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Abstract

Background: Examining handgrip strength (HGS) asymmetry could extend the utility of 

handgrip dynamometers for screening future falls.

Aims: We sought to determine the associations of HGS asymmetry on future falls in older 

Americans.

Methods: The analytic sample included 10,446 adults aged at least 65-years from the 2006–2016 

waves of the Health and Retirement Study. Falls were self-reported. A handgrip dynamometer 

measured HGS. The highest HGS on each hand was used for determining HGS asymmetry 

ratio: (non-dominant HGS/dominant HGS). Those with HGS asymmetry ratio <1.0 had their ratio 

inverted to make all HGS asymmetry ratios ≥1.0. Participants were categorized into asymmetry 

groups based on their inverted HGS asymmetry ratio: 1) 0.0%−10.0%, 2) 10.1%−20.0%, 3) 20.1%

−30.0%, and 4) >30.0%. Generalized estimating equations were used for the analyses.

Results: Every 0.10 increase in HGS asymmetry ratio was associated with 1.26 (95% confidence 

interval (CI): 1.07–1.48) greater odds for future falls. Relative to those with HGS asymmetry 

0.0%−10.0%, participants with HGS asymmetry >30.0% had 1.15 (CI: 1.01–1.33) greater odds for 

future falls; however, the associations were not significant for those with HGS asymmetry 10.1%

−20.0% (odds ratio: 1.06; CI: 0.98–1.14) and 20.1%−30.0% (odds ratio: 1.10; CI: 0.99–1.22). 

Compared to those with HGS asymmetry 0.0%−10.0%, participants with HGS asymmetry >10.0% 

and >20.0% had 1.07 (CI: 1.01–1.16) and 1.12 (CI: 1.02–1.22) greater odds for future falls, 

respectively.
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Discussion: Asymmetric HGS, as a possible biomarker of impaired neuromuscular function, 

may help predict falls.

Conclusions: We recommend that HGS asymmetry be considered in HGS protocols and fall 

risk assessments.
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INTRODUCTION

Falls are a leading cause of injury and disability in older adults [1]. Poor muscle strength 

is a risk factor for several age-related adverse health outcomes including falls [2]. Handgrip 

strength (HGS) is a convenient and reliable assessment of muscle strength that is largely 

driven by neuromuscular function [3, 4]. Current HGS protocol guidelines focus exclusively 

on collecting maximum isometric grip force from a single hand across multiple trials, 

irrespective of hand dominance, for determining strength capacity [5]. Although low HGS 

is associated with increased fall risk during aging [6], valuable information regarding 

neuromuscular function could be lost by not examining hand dominance and the strength of 

both hands.

The motor skills and synchronous muscle contractions involved in HGS measurements are 

influenced by the neuromuscular system that mediates the control of coordinated movement 

[4]. Deteriorating neuromuscular system functioning could be reflected in the strength 

imbalances between limbs that increase the risk of falls [7]. For example, substantial leg 

extension power asymmetry between limbs encumbered walking and standing balance in 

older women [8]. Wide differences in strength between hands, as characterized by HGS 

asymmetry, has been shown to be associated with health outcomes linked to falls such as 

functional disability [9], low cognitive functioning [10], and early all-cause mortality [11]. 

Therefore, HGS asymmetry may represent the deficits in neuromuscular system functioning 

that leads to the strength imbalances that increase fall risk. Evaluating the associations 

between HGS asymmetry and future falls may improve the prognostic value of handgrip 

dynamometers, and improve our understanding of underlying pathways of age-related motor 

changes to improve screening for age-related disability.

While HGS asymmetry may help to predict future falls, the necessary degree of asymmetry 

for predicting falls remains opaque. A 10% difference in strength between the dominant 

and non-dominant hands has been postulated [12], but others have challenged this 10% 

difference in strength between hands [13], and detecting functional asymmetries between 

limbs may require a greater degree of asymmetry beyond 10% [14]. Providing clarity to 

the degree in which HGS asymmetry predicts outcomes such as falls will help to inform 

healthcare providers that have identified strength imbalances between limbs in their older 

adult patients. This may also help to establish HGS asymmetry thresholds for interventions 

aiming to preserve function during aging and screening for falls. Accordingly, we sought to 

determine the associations between HGS asymmetry and future falls in older Americans.
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METHODS

Participants

A secondary analysis of publicly available data from 10,629 Americans aged ≥65-years who 

had at least one wave of HGS measured bilaterally with information about hand dominance 

(right, left), and one or more follow-up waves of falls assessed in the 2006–2016 waves 

of the Health and Retirement Study (HRS) were analyzed for this investigation. The HRS 

is a longitudinal-panel study that observes economic and health factors during aging. Core 

interviews in the HRS occur biennially and participants are followed until death. More 

details about the HRS are available elsewhere [15].

Starting in the 2006 wave, the HRS began conducting enhanced face-to-face interviews 

to include physical measures such as HGS. To minimize participant burden, the enhanced 

face-to-face interviews alternated completion at each wave, wherein a random half sample 

of participants were selected to complete the enhanced face-to-face and core interviews, 

while the other half sample only engaged in the core interview. Interview response rates 

for the HRS were consistently more than 80% at each wave [16]. Participants provided 

written informed consent before entering the HRS and the University’s Behavioral Sciences 

Committee Institutional Review Board approved study protocols.

Measures

Falls—At each wave, participants were asked if they had fallen down since their last 

interview (i.e., every 2-years). Those who reported that they experienced a fall were 

considered as having fell.

Handgrip Strength Asymmetry—A Smedley spring-type handgrip dynamometer 

(Scandidact; Odder, Denmark) measured HGS. Trained interviewers explained the HGS 

protocols before fitting the dynamometer to the hand size of the participants. Each person 

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

Participants responded to the question “which is your dominant hand?” before testing, and 

beginning on the non-dominant hand, participants squeezed the dynamometer with maximal 

effort, twice on each hand, alternating between hands. Those unable to stand or properly 

position their arm while grasping the dynamometer could be seated and rest their upper 

arm on a supporting object during testing. Participants that had a surgical procedure in the 

last six-months, or swelling, inflammation, severe pain or an injury to both hands in the 

previous month before the enhanced face-to-face interview did not engage in HGS testing. 

More details about HGS testing in the HRS are available elsewhere [17].

The highest recorded HGS values from the non-dominant and dominant hand were 

used to calculate HGS asymmetry ratio: (non-dominant HGS (kilograms)/dominant HGS 
(kilograms)). Given that strength between hands may vary, previously published thresholds 

of approximately a 10% [12], 20% [10], and 30% [18] difference in strength between hands 

guided how we defined our HGS asymmetry groups. Those with HGS asymmetry ratio <1.0 

had their ratio inversed to make all HGS asymmetry ratios ≥1.0 (inversed HGS asymmetry 

ratio; continuous variable). Participants were then categorized into HGS asymmetry groups 
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based on their inverted HGS asymmetry ratio: 1) 0.0%−10.0%, 2) 10.1%−20.0%, 3) 20.1%

−30.0%, and 4) >30.0%.

Covariates—Age, sex, race, height, and weight were self-reported. Body mass index 

was calculated as body weight in kilograms divided by height in meters-squared. Those 

with a body mass index ≥30 kilograms per meters-squared were considered obese. The 

single greatest HGS ascertained during HGS testing was included as maximal HGS. 

Respondents told interviewers if a healthcare provider had ever diagnosed them with 

hypertension, diabetes, cancer, lung disease, a heart condition, stroke, emotional or 

psychiatric problems, and arthritis. The number of affirmative morbid diagnoses were 

summed at each wave and those with multimorbidity had ≥2 health conditions. Participants 

that reported engaging in moderate-to-vigorous physical activity “once a week” or more 

were classified as participating in moderate-to-vigorous physical activity. Each participant 

also told interviewers if they had ever smoked more than 100 cigarettes in their lifetime 

(previous smoker) and if they were a current cigarette smoker. A single item measure 

of self-rated health determined if participants perceived their health as “excellent”, “very 

good”, “good”, “fair”, or “poor”.

An eight-item Center for the Epidemiologic Studies Depression scale assessed depressive 

symptoms [19]. Respondents revealed if they experienced any negative or positive emotions 

during the week prior to the interview. Scores ranged from 0–8 with higher scores indicating 

more depressive symptoms. Those with scores ≥3 were considered depressed. The 35-point 

adapted Telephone Interview of Cognitive Status, which is a well-validated screening 

tool designed from the Mini-Mental State Examination, evaluated cognitive function [20]. 

Assessments included immediate and delayed word recall from a list of 10 words, serial 

sevens subtraction test starting with the number 100, counting backward at maximal speed 

for 10 consecutive numbers beginning from the number 20, correctly identifying the current 

president and vice president of the United States, object naming, and date naming. Those 

with scores <11 were considered as having a cognitive impairment [21].

Statistical Analysis

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

fall status and other covariates were assessed at each wave in which HGS was collected. 

The outcome was falls at the next available wave. Time to follow-up between waves was 

adjusted in which HGS was measured and the outcome was adjusted for in the analyses. A 

breakdown for when participants first entered our study and when falls were subsequently 

assessed are provided in Appendix 1. The descriptive characteristics of the participants were 

presented as mean±standard deviation for continuous variables or frequency and percentage 

for categorical variables.

Generalized estimating equations examined the associations between HGS asymmetry and 

future falls. First, a generalized estimating equation analyzed the association between 

inverted HGS asymmetry ratio and future falls. Thereafter, separate generalized estimating 

equations analyzed the associations of 1) HGS asymmetry 10.1%−20.0%, 2) HGS 

asymmetry 20.1%−30.0%, and 3) HGS asymmetry >30.0% for future falls. Individual 
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generalized estimating equations similarly examined the associations of 1) HGS asymmetry 

>10.0%, and 2) HGS asymmetry >20.0% for future falls. The reference group was HGS 

asymmetry 0.0%−10.0% for each model with a HGS asymmetry category. The models 

were first run as crude, wherein falls at current wave and follow-up years were adjusted. 

Then, the models were fully-adjusted for maximal HGS, hand dominance, age, sex, race, 

multimorbidity, obesity, current smoking status, previous smoking status, self-rated health, 

depression, moderate-to-vigorous physical activity, cognitive impairment, falls at current 

wave, and follow-up years. Repeated measures were accounted for in the models and the 

outcome for the next waved participated was used. All covariates were pre-specified by the 

investigators and the results from the fully-adjusted models were included as our principal 

results.

Since HGS asymmetry and maximal HGS were both generated from HGS measurements, 

individual fully-adjusted generalized estimating equations determined if there was an 

interaction between maximal HGS and 1) inverted HGS asymmetry ratio, 2) HGS 

asymmetry 10.1%−20.0% (reference: HGS asymmetry 0.0%−10.0%), 3) HGS asymmetry 

20.1%−30.0% (reference: HGS asymmetry 0.0%−10.0%), and 4) >30.0% (reference: HGS 

asymmetry 0.0%−10.0%) for future falls.

As a supplementary analysis, we examined HGS asymmetry dominance for the association 

between future falls, such that we did not invert any HGS asymmetry ratio. Specifically, 

participants were categorized into dominant HGS asymmetry groups based on their HGS 

asymmetry ratios: 1) 10.1%−20.0% (i.e., HGS asymmetry ratio 0.899–0.800), 2) 20.1%

−30.0% (i.e., HGS asymmetry ratio 0.799–0.700), and 3) >30.0% (i.e., HGS asymmetry 

ratio <0.700). Participants were also categorized into non-dominant HGS asymmetry groups 

based on their HGS asymmetry ratios 1) 10.1%−20.0% (i.e., HGS asymmetry ratio 1.101–

1.200), 2) 20.1%−30.0% (i.e., HGS asymmetry ratio 1.201–1.300), and 3) >30.0% (i.e., 

HGS asymmetry ratio >1.300). Separate crude and fully-adjusted generalized estimating 

equations analyzed the associations of 1) 10.1%−20.0% dominant and non-dominant HGS 

asymmetry (reference: HGS asymmetry 0.0%−10.0%), 2) 20.1%−30.0% dominant and non

dominant HGS asymmetry (reference: asymmetry 0.0%−10.0%), and 3) >30.0% dominant 

and non-dominant HGS asymmetry (reference: asymmetry 0.0%−10.0%) for future falls.

As another supplementary analysis, we conducted a receiver operating characteristic curve 

analysis with the inverted HGS asymmetry ratio values for future falls. Youden’s J, which is 

a function for optimizing sensitivity and specificity, was used to determine the inverted HGS 

asymmetry ratio cut-point [22, 23]. Youden’s J was defined as: J=maximum[sensitivity(c)
+specificity(c)-1]. The results from all of the supplementary analyses were included as 

appendices. An alpha level of 0.05 was used for all analyses.

RESULTS

After exclusions (n=183) for missing or implausible covariates, there were 10,446 

participants included and their baseline descriptive characteristics are presented in Table 

1. Overall, participants were aged 72.8±6.7 years and spent 8.6±2.3 years in the study. 

Of these participants, 4,860 (46.5%) had HGS asymmetry 0.0%−10.0%, 3,459 (33.1%) 
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had HGS asymmetry 10.1%−20.0%, 1,482 (14.2%) had HGS asymmetry 20.1%−30.0%, 

and 645 (6.2%) had HGS asymmetry >30.0%. To make comparisons between the HGS 

asymmetry groups, the means and 95% confidence intervals (CI) for the baseline descriptive 

characteristics of the participants are shown in Appendix 2. A histogram for inverted HGS 

asymmetry ratio is presented in Figure 1.

Inverted HGS asymmetry ratio did not interact with maximal HGS (p=0.53). Likewise, 

Maximal HGS did not interact with HGS asymmetry at 10.1%−20.0% (p=0.62), 20.1%

−30.0% (p=0.35), and >30.0% (p=0.59). Table 2 provides the results for the associations 

between inverted HGS asymmetry ratio and future falls. Every 0.10 (i.e., 10%) increase in 

inverted HGS asymmetry ratio was associated with 1.26 (CI: 1.07, 1.48) greater odds for 

future falls. The results for the associations between the HGS asymmetry categories and 

future falls are presented in Table 3. The associations between those with HGS asymmetry 

10.1%−20.0% (odds ratio: 1.06; CI: 0.98, 1.14) and 20.1%−30.0% (odds ratio: 1.10; CI: 

0.99, 1.22) did not reach statistical significance. However, those with HGS asymmetry 

>30.0% had 1.15 (CI: 1.01, 1.33) greater odds for future falls. Table 4 shows the results 

for the associations between the overlapping HGS asymmetry categories and future falls. 

Participants with HGS asymmetry >10.0% and >20.0% had 1.07 (CI: 1.01, 1.16) and 1.12 

(CI: 1.02, 1.22) greater odds for future falls, respectively.

The results for the associations between HGS asymmetry dominance and future falls are 

shown in Appendix 3, while Appendix 4 presents the results of the receiver operating 

characteristic curve analyses for the associations between inverted HGS asymmetry ratio and 

future falls. The inverted HGS asymmetry ratio cut-point was 1.2 (i.e., 20%).

DISCUSSION

The principal results of this investigation revealed that HGS asymmetry was associated with 

future falls in older Americans. Specifically, every 10% increase in inverted HGS ratio was 

associated with 26% greater odds for future falls. Those with HGS asymmetry >10%, >20%, 

and >30% had 7%, 12%, and 15% greater odds for future falls, respectively. These findings 

not only suggest that HGS asymmetry was associated with future falls, but the odds of 

falling generally increase as the degree of HGS asymmetry becomes severer. Healthcare 

providers should consider examining HGS asymmetry, as a possible biomarker of impaired 

neuromuscular function, alongside evaluations of maximal HGS in routine geriatric health 

and fall risk assessments.

Public health initiatives for preventing falls such as the Prevention of Falls Network Europe 

(ProFaNE) and Stopping Elderly Accidents, Deaths and Injuries (STEADI) evaluate a 

variety of factors that help to determine risk of falls [24, 25]. For example, STEADI 

fall risk criteria examine measures of physical function including the timed-up-and-go, 

30-second chair stand, and 4-stage balance test [26]. Although these assessments of physical 

functioning are associated with an elevated risk of falls [27], these tests have a restricted 

capacity to evaluate within-individual variability in functional abilities and do not capture 

the multitude of physical attributes that contribute to fall risk [3, 28]. This may help to 

explain why examinations of physical performance, which are part of streamlined public 
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health initiatives for preventing falls, are not frequently used by geriatricians during routine 

health assessments [29]. Given that our findings suggest HGS asymmetry was associated 

with future falls, incorporating measures of HGS asymmetry in geriatric health and fall risk 

assessments may help in overcoming the limitations of physical performance examinations.

Although evaluations of physical performance emphasize whole body functions related 

to mobility, deficiencies in neuromuscular function precede poor physical performance 

[3]. Thus, declining physical performance signifies being in a more advanced stage of 

the disabling process [3], which in turn, limits the efficacy potential for fall prevention 

interventions [30]. Low neuromuscular function, as measured by HGS and functional 

asymmetries, could represent the onset of the disabling process [31]. Screening for low 

neuromuscular function may help in timely identification of syndromes that elevate fall risk 

and the ability for fall prevention programs to intervene earlier.

We should also highlight the conceptual framework for why HGS asymmetries could be 

a discriminating factor for assessing fall risk (arguably more so than strength asymmetries 

in other muscle groups). As extensively discussed by Carson [4], individual variations in 

the ability to generate grip force are closely associated with a broad spectrum of markers 

that reflect neural system functioning. It has been shown that the changes in HGS across 

the lifespan are not solely attributable to declines in muscle mass [32]. Rather, grip force 

is a complex coordinated behavior that is mediated by integrated activity across distributed 

brain networks [4]. The capacity of the human hand for prehensile movement is a highly 

evolved function that involves 19 bones, 17 articulations, and 19 muscles within the hand, 

and another 20 tendons activated by forearm muscles [33]. Accordingly, gripping is complex 

task that requires coordinated engagement of a large number of motor units, and the quality 

of this coordination is a critical determinant of the level of grip force that can be achieved.

There is evidence that suggests the force generated during a maximum voluntary grip force 

task is around half of what would be expected if the skeletal musculature itself were fully 

activated by the nervous system [34, 35], due to reduced neural drive to the muscles [33]. 

Specifically, the maximum force that can be produced by each finger decreases in proportion 

to the number of other fingers that are engaged simultaneously, such that when four fingers 

contribute to the grip task, the maximum force that can be generated by each digit is 

typically less than half that produced when it is engaged in isolation (i.e., there is a force 

deficit) [35, 36]. Moreover, force deficits observed in HGS measurements are larger in older 

adults relative to young adults [35, 37]. Individual variations in the capacity to generate grip 

force are closely associated with a broad spectrum of markers that reflect neural function 

and brain health [4]. Thus, when it is considered that more than half of falls in older adults 

are linked to impaired motor function (e.g., incorrect weight shift, stumbles, trips) [38], 

we interpret our findings to suggest that HGS asymmetries are likely broadly reflective of 

motor functioning. Given the neuromuscular and motor factors that are ascertained in HGS 

assessments, functional asymmetries measured from HGS could provide insights for fall risk 

assessments that may not be observed when examining functional asymmetries in the lower 

extremities.

McGrath et al. Page 7

Aging Clin Exp Res. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Lambach et al. [14] revealed that a large number of adults have >10% asymmetry in peak 

hip and knee flexion. The findings from this investigation suggest that detecting abnormal 

strength imbalances between limbs, including the upper extremities, may require a greater 

degree asymmetry. This notion corroborates with our results that suggest the odds of falling 

increase as the degree of asymmetry became severer. Improving our understanding of 

the motor change pathways that contribute to strength asymmetries between limbs could 

guide interventions aiming to preserve neuromuscular function during aging. The need 

to create robust HGS asymmetry cut-points could be warranted. Future research should 

continue evaluating HGS protocols in greater detail for uncovering aspects of neuromuscular 

function that are outside of maximal strength. Assessing muscle quality, localized or perhaps 

even non-localized, may provide additional insights into deteriorating health during aging 

[39], which may subsequently help to specify the neuromuscular system’s contribution to 

functional asymmetries and risk of falls. Examining how HGS asymmetry either overlaps 

or differs from maximal HGS, and assessing how HGS asymmetry factors into intrinsic 

capacity framework [40] may also inform fall risk assessments. Further, determining how 

functional asymmetries of the upper extremities could be linked to asymmetries in the lower 

extremities, and bimanual cognitive functioning tests such as the Trail Making Test-Part B, 

may further elucidate the role of HGS asymmetry on falls.

Some study limitations should be acknowledged. More precise operational definitions for 

falls such as those from the World Health Organization were not utilized by the HRS 

[41]. Including additional covariates that were not available in the HRS public dataset, 

but relevant for falls such as formal vision tests and identified environmental hazards may 

have influenced our findings. Low sampling limited our ability to determine how HGS 

asymmetry dominance was associated with future falls. Although self-report information 

from participants in the HRS is generally reliable and valid [42], self-report biases may 

have influenced our results. Specifically, handedness was self-reported and may not have 

captured lifespan changes in hand dominance. This is of particular importance because 

older populations may have experienced obligations to be right handed at younger ages, 

which may have compromised organic lateralization. Thus, footedness may factor into how 

functional asymmetries are examined [43]. The generalizability of our findings is limited to 

non-White races and left-handed persons because most of our sample identified as White 

race and right hand dominant. Those who were ambidextrous or only able to complete HGS 

testing on one hand were excluded.

Conclusions

This investigation revealed that HGS asymmetry was associated with future falls in older 

Americans. Severer asymmetries may exacerbate fall risk. Asymmetric HGS could be 

a biomarker that signifies impaired neuromuscular functioning. Thus, HGS asymmetry 

could have the potential to improve the predictive utility of handgrip dynamometers and 

operationalization of neuromuscular function. We suggest that HGS asymmetry be evaluated 

not only in HGS protocols, but also as part of fall risk assessments. Continued research 

into improving how we assess neuromuscular function with feasible protocols and modern 

technologies may not only improve their usage in clinical settings, but also strengthen 

neuromuscular-related screenings and fall risk assessments.
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Figure 1. 
Histogram of Inverted Handgrip Strength Asymmetry Ratio.

Note: yellow reference line=handgrip strength asymmetry 10.1%−20.0%; orange reference 

line=handgrip strength asymmetry 20.1%−30.0%; red reference line=handgrip strength 

asymmetry >30.0%.
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