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Abstract

At present, there is no uniform standard mean of identifying handgrip strength (HGS) asym-

metry based on maximum or average HGS values. Therefore, this study aimed to explore

the accuracy of different calculation methods in the evaluation of HGS asymmetry. Using

the maximum reading of two trials from both hands (Method A) as the reference standard,

the accuracy of the HGS asymmetry identified by the average value of two trials of both

hands (Method B) was determined by using various indicators, including specificity, sensitiv-

ity, the area under the receiver operating characteristic curve (AUC), positive, and negative

predictive values. Overall, 12,163 individuals were included in this study, of whom 47.61%

(5791/12,163) were male. The percentages of individuals with HGS asymmetry differed as

a function of age and sex when using these two different methods. When employing Method

A, 38.52%, 41.57%, and 44.57% of males 45� age<60, 60� age<80, and� 80 years of

age exhibited HGS asymmetry as compared to 40.78%, 39%, and 39.63% of females.

Using Method B, the corresponding proportions were 41.69%, 42.5%, and 40% in males

and 42.01%, 41.18%, and 40.55% in females, respectively. When compared to Method A,

Method B was found to be effective in identifying HGS asymmetry, with AUC values ranging

from 0.844 to 0.877. However, there was only moderate agreement between the two meth-

ods in assessing HGS asymmetry. Specifically, the Kappa values for the two Methods were

0.692, 0.694, and 0.766 in males aged 45 to 60, 60 to 80, and 80 years and above, respec-

tively. For females, the Kappa values were 0.674, 0.661, and 0.751, respectively. These

results demonstrated that the maximal or average HGS values from two trials using both

hands has a significant impact on the consequent identification of HGS asymmetry.

Introduction

Handgrip strength (HGS) asymmetry is a novel HGS indicator defined by a ratio of non-domi-

nant to dominant HGS that is greater than 1.1 or less than 0.9 [1] and it may reflect differences
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in neuromuscular system function or brain health [2]. HGS asymmetry is reported to be highly

prevalent among middle-aged and older adults [3–6]. Recent studies have demonstrated that

individuals with asymmetric HGS experience worse health outcomes, such as chronic morbid-

ity [7], limitations in individual basic self-care tasks [8], increased risk of multimorbidity [9],

higher odds of developing neurodegenerative disorders [5], greater incidence of falls [3], more

rapid mortality [10], and lower cognitive function [11]. As such, it is vital that HGS asymmetry

be identified as early as possible to provide appropriate interventions.

Currently, there are two procedures that are commonly used for the evaluation of HGS.

The 2019 guidelines of the Asian Working Group for Sarcopenia (AWGS) suggest that HGS

should be measured using the highest recorded values obtained from either both hands or the

dominant hand [12]. Conversely, the revised guidelines of the American Society of Hand

Therapists (ASHT) recommends calculating the average measurement for each hand [13].

Thus, to date, there is no uniform standard regarding the identification of HGS. Consequently,

there is no consistent definition for HGS asymmetry, as it is typically described as a condition

where the HGS of one hand is more than 10% stronger than that of the other.

Both of these HGS calculation methods have been used across different studies [9, 11, 14,

15]. For example, to explore the association between HGS asymmetry and cognitive perfor-

mance in older adults, a recent study enrolled 2729 Americans over 60 years of age and

adopted the average HGS method [14], while an earlier study enrolled 17,163 Americans over

65 years of age and used the maximal HGS method [11]. Notably, the effect of this choice

between the use of maximal or average HGS values on HGS asymmetry remains unknown.

This study was thus developed to assess whether the choice of maximum or average HGS

value affects the detection of HGS asymmetry, and the relative accuracy of approaches to

detecting HGS asymmetry. As HGS is influenced by age [16] and males generally have signifi-

cantly higher HGS than females [17], we thus stratified the agreement analyses for the two

HGS calculation methods based on participant age and sex.

Methods

Ethics statement

The data used to conduct this study were derived from the China Health and Retirement Lon-

gitudinal Study (CHARLS), an ongoing longitudinal survey for adults over the age of 45 in

China. Data collection received ethical approval from the Peking University (IRB00001052-

11015), which was the original CHARLS research team. As the data are public, the Ethics

Committee of Zigong Mental Health Center (IRB number: 2023041004) waived the require-

ment for informed consent by the participants.

Study design and participant characteristics

This observational study did not involve patient contact, was anonymous, and did not

include any clinical intervention. For the present study, data were used from participants

that: (1) were 45+ years of age at Wave one (2011), (2) self-reported hand dominance, and

(3) underwent two rounds of HGS testing for both their dominant and non-dominant

hands. Participants were excluded from the study if they did not report their hand domi-

nance, if they only had one measurement available for either the dominant or non-domi-

nant hand, or if they had obviously incorrectly recorded data. Examples of obviously

incorrect records such as height (cm) measurements of 1.56, 1.64, 1.72, or 993, and weight

(kg) measurements of 4 or 0.
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HGS asymmetry

The HGS values were measured when the participants were standing (or sitting, if unable to

stand unaided) with their elbows bent to 90˚. The HGS was measured using a dynamometer

(EH101; CAMRY, Guangdong, China), maintained under specified conditions according to

the instructions by trained technicians. The dynamometer had a range of 0 to 90.0 kg. The

HGS testing was begun with the non-dominant hand, followed by the dominant hand. A total

of two tests were conducted, and participants were given ample time to rest between the tests

until they felt ready to proceed with the next round of testing. The maximal reading calculated

from two tests was used to reflect HGS (standard, Method A), and the HGS value was also cal-

culated from the average value from these two tests (Method B). The HGS ratio was calculated

as non-dominant HGS to dominant HGS. In cases where this HGS ratio was below 1, the HGS

ratio quotient (1/HGS ratio) was computed to standardize all HGS ratios such that HGS ratios

of 0.9 and 1.1 were equivalent to one another. HGS asymmetry was defined as an HGS ratio

greater than 1.1.

Covariates

Covariates information was obtained from the Wave one data from the CHARLS study,

including age, height, weight, marital status (Married or Single/Divorced/Widowed), educa-

tion (illiterate, primary school and below, junior high school and above), drinking history,

smoking history, chronic lung diseases, hypertension, diabetes, heart diseases, dyslipidemia,

kidney disease, dominant hand, stroke, arthritis or rheumatism, cancer or malignancies.

Statistical analyses

In this study, body mass indices (BMIs) are reported as medians (P25, P75) due to the non-

normal distribution of the data, while categorical variables are presented as numbers and per-

centages. Baseline characteristic comparisons were performed using rank-sum and Pearson’s

chi-square tests. Differences in the identification of HGS asymmetry between HGS calculation

methods were analyzed using Pearson chi-square tests. The discrepancies in HGS asymmetry

and low HGS identified using different calculation methods were represented by Kappa

values.

Using the maximal reading calculated from two tests (Method A) as the reference standard,

the diagnostic accuracy of Method B when evaluating HGS asymmetry and low HGS was

assessed based on the area under the receiver operating characteristic curve (AUC), sensitivity,

specificity, and false positive and negative rates.

Data were analyzed using SPSS 25.0 (IBM Corp, Armonk, NY, USA). A two-sided P< 0.05

was the cut-off for statistical significance.

Results

Participant characteristics

We enrolled 12,163 participants (5791 males, 6372 females), of whom 92.81% were right-

handed. Table 1 summarizes the characteristics of these participants. Women exhibited signifi-

cantly more proportions of younger and older individuals than males in this study (3644

females vs. 3037 males in the 45–59 age group; 217 females vs. 175 males in the over-80 age

group; P<0.001), were more prone to heart disease (P = 0.041), and had higher BMIs

(P<0.001). Moreover, men were more prone to drinking than women in this study cohort

(P<0.001).

PLOS ONE Different calculation methods influence the identification of handgrip strength asymmetry

PLOS ONE | https://doi.org/10.1371/journal.pone.0299469 March 28, 2024 3 / 10

https://doi.org/10.1371/journal.pone.0299469


Table 1. Baseline characteristics of the participants.

Characteristic Male Female P

(N = 5791) (N = 6372)

Age,year,n(%) <0.001

45–59 3037(45.5) 3644(54.5)

60–79 2579(50.7) 2511(49.3)

�80 175(44.6) 217(55.4)

Marital status, n(%) 0.351

Married 5060(47.8) 5536(52.2)

Divorced/Widow 691(47.0) 778(53.0)

Single 40(40.8) 58(59.2)

Education,n(%) 0.169

Illiterate 1651(48.8) 1731(51.2)

Primary school and below 2346(47.3) 2614(52.7)

Junior high school and above 1793(47.0) 2022(53.0)

Smoking,n(%) 0.792

No 3511(47.5) 3877(52.5)

Yes 2279(47.8) 2492(52.2)

Drinking,n(%) <0.001

No 4163(44.0) 5309(56.0)

Yes 1628(60.5) 1063(39.5)

Chronic lung diseases,n(%) 0.845

No 5164(47.7) 5670(52.3)

Yes 605(47.4) 672(52.6)

Hypertension,n(%) 0.947

No 4367(47.6) 4807(52.4)

Yes 1393(47.7) 1529(52.3)

Diabetes,n(%) 0.635

No 5423(47.7) 5952(52.3)

Yes 315(46.7) 359(53.3)

Heart disease,n(%) 0.041

No 5123(48.0) 5559(52.0)

Yes 636(45.1) 775(54.9)

Dyslipidemia,n(%) 0.285

No 5199(47.9) 5657(52.1)

Yes 488(46.2) 569(53.8)

Kidney disease,n(%) 0.73

No 5374(47.6) 5921(52.4)

Yes 378(48.2) 406(51.8)

Stroke disease,n(%) 0.77

No 5670(47.6) 6236(52.4)

Yes 104(46.6) 119(53.4)

Cancer or malignant,n(%) 0.287

No 5714(47.6) 6283(52.4)

Yes 60(52.6) 54(47.4)

Arthritis or Rheumatism,n(%) 0.575

No 3792(47.4) 4202(52.6)

Yes 1987(48.0) 2155(52.0)

Dominant hand,n(%) 0.445

(Continued)
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Differences in the identification of HGS asymmetry between different

calculation methods

Table 2 highlights differences in the identification of HGS asymmetry between the two calcula-

tion methods as stratified by sex and age. Different proportions of individuals with HGS asym-

metry were identified when using these two methods as a function of age groups and sex.

When employing Method A, 38.52% (1170/3037), 41.57% (1072/2579), and 44.57% (78/175)

of males 45� age<60, 60� age<80, and� 80 years of age exhibited HGS asymmetry as com-

pared to 40.78% (1486/3644), 39% (979/2511), and 39.63% (86/217) of females. Using Method

B, the corresponding proportions were 41.69% (1266/3037), 42.5% (1096/2579), and 40% (70/

175) in males and 42.01% (1531/3644), 41.18% (1034/2511), and 40.55% (88/217) in females,

respectively (Table 2). The rates of HGS asymmetry identified using Method B were higher

than those for Method A irrespective of participant age or sex (all P<0.001).

Comparisons of the accuracy of different approaches to detecting HGS

asymmetry

The diagnostic accuracy associated with the use of different HGS calculation methods as a

means of detecting HGS asymmetry is detailed in Table 3. When using Method A as the refer-

ence standard, the use of Method B in the three defined age groups (45� age<60,

60� age<80, and� 80 years) was associated with AUC values from 0.868 (95%CI: 0.851–

0.885) to 0.877 (95%CI: 0.862–0.892), specificity values from 85.4% - 93.8%, sensitivity values

from 82.1% - 84.9%, and Kappa values from 0.692–0.766 among males. Similarly, in females

Table 1. (Continued)

Characteristic Male Female P

(N = 5791) (N = 6372)

Left 427(48.9) 447(51.1)

Right 5364(47.5) 5925(52.5)

BMI, kg/m2,median(p25, p75) 22.5(20.4,25.0) 23.6(21.2,26.3) <0.001

https://doi.org/10.1371/journal.pone.0299469.t001

Table 2. Differences in the identification of asymmetric HGS according to the calculation method.

Variables Method A P-value

Normal Asymmetry

Method B Male 45�age<60 Normal 1594(90.0) 177(10.0) <0.001

Asymmetry 273(21.6) 993(78.4)

60�age<80 Normal 1303(87.9) 180(12.1) <0.001

Asymmetry 204(18.6) 892(81.4)

80�age Normal 91(86.7) 14(13.3) <0.001

Asymmetry 6(8.6) 64(91.4)

Female 45�age<60 Normal 1847(87.4) 266(12.6) <0.001

Asymmetry 311(20.3) 1220(79.7)

60�age<80 Normal 1300(88.0) 177(12.0) <0.001

Asymmetry 232(22.4) 802(77.6)

80�age Normal 117(90.7) 12(9.3) <0.001

Asymmetry 14(15.9) 74(84.1)

Note: HGS = handgrip strength; Method A = max HGS value of both hands; Method B = average HGS value of both hands.

https://doi.org/10.1371/journal.pone.0299469.t002
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Method B exhibited AUC values from 0.846 (95%CI: 0.827–0.865) to 0.876 (95%CI: 0.816–

0.936), specificity values from 81.9% - 89.3%, sensitivity values from 82.1% - 86%, and Kappa

values from 0.661–0.751.

Discussion

This study is the first to compare the identification of HGS asymmetry using both maximal

and average values for both hands. Our findings indicated that the rate and consistency of

identifying HGS asymmetry differed significantly according to the calculation method used.

Regardless of sex and age, the rates of HGS asymmetry identified using average values for both

hands were higher compared to those identified using maximal values for both hands. Further-

more, the identification of asymmetric HGS using the average method showed only moderate

consistency with the method using the maximum.

Previous studies have reported a high rate of HGS asymmetry among older adults world-

wide. It has been found to affect approximately 53.5% of Americans [3] and 45.6% of South

Koreans [4]. However, the present study revealed a relatively lower rate of HGS asymmetry

among Chinese middle-aged and older adults. Using the maximal HGS calculation method, it

was found that 40% of participants exhibited HGS asymmetry, while using the average HGS

calculation method, the rate was slightly higher at 41.8%.

Although the mechanistic basis for HGS asymmetry is still unclear, there are several poten-

tial causes including neurodegenerative disorders [5], motoric cognitive risk syndrome [18],

brain hemisphere morbidity-related dysfunction [11], overcompensation, and mechanical def-

icits due to acute or chronic injuries [19]. Therefore, the lower frequency of adults with HGS

Table 3. Diagnostic accuracies of different HGS values for the determination of HGS asymmetry.

Variables Cutoff Specificity Sensitivity AUC PPV NPV Kappa value

Male*
Maximum value of both hands 1.1 Ref. Ref. Ref. Ref. Ref. Ref.

Average value of both hands 1.1 85.4% 84.9% 0.877(0.862–0.892) 0.78 0.90 0.692

Male**
Maximum value of both hands 1.1 Ref. Ref. Ref. Ref. Ref. Ref.

Average value of both hands 1.1 86.5% 83.2% 0.868(0.851–0.885) 0.81 0.88 0.694

Male***
Maximum value of both hands 1.1 Ref. Ref. Ref. Ref. Ref. Ref.

Average value of both hands 1.1 93.8% 82.1% 0.875(0.911–0.94) 0.91 0.87 0.766

Female*
Maximum value of both hands 1.1 Ref. Ref. Ref. Ref. Ref. Ref.

Average value of both hands 1.1 85.6% 82.1% 0.865(0.850–0.879) 0.8 0.87 0.674

Female**
Maximum value of both hands 1.1 Ref. Ref. Ref. Ref. Ref. Ref.

Average value of both hands 1.1 81.9% 84.9% 0.846(0.827–0.865) 0.78 0.88 0.661

Female***
Maximum value of both hands 1.1 Ref. Ref. Ref. Ref. Ref. Ref.

Average value of both hands 1.1 89.3% 86.0% 0.876(0.816–0.936) 0.84 0.91 0.751

Note

*45�age<60

**60�age<80

***80�age

HGS: handgrip strength

https://doi.org/10.1371/journal.pone.0299469.t003
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asymmetry in this population may be attributable to the fact that (1) geographical and demo-

graphic backgrounds were different from previous studies and (2) the current study enrolled

younger participants than the prior studies, such that these individuals were earlier in the pro-

cess of muscle decline, and exhibited better brain health, motor function, and cognitive func-

tion, which were reported to be associated with the presence of HGS asymmetry.

During multiple measurements of HGS, it is possible to maintain the HGS values at rela-

tively stable levels if adequate rest is allowed between tests. Alternatively, the HGS values may

be lower initially if the instrument has not been properly adjusted, or they may decrease over

time due to fatigue. However, regardless of these circumstances, the average HGS value is gen-

erally lower than its maximum value, as supported by the low HGS identification measured

using the two calculation methods in this study (refer to S1 and S2 Tables).

The correlation ratio used for detecting HGS asymmetry may vary depending on the

changes in the calculation methods between the non-dominant and dominant hands. Our

results indicated that there were marked differences between the two methods used for the

identification of individuals with HGS asymmetry, with only moderate agreement. A recent

study also reported only moderate agreement between the two methods in the identification of

weak and asymmetric HGS [20]. Numerous research studies have confirmed that low HGS or

asymmetric HGS, either alone or in combination, are associated with poor future health out-

comes among older adults [5, 7, 8, 21–24]. Therefore, our findings emphasize the need for a

unified approach in defining HGS asymmetry to ensure consistent results across studies and

prevent misleading clinical decisions.

The current study is subject to certain limitations. First, all participants were derived from a

cohort of Chinese community-dwelling middle-aged and older adults and the results may vary

from other populations. Second, the use of HGS values obtained after multiple HGS measure-

ments may offset the differences in HGS asymmetry incidence observed when using the aver-

age and maximum methods. However, the original study only conducted two HGS tests,

which may explain the differences in results with respect to HGS asymmetry identification.

Third, the sample size of individuals over 80 years of age was relatively small, and a larger sam-

ple size is needed to confirm our results. Fourth, the physical health status of the participants

was primarily evaluated through self-reporting, and included information on chronic diseases,

smoking history, drinking history, and other factors. However, the data did not include addi-

tional details on the covariates, such as the specific type and quantity of alcohol consumed per

week, as well as the frequency and quantity of cigarettes smoked. Moreover, the present study

distinguished between asymmetrical HGS and non-asymmetrical HGS, without further analy-

sis of differences in the severity of asymmetrical HGS. Finally, the study was cross-sectional

and only explored the differences between the two methods for calculating HGS asymmetry

without analysis of the clinical significance of these two methods.

In future research, it would be beneficial to conduct prospective cohort studies that focus

on outcomes of clinical significance. These studies should include a large number of partici-

pants of all ages and use multiple repetitions of HGS tests. Furthermore, accurate clinical diag-

noses should be used, and more detailed groupings based on factors such as the severity of

HGS asymmetry or the extent and frequency of smoking/drinking should be created. These

measures will help to improve the reliability of research results and provide valuable insights

for precise clinical intervention.

Conclusions

The identification of HGS asymmetry is significantly influenced by the specific method used.

The average method identified a higher prevalence of asymmetric HGS in middle-aged and

PLOS ONE Different calculation methods influence the identification of handgrip strength asymmetry

PLOS ONE | https://doi.org/10.1371/journal.pone.0299469 March 28, 2024 7 / 10

https://doi.org/10.1371/journal.pone.0299469


older Chinese individuals. However, this method showed only moderate agreement with the

maximum method. These variations underscore the significance of considering the method

used for HGS measurement (average or maximum value) when summarizing and analyzing

published articles, as well as maintaining consistency in HGS measurement during research.

Currently, there is no standardized method used for determining the value of HGS in cases

of asymmetric HGS. The present findings provide evidence of a disparity between the two cal-

culation methods. Therefore, the introduction of a unified protocol may prove beneficial for

both research and clinical applications.
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16. Gómez-Campos R, Vidal Espinoza R, de Arruda M, Ronque ERV, Urra-Albornoz C, Minango JC, et al.

Relationship between age and handgrip strength: Proposal of reference values from infancy to senes-

cence. Front Public Health. 2022; 10:1072684. https://doi.org/10.3389/fpubh.2022.1072684 PMID:

36777772

17. McGrath R, Cawthon PM, Clark BC, Fielding RA, Lang JJ, Tomkinson GR. Recommendations for

Reducing Heterogeneity in Handgrip Strength Protocols. J Frailty Aging. 2022; 11(2):143–50. https://

doi.org/10.14283/jfa.2022.21 PMID: 35441190

18. Verghese J, Wang C, Bennett DA, Lipton RB, Katz MJ, Ayers E. Motoric cognitive risk syndrome and

predictors of transition to dementia: A multicenter study. Alzheimers Dement. 2019; 15(7):870–7.

https://doi.org/10.1016/j.jalz.2019.03.011 PMID: 31164315

19. McGrath R, Lang JJ, Ortega FB, Chaput JP, Zhang K, Smith J, et al. Handgrip strength asymmetry is

associated with slow gait speed and poorer standing balance in older Americans. Arch Gerontol Geriatr.

2022; 102:104716. https://doi.org/10.1016/j.archger.2022.104716 PMID: 35569287

20. Weng M, Pu J, Wang B, Wang Y. Risk factors associated with weak and asymmetric handgrip strength

in older Chinese adults. Am J Hum Biol. 2023:e24007. https://doi.org/10.1002/ajhb.24007 PMID:

37867368

21. Dowling L, Cuthbertson DJ, Walsh JS. Reduced muscle strength (dynapenia) in women with obesity

confers a greater risk of falls and fractures in the UK Biobank. Obesity (Silver Spring). 2023; 31(2):496–

505. https://doi.org/10.1002/oby.23609 PMID: 36504327

22. Go YJ, Lee DC, Lee HJ. Association between handgrip strength asymmetry and falls in elderly Koreans:

A nationwide population-based cross-sectional study. Arch Gerontol Geriatr. 2021; 96:104470. https://

doi.org/10.1016/j.archger.2021.104470 PMID: 34243024

23. Li R, Xia J, Zhang XI, Gathirua-Mwangi WG, Guo J, Li Y, et al. Associations of Muscle Mass and

Strength with All-Cause Mortality among US Older Adults. Med Sci Sports Exerc. 2018; 50(3):458–67.

https://doi.org/10.1249/MSS.0000000000001448 PMID: 28991040

PLOS ONE Different calculation methods influence the identification of handgrip strength asymmetry

PLOS ONE | https://doi.org/10.1371/journal.pone.0299469 March 28, 2024 9 / 10

https://doi.org/10.1002/jcsm.12933
https://doi.org/10.1002/jcsm.12933
http://www.ncbi.nlm.nih.gov/pubmed/35178892
https://doi.org/10.1186/s12877-022-03363-2
http://www.ncbi.nlm.nih.gov/pubmed/35974301
https://doi.org/10.1111/ggi.14451
http://www.ncbi.nlm.nih.gov/pubmed/36058626
https://doi.org/10.1177/0733464820982409
http://www.ncbi.nlm.nih.gov/pubmed/33356740
https://doi.org/10.1016/j.jamda.2021.07.011
http://www.ncbi.nlm.nih.gov/pubmed/34389337
https://doi.org/10.1016/j.jamda.2020.04.030
http://www.ncbi.nlm.nih.gov/pubmed/32611522
https://doi.org/10.1111/jgs.16556
http://www.ncbi.nlm.nih.gov/pubmed/32473060
https://doi.org/10.1016/j.jamda.2019.12.012
http://www.ncbi.nlm.nih.gov/pubmed/32033882
https://doi.org/10.3390/jcm11102904
http://www.ncbi.nlm.nih.gov/pubmed/35629029
https://doi.org/10.1016/j.jamda.2020.11.006
http://www.ncbi.nlm.nih.gov/pubmed/33290729
https://doi.org/10.3389/fpubh.2022.1072684
http://www.ncbi.nlm.nih.gov/pubmed/36777772
https://doi.org/10.14283/jfa.2022.21
https://doi.org/10.14283/jfa.2022.21
http://www.ncbi.nlm.nih.gov/pubmed/35441190
https://doi.org/10.1016/j.jalz.2019.03.011
http://www.ncbi.nlm.nih.gov/pubmed/31164315
https://doi.org/10.1016/j.archger.2022.104716
http://www.ncbi.nlm.nih.gov/pubmed/35569287
https://doi.org/10.1002/ajhb.24007
http://www.ncbi.nlm.nih.gov/pubmed/37867368
https://doi.org/10.1002/oby.23609
http://www.ncbi.nlm.nih.gov/pubmed/36504327
https://doi.org/10.1016/j.archger.2021.104470
https://doi.org/10.1016/j.archger.2021.104470
http://www.ncbi.nlm.nih.gov/pubmed/34243024
https://doi.org/10.1249/MSS.0000000000001448
http://www.ncbi.nlm.nih.gov/pubmed/28991040
https://doi.org/10.1371/journal.pone.0299469


24. Klawitter L, Vincent BM, Choi BJ, Smith J, Hammer KD, Jurivich DA, et al. Handgrip Strength Asymme-

try and Weakness Are Associated With Future Morbidity Accumulation in Americans. J Strength Cond

Res. 2022; 36(1):106–12. https://doi.org/10.1519/JSC.0000000000004166 PMID: 34941610

PLOS ONE Different calculation methods influence the identification of handgrip strength asymmetry

PLOS ONE | https://doi.org/10.1371/journal.pone.0299469 March 28, 2024 10 / 10

https://doi.org/10.1519/JSC.0000000000004166
http://www.ncbi.nlm.nih.gov/pubmed/34941610
https://doi.org/10.1371/journal.pone.0299469

