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Abstract

Background: Measures of handgrip strength have not only emerged as a clinically viable 

screening tool for determining risk for morbidity, functional disability, and early mortality, but also 

for helping to identify cognitive deficits. However, the phenomena that links low handgrip strength 

with cognitive decline remains unclear. The role of the muscular and neural systems, and their 

adaptations to muscle strengthening activities over the life course, may provide important 

information for how age-related changes to muscle mass, strength, and neural capacity influence 

cognition. Moreover, disentangling how handgrip strength and cognitive function are associated 

may help to inform healthcare providers working with aging adults and guide targeted 

interventions aiming to preserve muscle and cognitive functioning.

Objective: To 1) highlight and summarize evidence examining the associations of handgrip 

strength and cognitive functioning, and 2) provide directions for future research in this area.

Methods: Articles from the PubMed database were searched from November 2018-May 2019. 

The search term algorithm, inclusion and exclusion criteria were pre-specified by investigators.

Results: Several cross-sectional and longitudinal studies have revealed that measures of handgrip 

strength were associated with cognitive declines regardless of age demographics and the presence 

of comorbidities.
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Conclusions: Handgrip strength can be used in clinical and epidemiological settings for helping 

to determine the onset and progression of cognitive impairment. Future research should continue 

to examine how handgrip strength and cognitive function are linked.
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Age-related reductions in muscle mass and strength begin at around 30 years of age and 

potentiate near the fifth or sixth decade of life [1, 2]. Sarcopenia (i.e., age-related loss of 

muscle mass) and dynapenia (i.e., age-related loss of muscle strength) help to characterize 

declines in muscle mass and strength during aging [3, 4], and influence health status during 

the aging process [5]. For example, sarcopenia and dynapenia are associated with chronic 

diseases, functional disabilities, and early mortality [6, 7]. Although a variety of 

measurements exist for examining age-related declines in muscle strength, measures of 

handgrip strength are the most common index of muscle strength due to ease of assessment, 

low cost, high feasibility, and validity of information provided [8, 9]. Lifespan changes in 

handgrip strength also imitate the changes in skeletal muscle mass and strength that occur 

over time [10, 11], and decreased handgrip strength is associated with several clinically-

relevant health outcomes such as diabetes, frailty, and premature mortality [12]. Therefore, 

declines in handgrip strength are often used as a biomarker for identifying muscle weakness 

and are considered a “vital sign” of aging [13, 14].

While declines in handgrip strength have been thought to be primarily attributed to age-

related changes in the muscular system, it has also been postulated that decreased handgrip 

strength is more a product of diminished neural and motor system capacity [15]. For 

example, during a strength capacity assessment, nervous system deficiencies may limit the 

amount of muscle force aging adults can generate to about half of what would be expected if 

the skeletal musculature were fully activated by the nervous system, primarily due to poor 

neuromuscular activation and motor unit recruitment [16, 17]. The dysfunction observed in 

the neural and motor systems during aging that influence handgrip strength declines may 

also be linked to the incipient and progressing cognitive impairment [18]. Hand dexterity is 

an important factor in handgrip strength performance that is partly mediated by nervous 

system functioning, and the cognitive demand that is necessary to complete motor tasks 

becomes more compromised at older age [15, 19]. Thus, the same age-related deficiencies to 

the nervous system that may limit cognitive function may also impact declines in muscle 

strength. As such, handgrip strength measurements may help to detect cognitive impairment.

Although some have suggested that decreased handgrip strength and cognitive function 

during aging are not necessarily mutual [20], others have indicated that maximal handgrip 

strength is a discriminating measure of neurological function and that handgrip strength may 

help to reveal onset changes in brain health [15]. Continuing to unravel how muscle strength, 

neural and muscle system integrity, and cognitive functioning are related may help to 

provide pathways for future research, inform practitioners working with aging adults, and 

guide interventions aiming to retain muscle strength and cognitive abilities. The purposes of 

this narrative review were to 1) highlight and summarize evidence examining the 
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associations of handgrip strength and cognitive functioning, and 2) provide directions for 

future research in this area.

Methods and Materials

Articles from the PubMed database were searched. We selected the PubMed database for 

this review because articles indexed in PubMed contain a large amount of peer-reviewed 

studies related to handgrip strength and cognitive functioning. Database searches began in 

October 2018 and concluded in May 2019. The following search terms were executed: (grip 
OR handgrip) AND (strength OR weakness OR dynamometer) AND (middle-aged OR older 
OR aging) AND (adults OR individuals) AND (cognition OR cognitive function OR 
dementia OR cognitive impairment OR Alzheimer disease). The search terms included in 

the algorithm for our review were selected based on our study aims. To be considered for 

inclusion, articles must have been published in English language, included persons aged at 

least 45 years, assessed handgrip strength, evaluated a marker of cognitive function, and 

been published before the year 2000. Articles that were not original research and did not 

address the primary research question of interest were not considered.

Handgrip Strength and Cognitive Functioning for Studies with Middle-Aged 

and Older Adults

The National Institute of Aging has underscored the importance of supporting and 

conducting research in middle-aged adults (e.g., adults aged 45–64 years) for identifying and 

abating signs of neuronal aging [21]. Thus, research for the association between strength 

capacity and cognitive function should be thought as important for both middle-aged and 

older adults. Age-related declines in muscle strength begin at approximately 30 years of age, 

and onset cognitive deficits have been detected at around the same age [1, 2, 22]. Further, 

muscle strength and cognitive functioning can decline rapidly in middle-age [1, 2, 23]. 

Given that lifespan declines in handgrip strength correspond with the beginning of age-

related reductions in muscle strength [1, 2, 10, 11], handgrip strength may also help to reveal 

age-related changes to cognitive functioning at middle-age.

There are several methods for assessing cognitive function [24]. The Mini-Mental State 

Examination is popular self-report assessment of cognitive function that examines 

orientation, memory, concentration, language, and praxis [25, 26]; whereas, other common 

assessments of cognitive function such as the animal naming test examine verbal fluency 

[27]. Malmstrom et al. [26] utilized the Mini-Mental State Exam and animal naming test for 

a cross-sectional investigation of over 900 African American adults aged 56.7±4.4 years and 

determined that handgrip strength was lower in those with scores in the lowest Mini-Mental 

State Examination tertile (handgrip strength: 30.13±17.01 kilograms) and animal naming 

test tertile (handgrip strength: 29.08±14.44 kilograms) relative to persons with scores in the 

highest tertiles for the Mini-Mental State Exam (handgrip strength: 33.32±13.07; p<0.001) 

and animal naming test (handgrip strength: 35.53±14.87; p=0.02). Another cross-sectional 

investigation of 2,565 adults aged at least 60 years determined that mean handgrip strength 

was 8.91-kilograms lower in persons with dementia compared to their non-dementia peers, 

and that lower handgrip strength was overall associated with dementia (β=−3.00; p<0.001) 
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[28]. Similarly, in a cross-sectional study of 13,978 adults aged 61.1±10.2 years who 

completed several physical performance measures, every 1-kilogram increase in handgrip 

strength was associated with a 6% higher overall cognitive score [29].

Measures of handgrip strength may also relate to different determinants of cognitive 

function. For example, a cross-sectional study of 378 adults aged ≥60 years determined that 

handgrip strength was associated with poorer verbal memory (β=−0.13; p=0.039), slower 

processing speed (β=−0.20; p=0.001), and decreased working memory (β=−0.18; p=0.004) 

[30]. Similarly, Garcia-Cifunentes et al. [31] suggested that low handgrip strength was 

associated with 2.25 greater odds for cognitive impairment in a cross-sectional study of 

1,654 adults aged at least 60 years, and future investigations should assess the temporal 

association of handgrip strength and cognitive function. Although several cross-sectional 

investigations that have included middle-aged adults found an association between handgrip 

strength and cognitive function, longitudinal study designs will help provide insights for this 

association over time.

A 6-year longitudinal investigation of 6,435 middle-aged and older adults revealed that those 

in the lowest handgrip strength quartile had a 36% higher hazard for new-onset cognitive 

dysfunction [32]. Another study of 13,828 adults aged at least 50 years who were followed 

for eight-years revealed that every five-kilogram lower handgrip strength was associated 

with 1.10 greater odds for any cognitive impairment, 1.18 greater odds for severe cognitive 

impairment, and 1.10 greater odds for poor cognitive functioning [33]. Likewise, a 5.9 year 

longitudinal investigation of 1,637 non-demented women aged at least 60 years determined 

that every 5-kilogram increase in handgrip strength was associated with a 16% decreased 

risk for all dementia and 21% decreased risk for probable Alzheimer’s disease [34]. 

Although some genetic factors such as Apolipoprotein E4 and Clusterin may increase the 

risk for Alzheimer’s disease, handgrip strength helped to predict longitudinal memory 

resilience in 642 middle-aged and older adults with such genetic risk factors [35]. Further, 

Boyle et al. [36] determined that low handgrip strength was associated with 28% greater risk 

for a first occurrence of mild cognitive impairment and 34% greater risk for persistent mild 

cognitive impairment in 761 adults aged at least 54 years over a 12-year annual follow-up.

Cross-sectional and longitudinal investigations that have included middle-aged adults have 

helped to support the notion that the association between decreased handgrip strength and 

cognitive declines may occur before older adulthood. While identifying weakness and 

cognitive deficits at an earlier age may help in the efficacy and implementation of targeted 

interventions, the prevalence of age-related weakness and cognitive impairment remain 

overall higher in older adults [37, 38].

Handgrip Strength and Cognitive Functioning for Only Older Adults

Age is a hallmark risk factor for cognitive impairment and the older adult population is 

expected to increase globally. For example, projections indicate that 13.2 million Americans 

will be living with a cognitive impairment (about a 160% increase) by the year 2050 [39], 

which aligns with estimates suggesting that the older adult population in the United States 

will rapidly increase over the next few decades [40]. Reduced muscle strength is more 
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prevalent in older adults than in other age groups [37], and remains a prominent risk factor 

for cognitive deficits [15]. The confluence of the health consequences related to aging, 

cognitive impairment, and weakness, along with the projected increase in each of these 

health factors, underscores the importance of addressing this emerging public health 

epidemic. Therefore, many have sought to understand how muscle strength, as measured by 

handgrip strength, factors into cognitive declines in older adults.

A cross-sectional study of 70 older adults aged 71.0±4.7 years uncovered that increased 

handgrip strength was significantly correlated with cognitive function tasks (r=0.42; p<0.01) 

[41]. Another cross-sectional investigation of adults aged 70 years and over found that those 

below the median split for handgrip strength had significantly lower scores on the Quality of 

Life-Alzheimer’s Disease Test compared to those at or above the median split (19.38±6.91 

vs. 22.7±8.0; p<0.05) [42]. Additional evidence provided by Liu et al. [43] determined that 

increased handgrip strength was correlated with performance in completing instrumental 

activities of daily living (r=0.28; p<0.001) and Montreal Cognitive Assessment scores 

(r=0.28; p<0.001) in a cross-sectional study of 1,396 older adults aged 77.3±7.5 years. 

Moreover, the fully-adjusted linear regression models conducted by Yoon et al. [44] revealed 

that handgrip strength was significantly associated with processing speed (β=−0.32, 

p=0.017), working memory (β=0.24; p=0.026), and memory (β=0.25; p=0.042), but not 

cognitive flexibility (β=−0.30; p=0.833) in a cross-sectional investigation of 104 older adults 

aged 73.5±5.43 years. Although investigations utilizing a cross-sectional design have found 

a signal for the association between handgrip strength and cognitive function in older adults, 

utilizing longitudinal study designs may help to identify how time factors into this 

association.

A 4-year longitudinal investigation of 1,514 men aged 71.6±4.58 years and 1,223 women 

aged 71.5±4.85 years determined that every 6.14-kilogram increase in handgrip strength was 

associated with a 0.233 increase in Mini-Mental State Examination scores for men (p<0.01) 

and every 4.12-kilogram increase in handgrip strength was associated with a 0.197 increase 

in Mini-Mental State Examination scores for women (p<0.05) [45]. These observations were 

consistent with Alfaro-Acha et al. [46] who found that of the 2,160 older Mexican 

Americans aged 71.9±5.9 years in the lowest handgrip strength quartile at baseline had a 

1.28 lower Mini Mental State Examination at 7-year follow-up (p<0.0001) and greater 

overall cognitive decline (β=−0.26; p<0.001) than those in the highest handgrip strength 

quartile. Given that Alzheimer’s disease is the most common type of dementia, Buchman et 

al. [47] analyzed data from 877 older adults without dementia and revealed that every 1-

pound decrease in handgrip strength was associated with a 1.5% increased risk for 

Alzheimer’s disease and 9% increased risk for Alzheimer’s disease when examining annual 

rate of handgrip strength change during the 5-year study period. Given that age is a 

consistent risk factor for weakness and cognitive impairment, examining the association 

between handgrip strength and cognitive functioning in persons with advanced age may help 

to reveal new insights for this association.

The oldest old have a high prevalence of reduced muscle strength and dementia [37, 48], so 

it is possible that handgrip strength is strongly associated with cognitive functioning in this 

population. A cross-sectional study of 3,025 women aged at least 75 years indicated that low 
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handgrip strength was associated with 1.81 greater odds for cognitive impairment [49]. 

Moreover, a prospective cohort study of 555 adults aged at least 85 years found that baseline 

handgrip strength difference (estimate=0.25; p<0.001), annual change (estimate=−0.75; 

p<0.001), and accelerated decline in handgrip strength (estimate=0.01; p<0.001) were each 

associated with Mini Mental State Examination scores [50]. Bullain et al. [51] utilized a 

cross-sectional study design for 629 participants aged at least 90 years and determined that 

those in the weakest handgrip strength category had 9.8 greater odds for dementia compared 

to those in the strongest handgrip strength category. Similarly, Bullain et al. [52] completed 

a population-based longitudinal study in 578 adults aged 93.3±2.6 years and found that those 

in the weakest handgrip strength quartile had a 2.01 greater risk for dementia relative to 

those in the strongest handgrip strength quartile over a 2.6 ±1.9 year follow-up.

While more investigations for the association of handgrip strength and cognitive function in 

persons with advanced age are warranted, the participant and investigator feasibility for 

conducting such investigations poses unique challenges. Such investigations and targeted 

interventions should also acknowledge that factors for cognitive impairment in younger 

populations such as the Apoliopoprotein E4 allele and healthy lifestyle behaviors are less 

relevant for oldest old populations [48].

Handgrip Strength and Cognitive Functioning in Aging Adults with Health 

Conditions

Aging adults living with certain health conditions may place themselves at greater risk for 

cognitive declines [53]. Measures of handgrip strength may be linked to such health 

conditions, which in turn, may help in identifying and preventing the onset and progression 

of cognitive impairment. Certain cardiovascular diseases such as congestive heart failure are 

strongly associated with cognitive deficits [54], and weakness is common in those with 

congestive heart failure hospital referrals [55]. Hypertension is a precursor for future 

cardiovascular diseases and cognitive impairment [56]; a study of 1,467 American adults 

from the National Health and Nutrition Examination Survey revealed that handgrip strength 

was lower in those with undiagnosed hypertension (β=−6.6; p<0.004) and diagnosed 

hypertension (β=−4.27; p=0.04) [57].

Likewise, chronic obstructive pulmonary disease increases the risk for cognitive impairment 

[58], and a prospective population based study of 502,293 adults aged 40–69 years found 

that every 5-kilogram lower handgrip strength was associated with 24% and 19% increased 

risk for chronic obstructive pulmonary disease in men and women, respectively [59]. Lower 

oxygen and higher carbon dioxide levels from chronic obstructive pulmonary disease may 

harm the brain and lead to snowballing multimorbidity [60]. Other chronic cardiometabolic 

diseases such as diabetes are also strongly associated with cognitive declines, in part, due to 

glycemic index and diabetes neuropathy [61]. Cross-sectional research from a nationally-

representative sample of American adults in the National Health and Nutrition Examination 

Survey suggests that mean handgrip strength was lower for persons with undiagnosed (β=

−10.02; p<0.0001) and diagnosed diabetes (β=−8.21; p<0.03) [57], while a 19-year 
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longitudinal study of older Mexican Americans found that weak men had a 5% increased 

risk for incident diabetes and weak women had a 38% increased risk [62].

Weakness may factor into cerebrovascular diseases such as stroke, which are common in 

older adults and associated with cognitive decline [63]. Leong et al. [64] found that every 5-

kilogram reduction in handgrip strength was associated with 9% increased risk for stroke in 

142,861 adults aged 35–70 years over the 7-year study period. Depression is also a risk 

factor for future cognitive impairment [65]. Fukumori et al. [66] examined data from 4,314 

participants aged 66.3±9.0 years and determined that lower handgrip strength (per 1 standard 

deviation decrease) was associated with higher 1.15 higher odds for depressive symptoms at 

baseline and 1.13 higher odds for the development of depressive symptoms at 1-year follow-

up. Decreased handgrip strength has been shown to be associated tasks that require higher 

neuropsychological functioning such as instrumental activities of daily living [67], and the 

presence of an instrumental activity of daily living impairment is associated with future 

functional and cognitive declines [68].

Approximately 75% of older adults are living with multiple health conditions [69], and 

multimorbidity may also increase cognitive impairment risk [70]. Given that handgrip 

strength is associated with several health outcomes that are risk factors for future cognitive 

impairment, more attention should be given to preventing and treating these health outcomes 

so that cognitive impairment can be avoided later in life.

Null Results for the Association of Handgrip Strength and Cognitive 

Functioning in Aging Adults

While there have been several investigations that have shown positive results for the 

association between handgrip strength and cognitive functioning, other studies have reported 

null results. For example, Sattler et al. [71] found that handgrip strength did not predict mild 

cognitive impairment or Alzheimer’s disease in 300 older adults. Weakness, as measured by 

handgrip strength, is an important part of frailty assessments, but Gary et al. [72] concluded 

that although an association between frailty and non-Alzheimer’s dementia existed, handgrip 

strength alone was not associated with dementia, possible Alzheimer’s disease, and non-

Alzheimer’s dementia in 2,619 older adults. Another investigation of 1,249 adults aged 

72.2±5.8 years revealed that several physical performance tests at baseline, including 

handgrip strength, were not associated with cognitive decline during a 4.4 year follow-up 

after [73].

In a 3-year longitudinal investigation aiming to determine the association between physical 

and cognitive function in 169 community-dwelling adults aged 72.4±4.8 years, both 

handgrip strength at baseline and changes in handgrip strength over the study period were 

not associated with cognitive function [74]. Although handgrip strength was associated with 

functional declines and mortality in a large sample of adults aged 70–90 years, handgrip 

strength did not predict subsequent cognitive decline [75]. Measures of handgrip strength 

also did not predict rate of change on memory tasks, and changes in handgrip strength 

moderately correlated with memory changes in 425 community-dwelling older adults, 
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suggesting that changes in handgrip strength and cognitive functioning may move together 

over time [76].

Interventions for Muscle Strength and Cognitive Function

Intervention strategies for improving either muscle strength, cognitive functioning, or both 

may improve the health aspects of these outcomes. A review article by Okura et al. [77] 

suggests that cardiorespiratory fitness interventions, especially in combination with other 

healthy behaviors, may help to reduce the risk of cognitive impairment. Martin et al. [78] 

completed a systematic review of cognitive-based interventions for healthy older persons 

and persons with cognitive impairment, and suggested that cognitive interventions may lead 

to performance gains but such effects may not be attributed to the cognitive training directly. 

A systematic review and meta-analysis of 33 investigations examining the efficacy of 

cognitive interventions on improving general cognition in dementia completed by Huntley et 

al. [79] revealed that cognitive stimulation may improve Mini-Mental State Examinations 

scores (g=0.51; p<0.001) compared to non-active (g=0.35; p=0.019) and active controls. 

Moreover, social engagement has demonstrated efficacy for improving cognitive 

functioning, as a meta-analysis of 51 articles examining the association between social 

isolation and cognitive function determined that higher social engagement and social 

networks were associated with better cognitive function (r=0.052; p<0.05) [80].

Healthy behaviors may also help to improve cognitive functioning. For example, a 

systematic review of studies examining the effect of diet (which may have implications on 

muscle strength) on cognitive outcomes suggested that improvements in cognitive 

performance (specifically memory) were consistent in studies that included B vitamins, folic 

acid, eicosapentaenoic acid, docosahexaenoic acid, and flavonol supplementation [81]. 

Dietary supplementation with vitamin D, resveratrol, lipoic acid, and green tea have 

demonstrated neuroprotective actions with aging [82–86]. A systematic review and meta-

analysis of investigations evaluating the effects of physical activity (aerobic and resistance 

training) and cognitive activity on cognitive outcomes showed that combined physical and 

cognitive activity interventions improved cognition relative to the control group (g=0.316; 

p<0.001) [87]. Interestingly, the same systematic review and meta-analysis indicated that 

studies which compared physical and cognitive activity with physical activity alone showed 

small but significant improvements in cognitive outcomes in favor of combined physical and 

cognitive activity interventions; whereas, no significant differences were found between 

combined physical and cognitive activity, and cognitive activity only interventions [87]. 

These findings demonstrate that interventions including cognitive stimuli (i.e., cognitive 

tasks, social engagement), healthy behaviors, or both may show promise for preventing or 

slowing cognitive impairment.

While engaging in healthy lifestyle behaviors may help to preserve muscle strength and 

cognitive function, concurrent improvements to handgrip strength may not occur. For 

example, Rhodes et al. [88] randomly assigned 44 healthy, sedentary women aged 65–75 

years to either a one year progressive resistance training exercise program or control group, 

and determined that although muscle strength gains occurred in those who engaged in 

progressive resistance exercise, there were no gains in handgrip strength. Yaginuma et al. 
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[89] similarly had participants self-select to be in a 12-week body mass-based home exercise 

intervention (n=160; age: 69.0±6.0 years) or control group (n=37; age: 69.0±7.0 years) and 

found that increases in lower body strength and muscle size failed to translate to 

improvements in handgrip strength. Conversely, a recent meta-analytic review by Labott et 

al. [90] concluded meaningful but small improvements in handgrip strength occurred in 

healthy community-dwelling older adults who participated in a variety of exercise training 

approaches, but that task specific and multimodal exercise training may provide a proper 

stimulus to particularly improve handgrip strength. Central nervous system functioning is 

also involved in handgrip strength and cognitive function, and engaging in physical activity 

may lead to positive adaptations in central nervous system functioning (e.g., brain stem, 

hypothalamus, basal ganglia) [91]. Although engaging in healthy lifestyle behaviors may 

preserve muscle strength, cognitive function, and central nervous system functioning, it is 

relatively uncertain if such improvements would be observed in handgrip strength.

Future Directions

Measures of maximal handgrip strength remain a simple-to-use, inexpensive, and viable 

screening tool for determining muscle weakness during aging. There is an accumulating 

amount of evidence that suggests handgrip strength is associated with cognitive functioning 

in middle-aged and older adults, and with health conditions that may increase cognitive 

impairment risk. Targeted interventions for preventing declines in cognitive function through 

healthy behaviors, including muscle strengthening activities, have shown potential for 

preventing and treating cognitive impairment [87]. Interventions should also be 

multidisciplinary, as single-component interventions may not be helpful for preserving 

cognitive function [92]. Beginning such healthy behaviors early in life will help to improve 

the implementation and efficacy of any intervention. Similarly, the use of technology, 

artificial intelligence, and the internet may serve as a unique platform for expanding reach 

for aging adults with transportation barriers and those who live in rural areas. Incorporating 

psychological framework, cognitive-based tasks, and social supports (e.g., community-based 

participatory research) may also help in improving health behavior adherence and the 

association between weakness and cognitive function.

Although cross-sectional and longitudinal evidence suggests an association between 

handgrip strength and cognitive function in aging adults, improvements in handgrip strength 

alone may especially be challenging to detect for older frail adults who are in a health 

behavior intervention [93]. The concept of anabolic resistance has been mostly attributed to 

the inability of muscle protein signaling to respond to an anabolic stimulus in aging adults 

relative to those who are younger [94]. Future research should help to provide an 

understanding for responders and non-responders as it pertains to the trainability of handgrip 

measurement with exercise training and any accompanying changes in cognitive function. 

Essentially, attempting to determine if there is “neural resistance” to cognitive stimuli with 

aging. Older frail adults may especially benefit from such research.

Mechanisms for sarcopenia and dynapenia have been primarily attributed to age-related 

reductions in function to the muscular and nervous systems [6, 95]. Engaging in activities 

that help to preserve the capacity of both these body systems (e.g., neuroprotection) may be 
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especially important for cognitive function [96]. For example, persons who consistently 

engage in muscle strengthening activities throughout the life course often have greater levels 

of muscle mass and strength through adaptations to the muscular and neural systems 

compared to those who do not engage in these activities [97]. When declines to muscle mass 

and strength, and neural functioning occurs during aging, those who engaged in muscle 

strengthening activities may not experience cognitive deficits [96]. Although interventions 

aiming to improve strength capacity may have shown promise, implementing intervention 

programs later in life may have challenges related to adherence, and efficacy may have been 

greater if interventions were practiced earlier in life. Therefore, the neural mechanisms that 

influence muscle mass and strength may also influence cognitive functioning. It should be 

noted, however, that measures of handgrip strength may have limitations for determining 

efficacy in strength capacity before and after an intervention.

A recent systematic review of studies examining the associations between changes of 

handgrip strength and cognitive functioning provided interesting perspectives [20]. Zammit 

et al. [20] recommended evaluating the bidirectional association between handgrip strength 

and cognitive functioning, and possible third factors that propel these associations. Research 

that has found a bidirectional association between handgrip strength and cognitive 

functioning suggests that strength capacity and cognitive function may parallel, such that 

losses of functioning in one factor may predict losses of functioning in the other [98]. An 

investigation by Kim et al. [99] also helped to determine the bidirectional association 

between handgrip strength and cognitive impairment in older Koreans. Some possible 

explanations for these findings were provided by Kim et al. [99] including cognitive 

impairment may lead to more sedentary behavior, which factors into reduced muscle 

strength; while physical activity participation preserves muscle strength and improves 

cognitive function through enhanced brain plasticity. Although these discussion points are 

plausible, it might be important to consider how to improve some of the modifiable risk 

factors related to each outcome.

Placing credence in the individual components for the bidirectional association of handgrip 

strength and cognitive functioning may help to improve our understanding of the 

association. For example, if priority were to be given to preserving muscle strength for 

preventing cognitive deficits, several mediating factors such as physical activity 

participation, healthy diet, and practicing such behaviors earlier in life have shown promise 

for improving brain plasticity and reducing cognitive declines during aging (Figure 1A) 

[100]. Conversely, if priority were given to preserving cognitive functioning for maintaining 

muscle strength, completing cognitively driven tasks or social engagement may not help 

muscle strength (Figure 1B). Thus, muscle strengthening activities alone may help cognitive 

functioning; whereas, cognitive activities alone may not help improve muscle strength. It 

should be noted, however, that addressing either muscle strength or cognitive function 

individually may not be as effective as using multidimensional approaches. Nevertheless, the 

health aspects of muscle strength may help to protect against adverse health outcomes from 

cognitive impairment such as chronic disease, falls, and functional limitations, thereby 

helping to preserve quality of life, autonomous living, and longevity. More research is 

needed for unraveling the direction of causation for the association of muscle strength and 

cognitive function and how potential mediators (e.g., age) may influence this association. 
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Further, investigating potential common causes of age-related declines in strength and 

cognitive function are also warranted [101–103].

Over the past decade, there has been growing interest in the central neural control of 

mobility in aging [104–106], and evidence for a predementia syndrome characterized by 

slow gait speed and cognitive complaints (e.g., motoric cognitive risk syndrome) [107–109]. 

This work, along with the conceptual consistency within the field of geroscience [110, 111], 

we postulate that certain common causes may underline associations between handgrip 

strength and cognitive function. These may include factors such as inflammation, poor 

cerebrovascular health, degeneration of functional and structural connectivity in selected 

brain regions, and/or changes in neurotransmitter function (e.g., dopamine), all of which 

theoretically could contribute to systematic neurodegeneration of both motor and cognitive 

circuits [112]. Developing a better understanding for these common causes of reduced motor 

and cognitive function will not only help to explain the observed association between 

handgrip strength and cognitive function, but it will also provide perspectives into potential 

neurotherapeutic targets for enhancing both physical and cognitive health in aging adults. 

Moreover, determining how measures of muscle strength, including handgrip strength, are 

connected to domains of the brain and processing systems may provide specificity for 

examining how handgrip strength and cognitive function are related.

Physiological brain aging is characterized by a loss of synaptic contacts and neuronal 

apoptosis that provokes age-dependent decline of sensory processing, motor performance, 

and cognitive function [113]. In the central nervous system, the size of neurons, number of 

synapses, integrity of white matter, volume of grey matter, and neurotransmitter levels have 

all been reported to decrease with age [114–118]. These neurodegenerative and 

neurochemical changes are thought to underlie a decline in both cognitive and motor 

function [118–121].

The “common cause hypothesis” suggests that common factors are responsible for age-

related deterioration in cognitive and non-cognitive process, thereby positing reasons why 

handgrip strength and cognitive function are linked [103]. Physiological brain aging is 

characterized by a loss of synaptic contacts and neuronal apoptosis that provokes age-

dependent decline of sensory processing, motor performance, and cognitive function [113]. 

In the central nervous system, neuronal size, synaptic numbers, white matter integrity, grey 

matter volume, and neurotransmitter levels are among some of the neurochemical and 

neuroanatomical structures that are reported to decrease with age [114–118]. This myriad of 

neurodegenerative and neurochemical changes are thought to result in reduced cortical 

plasticity with advancing age [122], and collectively underlie a decline in both cognitive and 

motor function [119–121, 123]. Simply stated, it is reasonable to believe that systemic 

changes throughout the brain occur with advancing age results in central neurodegeneration 

throughout virtually all brain regions. Because handgrip strength requires hand dexterity and 

vigorous contractions of the hand flexors [15], persons with diminished central nervous 

system functioning may have difficulty completing tasks that require high levels of 

coordinated motor function and physical exertion [112]. Other physical measures such as 

knee extension strength and gait speed have also been shown to be associated with cognitive 

function [124, 125], but may lack in feasibility relative to handgrip strength. As such, 
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reevaluating handgrip strength measurements, methodologies, and technologies may help to 

provide novel insights into central nervous system functioning and cognitive status, while 

also improving handgrip strength as a diagnostic tool for cognitive impairment and 

preserving the practicality of handgrip strength assessments.

The cerebellum could be viewed as part of the brain that is a “messenger” of cognitive 

declines which can be measured by physically-driven tasks such as handgrip strength. For 

example, the cerebellum is linked to areas of the brain that support cognitive functioning 

such as the cerebral cortex and hippocampus [126, 127]. This may help to explain why the 

cerebellum contributes to executive functions [128]. Moreover, cerebellar involvement could 

be viewed as secondary relative to cerebral involvement in certain dementias, and that 

cerebellar atrophy mostly occurs at the latter stages of Alzheimer’s disease [129]. Such 

cerebrocerebellar interactions influencing brain connectivity may also explain why handgrip 

strength is associated with white matter volume [130]. These findings indicate that the 

declines in cerebral functioning that are linked to certain dementias could impair cerebellum 

functioning, which in turn limits the motor and neural pathways that are responsible for 

performing a maximal grip force task.

Similarly, corticostriatal functional connectivity studies have demonstrated connections 

between the dorsal striatum and motor related cortical areas [131–133]. Interestingly, 

cortical circuits related to cognition and executive function have also been shown to be from 

other distinct cortico-striatal networks that are involved in action selection, planning, and 

decision-making [134, 135]. For instance, it has long been suggested that there are numerous 

basal ganglia-thalamocortical circuits, one of which is a dorsolateral prefrontal cortex circuit 

[134]. A variety of inflammatory stimuli have been found to preferentially target basal 

ganglia function and lead to impaired motivation and motor activity [136]. As such, it is 

possible that a decline in dopaminergic output from the basal ganglia may lead not only to 

less goal-directed motor output, but also reduced ability for integrating automatic motor 

programs, leading to motor cognitive resources for a movement task [137]. However, as 

cognitive ability also declines with age, this may limit older adults’ ability to “compensate” 

using this cognitive strategy for movement.

Limitations

While this narrative review underscores evidence about the association of handgrip strength 

and cognitive function, it is not intended to be an all-encompassing systematic review of the 

literature. Therefore, our narrative review shares common limitations of narrative reviews in 

general [138]. Articles that did not meet our criteria for the narrative portion of this review 

could have been used to support text within the narrative review and our implications for 

future research. Nevertheless, narrative reviews allow for a detailed description of published 

articles on a topic, provides rational for future research, and speculates on new types of 

interventions that may arise [139].
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Conclusions

As an isometric grip force task, measures of handgrip strength are intricately linked to 

cognitive functioning. Several cross-sectional and longitudinal investigations have identified 

that handgrip strength and cognitive function are associated. Unraveling the direction of 

causation and potential mediators for this association may help healthcare providers and 

interventionists prevent weakness and cognitive impairment. Measures of handgrip strength 

should become more commonplace for helping to identify not only muscle weakness, but 

also cognitive impairment in clinical and epidemiological settings.
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Figure 1. 
A theoretical model for improving individual components for the bidirectional association of 

muscle strength and cognition.

A=placing credence in muscle strengthening activities alone, B=placing credence in 

cognitive functioning activities alone.
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