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Abstract
Background and Objectives
Motoric cognitive risk (MCR) syndrome is a type of pre-dementia. It is defined as the co-
occurrence of subjective cognitive complaints and a slow gait speed. A recent study found that
handgrip strength (HGS) asymmetry is associated with an increased risk of neurodegenerative
disorders. We aimed to investigate the associations of HGSweakness and asymmetry separately
and together with MCR incidence among older Chinese adults.

Methods
Data from the 2011 and 2015 waves of the China Health and Retirement Longitudinal Study
were used. HGS values <28 kg for male participants and <18 kg for female participants were
considered HGS weaknesses. HGS asymmetry was assessed by the ratio of nondominant to
dominant HGS. We used 3 different cutoff values of HGS ratio to define asymmetry, including
10%, 20%, and 30%. Specifically, HGS ratios <0.90 or >1.10 (10%), <0.80 or >1.20 (20%), and
<0.70 or >1.30 (30%) were classified as asymmetry. The participants were classified into 4
groups: neither weakness nor asymmetry (neither), asymmetry only, weakness only, and
weakness and asymmetry (both). The association between baseline HGS status and 4-year
incidence of MCR was examined using logistic regression analyses.

Results
A total of 3,777 participants 60 years and older were included in the baseline analysis. The
prevalence of MCR at the baseline was 12.8%. Participants with asymmetry only, weakness
only, and both showed significantly increased risk of MCR. After excluding participants with
MCR at baseline, 2,328 participants were included in the longitudinal analysis. There were 111
MCR cases (4.77%) over the 4-year follow-up period. Participants with HGS weakness and
asymmetry together at baseline had increased odds of incident MCR (HGS ratio at 10%: odds
ratio [OR] 4.48, p < 0.001; HGS ratio at 20%: OR 5.43, p < 0.001; HGS ratio at 30%: OR 6.02,
p < 0.001).

Discussion
These results show that the presence of both HGS asymmetry and weakness is associated with
MCR incidence. The early recognition of HGS asymmetry and weakness may be helpful in the
prevention and treatment of cognitive dysfunction.
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Motoric cognitive risk (MCR) syndrome is an intermediate
state between normal aging and dementia, characterized by
the presence of both objective slow gait (SG) speed and
subjective cognitive complaints (SCCs).1 MCR can predict
incident cognitive impairment2 and dementia.1,2 In previous
studies, MCR could be used to independently predict a wide
range of adverse outcomes, including falls,3 disability,4 hos-
pitalization,3 and mortality.5 The prevalence of MCR was
approximately 10% in older adults worldwide.6 SCCs and SG
last approximately 12–15 years before the subsequent mild
cognitive impairment stage.7,8 Therefore, targeting MCR and
its associated risk factors is important for developing early
effective intervention to cognitive impairment.

Handgrip strength (HGS) is a convenient and common assess-
ment of muscle function9 and is an indicator for the diagnosis of
sarcopenia and frailty.10,11 ReducedHGS strongly predicts falls,12

hospitalization,13 poorer cognitive functioning,14 and mortality.15

Of particular relevance to this study, HGS is related to the in-
dividual components of MCR syndrome. Lower HGS predicts
cognitive complaints16 and steeper declines in gait speed over
time.17 However, muscle function cannot be fully assessed using
maximal HGS because it only reflects the function of one hand.
Recently, HGS asymmetry, characterized by a large difference in
strength of both hands, has emerged as another dimension of
impairedmuscle function.18,19HGS asymmetry is associatedwith
future functional deficits, including functional disability,20 decline
in cognitive function,21 falls and fractures,22,23 and accelerated
mortality.24

Studies on the association between HGS weakness and
asymmetry alone and in combination with MCR are limited
among older adults. Regarding the mechanism, the grip
strength generated in the HGS evaluation process is partially
regulated by the nervous system that mediates the co-
ordination of motor control.25 HGS asymmetry is associated
with neurodegenerative disorders.25 Therefore, we hypoth-
esized that HGS weakness and asymmetry together are as-
sociated with an increased risk of MCR compared with
individuals with HGS weakness or asymmetry only or nei-
ther. This study investigated the cross-sectional and longi-
tudinal associations between HGS weakness only, HGS
asymmetry only, and the presence of both HGS weakness
and asymmetry and MCR syndrome in older adults using a
large sample from the China Health and Retirement Lon-
gitudinal Study (CHARLS) to examine the role of in-
corporating HGS asymmetry assessment on MCR risk.26

This may lead to early identification of MCR and improve-
ment in the prevention and treatment of MCR to slow the
process of cognitive decline.

Methods
Study Population
This study used wave1 (2011) and wave2 (2015) data from
the CHARLS data set. CHARLS is a national longitudinal
study on middle-aged and elderly people (45 years and older)
in China. Information on demographics, health, economic,
and social circumstances was collected. The study design and
survey instruments have been published elsewhere.26

In this study, 3,777 participants 60 years and older in 2011
were included. HGS was measured in 2011 (baseline) while
SCCs and gait speed were assessed at baseline and during the
follow-up survey in 2015. Participants with a history of de-
mentia or disability at baseline were excluded from this study.
In addition, people who had MCR at baseline, were not
successfully followed up, and did not complete MCR assess-
ment in 2015 were also excluded from the longitudinal anal-
yses. Finally, 2,328 participants were included in the
prospective analyses. A detailed selection of study population
is described in Figure 1.

Standard Protocol Approvals, Registrations,
and Patient Consents
CHARLS was approved by the Biomedical Ethics Review
Committee of Peking University (IRB00001052–11015). All
participants signed informed consent before data collection.

HGS Weakness and Asymmetry
HGS was tested using a mechanical dynamometer (Yuejian
WL-1000, Nantong, China).26 The dominant hand of each
participant was recorded. Participants started the test in a
standing position with the elbow flexed at a 90° angle. The
participants were asked to perform the task twice with each
hand. The highest HGS value for the dominant hand was used
in our analysis. Weakness was defined using the Asian Work
Group for Sarcopenia 2019 consensus (maximal HGS <28 kg
in male participants and <18 kg in female participants).27 The
HGS ratio was calculated as the maximal HGS of the non-
dominant hand to the maximal HGS of the dominant hand.
Following previous studies, the 10% rule was used to define
HGS asymmetry, which indicated that the HGS of the
dominant hand was generally 10% greater than that of the
nondominant hand.24,28 Therefore, asymmetry was defined
by an HGS ratio of <0.90 or >1.10. To further explore the
relationship between different HGS ratios and MCR, we also
defined HGS asymmetry as 20% and 30% rule. Specifically,
asymmetry was defined by the HGS ratio of <0.80 or >1.20
(20%) or HGS ratio <0.70 or >1.30 (30%). Figure 2 depicts
the proportions of persons with different HGS ratios.

Glossary
BMI = body mass index; CHARLS = China Health and Retirement Longitudinal Study; HGS = handgrip strength; MCR =
motoric cognitive risk; OR = odds ratio; SCC = subjective cognitive complaint; SG = slow gait.
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MCR Syndrome
MCR was defined using the criteria proposed by Verghese
et al.2,29 and included diagnosis with SCC and SG, but
without dementia or mobility disability. The analytical sample
included 3,777 participants 60 years and older in 2011 after
excluding (1) participants withmissing data on bothHGS and
MCR assessments, (2) participants with self-reported de-
mentia or probable dementia based on a cognitive function
score less than 6 in the CHARLS,30 and (3) participants with
self-reported physical disability or mobility disability defined
as needing assistance when performing activities of daily liv-
ing. SCCs were measured based on a “fair” or “poor” response
to the following question: “Howwould you rate your memory
at the present time?” Finally, infrared sensors were used to
measure the speed of usual-pace walking over a 4-m dis-
tance.31 SG was defined by gait speed greater than or equal to
1 standard deviation below the average of age and sex-specific
values.31 The cutoff values of SG for participants younger than
75 years and those 75 years and older were 0.50 and 0.39 m/s,
respectively, in men and 0.46 and 0.39 m/s, respectively, in
women (eTable 1, links.lww.com/WNL/C772), which were
similar to those in previous studies.29

Covariates
Potential confounders were controlled for by evaluating the
following participant characteristics: sociodemographic, life-
style, and health characteristics at baseline, including age, sex
(male/female), residence (urban/rural), marital status
(married/widowed/others), education (illiteracy/unfinished
primary school/primary school/middle school/high school
and above), smoking status (never/former/current smoke),
drinking status (never/former/current drink), body mass

index (BMI), and history of diabetes, heart disease, hyper-
tension, and stroke (yes/no).

Statistical Analysis
The HGS status was used to classify participants into 4 groups
at baseline: (1) neither weakness nor asymmetry (neither),
(2) asymmetry only, (3) weakness only, and (4) weakness
and asymmetry (both). Analysis of variance and the χ2 test
were used to evaluate the differences in the baseline socio-
demographic, lifestyle, and health characteristics across the 4

Figure 2 Percentages of Different HGS Ratios

HGS = handgrip strength.

Figure 1 Study Flow

HGS = handgrip strength; MCR = mo-
toric cognitive risk.
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groups. Univariate and multivariate logistic regression
analyses were performed to calculate odds ratios (ORs) and
95% CIs of the association between baseline HGS status and
MCR in cross-sectional analyses, as well as cumulative in-
cident cases over the 4 years. The covariates adjusted in the

multivariate logistic regression model included age, sex,
residence, marital status, education, smoking status, drinking
status, and history of chronic diseases at baseline. In longi-
tudinal analyses, follow-up time was also adjusted. All anal-
yses were performed using Stata 15.1 software (StataCorp,

Table 1 Participant Characteristics by HGS Status at Baseline in the China Health and Retirement Longitudinal Study,
2011 (n = 3,777)

Characteristic
Overall
(n = 3,777)

Neither weakness nor
asymmetry (n = 1,936)

Asymmetry only
(n = 1,254)

Weakness only
(n = 249)

Weakness and
asymmetry (n = 338) p Value

Age, mean ± SD 67.1 ± 6.1 66.3 ± 5.6 66.7 ± 5.8 70.7 ± 6.9 70.4 ± 6.9 <0.001

Sex, n (%) <0.001

Male 2,081 (55.1) 1,094 (56.5) 644 (51.4) 159 (63.9) 184 (54.4)

Female 1,696 (44.9) 842 (43.5) 610 (48.6) 90 (36.1) 154 (45.6)

Residence, n (%) 0.002

Rural 2,335 (61.8) 1,181 (61.0) 750 (59.8) 171 (68.7) 233 (68.9)

Urban 1,442 (38.2) 755 (39.0) 504 (40.2) 78 (31.3) 105 (31.1)

Marital status, n (%) <0.001

Married 3,005 (79.6) 1,580 (81.6) 1,006 (80.2) 168 (67.5) 251 (74.3)

Widowed 601 (15.9) 266 (13.7) 195 (15.6) 70 (28.1) 70 (20.7)

Others 171 (4.5) 90 (4.6) 53 (4.2) 11 (4.4) 17 (5.0)

Education, n (%) <0.001

Illiteracy 1,014 (26.9) 472 (24.4) 326 (26.0) 88 (35.3) 128 (38.0)

Unfinished primary school 800 (21.2) 435 (22.5) 242 (19.3) 65 (26.1) 58 (17.2)

Primary school 1,159 (30.7) 595 (30.7) 396 (31.6) 72 (28.9) 96 (28.5)

Middle school 541 (14.3) 291 (15.0) 193 (15.4) 17 (6.8) 40 (11.9)

High school and above 262 (6.9) 143 (7.4) 97 (7.7) 7 (2.8) 15 (4.5)

Smoke, n (%) 0.021

Never smoke 2,035 (53.9) 1,011 (52.2) 721 (57.5) 120 (48.2) 183 (54.3)

Former smoke 470 (12.4) 237 (12.2) 153 (12.2) 40 (16.1) 40 (11.9)

Current smoke 1,271 (33.7) 688 (35.5) 380 (30.3) 89 (35.7) 114 (33.8)

Drink, n (%) 0.014

Never drink 2,104 (55.8) 1,033 (53.4) 729 (58.1) 137 (55.0) 205 (60.8)

Former drink 428 (11.3) 212 (11.0) 142 (11.3) 33 (13.3) 41 (12.2)

Current drink 1,241 (32.9) 688 (35.6) 383 (30.5) 79 (31.7) 91 (27.0)

BMI, mean ± SD 22.9 ± 3.5 23.1 ± 3.4 23.0 ± 3.5 21.9 ± 3.2 21.8 ± 3.6 <0.001

History of diabetes, n (%) 248 (6.6) 124 (6.5) 86 (6.9) 14 (5.6) 24 (7.1) 0.85

History of heart disease, n (%) 551 (14.7) 261 (13.6) 209 (16.7) 30 (12.0) 51 (15.2) 0.056

History of hypertension, n (%) 1,130 (30.0) 564 (29.2) 393 (31.4) 69 (27.7) 104 (30.9) 0.49

History of stroke, n (%) 75 (2.0) 30 (1.6) 26 (2.1) 8 (3.2) 11 (3.3) 0.082

MCR, n (%) 478 (12.7) 201 (10.4) 176 (14.0) 39 (15.7) 62 (18.3) <0.001

Abbreviations: BMI = body mass index; HGS = handgrip strength; MCR = motoric cognitive risk syndrome.
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College Station, TX), and p < 0.05 was considered statisti-
cally significant.

Data Availability
The data for CHARLS are available at charls.ccer.edu.cn/
charls/.

Results
Baseline Characteristics of Study Population
The baseline characteristics of the participants are listed in
Table 1. Among the 3,777 participants 60 years and older, 478
(12.7%) were diagnosed with MCR syndrome. The mean age
was 67.1 ± 6.1 years, and 44.9% were female. The prevalence
of HGS asymmetry only (HGS ratio at 10%), weakness only,
and asymmetry and weakness together were 33.2%, 6.6%, and
10.3%, respectively. Participants with HGS asymmetry only,
weakness only, and asymmetry and weakness together had a
higher MCR prevalence than those with neither weakness nor
asymmetry (14.0%, 15.7%, and 18.3% vs 10.4%, respectively).
Participant characteristics were compared according to their
HGS status. Participants with HGS asymmetry and weakness
were older than those with normal HGS. Except for a history
of chronic diseases, all other characteristics, including socio-
demographic, lifestyle, and BMI, were significantly different
among the 4 groups (Table 1).

Cross-sectional Association Between HGS
Status and MCR
The cross-sectional associations between the HGS status and
MCR are shown in Table 2. Individuals with HGS asymmetry
only, weakness only, and both had a higher prevalence of
MCR in the crude and adjusted models when the HGS
asymmetry ratio was at 10% and 20% (all, p < 0.05). After
adjustment, compared with the neither group, individuals
with both experienced the greatest odds for MCR (10% rule:
OR 1.78, 95% CI 1.28–2.48; 20% rule: OR 1.82, 95% CI
1.18–2.80), with weakness only being associated with 1.49-
fold (10% rule) and 1.46-fold (20% rule) higher odds of MCR
and asymmetry only being associated with 1.40-fold (10%
rule) and 1.84-fold (20% rule) higher odds of MCR. When
the HGS ratio was at 30%, only participants with weakness
only had higher odds of MCR.

Longitudinal Association Between HGS Status
and MCR
The longitudinal associations between HGS status and MCR
over 4 years of follow-up (mean follow-up time was 47.8
months) are presented in Table 3. The 4-year incidence of
MCR was 4.77% for all participants without MCR at baseline.
After adjusting all covariates, HGS weakness only and asym-
metry and weakness together were significantly associated
with an increased risk of MCR (weakness only: OR 2.15, 95%

Table 2 Cross-sectional Associations of HGS Status and MCR in the China Health and Retirement Longitudinal Study
(n = 3,777)

Unadjusted model Adjusted modela

OR (95% CI) p Value OR (95% CI) p Value

HGS asymmetry ratio at 10%

Neither weakness nor asymmetry 1 (Reference) NA 1 (Reference) NA

Asymmetry only 1.41 (1.14–1.75) 0.002 1.40 (1.12–1.75) 0.003

Weakness only 1.60 (1.11–2.33) 0.013 1.49 (1.01–2.19) 0.046

Weakness and asymmetry 1.94 (1.42–2.65) <0.001 1.78 (1.28–2.48) 0.001

HGS asymmetry ratio at 20%

Neither weakness nor asymmetry 1 (Reference) NA 1 (Reference) NA

Asymmetry only 1.89 (1.40–2.55) <0.001 1.84 (1.35–2.50) <0.001

Weakness only 1.61 (1.22–2.12) 0.001 1.46 (1.09–1.97) 0.012

Weakness and asymmetry 1.91 (1.25–2.91) 0.003 1.82 (1.18–2.80) 0.007

HGS asymmetry ratio at 30%

Neither weakness nor asymmetry 1 (Reference) NA 1 (Reference) NA

Asymmetry only 1.59 (0.93–2.72) 0.088 1.49 (0.87–2.56) 0.149

Weakness only 1.55 (1.20–2.01) 0.001 1.43 (1.09–1.88) 0.011

Weakness and asymmetry 1.74 (0.96–3.15) 0.066 1.60 (0.88–2.92) 0.122

Abbreviations: HGS = handgrip strength; MCR = motoric cognitive risk syndrome; NA = not applicable; OR = odds ratio.
a Adjusted for age, sex, residence, marital status, education, smoking status, drinking status, and number of chronic diseases.
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CI 1.04–4.46; both: OR 4.48, 95% CI 2.54–7.89). The results
remained similar with the HGS ratio at 20% and 30%. The
higher the degree of asymmetry, the higher the risk of MCR in
participants with weakness and asymmetry together. We also
adjusted baseline gait speed in the longitudinal analyses to
investigate whether handgrip could provide incremental val-
idity for incident MCR over measuring gait, and the results
remained robust (eTable 2, links.lww.com/WNL/C772).
The results were similar when adjusting for baseline MCR
status (eTable 3).

Discussion
This study revealed that the presence of both HGS weakness
and asymmetry was robustly associated with MCR in a na-
tionally representative sample of older Chinese adults. This
study indicated that HGS and asymmetry are both associated
with MCR risk, in an additive manner.

Consistent with a previous study in China,16 the prevalence of
MCR at baseline in the current study was 12.7%, which was
higher than that in Europe.6 Our findings were consistent with
previous studies that found thatHGSdecline was associatedwith
higher odds of prevalent MCR and incident MCR. A previous
cross-sectional study conducted in Chinese community-dwelling

elderly individuals showed that muscle weakness was associated
with MCR in male participants.16 Another study conducted by
Zhang et al.32 suggested that sarcopenia was independently
associated with higher odds of MCR among older Chinese
individuals. These 2 studies were based on cross-sectional
analyses. Our study further confirmed these findings through
longitudinal analysis.

Furthermore, our results show that the presence of both HGS
asymmetry and weakness are more strongly associated with
risk of MCR than either HGS asymmetry or HGC weakness
alone. In this study, nearly one-third of participants had
asymmetric HGS (HGS ratio at 10%). The risk of incident
MCR increases with the increase of asymmetry degree. Al-
though few studies have investigated the relationship between
HGS weakness and asymmetry together and MCR, the link
between HGS weakness and asymmetry and cognitive decline
has been reported in a previous study.21 MCR and cognitive
decline are involved in the pathogenesis of dementia. Maxi-
mum grip strength requires complex coordination behavior,
including the participation of a large number of motor units
and the activation of brain networks.33 Dysfunction of the
nervous system or brain may lead to decreased coordination
of various tasks, such as difficulty in getting things, more
time required to complete tasks, decreased strength, and
HGS asymmetry.25,34 HGS asymmetry may indicate different

Table 3 Prospective Associations of HGS Status and MCR in the China Health and Retirement Longitudinal Study
(n = 2,328)

Unadjusted model Adjusted modela

OR (95% CI) p Value OR (95% CI) p Value

HGS asymmetry ratio at 10%

Neither weakness nor asymmetry 1 (Reference) NA 1 (Reference) NA

Asymmetry only 1.45 (0.91–2.31) 0.120 1.17 (0.72–1.90) 0.529

Weakness only 2.66 (1.33–5.32) 0.006 2.15 (1.04–4.46) 0.040

Weakness and asymmetry 5.36 (3.17–9.06) <0.001 4.48 (2.54–7.89) <0.001

HGS asymmetry ratio at 20%

Neither weakness nor asymmetry 1 (Reference) NA 1 (Reference) NA

Asymmetry only 1.14 (0.54–2.40) 0.737 0.94 (0.44–2.02) 0.871

Weakness only 2.77 (1.68–4.58) <0.001 2.43 (1.41–4.19) 0.001

Weakness and asymmetry 6.13 (3.32–11.32) <0.001 5.43 (2.80–10.54) <0.001

HGS asymmetry ratio at 30%

Neither weakness nor asymmetry 1 (Reference) NA 1 (Reference) NA

Asymmetry only 0.47 (0.06–3.44) 0.457 0.40 (0.05–3.00) 0.376

Weakness only 3.07 (1.96–4.82) <0.001 2.69 (1.64–4.42) <0.001

Weakness and asymmetry 6.46 (2.88–14.51) <0.001 6.02 (2.57–14.10) <0.001

Abbreviations: HGS = handgrip strength; MCR = motoric cognitive risk syndrome; NA = not applicable; OR = odds ratio.
a Adjusted for age, sex, residence, marital status, education, smoking status, drinking status, number of chronic diseases, and follow-up time.
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activation of the cerebral hemisphere and imbalance of neural
function, which may explain our results and why previous
studies have found that elderly people with HGS asymmetry
and weakness have a higher risk of neurodegenerative diseases
and why HGS asymmetry may indicate25 disability20 and
cognitive decline.21 However, the precise mechanism of the
relationship between HGS asymmetry and weakness and
MCR remains unclear and requires further study. Our results
indicated that the presence of both HGS weakness and
asymmetry may exacerbate the cognitive decline. We rec-
ommend collecting maximal HGS data and examining HGS
asymmetry in clinical and epidemiologic settings. We can
evaluate the risk of MCR by measuring HGS and asymmetry
before the SCCs or declined physical function occurs.

Our study has several strengths. First, this study investigated
the separate and combined effects of HGS asymmetry and
weakness on the risk of MCR in older adults. Second, the
prospective study design and large sample size made the re-
sults more reliable. Third, we not only investigated asymmetry
defined by a HGS ratio at 10% according to previous studies18

but also HGS at 20% and 30%. Our study has some limita-
tions. First, participants who were unable to perform the HGS
evaluation were excluded in this study. Therefore, our con-
clusion might not be generalized to the general older pop-
ulation. Second, there may be selection bias because we
excluded participants who were lost to follow-up or had
missing data on MCR and HGS during the 2 waves. Finally,
HGS may naturally vary between hands.35 A standardized
HGS asymmetry cutoff value could be warranted.18

Older adults with HGS weakness and asymmetry had a
higher risk of future MCR, thereby suggesting that having
both HGS weakness and asymmetric strength could reveal
whether individuals are at a greater risk of MCR than others.
Handgrip and asymmetry, a safe and quick method of
assessing muscle function, are associated MCR in an additive
manner. The HGS asymmetry assessment may be consid-
ered as an addition to HGS programs for early screening of
individuals with higher risk of MCR and other diseases, as
well as interventions for improving muscle strength and
correcting strength asymmetry.
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