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Abstract

Background: Emerging evidence suggest that in addition to low hand grip strength (HGS), HGS asymmetry is associ-
ated with declining cognitive and physical functions. We examined the associations of low HGS and asymmetry with
cognitive function and functional mobility in older adults.

Methods: Cross-sectional data of 330 community-dwelling adults (55.2% women) aged > 55 years included HGS,
Repeated Battery for the Assessment of Neuropsychological Status (RBANS), and Timed-Up-and-Go (TUG). Low HGS
was defined as < 28 kg for men and < 18 kg for women. Participants with HGS above 10% stronger on either hand
were considered as having HGS asymmetry. Multiple linear regression models were adjusted for sociodemographic,
smoking, education, comorbidity count, physical activity participation, obesity, self-rated health and hand dominance.

Results: Low HGS, but not asymmetry, was independently associated with lower functional mobility performance
(B=1.3,95%Cl=0.6,1.9), global cognitive function (3 =-10.4, 95%Cl =-17.0,-3.8), immediate (3 =-2.6, 95%Cl=-4.5 -
0.7) and delayed (3 =-2.8, 95%Cl =-5.0,-0.7) memory. Compared to normal and symmetric HGS participants, low HGS
in combination with HGS asymmetry was associated with poorer language scores. In participants with normal HGS,
asymmetric HGS was associated with slower TUG than corresponding groups with symmetric HGS.

Conclusion: Low HGS, but not asymmetry, was associated with lower cognition and functional mobility. Associations
of combined low HGS and asymmetry with cognitive and physical functions were driven by grip strength rather than

asymmetry.

dwelling, Older adults
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Introduction

Handgrip strength (HGS) is a valid and reliable meas-
ure of overall body strength [1]. Low HGS is associated
with lower functional mobility, disability [2], cognitive
function [3] and adverse health outcomes including,

*Correspondence: weeshiouliang@gmail.com

! Geriatric Education and Research Institute (GERI), 2 Yishun Central 2,
Singapore 768024, Singapore
Full list of author information is available at the end of the article

B BMC

multimorbidity [4] and all-cause mortality [5]. Thus,
HGS is well established as a biomarker of aging and vital
sign of health status [6].

There is emerging evidence that, in addition to low
HGS, HGS asymmetry, defined as a difference of 10%
in HGS between hands [7], is also associated with lower
cognitive function and functional disability [8, 9]. Grip
force and muscle coordination involved in HGS assess-
ments is regulated by the neural system [10], which medi-
ates the control of coordinated movements, suggesting
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that HGS reflects, in part, the neural system function
[11]. As the human body exhibits laterality with the
dominant and non-dominant side, the difference in grip
strength between hands plausibly exists. A large mag-
nitude of motor asymmetry in functional performance
between hands could indicate diminished neurological
function, changes in cortical representation or imbalance
in brain hemisphere activation [12].

While conditions including arthritis in one hand, acci-
dents or other lifestyle factors might affect HGS asym-
metry, there is also a tendency for hand dominance to
shift to become more ambidextrous with age-associated
changes in brain hemisphere activation [13], suggest-
ing that HGS asymmetry may reflect cognitive decline
with age [8]. In support, older adults with both low HGS
and HGS asymmetry had increased odds of lower global
cognitive function than those with either low HGS or
asymmetry alone [8]. However, the associations of HGS
asymmetry with specific cognitive domains such as
memory, visuospatial ability and executive function are
not known [14]. Given that cognitive functions impact
activities of daily living [15], the relationship between
HGS asymmetry and different cognitive domains in older
adults may improve prognostic value of HGS in deter-
mining independent self-care abilities and age-related
disability.

Poorer cognitive performance, especially in attention
and executive functions, is associated with poorer physi-
cal function and mobility, including slower gait, postural
instability, and future falls among community-dwelling
older adults [16—18]. Furthermore, functional mobility
predicts falls and disability [19]. Earlier studies in older
adults have investigated the associations between HGS
asymmetry and gait stability [20], as well as associations
of knee extension strength asymmetry with gait speed
and falls risk [21, 22]. Thus, as a simple marker, HGS
asymmetry might be useful towards early risk stratifi-
cation and wider assessment of cognitive function and
functional mobility.

To our knowledge, there was no study on the associa-
tions between HGS asymmetry with specific cognitive
domains and functional mobility. Therefore, this cross-
sectional study aims to examine the association between
low HGS and HGS asymmetry with various cognitive
domains, and functional mobility, determined by the
Timed-Up-and-Go test, among community-dwelling
older adults in Singapore.

Methods

Settings

Community-dwelling adults were randomly recruited
through 2-stage random sampling of housing blocks
(50% of all housing blocks selected and 20% of the units
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were approached for participant recruitment) from a
large north-eastern residential town of Yishun in Singa-
pore with a residential population (220,320) [23], repre-
sentative of the overall Singapore residential population
in terms of the proportion of gender (50.6% females)
and distribution of older adults (12.2% > 65 years) [24].

Participants

Random sampling was used to obtain a representa-
tive sample of approximately 300 male and 300 female
participants, with about 20-40 participants in each
sex- and age-group (10-years age groups between
21-60; 5-year age-groups after 60). Detailed recruit-
ment methods and exclusion criteria have been
reported previously [23]. Briefly, community-dwelling
adults who were independent in performing activi-
ties of daily living, had<5 poorly-controlled comor-
bidities, and no neuromuscular or cognitive disorders
were recruited. Participants who had a surgical proce-
dure in the last 6 months, or swelling, inflammation,
severe pain, or any injury to both hands in the previ-
ous month were excluded from testing. Ethics approval
was obtained from the National Healthcare Group
DSRB (2017/00212). The study was in Accordance with
relevant guidelines and regulations by the Declaration
of Helsinki and the ethical principles in the Belmont
Report. All participants gave written informed consent
to participate in the study.

Among 542 participants of the Yishun Study, partici-
pants aged 55 years and above who had complete HGS
data (n=330), were included in the analysis, as cognitive
impairment was associated with adverse health outcomes
among participants aged > 55 [25].

Measurements

Cognitive function

Cognitive performance was assessed using Repeated Bat-
tery for the Assessment of Neuropsychological Status
(RBANS). RBANS is a standardized age-adjusted bat-
tery that is sensitive to cognitive impairment [26], and
assesses global and specific cognitive domains. RBANS
comprises of 12 subtests (List Learning, Story Memory,
Figure Copy, Line Orientation, Picture Naming, Seman-
tic Fluency, Digit Span, Coding, List Recall, List Recog-
nition, Story Recall, and Figure Recall), which assess
immediate and delayed memory, language, attention and
Visuospatial/Construction domains [27]. While RBANS
does not have a specific index for executive function, sub-
scales Semantic Fluency (Language Index) and Coding
(Attention Index) are executive tasks and components of
RBANS measure [28].
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Timed Up and Go (TUG)

TUG, which assesses physical function, balance and
mobility, was administered by instructing the partici-
pant to stand up from an armchair, walk 3 m, turn, walk
back to the chair and sit down [19]. Participants were
told to use a comfortable and safe walking speed, and
used regular footwear and customary walking aids. After
a familiarisation trial, two trials were performed with a
minute rest intervals. Their fastest pace of two trials was
recorded and used in the analysis.

Maximal handgrip strength

HGS was assessed using Jamar Plus-+ Digital Hand
Dynamometer (Patterson Medical, Cedarburg, WI), and
measured to the nearest 0.1 kg. Interviewers explained
HGS protocols and fit the dynamometer to the hand
size of each participant before they completed a practice
trial. Participants reported their hand dominance before
HGS testing. Participants were seated with their arms at
their side and elbow flexed at 90 degrees and instructed
to squeeze the dynamometer with maximal effort. The
higher reading of two alternating trials per arm with
30 s rest intervals was used in the analyses and for deter-
mining HGS. Low HGS was defined as<28 kg for men
and <18 kg for women, according to Asian Workgroup
for Sarcopenia criteria [29].

Handgrip strength asymmetry

The highest HGS values recorded from the nondominant
and dominant hands were used to calculate HGS ratio
(non-dominant HGS, kg/dominant HGS, kg). HGS asym-
metry was determined by the “10% rule’, where partici-
pants who had a HGS ratio 0f<0.90 or>1.10 (i.e.,>10%
difference between hands) were considered to have
asymmetric HGS [7].

Covariates

Body weight and height were measured using a digital
balance and stadiometer (Seca, GmbH & Co. KG, Ham-
burg, Germany). Body Mass Index (BMI) was calculated
as weight divided by height squared (kg/m?), and those
with BMI > 27.5 kg/m? were considered obese [30]. Par-
ticipants answered questionnaires pertaining to years
of education, highest education level attained (Primary,
Secondary, Tertiary), smoking status (never, ex-, current
smoker); a health and medical questionnaire indicating
history of medical conditions and comorbidities; a global
physical activity questionnaire (GPAQ) [31]. Moderate-
to-vigorous physical activity (MVPA) was defined as par-
ticipants engaging in at least once per week of MVPA.
Participants also answered a single-item measure of self-
rated health status, and perceived their health as “excel-

” o«

lent’, “very good’, “good’, “fair’; or “poor”.
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Statistical analysis

All analyses were performed using R version 3.6.2 (R
Foundation for statistical computing, Vienna, Austria).
Continuous variables were reported as mean [standard
deviation (SD)] and categorical variables as count (%).
Participants were categorized into four groups: Normal
and symmetric HGS, Normal and asymmetric HGS, Low
and symmetric HGS and Low and asymmetric HGS.
Kruskal-Wallis and Chi-square tests were used to deter-
mine differences between four HGS groups, for continu-
ous and categorical variables, respectively. Multivariate
linear regression models were used to analyse the asso-
ciations of cognitive function and TUG with asymme-
try HGS alone (reference group: symmetric HGS), Low
HGS alone (reference group: normal HGS), and Low and
asymmetry HGS combination groups (reference group:
Normal and symmetric HGS). Linear regression models
were adjusted in a hierarchical fashion for age, sex, eth-
nicity, and additionally for smoking status, education,
count of comorbidities, MVPA participation, self-rated
health, obesity and hand dominance. Cognitive function
outcomes were adjusted for all potential covariates. A
value of p<0.05 was considered statistically significant.

Results

Participant characteristics

Participants consist of 87.3% Chinese, 5.5% Malays, 5.2%
Indians, and 2.1% from other races, with a mean age
of 71.4 (8.4) years. Of these, 46.1% of participants had
asymmetric HGS (Fig. 1). Overall, 37.6% of participants
had symmetric and normal HGS, 33.9% had asymmetric
and normal HGS, 16.4% had symmetric and low HGS,
and 12.1% had asymmetric and low HGS (Table 1). Par-
ticipants with low HGS were older, regardless of HGS
symmetry.

Associations of HGS with cognitive function
Low HGS was independently associated with lower
global cognitive function and memory, specifically total
RBANS score (p=-10.4, 95%CI=-17.0,-3.8), immedi-
ate memory (p=-2.6, 95%Cl=-4.5,-0.7), delayed mem-
ory (p=-2.8, 95%CI=-5.0,-0.7) and language scores
(B=-1.6, 95%CI=-3.0,-0.3), even after adjusting for age,
sex, ethnicity, smoking, education, count of comorbidi-
ties, MVPA, self-rated health, obesity and hand domi-
nance (Table 2). Low HGS in combination with HGS
asymmetry was associated with 2.1 points lower lan-
guage scores, compared to participants with Normal and
symmetric HGS, after adjusting for potential confound-
ers (95%CI=-4.1,-0.2) (Table 2).

Low HGS was also independently associated with 0.5
to 1.7 points lower list learning and recognition, story
memory and recall, and semantic fluency scores in the
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Fig. 1 Histogram of handgrip strength ratio among n =330 older adults. Handgrip strength ratio of <0.9 or> 1.1, as shown by the limits of dashed
vertical lines, indicates asymmetry

adjusted model (e-Table 1). Compared to participants
with normal and symmetric HGS, low and asymmetric
HGS was associated with 2 points lower semantic flu-
ency scores in the adjusted model (95%CI=-3.7,-0.2)
(e-Table 1).

Associations of HGS with functional mobility

Low HGS was independently associated with poorer
TUG performance in the crude model (p=2.3,
95%CI=1.6,3.0), and remained significant with fur-
ther adjustments for age, sex and ethnicity (p=1.2,
95%CI1=0.5,1.8), as well as in the fully adjusted model
(p=1.3, 95%CI=0.6,1.9) (Table 3). Among partici-
pants with normal HGS, asymmetric HGS was associ-
ated with slower TUG compared to participants with
symmetric HGS (adjusted p=0.72, 95%CI=0.07,1.37).
Among participants with low HGS, symmetric and asym-
metric HGS were associated with similar TUG perfor-
mance, in the model adjusting for age, sex and ethnicity
(adjusted p=1.59, 95%CI=0.74,2.44; adjusted p=1.60,
95%CI=0.65,2.54, respectively). Additional adjust-
ments for smoking, education, comorbidities, physical
activity, self-rated health, obesity and hand dominance
also revealed comparable TUG performance among
symmetrical and asymmetrical low HGS participants
(adjusted p=1.64, 95%CI=0.80,2.47; adjusted p=1.50,
95%CI=0.56,2.43) (Table 3).

Discussion

In our study population, low HGS was associated with
lower global cognitive function, specifically in memory
and language domains. While declining HGS has been
primarily attributed to age-related changes in muscu-
lar system, poor neuromuscular activation and motor
unit recruitment may also account for low HGS in older
adults [32]. The potential mechanisms underlying asso-
ciations between HGS and specific cognitive domains
remain unclear, but could be due to neuropathological
or hormonal changes, vascular damage, chronic inflam-
mation, nutritional factors including vitamin D defi-
ciency and insulin resistance [33]. Vitamin D regulates
the production of neuroprotective factors, neurotrans-
mitters, neuro-apoptosis, neuro-inflammation, oxida-
tive stress, myelin and axon repair, and is also associated
with cognitive flexibility and memory, suggesting plau-
sible mediation of low HGS [34]. Other cross-sectional
and longitudinal studies also showed that HGS was posi-
tively associated with cognitive performance and slower
decline in cognitive function among middle-aged and
older adults [35, 36], We also showed that low HGS in
combination with asymmetry was associated with lower
language and semantic fluency scores, but not global cog-
nitive function. Our findings differed from an American
population study in older adults that showed low HGS in
combination with asymmetry better predicted decline in
overall cognitive function, than low or asymmetric HGS
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Table 1 Participant characteristics between handgrip strength groups
Total Normal & Normal & Low & Low & P value
Symmetric HGS Asymmetric HGS SymmetricHGS  Asymmetric HGS

n 330 124 112 54 40
Age, years 714 (84) 69.8 (8) 69.3 (7.8) 76.2 (8) 76.1(7.1) <0.001
Chinese, n (%) 107 (86.3) 107 (86.3) 101 (90.2) 44 (81.5) 36 (90.0) 0414
Women, n (%) 182 (55.2) 65 (52.4) 69 (61.6) 31(574) 17 (42.5) 0.175
HGS, kg 25.7 (8.0) 28.6(7.3) 28.1(7.6) 18.2 (4.5) 19.8 (5.1) <0.001
HGS Ratio, 0.92(0.14) 0.97 (0.05) 0.86 (0.15) 0.97 (0.05) 0.91(0.26) <0.001
Right hand dominant, n (%) 317 (96.1) 116 (93.5) 110(98.2) 51(94.4) 40 (100.0) 0.141
No. of comorbidities 1.6(1.3) 15(1.2) 1.6(1.4) 19(14) 19(1.2) 0.198
Obesity, n (%) 58 (17.6) 20 (16.1) 25(22.3) 7(13.0) 6(15.0) 0408
Cigarette smoking status, n (%)

Never-smoked 259 (78.5) 93 (75.0) 92 (82.1) 43 (79.6) 31(77.5) 0.602

Ex-smoker 46 (13.9) 21 (16.9) 10(8.9) 8(14.8) 7(17.5)

Current-smoker 25(7.6) 10 (8.1) 10 (8.9) 3(5.6) 2 (5.0
Education level, n (%)

Primary 164 (49.7) 55 (44.4) 57 (50.9) 30 (55.6) 22 (55.0) 0.586

Secondary 131(39.7) 52 (41.9) 45 (40.2) 18 (33.3) 16 (40.0)

Tertiary 35(10.6) 17 (13.7) 10 (8.9) 6(11.1) 2 (5.0
MVPA participation, n (%) 215(65.2) 79 (63.7) 80 (71.4) 33(61.1) 23 (57.5) 0.324
Self-rated health, n (%)

Poor 4(1.2) 1(0.8) 2(1.8) 0(0.0) 1(2.5) 0.046

Fair 38(11.5) 11 (8.9) 15(13.4) 6(11.1) 6(15.0)

Good 204 (61.8) 87(70.2) 69 (61.6) 28(51.9) 20(50.0)

Very Good 66 (20.0) 22(17.7) 23 (20.5) 14 (25.9) 7(17.5)

Excellent 18 (5.5) 3(24) 3(2.7) 6(11.1) 6 (15.0)

Data presented in either mean (SD), or number (percent within group)

Asymmetric HGS: > 10% difference between nondominant or dominant hand, Low HGS: < 18 kg in females and < 28 kg in males

Abbreviations: HGS Handgrip strength, MVPA Moderate-to-vigorous physical activity

alone [8]. The discrepancy in findings could plausibly be
due to differences in ethnicity, such as the inclusion of
Hispanic/Non-Hispanic whites and blacks, younger age,
higher education levels and poorer self-rated health in
their study, as well as the use of different cognitive tests
[37, 38].

The association of Language (Semantic Fluency) cogni-
tive domain with low HGS and asymmetry in older adults
could be attributed to underlying associations with exec-
utive function [39]. Previous studies on older and mid-
dle-aged adults found that decline in executive function,
measured using Controlled Word Association Test and
Stroop Test, was associated with greater decline in other
functional markers, such as HGS and gait speed [36, 40].
Decline in executive function occurs during early stages
of mild cognitive impairment and Alzheimer’s Disease,
prior to the decline in other cognitive domains [41, 42].
These findings highlight the need for markers such as
HGS and symmetry, to assess early decline in Language
or Semantic Fluency function, in a quicker and easier

manner among the wider population. Nonetheless, the
associations and sensitivity of Language (Semantic Flu-
ency) domains with early changes in cognitive function
are preliminary and warrant further examination in lon-
gitudinal studies.

Our findings agreed with earlier studies that reported
an independent association between low HGS and func-
tional mobility [43, 44]. Notably, TUG performance was
lowest among participants with low HGS, regardless of
HGS symmetry, suggesting that low HGS and not asym-
metry, was associated with functional mobility. Our
results concur with a previous study in older American
adults that reported higher odds of functional limita-
tions with combination of low HGS and asymmetry, but
not asymmetry alone [45]. Interestingly, we found that
among participants with normal grip strength, asymmet-
ric HGS was associated with lower functional mobility
than their symmetric counterparts. These results suggest
that in addition to grip strength, asymmetric HGS might
be useful for early stratification of community-dwelling
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Table 2 Associations between handgrip strength groups and cognitive function in older adults

Total RBANS Immediate Memory Delayed Memory

Coefficient (SE)  95%Cl Pvalue Coefficient (SE) 95%Cl| Pvalue Coefficient (SE) 95%ClI Pvalue
Asymmetric HGS? 1.33(2.85) -427,694 0640 0.61(0.82) -1.01,223 0458 0.89(0.93) -0.94,2.72 0341
Low HGSP -10.36 (3.34) -16.93,-3.80 0.002 -257(0.97) -447,-066 0.008 -2.84(1.10) -5.00,-0.68 0.010
Normal and Asym- 0.62 (3.31) -5.89,7.14 0851 0.54 (0.96) -1.35,243 0574 0.57(1.09) -1.57,2.71 0600
metric HGS®
Low and Symmetric  -11.00 (4.26) -19.39,-262 0010 -2.56(1.24) -499,-0.13 0.039 -3.18(1.40) -5.94,-043 0.024
HGS®
Low and Asymmetric -8.80 (4.78) -18.20,061 0.067 -2.00(1.39) -4.73,0.73 0151 -1.74(1.57) -4.83,135 0.268
HGS®

Attention Language Visuospatial Construction

Coefficient (SE)  95%Cl Pvalue Coefficient (SE) 95%Cl Pvalue Coefficient (SE) 95%Cl Pvalue
Asymmetric HGS? 0.28 (1.07) -1.82,237 079  -047(0.59) -1.64,070 0432 0.02(0.55) -1.07,1.11  0.966
Low HGSP -2.19(1.26) -467,029 0084 -1.62(0.70) -3.00,-0.25 0.021 -1.14 (0.66) -243,0.15  0.082
Normal and Asym- -0.04 (1.25) -2.50,243 0977  -0.53(0.69) -1.90,0.83 0443  0.08 (0.65) -1.20,1.36  0.905
metric HGS®
Low and Symmetric  -2.57 (1.61) -5.73,060 0112 -1.68(0.89) -344,0.08 0.061 -1.02 (0.84) -2.66,0.63 0.225
HGS®
Lovvcand Asymmetric -1.70 (1.81) -525,186 0348  -2.13(1.00) -4.10,-0.15 0035 -1.23(0.94) -3.08,061 0.190
HGS

Values adjusted for age, sex, ethnicity, smoking, education, number of comorbidities, moderate-to-vigorous physical activity, self-rated health, obesity and hand
dominance

HGS Hand grip strength
2 Reference group = Symmetric HGS
b Reference group = Normal HGS

¢ Reference group =Normal and symmetric HGS

Table 3 Associations between handgrip strength and functional mobility (timed-up-and-go) in older adults

Timed-up-and-go (s) Model 1 Model 2 Model 3

Coefficient (SE) 95%Cl Pvalue Coefficient (SE) 95%CI Pvalue Coefficient (SE) 95%CI P value
Asymmetric HGS? 045 (0.34) -0.22,1.11 0.187 0.63(0.29) 0.06, 1.20 0.031 044 (0.29) -0.12,1.01 0121
Low HGSP 2.32(0.35) 1.63,3.01 <0.001 1.18(0.34) 0.51,1.84 0.001 1.25(0.33) 059,191  <0.001
Normal and Asymmetric HGS®  0.79 (0.37) 0.06, 1.53 0.035 0.91(0.34) 0.25,1.57 0.007 0.72(0.33) 0.07,1.37 0.029
Low and Symmetric HGS® 2.74(047) 1.82,3.66 <0.001 1.59(0.43) 0.74,244  <0.001 1.64(0.42) 0.80,247 <0.001
Low and Asymmetric HGS® 263 (0.52) 1.61,3.66 <0.001 1.60(0.48) 0.65, 2.54 0.001 1.50(0.48) 0.56,243 0.002

HGS Hand grip strength
Model 1: Unadjusted model
Model 2: Adjusted for age, sex, ethnicity

Model 3: Adjusted for age, sex, ethnicity, smoking, education, number of comorbidities, moderate-to-vigorous physical activity, self-rated health, obesity and hand
dominance

2 Reference group = Symmetric HGS
b Reference group = Normal HGS
¢ Reference group =Normal and symmetric HGS

individuals at risk of functional immobility. HGS and
TUG are simple physical function tests, which can be
carried out with minimal training, and serve as viable
markers for cognitive decline and increased fall risk,
especially in older adults.

The clinical relevance of HGS with overall muscle
strength and various health outcomes are well estab-
lished [2, 6]. Although screening for both low HGS and
asymmetry could aid early detection and stratification for
functional mobility deficits, our findings do not support
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the addition of HGS asymmetry for cognitive function
screening.

Our study used well-established measures to assess
cognitive function and functional mobility. We also
recruited randomly from the general population, sug-
gesting a good degree of generalisability. However,
although associations can be drawn from the study
results, our cross-sectional design does not prove
causality. Hand dominance was self-reported, with-
out further examination of actual hand usage to com-
plete tasks and potential changes in hand dominance.
While we defined HGS asymmetry using the 10% rule
in accordance with previous studies [46], HGS between
hands might vary among individuals [47]. Some par-
ticipants had extreme HGS ratios, suggesting that apart
from neural system functioning or imbalance in brain
hemisphere activation, other conditions such as undi-
agnosed arthritis in the hands or lifestyle habits such as
use of either hands more frequently for daily activities,
could have an impact on observed HGS ratios between
non-dominant and dominant hands [48], warranting
further investigation on the underlying mechanisms
for HGS asymmetry. Also, we did not separate domi-
nant and non-dominant HGS asymmetry in the pre-
sent study due to sample size limitations. Future studies
with larger samples should investigate the associations
between hand-dominance of HGS asymmetry and
functional ability. Another limitation included the lack
of direct executive function assessment in this study.
Executive dysfunction contributes to functional impair-
ment and could provide insights to the relationships
between HGS and cognitive function [42]. Future lon-
gitudinal studies should examine the effects of changes
in HGS strength/symmetry on cognitive function, to
better understand and utilise HGS measurement as a
physical biomarker of ageing. Majority of participants
in this study were Chinese and right hand dominant,
hence our findings may not be generalisable to other
populations.

In conclusion, our results showed that low HGS, but
not asymmetry, was independently associated with
lower global cognitive function, memory and func-
tional mobility. Low HGS in combination with asym-
metry was associated with lower functional mobility
and poorer performance in language cognitive domain.
Nonetheless, these associations were largely accounted
for by low HGS rather than asymmetric HGS. Fur-
ther research is needed to determine whether grip
strength asymmetry could supplement grip strength,
and improve prognostic value of HGS measurements.
Future research should also evaluate the possible
underlying mechanisms that affect both muscle func-
tion and cognitive decline.

Page 7 of 8

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512877-022-03363-2.

Additional file 1: e-Table 1. Associations between handgrip strength
groups and specific RBANS subtests in older adults.

Additional file 2.

Acknowledgements

The authors gratefully acknowledged the strong support of Professor Pang
Weng Sun in making this Yishun Study possible, and the support given by
Sylvia Ngu, Aizuriah bin Mohamed Ali, Dr. Lilian Chye, Mary Ng Pei Ern, Chua
Xing Ying and Shermaine Thein in this study.

Authors’ contributions

KKC, SLW, TPN, PLKY conceptualised, designed and drafted the work. KKC,
SYL analysed and interpreted the data. SYL, SLW, TPN, PLKY revised the work
critically for important intellectual content. KKC, BWJP, LKL, KAJ, WTS, NXT
acquired the data and ensured that questions related to accuracy or integrity
of any part of work are appropriately investigated and resolved. All authors
read and approved the final manuscript.

Funding
This research was supported by Geriatric Education and Research Institute
(GERI) intramural funding—GERI 1609.

Availability of data and materials
All data generated or analysed during this study are included in this published
article and its supplementary information files.

Declarations

Ethics approval and consent to participate

Ethics approval was obtained from the National Healthcare Group DSRB
(2017/00212).The study was in Accordance with relevant guidelines and regula-
tions by the Declaration of Helsinki and the ethical principles in the Belmont
Report. All participants gave written informed consent to participate in the study.

Competing interest
The authors declare no conflict of interest.

Author details

'Geriatric Education and Research Institute (GERI), 2 Yishun Central 2,
Singapore 768024, Singapore. 2Adelaide Medical School, Faculty of Health
and Medical Science, The University of Adelaide, Adelaide, South Australia
5005, Australia. >Faculty of Health and Social Sciences, Singapore Institute

of Technology, 10 Dover Dr, Singapore 138683, Singapore. 4Geriatric Medicine,
Khoo Teck Puat Hospital, 90 Yishun Central, Singapore 768828, Singapore.
°Department of Psychological Medicine, National University of Singapore, 21
Lower Kent Ridge Rd, Singapore 119077, Singapore.

Received: 14 January 2022 Accepted: 4 August 2022
Published online: 16 August 2022

References

1. Wearing J, et al. Handgrip strength in old and oldest old Swiss adults - a
cross-sectional study. BMC Geriatr. 2018;18(1):266.

2. Bohannon RW. Hand-grip dynamometry predicts future outcomes in
aging adults. J Geriatr Phys Ther. 2008;31(1):3-10.

3. Zammit AR, Piccinin AM, Duggan EC, et al. A coordinated multi-study
analysis of the longitudinal association between handgrip strength
and cognitive function in older adults. J Gerontol B Psychol Sci Soc Sci.
2021;76(2):229-41. https://doi.org/10.1093/geronb/gbz072.

4. Cheung CL, et al. Association of handgrip strength with chronic
diseases and multimorbidity: a cross-sectional study. Age (Dordr).
2013;35(3):929-41.


https://doi.org/10.1186/s12877-022-03363-2
https://doi.org/10.1186/s12877-022-03363-2
https://doi.org/10.1093/geronb/gbz072

Chen et al. BMC Geriatrics

20.

21

22.

23.

24.

25.

26.

27.

28.

29

30.

(2022) 22:677

WuY, et al. Association of grip strength with risk of all-cause mortality,
cardiovascular diseases, and cancer in community-dwelling popula-
tions: a meta-analysis of prospective cohort studies. J Am Med Dir Assoc.
2017;18(6):551 e17-551 e35.

Bohannon RW. Grip strength: an indispensable biomarker for older adults.

Clin Interv Aging. 2019;14:1681-91.

Armstrong CA, Oldham JA. A comparison of dominant and non-domi-
nant hand strengths. J Hand Surg Br. 1999;24(4):421-5.

McGrath R, et al. Handgrip strength asymmetry and weakness are
associated with lower cognitive function: a panel study. J Am Geriatr Soc.
2020;68(9):2051-8.

McGrath R, Vincent BM, Jurivich DA, et al. Handgrip strength asymmetry
and weakness together are associated with functional disability in aging
Americans. J Gerontol A Biol Sci Med Sci. 2021;76(2):291-6. https://doi.
0rg/10.1093/gerona/glaal00.

Carson RG. Get a grip: individual variations in grip strength are a marker
of brain health. Neurobiol Aging. 2018;71:189-222.

. Gabriel D, Kamen G, Frost G. Neural adaptations to resistive exercise.

Sports Med. 2006;26(2):133-49.

Adamo DE, Scotland S, Martin BJ. Asymmetry in grasp force matching
and sense of effort. Exp Brain Res. 2012,217(2):273-85.

Kalisch T, et al. Age-related attenuation of dominant hand superiority.
PLoS One. 2006;1:90.

Sachdev PS, et al. Classifying neurocognitive disorders: the DSM-5
approach. Nat Rev Neurol. 2014;10(11):634-42.

Ng T-P, et al. Physical and cognitive domains of the instrumental activities
of daily living: validation in a multiethnic population of Asian older adults.
J Gerontol Series A. 2006;61(7):726-35.

Tabbarah M, Crimmins EM, Seeman TE. The relationship between cogni-
tive and physical performance: MacArthur studies of successful aging. J
Gerontol Series A. 2002;57(4):M228-35.

Montero-Odasso M, Speechley M. Falls in cognitively impaired older
adults: implications for risk assessment and prevention. J Am Geriatr Soc.
2018,66(2):367-75.

Muir SW, Gopaul K, Montero Odasso MM. The role of cognitive impair-
ment in fall risk among older adults: a systematic review and meta-analy-
sis. Age Ageing. 2012;41(3):299-308.

Choo PL, et al. Timed Up and Go (TUG) reference values and predictive
cutoffs for fall risk and disability in Singaporean community-dwelling
adults: Yishun cross-sectional study and Singapore longitudinal aging
study. J Am Med Dir Assoc. 2021;22(8):1640-5.

Koda H, et al. Relationship between muscle strength asymmetry and
body sway in older adults. J Aging Phys Act. 2018;26(3):457-61.

Nakao H, et al. Influence of lower-extremity muscle force, muscle mass
and asymmetry in knee extension force on gait ability in community-
dwelling elderly women. J Phys Ther Sci. 2006;18(1):73-9.

Skelton D, Jonathon Kennedy J, Rutherford O. Explosive power and asym-
metry in leg muscle function in frequent fallers and non-fallers aged over
65. Age Ageing. 2002;31(2):119-25.

Pang BWJ, Wee SL, Lau LK, et al. Prevalence and associated factors of
sarcopenia in Singaporean adults-the yishun study. J Am Med Dir Assoc.
2021;22(4):885.e1-885.e10. https://doi.org/10.1016/jjamda.2020.05.029.
Singapore Department of Statistics. Population and population structure.
2020. Available from: www.singstat.gov.sg.

Feng L, et al. Cognitive frailty and adverse health outcomes: findings from
the Singapore Longitudinal Ageing Studies (SLAS). J Am Med Dir Assoc.
2017;18(3):252-8.

Randolph C, et al. The Repeatable Battery for the Assessment of Neu-
ropsychological Status (RBANS): preliminary clinical validity. J Clin Exp
Neuropsychol. 1998;20(3):310-9.

Randolph C. RBANS update: Repeatable Battery for the assesment of
neurophysiological status. United States of America: PsychCorp. 2012.
Loughan AR, Braun SE, Lanoye A. Repeatable Battery for the Assessment
of Neuropsychological Status (RBANS): preliminary utility in adult neuro-
oncology. Neurooncol Pract. 2019;6(4):289-96.

Chen LK, et al. Asian Working Group for Sarcopenia: 2019 consensus
update on sarcopenia diagnosis and treatment. J Am Med Dir Assoc.
2020;21(3):300-307 e2.

WHO Expert Consultation. Appropriate body-mass index for Asian
populations and its implications for policy and intervention strategies
[published correction appears in Lancet. 2004 Mar 13;363(9412):902].

31

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Page 8 of 8

Lancet. 2004;363(9403):157-63. https://doi.org/10.1016/S0140-6736(03)
15268-3.

Armstrong T, Bull F. Development of the World Health Organiza-

tion Global Physical Activity Questionnaire (GPAQ). J Public Health.
2006;14(2):66-70.

Shaughnessy KA, et al. A narrative review of handgrip strength and
cognitive functioning: bringing a new characteristic to muscle memory. J
Alzheimers Dis. 2020;73:1265-78.

Houles M, et al. Frailty and cognition. J Frailty Aging. 2012;1(2):56-63.
Yoon DH, Hwang SS, Lee DW, Lee CG, Song W. Physical frailty and cogni-
tive functioning in Korea rural community-dwelling older adults. J Clin
Med. 2018;7(11):405. https://doi.org/10.3390/jcm7110405.

LiuY, et al. A prospective study on the association between grip strength
and cognitive function among middle-aged and elderly chinese partici-
pants. Front Aging Neurosci. 2019;11:250.

Adamo DE, et al. Declines in grip strength may indicate early changes in
cognition in healthy middle-aged adults. PLoS One. 2020;15(4):20232021.
Collinson SL, et al. Normative data for the repeatable battery for the
assessment of neuropsychological status in elderly Chinese. Arch Clin
Neuropsychol. 2014;29(5):442-55.

Lim ML, et al. Cross-cultural application of the Repeatable Battery for
the Assessment of Neuropsychological Status (RBANS): performances of
elderly Chinese Singaporeans. Clin Neuropsychol. 2010;24(5):811-26.
Aita SL, et al. Executive, language, or both? An examination of the
construct validity of verbal fluency measures. Appl Neuropsychol Adult.
2018;26(5):441-51.

Callisaya M, et al. Longitudinal relationships between cognitive decline
and gait slowing: the Tasmanian Study of Cognition and Gait. J Gerontol
A Biol Sci Med Sci. 2015;70(10):1226-32.

Belleville S, Chertkow H, Gauthier S. Working memory and control of
attention in persons with Alzheimer’s disease and mild cognitive impair-
ment. Neuropsychology. 2007,21(4):458-69.

Marshall GA, et al. Executive function and instrumental activities of daily
living in mild cognitive impairment and Alzheimer's disease. Alzheimer’s
Dementia. 2011;7(3):300-8.

Macedo DDO, Freitas LMD, Scheicher ME. Handgrip and functional
mobility in elderly with different levels of physical activity. Fisioterapia e
Pesquisa. 2014;21(2):151-5.

Pratama IK, Setiati S. Correlation between hand grip strength and func-
tional mobility in elderly patients. Journal of Physics: Conference Series
2018;1073:042034

Collins K, Johnson N, Klawitter L, et al. Handgrip strength asymmetry and
weakness are differentially associated with functional limitations in older
Americans. Int J Environ Res Public Health. 2020;17(9):3231. https://doi.
0rg/10.3390/ijerph17093231.

McGrath R, et al. Handgrip strength asymmetry and weakness may
accelerate time to mortality in aging Americans. J Am Med Dir Assoc.
2020;21(12):2003-2007 e1.

Petersen P, et al. Grip strength and hand dominance: challenging the 10%
rule. Am J Occup Ther. 1989,43(7):444-7.

Deane KD, et al. Identification of undiagnosed inflammatory arthritis in a
community health fair screen. Arthritis Rheum. 2009,61(12):1642-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1093/gerona/glaa100
https://doi.org/10.1093/gerona/glaa100
https://doi.org/10.1016/j.jamda.2020.05.029
https://www.singstat.gov.sg/
https://doi.org/10.1016/S0140-6736(03)15268-3
https://doi.org/10.1016/S0140-6736(03)15268-3
https://doi.org/10.3390/jcm7110405
https://doi.org/10.3390/ijerph17093231
https://doi.org/10.3390/ijerph17093231

	Associations of low handgrip strength and hand laterality with cognitive function and functional mobility – the Yishun Study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Settings
	Participants
	Measurements
	Cognitive function
	Timed Up and Go (TUG)
	Maximal handgrip strength
	Handgrip strength asymmetry
	Covariates

	Statistical analysis

	Results
	Participant characteristics
	Associations of HGS with cognitive function
	Associations of HGS with functional mobility

	Discussion
	Acknowledgements
	References


