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Purpose: This study aimed to investigate the association between handgrip strength (HGS) asymmetry and fall

Methods: This study used data from the 2016-2018 Korea National Health and Nutrition Examination Survey. A
total of 3407 participants aged > 65 years were included. HGS asymmetry was defined as an HGS asymmetry
ratio (nondominant HGS/dominant HGS) of > 1.2 or < 0.8. The presence of a fall was defined as a self-reported
fall event that needed treatment at a hospital or emergency department in the previous year. Multivariate logistic
regression analysis was performed to analyze the association between HGS asymmetry and fall risk.

Results: The odds ratio for falls was 1.89 times higher in the group with HGS asymmetry than in the group
without HGS asymmetry after adjusting for age, sex, multimorbidity, obesity, current smoking, alcohol drinking,
and physical exercise (95% confidence interval, 1.03-3.49; P < 0.05).

Conclusions: This study revealed that HGS asymmetry is significantly associated with an increased risk of falls in
the Korean elderly population. Therefore, early identification and treatment of HGS asymmetry in the elderly

fall
elderly

could reduce the incidence of falls and be a potential preventive strategy.

1. Introduction

The population of older people is increasing (Dykes et al., 2019). One
of the implications of aging is the increased frequency of falls and
fall-related injuries among the elderly (Esain et al., 2017).

Falls are associated with pain, functional impairments, morbidity,
negative psychological effects, and even mortality (Kannus et al., 2005;
Dokuzlar O et al., 2020a; Dokuzlar O et al., 2020b). In particular,
functional decline leads to frailty, which has negative effects on quality
of life and disability (Kwang-Il et al., 2017), thereby placing a sub-
stantial burden on medical and social services (Florence et al., 2018).
Therefore, optimizing screening tools for identifying individuals at a risk
of falls is an urgent concern (Ganz et al., 2007).

The assessment of physical performance has been proposed as a
cornerstone in the screening of individuals at a high risk of falls (Ganz
et al., 2007; Dokuzlar O et al., 2020a; Dokuzlar O et al., 2020b). Among
the physical performance measures, handgrip strength (HGS) is an

indicator of overall muscle strength that is convenient to assess. HGS is
largely based on neuromuscular function (Beaudart et al., 2019; Carson,
2018) and is a reliable measure of neuromuscular integrity and muscle
function (Bhasin et al., 2020; Cruz-Jentoft et al., 2019). Low HGS is
associated with decreased physical functionality (Taekema et al., 2010)
and has been reported to increase the fall risk in the elderly (Bobowik &
Wiszomirska, 2020). Moreover, HGS can also be a predictor of dynamic
postural balance (Alonso et al., 2018). In particular, a large difference in
strength between hands, as indicated by HGS asymmetry, has emerged
as another marker of impaired muscle function (Mahoney et al., 2020).
HGS asymmetry may represent asymmetric motor function, which leads
to physical imbalance and functional limitations, resulting in falls
(McGrath et al., 2020c). Several studies have reported that HGS asym-
metry may contribute to future functional deficits in aging populations
(McGrath et al., 2021) and that deteriorating function of the neuro-
muscular system could be reflected by HGS imbalance, which increases
the risk of falls (Portegijs, 2021).

Abbreviations: BMI, body mass index; CI, confidence interval; HGS, handgrip strength; KNHANES, Korea National Health and Nutrition Examination Survey; OR,

odds ratio.
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To our knowledge, no study has investigated the association between
HGS asymmetry and falls in Asian elderly populations, and only one
study has reported that HGS asymmetry is associated with future falls in
older Americans (McGrath et al., 2020b). Therefore, in this study, we
investigated the association between HGS asymmetry and fall risk in the
Korean elderly population using nationally representative data from the
Korea National Health and Nutrition Examination Survey (KNHANES).

2. Materials and methods
2.1. Study population

This cross-sectional study assessed data from the 2016-2018
KNHANES. The KNHANES is a nationwide population-based survey that
examines the general health and nutrition status of the civilian, nonin-
stitutionalized population in South Korea, conducted by the Korean
Ministry of Health and Welfare and the Division of Chronic Disease
Surveillance of the Korean Centers for Disease Control and Prevention. A
multistage clustered probability design was used to sample survey par-
ticipants (Hurh et al., 2021).

Among the 24,269 participants of the 2016-2018 KNHANES, the
number of elderly individuals aged = 65 years was 4956. Of them, 3609
elderly participants remained after excluding those with limited activ-
ity; ambidexterity or ability to complete HGS assessments only on one
hand; defects of the arm, hand, or thumb; defects or fractures of the
fingers other than the thumb; paralysis of the hand; cast or bandage on
the hand or wrist; history of a surgical procedure on the hand or wrist in
the last 3 months; surgical history for arthritis or carpal tunnel syn-
drome; presence of, or worsening, hand pain, aching, or stiffness in the
last 7 days; and falling due to intentional self-harm or violence from
other people (i.e., nonaccidental falls). Participants without data on HGS
and falls were further excluded. Finally, a total of 3407 participants
were included in the analysis (Fig. 1).

All participants provided written informed consent before partici-
pation in the study, and the KNHANES was conducted with ethical
approval from the institutional review board of the Korea Centers for
Disease Control and Prevention (the KNHANES was exempt from
research ethics review based on the Bioethics and Safety Act from 2016
to 2017 [Korea Centers for Disease Control and Prevention, 2016] and
no. 2018-01-03-P-A in 2018).

2.2. Data collection

The participants were interviewed by trained staff using standard-
ized health questionnaires collecting data on demographic information,
medical history, and fall history. In addition, anthropometric measure-
ments were also performed.

The presence of falls was assessed through self-reported interviews.
The participants were asked if they had experienced a fall that needed
treatment at a hospital or emergency department in the previous year.
Those who reported that they visited a hospital because of a fall were
considered to have experienced a fall event. The participants reported
their hand dominance and ability to complete the HGS protocols before
testing. HGS was measured three times for each hand by a skilled
investigator, using a digital dynamometer (digital grip strength dyna-
mometer, TKK 5401, Takei Scientific Instruments Co., Ltd., Tokyo,
Japan). The participants were instructed to grip the instrument with
their maximum strength for 3 s in the upright position, and a 60-s break
was allowed after each measurement. The highest HGS measured on
each hand was used to determine the HGS asymmetry ratio (nondomi-
nant HGS/dominant HGS). A previous study has reported that a degree
of asymmetry of > 10% may be required to detect functional asymmetry
between limbs (Kikkert et al., 2017). In this study, we defined HGS
asymmetry based on the previously published cutoff value for HGS
asymmetry of a 20% difference in HGS between hands (McGrath et al.,
2020a; Parker et al., 2021). Participants with an HGS ratio within
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Participants of the 2016-2018
Korea National Health and
Nutrition Examination Survey
n=24269

Participants aged < 65 years
n=19313

Participants with limited
activity; ambidexterity or
ability to complete HGS
assessments only on one hand;
defects of the arm_ hand, or
thumb; defects or fractures of
the fingers other than the thumb;
paralysis of the hand; cast or
bandage on the hand or wrist;
history of a surgical procedure
on the hand or wrist in the last 3
months; surgical history for
arthritis or carpal funnel
syndrome; presence of, or
worsening, hand pain, aching,
or stiffness in the last 7 days:
and falling due to intentional
self-harm or violence from
other people (i.e., nonaccidental

Participants aged > 65 years
n=4956

Participants without activity
limitations, who are not
ambidextrous, who can
complete HGS assessments on

both hands, and with accidental falls)
falls n=1.347
n= 3,609

Participants without data on
HGS and falls
n=202

Final study participants
n=3.407

Fig. 1. Flow diagram of the selection of study participants. HGS, hand-
grip strength

0.8-1.2 were considered to have HGS symmetry, and those with an HGS
ratio outside this range were considered to have HGS asymmetry.

The participants were asked if they had been diagnosed with diabetes
mellitus, stroke, myocardial infarction, cancer (stomach, liver, colon,
lung, breast, or cervix), chronic obstructive pulmonary disease, renal
failure, and liver cirrhosis by a physician, and multimorbidity was
defined using Charlson Comorbidity Index (C. Melfi et al., 1995). Cur-
rent smoking and alcohol drinking were defined as having smoked >
100 cigarettes in the lifetime and continued smoking and drinking at
least one drink per month for the last year, respectively. Physical exer-
cise was defined as 150 min of moderate-intensity physical activity or 75
min of high-intensity physical activity, or an equivalent time of mixed
moderate- and high-intensity physical activities per week. Obesity was
defined as a body mass index (calculated by dividing weight [kg] by the
square of height [m3]) of > 25 kg/mz.

2.3. Statistical analysis
The characteristics of the participants classified according to the

presence of falls are expressed as means and standard deviations for
continuous variables and as numbers and percentages for categorical
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variables. The participant groups were compared using an independent
t-test for continuous variables and the chi-square test for categorical
variables.

Multivariate logistic regression analysis was performed to analyze
the association between HGS asymmetry and falls. Relative risks were
estimated in terms of odds ratios (ORs) and 95% confidence intervals
(CIs). We adjusted for multiple variables that showed significant asso-
ciations in the univariate analysis and those based on clinical relevance.
After calculating the crude ORs (model 1), model 2 was adjusted for age
and sex. Model 3 was further adjusted for multimorbidity, obesity,
current smoking, alcohol drinking, and physical exercise.

All variables entered into logistic regression analysis were examined
for multicollinearity, and only variables with a variance inflation factor
of < 5 were used. All statistical analyses were performed using IBM SPSS
(version 25; IBM, Armonk, NY, USA). The level of statistical significance
was set at P < 0.05, and all P values were two tailed.

3. Results
3.1. Demographic characteristics of the participants

A total of 3407 participants were included in this study (Fig. 1).
Table 1 shows the demographic characteristics of the participants ac-
cording to the presence or absence of falls. The number of participants
who experienced falls was 105 (3.08%). In the fall group, the mean age
was 72.63 + 0.58 years and the number of women was 76 (67.9%). The
group with falls showed a higher proportion of women, left-hand
dominance, and HGS asymmetry than the group without falls (all P <
0.05).

3.2. Association between HGS asymmetry and falls

Table 2 shows the ORs and 95% ClIs for falls according to HGS

Table 1
Demographic characteristics according to the presence of falls in elderly Koreans
aged > 65 years

Variables Fall (+) (n = 105) Fall (-) (n = 3302) P value
Age (years) 72.63 + 0.58 72.59 + 0.12 0.948
Female sex (%) 76 (67.9) 1769 (54.2) 0.021
BMI (kg/m?) 24.32 £ 0.33 24.12 + 0.07 0.570
Obesity™* (%) 44 (43.5) 1209 (36.5) 0.236
Hand dominance 0.012
Right 96 (88.3) 3138 (95.1)

Left 9(11.7) 164 (4.9)

Maximal HGS (KgF) 24.81 £1.11 25.89 + 0.22 0.340
Multimorbidity 1.55 +0.13 1.49 +£0.03 0.669
Current smoking' (%) 9(9.3) 298 (9.3) 0.993
Alcohol drinking’ (%) 36 (36.1) 1201 (37.2) 0.834
Physical exercise' (%) 36 (41.2) 995 (32.2) 0.114
HGS asymmetry’ (%) 0.022
< 20% 75 (72.9) 2708 (84.1)

> 20% 22(27.1) 520 (15.9)

BMI, body mass index; HGS, handgrip strength.

Data were obtained from the 2016-2018 Korean National Health and Nutrition
Examination Survey.

P values were calculated using an independent t-test or the chi-square test.
Continuous variables are expressed as means and standard deviations, whereas
categorical variables are expressed as numbers and percentages.

" Defined as a body mass index of > 25 kg/m?.

T Defined using Charlson Comorbidity Index

! Defined as having smoked > 100 cigarettes in the lifetime and continued
smoking.

§ Defined as drinking at least one drink per month in the last year.

I Defined as 150 min of moderate-intensity physical activity or 75 min of high-
intensity physical activity, or an equivalent time of mixed moderate- and high-
intensity physical activities per week.

Y Defined as a handgrip strength asymmetry ratio (nondominant handgrip
strength/dominant handgrip strength) of > 1.2 or < 0.8.
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Table 2
Unadjusted and adjusted odds ratios and 95% confidence intervals for falls ac-
cording to handgrip strength asymmetry in elderly Koreans aged > 65 years

Multivariate model Model 10R Model 20R Model 30R
(95% CI) (95% CI) (95% CI)

Handgrip strength

asymmetry

< 20% Reference Reference Reference

> 20% 1.96 1.84 1.89
(1.09-3.53) (1.04-3.25) (1.03-3.49)
P =0.024 P =0.037 P = 0.040

OR, odds ratio; CI, confidence interval.

Data from the 2016-2018 Korean National Health and Nutrition Examination
Survey.

Model 1 was the crude model.

Model 2 was adjusted for age and sex.

Model 3 was adjusted for multimorbidity, obesity, current smoking, alcohol
drinking, physical exercise, and the variables adjusted in model 2.

asymmetry in 3407 elderly Koreans aged > 65 years. The model was
adjusted for age, sex, multimorbidity, obesity, current smoking, alcohol
drinking, and physical exercise. The results showed that the OR of falls
was 1.89 times higher in the group with HGS asymmetry than in the
group without HGS asymmetry (95% CI, 1.03-3.49 for model 3).

4. Discussion

This cross-sectional study of data from the 2016-2018 KNHANES
showed that HGS asymmetry increased the OR for falls in elderly Ko-
reans aged > 65 years. To our knowledge, this is the first study to
quantitatively evaluate the association between HGS asymmetry and fall
risk in an Asian elderly population. The results of this study will provide
insights for future research.

Although the underlying mechanisms of the association between
HGS asymmetry and falls are still not clearly defined, a deterioration in
the function of the neuromuscular system has been proposed as a
possible mechanism. HGS is intricately connected to the neural systems
that mediate the control of coordinated movement (Carson, 2018).
Several studies have reported that a large difference in HGS between
hands may reflect lower functioning and morbidity-related dysfunction
in the brain hemisphere (McGrath et al., 2020a; Parker et al., 2021), and
HGS asymmetry could represent abnormal neural system functioning
and brain hemisphere activation (Mahoney et al., 2020). Other studies
have shown that age-related muscle coordination deficits occur with
aging (Carson, 2018), and low neuromuscular function, as indicated by
HGS asymmetry, could represent the onset of the disabling process
(Xue, 2011). Moreover, other studies have reported that more than half
of falls in older adults are linked to impaired motor function (Rob-
inovitch et al., 2013) and that falls are related to an imbalance in HGS
(Howecroft et al., 2013) and low levels of muscular strength (Pruitt et al.,
1995; Dokuzlar O et al., 2020a). Therefore, HGS asymmetry represents
reduced neural and motor system function (Carson, 2018) and deterio-
ration in neuromuscular system functioning, leading to physical and
functional limitations that increase risk of falls (McGrath et al., 2020b).

A recent study reported that HGS asymmetry is associated with
future falls in older Americans (McGrath et al., 2020b). This study
showed that participants with HGS asymmetry > 10%, > 20%, and >
30% had greater odds of future falls than those with HGS asymmetry <
10%. This previous study defined a fall as the occurrence of any fall
event, whereas we defined falls as accidental fall events that required
treatment at a hospital or emergency department in this study. There-
fore, our study did not include minor cases that did not need treatment
at a hospital and nonaccidental falls. In addition, the cutoff of HGS
asymmetry in the previous study was 10%, whereas we used a cutoff of
20% in our study. When we performed an analysis using the 10% cutoff
used in the previous study, no significant results were obtained
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(Supplementary Table 1). This may be because of differences in the fall
definition, HGS, and fall prevalence across different countries depending
on ethnic (genetic) and lifestyle (environmental) factors (Hurh et al.,
2021). HGS and HGS asymmetry ratios may vary between hands at an
individual level (Lathrop-Lambach et al., 2014), and the necessary de-
gree of asymmetry for predicting falls remains unclear. Generating
robust HGS asymmetry cutoff points may provide more clarity with
respect to the association between HGS asymmetry and falls (Parker
et al., 2021). Therefore, defining standardized HGS asymmetry cutoff
points is warranted (McGrath et al., 2020b).

This study had some limitations. First, as this was a cross-sectional
study, a causal relationship could not be established. Prospective and
longitudinal studies with larger sample sizes are needed. Second, the
self-report method of reviewing fall events can result in a recall bias.
Although biases from self-reports may have influenced our estimates
(Parker et al., 2021), self-reports are common in population-based
studies (Kalisch et al., 2006). Third, the prevalence of falls requiring
hospital visits was as low as 3.08% in our study, which may have been
underreported. However, another study found that 6.93% of people
aged > 65 years in the United States experience fall-related injuries that
require medical treatment (Bergen et al., 2016). Accordingly, our study
is meaningful as it analyzed falls that required a visit to the hospital,
which can lead to fall-related injuries in the elderly. Fourth, cognitive
impairment, gait disorder, visual or hearing impairment, malnutrition,
sarcopenia and environmental hazards are known to affect the risk of
falls (McGrath et al., 2020b). In our study, we were unable to collect
detailed information on variables that might have influenced the risk of
falls because structured cross-sectional KNHANES data were used.
Therefore, studies minimizing the effects of various additional cova-
riates are needed in the future.

Nevertheless, to our knowledge, this study is the first to quantita-
tively analyze the association between HGS asymmetry and fall risk in
the elderly using nationally representative data from a large sample.
Preventing falls in the elderly is a health-care priority, and early iden-
tification of individuals at risk is the first step in fall prevention (Kikkert
et al., 2017). Therefore, identifying potentially vulnerable groups in a
large, nationally representative study is important to prevent, manage,
and decrease the burden of this condition. Moreover, as HGS asymmetry
is a novel potential risk factor and marker for impaired neuromuscular
function, its detection is crucial to prevent fall-related morbidity and
mortality (Ames et al., 2016). We suggest that screening for HGS
asymmetry is a convenient, simple, and noninvasive test that can be
easily performed in primary care settings (Korea Centers for Disease
Control and Prevention, 2016) and could be useful in predicting falls and
providing insights for fall risk assessments (McGrath et al., 2020b).
Furthermore, HGS asymmetry can signify impaired muscle function that
occurs before weakness (Parker et al., 2021). Therefore, identifying HGS
imbalances could improve the early detection a high fall risk in the
elderly (Mahoney et al., 2020).

In conclusion, this quantitative cross-sectional analysis of data from
the 2016-2018 KNHANES revealed that HGS asymmetry is significantly
associated with falls. The findings of this study indicate that identifying
and treating HGS asymmetry in the elderly may be a potential preven-
tive strategy against the occurrence of falls.

Declarations of Competing Interest
None.

Acknowledgements
None.

Funding

This research did not receive any specific grant from funding

Archives of Gerontology and Geriatrics 96 (2021) 104470

agencies in the public, commercial, or not-for-profit sectors.

Ethical approval

All participants provided written informed consent before partici-
pation in the study, and the Korea National Health and Nutrition Ex-
amination Survey (KNHANES) was conducted with ethical approval
from the institutional review board of the Korea Centers for Disease
Control and Prevention (the KNHANES was exempt from research ethics
review based on the Bioethics and Safety Act from 2016 to 2017 and no.
2018-01-03-P-A in 2018).

Consent to participate

All participants provided written informed consent before partici-
pation in the study.

Consent to publish
Not applicable.
Data Availability

Data were obtained from the 2016-2018 KNHANES. The KNHANES
is a nationwide population-based survey conducted by the Korean
Ministry of Health and Welfare and the Division of Chronic Disease
Surveillance of the Korean Centers for Disease Control and Prevention.
All data are fully available without restriction. All data files are available
from the KNHANES database (https://knhanes.cdc.go.kr/knhanes/
index.do).

Code availability
Not applicable.
Author contributions

Young Joo Go: conceptualization, data curation, formal analysis,
investigation, methodology, resources, software, visualization, and
writing - original draft. Duk Chul Lee: conceptualization, project
administration, supervision, validation, and writing - review & editing.
Hye Jun Lee: conceptualization, data curation, methodology, project
administration, supervision, validation, and writing - review & editing.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.archger.2021.104470.

References

Alonso, AC, Ribeiro, SM, Luna, NMS, Peterson, MD, Bocalini, DS, Serra, MM, et al.
(2018). Association between handgrip strength, balance, and knee flexion/extension
strength in older adults. PLoS One, 13, Article e0198185. https://doi.org/10.1371/
journal.pone.0198185

Ames, TD, Wee, CE, Le, KM, Wang, TL, Bishop, JY, Phieffer, LS, et al. (2016). Clinical
assessment tools identify functional deficits in fragility fracture patients. Clin Interv
Aging, 11, 563-570. https://doi.org/10.2147/CIA.5102047

Beaudart, C, Rolland, Y, & Cruz-Jentoft, AJ. (2019). Assessment of muscle function and
physical performance in daily clinical practice: a position paper endorsed by the
European society for clinical and economic aspects of osteoporosis, osteoarthritis
and musculoskeletal diseases (ESCEO). Calcif Tissue Int, 105, 1-14. https://doi.org/
10.1007/500223-019-00545-w

Bergen, G, Stevens, MR, & Burns, ER. (2016). Falls and fall injuries among adults aged
>65 Years: United States, 2014. MMWR Morb Mortal Wkly Rep, 65, 993-998.
https://doi.org/10.15585/mmwr.mm6537a2

Bhasin, S, Travison, T. G, Manini, T. M, Patel, S, Pencina, K. M, Fielding, R. A, et al.
(2020). Sarcopenia Definition: The Position Statements of the Sarcopenia Definition
and Outcomes Consortium. J. Am. Geriatr. Soc, 68, 1410-1418. https://doi.org/
10.1111/jgs.16372


https://doi.org/10.1016/j.archger.2021.104470
https://doi.org/10.1371/journal.pone.0198185
https://doi.org/10.1371/journal.pone.0198185
https://doi.org/10.2147/CIA.S102047
https://doi.org/10.1007/s00223-019-00545-w
https://doi.org/10.1007/s00223-019-00545-w
https://doi.org/10.15585/mmwr.mm6537a2
https://doi.org/10.1111/jgs.16372
https://doi.org/10.1111/jgs.16372

Y.J. Go et al

Bobowik, P, & Wiszomirska, I. (2020). Diagnostic dependence of muscle strength
measurements and the risk of falls in the elderly. Int J Rehabil Res, 43(4), 330-336.
https://doi.org/10.1097/MRR.0000000000000430

Carson, RG. (2018). Get a grip: individual variations in grip strength are a marker of
brain health. Neurobiol Aging, 71, 189-222. https://doi.org/10.1016/
jneurobiolaging.2018.07.023

Melfi, C., Holleman, E., Arthur, D., & Katz, B. (1995). Selecting a patient characteristics
index for the prediction of medical outcomes using administrative claims data. J Clin
Epidemiol, 48(7), 917-926. https://doi.org/10.1016/0895-4356(94)00202-2. http://
doi.org/.

Cruz-Jentoft, A. J, Bahat, G, Bauer, J, Boirie, Y, Bruyere, O, Cederholm, T, et al. (2019).
Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing, 48,
601. https://doi.org/10.1093/ageing/afz046

Dokuzlar, O, Koc Okudur, S, Smith, L, Soysal, P, Yavuz, I, Aydin, AE, et al. (2020a).
Assessment of factors that increase risk of falling in older women by four different
clinical methods. Aging Clin Exp Res, 32(3), 483-490. https://doi.org/10.1007/
540520-019-01220-8. http://doi.org/.

Dokuzlar, O, Koc Okudur, S, Soysal, P, Kocyigit, SE, Yavuz, I, Smith, L, et al. (2020b).
Factors that Increase Risk of Falling in Older Men according to Four Different
Clinical Methods. Exp Aging Res, 46(1), 83-92. https://doi.org/10.1080/
0361073X.2019.1669284. http://doi.org/.

Dykes, PC, Bogaisky, M, Carter, EJ, Duckworth, M, Hurley, AC, Jackson, EM, et al.
(2019). Development and validation of a fall prevention knowledge test. J Am Geriatr
Soc, 67, 133-138. https://doi.org/10.1111/jgs.15563

Esain, I, Rodriguez-Larrad, A, Bidaurrazaga-Letona, I, & Gil, SM. (2017). Health-related
quality of life, handgrip strength and falls during detraining in elderly habitual
exercisers. Health Qual Life Outcomes, 15(1), 226. https://doi.org/10.1186/s12955-
017-0800-z

Florence, CS, Bergen, G, Atherly, A, Burns, E, Stevens, J, & Drake, C. (2018). Medical
costs of fatal and nonfatal falls in older adults. J Am Geriatr Soc, 66(4), 693-698.
https://doi.org/10.1111/jgs.15304

Ganz, DA, Bao, Y, Shekelle, PG, & Rubenstein, LZ. (2007). Will my patient fall? J Am Med
Assoc, 297(1), 77-86. https://doi.org/10.1001/jama.297.1.77

Howcroft, J., Kofman, J., & Lemaire, E. D. (2013). Review of fall risk assessment in
geriatric populations using inertial sensors. Journal of NeuroEngineering and
Rehabilitation, 10(1), 91. https://doi.org/10.1186,/1743-0003-10-91

Hurh, K, Park, Y, Kim, GR, Jang, SI, & Park, EC. (2021). Associations of Handgrip
Strength and Handgrip Strength Asymmetry With Depression in the Elderly in Korea:
A Cross-sectional Study. J Prev Med Public Health, 54(1), 63-72. https://doi.org/
10.3961/jpmph.20.315

Kalisch, T, Wilimzig, C, Kleibel, N, Tegenthoff, M, & Dinse, HR. (2006). Age-related
attenuation of dominant hand superiority. PLoS One, 1(1), €90. https://doi.org/
10.1371/journal.pone.0000090

Kannus, P, Sievanen, H, Palvanen, M, Jarvinen, T, & Parkkari, J. (2005). Prevention of
falls and consequent injuries in elderly people. Lancet, 366, 1885-1893. https://doi.
org/10.1016/50140-6736(05)67604-0

Kikkert, LHJ, de Groot, MH, van Campen, JP, Beijnen, JH, Hortobagyi, T, Vuillerme, N,
et al. (2017). Gait dynamics to optimize fall risk assessment in geriatric patients

Archives of Gerontology and Geriatrics 96 (2021) 104470

admitted to an outpatient diagnostic clinic. PLoS One, 12(6), Article e0178615.
https://doi.org/10.1371/journal.pone.0178615

Korea Centers for Disease Control and Prevention. (2016). Guideline for Seventh Korea
National Health and Nutrition Examination Survey (KNHANES VII); Korea Centers
for Disease Control and Prevention: Osong, Korea.

Kwang-1l, K, Hye-Kyung, J, Chang, K, Soo-Kyung, K, Hyun-Ho, C, Dael, K, et al. (2017).
Evidence-based guidelines for fall prevention in Korea. Korean J Intern Med, 32,
199-210. https://doi.org/10.3904/kjim.2016.218

Lathrop-Lambach, RL, Asay, JL, & Jamison, ST (2014). Evidence for joint moment
asymmetry in healthy populations during gait. Gait Posture, 40, 526-531. https://
doi.org/10.1016/j.gaitpost.2014.06.010

Mahoney, SJ, Hackney, KJ, Jurivich, DA, Dahl, LJ, Johnson, C, & McGrath, R (2020).
Handgrip Strength Asymmetry Is Associated With Limitations in Individual Basic
Self-Care Tasks. J Appl Gerontol, 27. https://doi.org/10.1177/0733464820982409,
733464820982409.

McGrath, R, Cawthon, PM, & Cesari, M. (2020a). Handgrip strength asymmetry and
weakness are associated with lower cognitive function: A panel study. J Am Geriatr
Soc, 68. https://doi.org/10.1111/jgs. 16556, 2051e2058.

McGrath, R, Clark, BC, Cesari, M, Johnson, C, & Jurivich, DA (2020b). Handgrip strength
asymmetry is associated with future falls in older Americans. Aging Clin Exp Res.
https://doi.org/10.1007/540520-020-01757-z. Online ahead of print.

McGrath, R., Johnson, N., Klawitter, L., Mahoney, S., Trautman, K., Carlson, C., et al.
(2020c). What are the association patterns between handgrip strength and adverse
health conditions? A topical review. SAGE Open Medicine, 8. https://doi.org/
10.1177/2050312120910358, 2050312120910358.

McGrath, R, Vincent, BM, Jurivich, DA, Hackney, KJ, Tomkinson, GR, Dahl, LJ, et al.
(2021). Handgrip Strength Asymmetry and Weakness Together Are Associated With
Functional Disability in Aging Americans. J Gerontol A Biol Sci Med Sci, 76(2),
291-296. https://doi.org/10.1093/gerona/glaal00

Parker, K, Rhee, Y, Tomkinson, GR, Vincent, BM, O’Connor, ML, & McGrath, R. (2021).
Handgrip Weakness and Asymmetry Independently Predict the Development of New
Activity Limitations: Results from Analyses of Longitudinal Data from the US Health
and Retirement Study. J Am Med Dir Assoc, 22(4), 821-826.el. https://doi.org/
10.1016/j.jamda.2020.11.006

Portegijs E. 2021 Asymmetrical lower-limb muscle strength deficit in older people. https
://hurusa.com/assets/uploads/casestudies/asymmetrical.pdf [Accessed 28 April
2021].

Pruitt, LA, Taaffe, DR, & Marcus, R. (1995). Effects of a one-year high-intensity versus
low-intensity resistance training program on bone mineral density in older women.
J Bone Miner Res, 10(11), 1788-1795. https://doi.org/10.1002/jbmr.5650101123

Robinovitch, SN, Feldman, F, & Yang, Y. (2013). Video capture of the circumstances of
falls in elderly people residing in longterm care: an observational study. Lancet, 381,
47-54. https://doi.org/10.1016/50140-6736(12)61263-X

Taekema, DG, Gussekloo, J, Maier, AB, Westendorp, RGJ, & Craen, AJM. (2010).
Handgrip strength as a predictor of functional, psychological and social health. A
prospective population-based study among the oldest old. Age Ageing, 39, 331-337.
https://doi.org/10.1093/ageing/afq022

Xue, Q-L. (2011). The frailty syndrome: definition and natural history. Clin Geriatr Med,
27, 1-15. https://doi.org/10.1016/j.cger.2010.08.009


https://doi.org/10.1097/MRR.0000000000000430
https://doi.org/10.1016/jneurobiolaging.2018.07.023
https://doi.org/10.1016/jneurobiolaging.2018.07.023
https://doi.org/10.1016/0895-4356(94)00202-2
https://doi.org/10.1093/ageing/afz046
https://doi.org/10.1007/s40520-019-01220-8
https://doi.org/10.1007/s40520-019-01220-8
https://doi.org/10.1080/0361073X.2019.1669284
https://doi.org/10.1080/0361073X.2019.1669284
https://doi.org/10.1111/jgs.15563
https://doi.org/10.1186/s12955-017-0800-z
https://doi.org/10.1186/s12955-017-0800-z
https://doi.org/10.1111/jgs.15304
https://doi.org/10.1001/jama.297.1.77
https://doi.org/10.1186/1743-0003-10-91
https://doi.org/10.3961/jpmph.20.315
https://doi.org/10.3961/jpmph.20.315
https://doi.org/10.1371/journal.pone.0000090
https://doi.org/10.1371/journal.pone.0000090
https://doi.org/10.1016/S0140-6736(05)67604-0
https://doi.org/10.1016/S0140-6736(05)67604-0
https://doi.org/10.1371/journal.pone.0178615
https://doi.org/10.3904/kjim.2016.218
https://doi.org/10.1016/j.gaitpost.2014.06.010
https://doi.org/10.1016/j.gaitpost.2014.06.010
https://doi.org/10.1177/0733464820982409
https://doi.org/10.1111/jgs.16556
https://doi.org/10.1007/s40520-020-01757-z
https://doi.org/10.1177/2050312120910358
https://doi.org/10.1177/2050312120910358
https://doi.org/10.1093/gerona/glaa100
https://doi.org/10.1016/j.jamda.2020.11.006
https://doi.org/10.1016/j.jamda.2020.11.006
https://hurusa.com/assets/uploads/casestudies/asymmetrical.pdf
https://hurusa.com/assets/uploads/casestudies/asymmetrical.pdf
https://doi.org/10.1002/jbmr.5650101123
https://doi.org/10.1016/S0140-6736(12)61263-X
https://doi.org/10.1093/ageing/afq022
https://doi.org/10.1016/j.cger.2010.08.009

	Association between handgrip strength asymmetry and falls in elderly Koreans: A nationwide population-based cross-sectional ...
	1 Introduction
	2 Materials and methods
	2.1 Study population
	2.2 Data collection
	2.3 Statistical analysis

	3 Results
	3.1 Demographic characteristics of the participants
	3.2 Association between HGS asymmetry and falls

	4 Discussion
	Declarations of Competing Interest
	Acknowledgements
	Funding
	Ethical approval
	Consent to participate
	Consent to publish
	Data Availability
	Code availability
	Author contributions
	Supplementary materials
	References


