave for the covariates are in Supplementary Table 

6. Despite these limitations, the sensitivity analyses helped to strengthen our results and 

provided insights into how certain demographic (i.e., sex and age) and methodological 

factors may have influenced the findings.

Conclusions

Lower handgrip strength was associated with poorer cognitive functioning for aging 

Americans. Our findings suggest that declines in handgrip strength during aging are 

attributed, in part, to reduced neural and motor system functioning, which are mechanisms 

for reduced cognition. Handgrip strength is an inexpensive and simple to measure biomarker 

of aging that may help to identify the onset and deterioration of cognitive functioning in 

clinical and epidemiological settings. Healthcare providers with aging adult patients should 

incorporate measures of handgrip strength in their geriatric assessments for helping to 

determine cognitive impairment risk. Similarly, handgrip strength measurements may help 

to enhance evaluations of cognitive functioning for interventions aiming to prevent or delay 

cognitive morbidity. Incorporating measures of handgrip strength in such assessments may 

help to mitigate the projected prevalence of cognitive dysfunction in the United States.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
A Portrayal of the ad hoc Handgrip Strength Imputation. *Random half-sample “A”; 
†Random half-sample “B”; ‡handgrip strength data for the 2016 wave were not available 

at the time of analyses.
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Fig. 2. 
Data Flow Schematic for the Included Participants. ‡Handgrip strength data for the 2016 

wave were not available at the time of analyses.
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