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Aim: The evaluations of handgrip strength (HGS) weakness and asymmetry have implica-
tions for the comprehensive geriatric assessment. The aim of this study was to investigate the
association of HGS weakness and asymmetry on cardiovascular outcomes in older
outpatients.

Methods: This was a prospective observational cohort study of 364 Geriatrics outpatients
aged ≥60 years, in which all participants carried out HGS tests at baseline. Patients with
HGS <28 kg for men and <18 kg for women were diagnosed as HGS weakness, and HGS
ratio <0.90 or >1.10 were diagnosed as HGS asymmetry. Primary outcomes defined as the
major adverse cardiovascular event and composite end-points were assessed during a 21-
month median follow-up.

Results: Among 364 participants, 155 (42.6%) showed HGS weakness, and 160 (44.0%)
showed HGS asymmetry. HGS weakness was associated with major adverse cardiovascular
events (HR 2.76, 95% CI 1.22–6.27) and composite end-points (HR 2.84, 95% CI 1.40–5.77).
However, no significant correlation between HGS asymmetry and cardiovascular outcomes
was observed. Compared with the normal and symmetric HGS group, older adults with HGS
weakness and asymmetry together had a higher risk of major adverse cardiovascular events
(HR 5.23, 95% CI 1.56–17.54) and composite end-points (HR 4.00, 95% CI 1.56–10.28).

Conclusions: HGS weakness and asymmetry together might increase the risk of cardiovas-
cular outcomes in older outpatients. HGS asymmetry offers complementary information to
HGS weakness when making a comprehensive assessment of HGS. Geriatr Gerontol Int
2022; 22: 759–765.

Keywords: cardiovascular outcomes, handgrip strength asymmetry, handgrip strength
weakness, older outpatients.

Introduction

Handgrip strength (HGS) is a pragmatic measure of physical func-
tion for older people, as one of the diagnostic criteria of frailty and
sarcopenia, which are common syndromes in the older popula-
tion. HGS is also considered as an assessment of the locomotor
dimension in intrinsic capacity for older adults. Several studies
have shown that HGS weakness was associated with increased all-
cause mortality and death rates as a result of cardiovascular
diseases.1–3 For instance, Leong et al. concluded that a decrease in
HGS was positively associated with all-cause mortality, myocardial
infarction, stroke and cardiovascular morbidity in the Prospective

Urban Rural Epidemiology (PURE) study.4 In addition, a 4-year
longitudinal study that included 3018 Chinese community-
dwelling older adults confirmed that HGS decreased with age.5

Timely evaluation of HGS might be helpful in identifying individ-
uals at increased risk for adverse cardiovascular outcomes and
premature mortality, especially for older adults.

However, HGS measurements mainly focused on HGS weak-
ness only. Maximal HGS value was usually reported in the HGS
test, whereas clinicians rarely took HGS asymmetry between left
and right hands seriously. In recent 2 years, McGrath et al. carried
out in-depth research on HGS asymmetry and adverse events in
older adults, such as falls, functional limitations, cognitive disor-
ders and mortality.6–10 There is uncertainty whether HGS asym-
metry is associated with cardiovascular outcomes, which is of
great importance in assessing the health of the older population.
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Atherosclerosis might contribute to the development of HGS
weakness.11 Meanwhile, HGS weakness provides a valid marker of
muscle strength weakness,12 nutritional status.13 These potential
mechanisms can be used as a bridge to correlate HGS weakness
with cardiovascular outcomes. Furthermore, HGS asymmetry
might indicate deficient brain hemisphere activation and impair-
ment of the neuromuscular system.14 Adding HGS asymmetry to
the basis of HGS weakness assessment might enhance risk predic-
tion for cardiovascular outcomes in older adults.

We hypothesized that older adults with HGS weakness and
asymmetry together might have a higher risk of cardiovascular
outcomes. Therefore, the present study aimed to analyze the asso-
ciation of HGS weakness and asymmetry on cardiovascular out-
comes in older outpatients.

Methods

Study population

The present prospective cohort study was carried out in Fujian
Provincial Hospital from December 2015 to July 2017. A total of
408 participants were recruited from the Geriatrics outpatients.
The inclusion criteria were as follows: (i) aged ≥60 years; and
(ii) written informed consent. Participants who met one of the fol-
lowing criteria were excluded: (i) acute, critical or terminal stages
of various diseases; (ii) diagnosed with malignant tumors;
(iii) severe neurological or psychiatric disorders; (iv) disability or
immobility due to severe osteoarthritis or neuromuscular disease;
(v) a history of myocardial infarction and stroke; (vi) New York
Heart Association (NYHA) class III–IV; and (vii) hospitalization
with unstable angina or heart failure in the past 6 months. The
follow-up ended in January 2019, and 44 participants were lost to
follow-up. A total of 364 participants were included in the final
analysis. Approval for the study was obtained from the Fujian Pro-
vincial Hospital research ethics committee (KY2015-09-01).

HGS weakness and asymmetry measurement

HGS was assessed using a handheld hydraulic dynamometer
(Jamar, Anaheim, CA, USA) in the sitting position with the fore-
arm in the neutral position. There was a familiarization trial before
the registered trials. Participants squeezed the dynamometer with
the arm elbow bent to a 90� angle as hard as possible. The maxi-
mum reading of three trials for both hands was taken as HGS
value (kg). Every between-trial interval was more than 15 s to
avoid muscle fatigue.15 According to the Asian Working Group
for Sarcopenia 2019 consensus, HGS weakness was defined as an
HGS of <28 kg in men and <18 kg in women.16 The highest
recorded HGS from both hands were used to calculate the HGS
ratio (dominant HGS (kg) / non-dominant HGS (kg)).17 The
“10% rule” was first proposed in the 1950s, indicating that the dif-
ference in HGS between dominant and non-dominant hands was
approximately 10%.17 Numerous studies associated with HGS
asymmetry applied the definition of an HGS ratio >10%.7–10,18–21

Accordingly, HGS asymmetry was considered as an HGS ratio
<0.90 or >1.10, and HGS symmetry was classified as an HGS ratio
between 0.90 and 1.10 in the present study.

Follow up and outcomes

All participants were followed up routinely every 6 months by tele-
phone to obtain their survival data and record the time-to-event
end-points. All records were reviewed by well-trained staff. The
death records were obtained from the participant’s family and

medical records. Cardiovascular diseases and causes of death were
codified according to the 10th version of International Classifica-
tion of Diseases (ICD).

Major adverse cardiovascular event (MACE) was defined as
cardiac death (ICD-10: 100–199), acute myocardial infarction
(ICD-10: I21), hospitalization for unstable angina (ICD-10: I20),
hospitalization for congestive heart failure (ICD-10: I50) and
acute stroke (ICD-10: I60-64, I67, I69). Composite end-points
were defined as all-cause mortality, acute myocardial infarction
(ICD-10: I21), hospitalization for unstable angina (ICD-10: I20),
hospitalization for congestive heart failure (ICD-10: I50) and acute
stroke (ICD-10: I60-64, I67, I69). The end-point of the study was
the time to the first recorded adverse event.

Covariates

Age and sex were verified using the participants’ identification
cards. The professional medical staff measured the height and
weight of the participants. Body mass index was calculated as
weight divided by height squared. Smoking and drinking status
were self-reported, divided into never and ever or current usage.
The participants were asked if they had been diagnosed with car-
diovascular diseases (hypertension, heart failure [HF] and coro-
nary heart disease) or metabolic disorders (diabetes and
hyperlipidemia) in medical institutions. The covariates were
selected based on clinical relevance, which were recognized as risk
factors for cardiovascular outcomes.

Statistical analysis

Statistical analysis was carried out using Statistical Package for the
Social Sciences, version 22.0 (IBM Corporation, Armonk, NY,
USA). Figures were drawn using GraphPad Prism 8.0 (GraphPad
Software, San Diego, CA, USA) and MedCalc (MedCalc Software,
Ostend, Belgium). Continuous variables of the normal distribution
are presented as the mean and standard deviation. Continuous
variables of non-normal distribution are presented as the median
and interquartile range. Categorical variables are presented as fre-
quencies and percentages (%). Homogeneity of variance test and
normality analysis were carried out before comparing two groups.
Independent samples t-test or one-way ANOVA were used for con-
tinuous variables of normal distribution, and the non-parametric
test was used for continuous variables of non-normal distribution.
The differences in categorical variables were evaluated by the
χ2-test or Fisher’s exact test.

Survival analysis was carried out using the Kaplan–Meier
method and Cox proportional hazards regression analysis.
Kaplan–Meier curves were constructed to evaluate the association
of HGS weakness and HGS asymmetry at baseline on MACE or
composite end-points. The log-rank statistic was calculated for
each curve. Cox proportional hazard models were used to estimate
hazard ratio (HRs) and 95% CIs for MACE and composite end-
points, comparing HGS weakness categories (the reference group:
normal HGS), HGS asymmetry categories (the reference group:
HGS symmetry), HGS weakness and asymmetry categories
(grouped into normal and symmetric HGS [the reference group],
HGS weakness or asymmetry only, HGS weakness and asymme-
try), which were presented as three models. Model 1 was
unadjusted for confounders. In Model 2, the analysis was adjusted
for age and sex. Model 3 was adjusted as model 2 with body mass
index, smoking, drinking, hypertension, diabetes, hyperlipidemia,
HF and coronary heart disease. The hypothesis test was carried
out by a two-sided test, and statistical significance was set
at P < 0.05.
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Results

After excluding 44 participants lost to follow-up, 364 participants
(mean 72.4 � 8.3 years) were included in the study, nearly half
(49.7%) of them were men. Table 1 shows the baseline character-
istics of the study participants between the HGS symmetry and
HGS asymmetry group. There were 155 (42.6%) older adults with
HGS weakness, 160 (44.0%) with HGS asymmetry, and
78 (21.4%) with HGS weakness and asymmetry together. The
incidence of cardiovascular outcomes during the follow-up period,
of which the median observation time was 21.0 months (inter-
quartile range 18.5–26.4), is shown in Table S1. Of 364 partici-
pants, 35 (9.6%) older adults developed MACE and 50 (13.7%)
presented composite end-points.

Participants with HGS weakness developed more cardiovascu-
lar outcomes with a higher incidence of MACE (P for
trend = 0.001) and composite end-points (P for trend <0.001)
than the normal HGS group. Likewise, the incidence of MACE
(P for trend = 0.006) and composite end-points (P for
trend = 0.006) in the HGS asymmetry group were higher than
that in the HGS symmetry group. Combined with HGS weakness
and HGS asymmetry, older adults were classified into three
groups: normal and symmetric HGS group (n = 127), HGS weak-
ness or asymmetry only (n = 159), and HGS weakness and asym-
metry group (n = 78). Participants with HGS weakness and
asymmetry together had the highest incidence of MACE (P for
trend <0.001) and composite end-points (P for trend <0.001)
between the three groups (Fig. 1).

In the survival analysis, MACE-free survival rates and compos-
ite end-points survival rates of the HGS weakness groups
(P < 0.001) and HGS asymmetry groups (P = 0.007) were statisti-
cally significant according to the log-rank test of the Kaplan–Meier
curve. Significant differences also existed among the normal and
symmetric HGS group, HGS weakness or asymmetry only group,
and HGS weakness and asymmetry group (P < 0.001; Fig. 2).

Cox regression analysis was carried out to assess the associa-
tion of HGS weakness and HGS asymmetry separately on cardio-
vascular outcomes in older outpatients (Table 2). The HR in the

Table 1 General characteristics of participants at baseline

Characteristics Total (n = 364) HGS symmetry (n = 204) HGS asymmetry (n = 160) P-value

Age (years) 72.4 � 8.3 70.7 � 7.6 74.5 � 8.8 <0.001
Men, n (%) 181 (49.7) 105 (51.5) 76 (47.5) 0.452
BMI (kg/m2) 23.8 � 3.5 24.0 � 3.4 23.5 � 3.5 0.082
Smoking, n (%) 60 (16.5) 38 (18.6) 22 (13.8) 0.213
Drinking, n (%) 27 (7.4) 16 (7.8) 11 (6.9) 0.726
Hypertension, n (%) 249 (68.4) 150 (73.5) 99 (61.9) 0.018
Diabetes, n (%) 150 (41.2) 92 (45.1) 58 (36.3) 0.089
Hyperlipidemia, n (%) 96 (26.4) 61 (29.9) 35 (21.9) 0.085
HF, n (%) 25 (6.9) 12 (5.9) 13 (8.1) 0.401
CHD, n (%) 94 (25.8) 48 (23.5) 46 (28.7) 0.259
HGS weakness, n (%) 155 (42.6) 77 (37.7) 78 (48.8) 0.035
FBG 6.03 � 1.66 6.04 � 1.55 6.02 � 1.79 0.571
TG (mmol/L) 1.30 (0.93, 1.81) 1.33 (0.90, 1.79) 1.24 (0.94, 1.82) 0.519
TC (mmol/L) 4.64 � 1.15 4.78 � 1.22 4.47 � 1.04 0.021
LDL-C (mmol/L) 2.86 � 0.89 2.94 � 0.89 2.76 � 0.88 0.059
HDL-C (mmol/L) 1.30 � 0.50 1.35 � 0.58 1.23 � 0.37 0.068

BMI, body mass index; HF, heart failure; CHD, coronary heart disease; FBG, fasting blood glucose; HGS, handgrip strength; LDL-C, low-density
lipoprotein protein cholesterol; HDL-C, high-density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides.

Figure 1 Incidence of cardiovascular outcomes in older
outpatients by different handgrip strength weakness and
handgrip strength asymmetry groups. HGS, handgrip
strength; MACE, major adverse cardiovascular event

HGS asymmetry and cardiovascular outcomes
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fully adjusted (model 3) model of HGS weakness for predicting
MACE was 2.76 (95% CI 1.22–6.27, P = 0.015) and composite
endpoints was 2.84 (95% CI 1.40–5.77, P = 0.004). However,
HGS asymmetry could not predict MACE (HR 1.94, 95% CI
0.92–4.12, P = 0.083) and composite end-points (HR 1.71, 95%
CI 0.92–3.19, P = 0.089).

In Table 3, participants with HGS weakness and asymmetry
had a 5.23 (95% CI 1.56–17.54) higher HR for MACE and a 4.00
(95% CI 1.56–10.28) higher HR for composite end-points,
whereas the HGS weakness or asymmetry only group had no sta-
tistical significance for predicting MACE and composite end-
points (P > 0.05).

Discussion

The present study explored the association of HGS weakness and
HGS asymmetry on cardiovascular outcomes represented by
MACE and composite end-points in older outpatients. The results
showed that HGS weakness was associated with MACE and com-
posite end-points, whereas HGS asymmetry alone was not. Com-
pared with the normal and symmetric group, older adults with
HGS weakness and asymmetry together had a higher risk of
MACE and composite end-points, which showed the predictive
value of HGS weakness and HGS asymmetry in combination for
cardiovascular outcomes.

Figure 2 Kaplan–Meier survival curve of cardiovascular outcomes in older outpatients by different handgrip strength weakness
and handgrip strength asymmetry groups. HGS, handgrip strength. Major adverse cardiovascular event (MACE): a composite of
cardiac death, acute myocardial infarction, unstable hospitalization for unstable angina, hospitalization for congestive heart failure
and acute stroke. Composite end-points: a composite of all-cause mortality, acute myocardial infarction, hospitalization for
unstable angina, hospitalization for congestive heart failure and acute stroke.
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The epidemiological data of HGS asymmetry were limited, and
there was also no unified diagnostic criterion for HGS asymmetry.
The present study applied the “10% rule”, because it has been
used for HGS asymmetry in most studies. In this study, the preva-
lence of HGS asymmetry was 44.0%, consistent with epidemio-
logical information (44.3%) in older Americans for the same age
range. Secondary analyses of data from the English Longitudinal
Study of Ageing (ELSA) showed the prevalence of HGS asymme-
try was 46.2% in the older population aged ≥50 years.21 A total of
15.9% of older Koreans were diagnosed with HGS asymmetry
(20% rule) in a nationwide, population-based, cross-sectional
study.22 To date, no studies have reported HGS asymmetry data
in the Chinese older population.

The association between HGS weakness and cardiovascular
outcomes was similar to previous studies. Some large epidemio-
logical cohorts from different countries focused on HGS and car-
diovascular outcomes. The PURE study carried out in
17 countries with a median follow-up period of 4 years suggested
that measurement of HGS was an effective risk-stratifying method
for all-cause mortality, cardiac death and cardiovascular disease.4

In the prospective cohort study of half a million UK Biobank par-
ticipants, HGS weakness was associated with all-cause and cardio-
vascular mortality.1 The Korean Longitudinal Study of Aging

(KLoSA) found that HGS was longitudinally related to the occur-
rence of cardiovascular diseases, such as heart disease (angina,
myocardial infarction, congestive heart failure) and stroke.3

Another study from KLoSA showed that lower HGS was an inde-
pendent predictor of all-cause and cardiovascular mortality.2 Sev-
eral meta-analyses also confirmed the correlation between HGS
and cardiac adverse events.23,24 Rita Pavasini et al. carried out a
meta-analysis of patients with cardiac disorders (ischemic heart
disease, HF, cardiomyopathies, valvulopathies, arrhythmias),
which concluded that HGS emerged as a predictor of all-cause
death, cardiac death and hospital admission for HF. However,
they did not find any relationship between HGS and the occur-
rence of cerebrovascular accidents or myocardial infarction.23

Arterial stiffness, physical activity and nutrition might mediate
the association between HGS weakness and cardiovascular out-
comes. First, a prospective study of older Dutch men in the com-
munity reported higher baseline carotid intima media thickness
associated with low HGS after 4-year follow up.11 In people with
muscle strength weakness, chronic inflammation increases25 to
reduce the bioavailability of nitric oxide, aggravate endothelial dys-
function, and accelerate atherosclerosis and arterial plaque forma-
tion by autocrine and paracrine mechanisms.26 Meanwhile,
insufficient levels of physical activity influence muscle weakness,

Table 2 Association of handgrip strength weakness and handgrip strength asymmetry separately on cardiovascular outcomes in older
outpatients

HGS weakness HGS asymmetry

HR (95% CI) P value HR (95% CI) P-value

MACE
Model 1 3.39 (1.66–6.92) 0.001 2.51 (1.25–5.04) 0.010
Model 2 2.26 (1.05–4.89) 0.038 2.11 (1.04–4.29) 0.040
Model 3 2.76 (1.22–6.27) 0.015 1.94 (0.92–4.12) 0.083

Composite end-points
Model 1 3.97 (2.14–7.36) <0.001 2.14 (1.21–3.78) 0.009
Model 2 2.59 (1.33–5.03) 0.005 1.80 (1.01–3.21) 0.048
Model 3 2.84 (1.40–5.77) 0.004 1.71 (0.92–3.19) 0.089

Composite endpoints: a composite of all-cause mortality, acute myocardial infarction, hospitalization for unstable angina, hospitalization for con-
gestive heart failure, and acute stroke. Model 1: unadjusted. Model 2: adjusted for age and sex. Model 3: adjusted as model 2 with body mass index,
smoking, drinking, hypertension, diabetes, hyperlipidemia, heart failure and coronary heart disease.

HGS, handgrip strength; MACE, major adverse cardiovascular event (a composite of cardiac death, acute myocardial infarction, hospitalization for
unstable angina, hospitalization for congestive heart failure and acute stroke).

Table 3 Association of handgrip strength weakness and asymmetry together on cardiovascular outcomes in elderly outpatients

Normal and symmetric
HGS (n = 127)

HGS weakness or asymmetry
only (n = 159)

HGS weakness and
asymmetry (n = 78)

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

MACE
Model 1 1 (control) – 3.21 (1.07–9.68) 0.038 7.56 (2.53–22.63) <0.001
Model 2 1 (control) – 2.86 (0.95–8.67) 0.063 4.74 (1.49–15.05) 0.008
Model 3 1 (control) – 3.18 (0.99–10.17) 0.051 5.23 (1.56–17.54) 0.007

Composite end-points
Model 1 1 (control) – 2.31 (0.97–5.49) 0.059 6.46 (2.78–15.00) <0.001
Model 2 1 (control) – 2.02 (0.85–4.83) 0.114 3.93 (1.60–9.61) 0.003
Model 3 1 (control) – 1.94 (0.77–4.88) 0.157 4.00 (1.56–10.28) 0.004

HGS, handgrip strength; MACE, major adverse cardiovascular event (a composite of cardiac death, acute myocardial infarction, hospitalization for
unstable angina, hospitalization for congestive heart failure, and acute stroke). Composite end-points: a composite of all-cause mortality, acute myo-
cardial infarction, hospitalization for unstable angina, hospitalization for congestive heart failure, and acute stroke. Model 1: unadjusted. Model 2:
adjusted for age and sex. Model 3: adjusted as Model 2 with body mass index, smoking, drinking, hypertension, diabetes, hyperlipidemia, heart fail-
ure and coronary heart disease.
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which in turn shows HGS weakness.24 In addition, HGS is a use-
ful functional measure when added to a clinical nutrition
assessment,27 and it can reflect the dietary intake in older adults.28

As a result of these factors, older people with HGS weakness are
more likely to develop cardiovascular events.

In the present study, HGS asymmetry was not associated
with MACE and composite end-points after being fully
adjusted in model 3, which showed that HGS asymmetry was
not as effective as HGS weakness in predicting cardiovascular
outcomes. One of the explanations might be the disuse of the
non-dominant limb.29 Lack of exercise in the non-dominant
hand generates a gap in HGS with the dominant hand. In con-
trast, HGS asymmetry can be explained by the asymmetry of
the primary somatosensory cortex in each hemisphere of the
brain and cerebellar-related neurological dysfunction.8 The
complex correlation between HGS asymmetry and the nervous
system exactly supported that the aging people with HGS
asymmetry might have a higher risk of falls and functional limi-
tations discussed in several studies.6,9,10 Nevertheless, further
research is required to identify whether HGS asymmetry can be
an independent predictor for other adverse events, such as car-
diovascular outcomes.

After consideration for both HGS weakness and asymmetry,
an important conclusion can be obtained that HGS weakness and
asymmetry together were associated with cardiovascular outcomes
in older adults compared with those with normal and symmetric
HGS. HGS asymmetry offers complementary information to HGS
weakness when making a complete evaluation of HGS, implying
the dysfunction of the neuromuscular system and cardiovascular
system. The combination of HGS weakness and HGS asymmetry
might improve the prediction ability of HGS assessment in cardio-
vascular outcomes, which have implications for comprehensive
geriatric assessment. Implementing HGS asymmetry measurement
in clinical practice merits greater attention, and more geriatricians
and clinicians should target appropriate interventions for older
patients with both HGS weakness and asymmetry.

The present study included some strengths that need to be
acknowledged. Our study is one of the first studies adding HGS
asymmetry to the assessment of HGS. Additionally, the study is
the first to explore the longitudinal association of HGS weakness
and asymmetry together on cardiovascular outcomes in older
adults. The study also had some limitations that should be consid-
ered. First, the current sample size might not be sufficient, and the
included population was geriatric outpatients rather than a
community-based older population. The results might not be
considered relevant to the population at large. Second, the pri-
mary end-point of this study was cardiovascular outcomes, and
the baseline population did not fully exclude patients with coro-
nary heart disease and HF. However, efforts were made to exclude
patients with poor cardiac function and hospitalization for myo-
cardial infarction and HF in the recent 6 months to reduce poten-
tial bias. Third, although we chose the “10% rule” as the
threshold of HGS asymmetry, there still exist differences in HGS
between hands. The underlying mechanism of HGS asymmetry
needs to be confirmed in future biological or large longitudinal
studies.

In conclusion, the present study identified the association of
HGS weakness and asymmetry on cardiovascular outcomes. Older
outpatients with HGS weakness and asymmetry together had a
higher risk of cardiovascular outcomes. The findings suggested
that HGS asymmetry in combination with HGS weakness could
improve the predictive value of cardiovascular outcomes. It is nec-
essary to carry out developed research on the mechanism and
interventions of HGS asymmetry in the future.
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