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Abstract
Objectives: The burden of pain in middle-aged and older adults is considerable and 
significantly increases healthcare expenditures. We aimed to investigate the roles of 
handgrip strength (HGS) weakness and asymmetry in predicting pain across four na-
tionally representative cohorts.
Methods: This longitudinal study utilized data from four major surveys: the Health 
and Retirement Study (HRS); the English Longitudinal Study of Ageing (ELSA); 
the Survey of Health, Ageing and Retirement in Europe (SHARE); and the China 
Health and Retirement Longitudinal Study (CHARLS). Multivariable cubic regres-
sion splines were employed to visually explore the nonlinear associations between 
HGS and pain in each cohort. The Cox proportional hazard model was applied to 
analyze the independent and combined relationship between HGS weakness and 
asymmetry and pain risk.
Results: We included 41,171 participants in the final analysis, with a mean follow-up 
period of 4.68 ± 2.61 years (50.7% female, mean age 64.3 ± 9.3 years). No nonlinear re-
lationship was found between HGS and pain incidence (nonlinear p < 0.05 in ELSA and 
SHARE; >0.05 in CHARLS and HRS). After adjustment, the highest quartile groups 
had a significantly reduced risk of pain compared to the lowest quartile groups across 
all cohorts, with hazard ratios of 0.81 (0.74, 0.89) in CHARLS, 0.86 (0.77, 0.97) in HRS, 
0.88 (0.77, 0.98) in ELSA, and 0.78 (0.73, 0.84) in SHARE. Participants with normal 
HGS had approximately 20% lower risk of pain compared to those with weak HGS. 
Each 5 kg increase in HGS was associated with decreased hazard ratios for pain: 0.95 
(0.93, 0.97) in CHARLS, 0.97 (0.94, 0.99) in HRS, 0.96 (0.94, 0.99) in ELSA, and 0.94 
(0.92, 0.95) in SHARE. The association between HGS asymmetry and pain risk was 
significant only in a few cohorts (HRS at 10%, 1.10 (1.03, 1.18); SHARE at 30%, 1.12 
(1.05, 1.21)). No interaction effect between HGS weakness and asymmetry on pain 
risk was observed (all p-values for interaction >0.05).
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1  |  INTRODUC TION

Pain in the context of aging is not merely a symptom but is rather 
a complex experience that intersects with mobility, independence, 
and emotional well-being, profoundly influencing the lives of the 
middle-aged and older populations.1 The economic burden of pain 
in this demographic is substantial, significantly escalating healthcare 
expenditures, including direct medical costs and the indirect costs 
of lost productivity and ongoing care.2 This common yet intricate 
challenge necessitates a comprehensive understanding and targeted 
interventions to maintain the quality of life of these individuals.3

Handgrip strength (HGS) is a crucial indicator of muscle function and 
overall health, widely used in clinical and research settings as a mea-
sure of physical condition.4 This simple, noninvasive measurement not 
only provides insights into muscle strength but also predicts risks asso-
ciated with sarcopenia and frailty.5 Moreover, HGS is associated with 
broader health outcomes such as cardiovascular health and longevity.6,7 
However, measuring only the maximal HGS of one hand may not provide 
an accurate reflection of total muscle functionality. Recent research on 
HGS asymmetry, or significant differences in strength between hands, 
has emphasized its importance in assessing muscle function impairment 
and its potential implications for future health challenges.8,9

However, research into the independent and combined impact of 
HGS weakness, asymmetry, and pain among middle-aged and older 
adults remains limited. It has not yet been established whether HGS 
can serve as a significant predictor of pain occurrence in later life 
among middle-aged and older individuals. To address these research 
gaps, we conducted a cross-cultural, longitudinal analysis based on 
four large, comparative cohort studies, representing middle-aged 
and older adults across 22 countries from three continents: North 
America, Europe, and Asia. This approach has the potential to assist 
in the early prevention and management of pain in middle-aged and 
older individuals, thereby mitigating its social burden.

2  |  METHODS

2.1  |  Study design and participants

Data were obtained from four international cohorts of aging: the 
Health and Retirement Study (HRS);10 the English Longitudinal Study 

of Ageing (ELSA)11; the Survey of Health, Ageing and Retirement in 
Europe (SHARE);12 and the China Health and Retirement Longitudinal 
Study (CHARLS).13 These cohorts were designed with similar survey 
protocols to enable cross-regional comparisons. Detailed informa-
tion about these cohorts is available on their respective official web-
sites. To ensure comparability in HGS measurement and consistency 
in time ranges, this study utilized data spanning from 2008 to 2018 
for the HRS and ELSA, from 2013 to 2018 for SHARE, and from 2011 
to 2018 for CHARLS.

In this study, 120,716 (8326 from ELSA, 62,790 from SHARE, 
35,925 from HRS, and 13,675 from CHARLS) participants aged 45 
to 85 years from four cohorts were included in the baseline sur-
veys. Participants were excluded if they lacked the required HGS 
data, had pain or did not clearly report pain at baseline, were lost 
to follow-up, or were missing necessary covariate data, resulting in 
41,171 (4238 from ELSA, 22,799 from SHARE, 7457 from HRS, and 
6677 from CHARLS) participants being included in the final anal-
ysis. All studies received ethical approval from the relevant local 
research ethics committees, and participants were recruited after 
providing written informed consent. Details of the selection process 
are depicted in Figure 1. We conformed to the Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) re-
porting guidelines.14

2.2  |  Handgrip strength weakness and asymmetry

HGS was measured using a handheld dynamometer (Smedley, 
S Dynamometer, TTM, Tokyo, 100 kg15 or WCS-100, Nantong, 
China16) in the four cohorts at baseline. Before the measurement, 
participants were asked if they were in a safe state to proceed. The 
test was conducted with participants either standing or sitting, 
with their elbows bent at 90° angles. Weakness was defined using 
the Foundation for the National Institutes of Health Sarcopenia 
Project criteria: maximal HGS <26 kg for males and <16 kg for 
females.17 The HGS ratio was calculated by dividing the maximal 
HGS of the nondominant hand by the dominant hand's maximal 
HGS. Following prior research, the 10% rule was employed to 
define HGS asymmetry, which indicates that the dominant hand's 
HGS is generally 10% greater than the nondominant hand's.18 
As a result, asymmetry was defined as an HGS ratio of <0.90 or 

Conclusions: Our findings suggest that HGS can be used as an independent predic-
tor of pain in middle-aged and older European, American, and Chinese populations. 
However, our results do not support the use of HGS asymmetry as an independent 
predictor of pain risk. It is necessary to establish appropriate criteria for HGS asym-
metry across different populations. The use of both weak HGS and asymmetry as 
predictors of health outcomes requires further validation in more diverse populations.

K E Y W O R D S
handgrip strength, pain, weakness
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>1.10. To further investigate the relationship between varying 
HGS ratios and pain, the 20% and 30% rules were also applied to 
define HGS asymmetry.

2.3  |  Outcome ascertainment and follow-up

The primary outcome of this study was the incidence of pain, 
assessed using the question “Are you often troubled with pain?” 
in HRS, ELSA, and SHARE, and “Are you often troubled with any 
body pains?” in CHARLS. Participants who explicitly answered 
“yes” were considered to be suffering from pain. The follow-up 
endpoint was the first occurrence of pain, death, or the censoring 
date, whichever came first. The censoring date was defined as the 
date each participant attended their last survey. Death data were 

available up to the last survey in CHARLS, HRS, and SHARE, but in 
ELSA, they were available only until wave 6 (2012–2013).

2.4  |  Covariates

Based on prior research, potential confounders were controlled 
for by evaluating participant characteristics at baseline, including 
sociodemographic, lifestyle, and health aspects such as age, sex 
(male, female), marital status (never married, married, divorced or 
widowed), insurance coverage (with or without), body mass index 
(BMI) (underweight, normal weight, overweight, and obesity), 
smoking status (never smoked or smoking), drinking status (non-
drinker or drinking), activity level (low, moderate, high), and history 
of hypertension, diabetes, heart disease, and cancer (yes, no).19,20 

F I G U R E  1  Flowchart of the selection of the study population.
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All covariates were measured at baseline at the same time with 
HGS measurement.

2.5  |  Statistical analysis

Baseline characteristics of the study participants are described using 
means (standard deviations(SD)) for continuous variables and fre-
quencies percentagesfor categorical variables. The Kruskal–Wallis 
and Chi−Square tests were employed to compare differences in vari-
ables across the four cohorts.

Multivariable cubic regression splines were used to visually ex-
plore nonlinear associations between HGS and pain in each cohort. As 
shown in Figure 2, nonlinear relationship was not observed between 
HGS and the incidence of pain in all cohorts (Nonlinear p < 0.05 in 
ELSA and SHARE, while >0.05 in CHARLS and HRS). Additionally, we 
investigated the associations of HGS with the incidence of pain over 
the follow-up period using Cox proportional hazard models. Results 
were reported as hazard ratios with accompanying 95% confidence 
intervals. To more comprehensively analyze the characteristics of 
HGS, HGS was analyzed as both categorical (gender-specific quar-
tiles, Q1-Q4; and gender-specific categories: weakness or normal 
strength) and continuous variables (per 5 kg increment). Moreover, 
participants in Q1 and those categorized as weak served as the ref-
erence group, with quartile ranges of HGS among male and female 
participants in four cohorts presented in eTable 1. For all Cox pro-
portional hazard analyses, models incorporating all covariates were 
executed across the four cohorts.

To investigate the independent association between HGS asym-
metry and pain, we established HGS asymmetry criteria at 10%, 20%, 
and 30%. Additionally, we utilized a Cox regression model with the 
HGS symmetric group as the reference to calculate the pain risk for 
the asymmetric group. To explore the combined effects of HGS weak-
ness, asymmetry, and pain, participants were categorized into four 
groups based on the presence of weakness and asymmetry, designat-
ing the group with both “weakness and asymmetry” as the reference. 
Finally, we introduced the interaction term for HGS weakness and 
asymmetry in the Cox proportional hazards model to calculate their 
interaction effect. Cox proportional hazard analyses were conducted, 
comprehensively adjusting for covariates in all four cohorts.

Several sensitivity analyses were conducted: (1) For patients 
with incomplete covariate data, multiple imputation was employed 
to address the missing values, and subsequent analyses were con-
ducted.21 (2) Given that psychological factors22 and cognitive func-
tion might affect patients' perception of pain, additional adjustments 
were made for mental and cognitive disorders, followed by a reit-
eration of all analyses. (3) Acknowledging that mortality could be a 
competing risk for pain, analyses were reconducted using the Fine-
Gray model.23 (4) HGS weakness was defined according to the Asian 
Work Group for Sarcopenia 2019 consensus (maximal HGS <28 kg 
for males and <18 kg for females),24 and the data were reanalyzed.5 
To assess the risk of HGS weakness, subgroup analyses were con-
ducted based on participant characteristics. Schoenfeld residuals 
were tested to verify the proportional risk assumption. Statistical 
analysis was performed using R 4.3.0. In the data analysis, a two-
tailed p-value of less than 0.05 was deemed statistically significant.

F I G U R E  2  Restricted cubic spline 
analyses for association of handgrip 
strength with risk of pain in four cohorts. 
A, B, C, and D represent the association 
between them in CHARLS, HRS, ELSA, 
and SHARE cohorts, respectively.
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3  |  RESULTS

3.1  |  Baseline characteristics of the study 
population

The characteristics of observations across the four cohort studies 
are presented in Table  1. According to inclusion and exclusion 
criteria, the final analysis included 7457 participants from HRS 
(female: 54.6%, mean age: 66.6 years), 4238 from ELSA (female: 
51.3%, mean age: 64.3 years), 22,799 from SHARE (female: 50.0%, 
mean age: 65.0 years), and 6677 from CHARLS (female: 48.3%, 
mean age: 58.9 years). The mean HGS varied across cohorts, ranging 
from 33 to 36 kg, with males exhibiting higher values than females 

in all cohorts (eFigure  1a—Data  S1). The mean HGS ratio ranged 
from 1.07 in CHARLS to 1.11 in HRS (Table  1), and eFigure  1b—
Data S1 illustrates the percentages of individuals with varying HGS 
ratios across the four cohorts. The mean follow-up period across 
all cohorts was 4.68 years (SD = 2.61), with specific durations of 
4.99 years (SD = 2.26) in CHARLS, 5.95 years (SD = 3.33) in ELSA, 
6.06 years (SD = 2.82) in HRS, and 3.89 years (SD = 2.14) in SHARE.

3.2  |  Association between HGS weakness and pain

Table  2 illustrates the independent associations between 
HGS weakness and the risk of pain across four cohorts. After 

TA B L E  1  Baseline characteristics of participants included in final analysis.

Characteristic

Overall Cohort

Overall, n = 41,171 
(100%)a

CHARLS, n = 6677 
(16%)a

ELSA, n = 4238 
(10%)a

HRS, n = 7457 
(18%)a

SHARE, n = 22,799 
(55%)a p-valueb

Age (years) 64.3 (9.3) 58.9 (9.3) 64.3 (8.5) 66.6 (9.6) 65.0 (8.7) <0.001

Sex

Female 20,859 (50.7%) 3227 (48.3%) 2173 (51.3%) 4070 (54.6%) 11,389 (50.0%) <0.001

Male 20,312 (49.3%) 3450 (51.7%) 2065 (48.7%) 3387 (45.4%) 11,410 (50.0%)

Marital status

Never married 1796 (4.4%) 46 (0.7%) 258 (6.1%) 339 (4.5%) 1153 (5.1%) <0.001

Married 30,978 (75.2%) 5934 (88.9%) 2994 (70.6%) 4894 (65.6%) 17,156 (75.2%)

Divorced or 
widowed

8397 (20.4%) 697 (10.4%) 986 (23.3%) 2224 (29.8%) 4490 (19.7%)

Insurance coverage 15,670 (38.1%) 3292 (49.2%) 1767 (41.7%) 4230 (56.7%) 6381 (28.0%) <0.001

BMI

Underweight 744 (1.8%) 384 (5.8%) 36 (0.8%) 62 (0.8%) 262 (1.1%) <0.001

Normal weight 16,154 (39%) 4185 (63%) 1210 (29%) 1734 (23%) 9025 (40%)

Overweight 15,917 (39%) 1748 (26%) 1891 (45%) 2739 (37%) 9539 (42%)

Obesity 8356 (20%) 360 (5.4%) 1101 (26%) 2922 (39%) 3973 (17%)

Smoking 9812.0 (23.8%) 2749 (41.2%) 583 (13.8%) 1344 (18.0%) 5136 (22.5%) <0.001

Drinking 15,365.0 (37.3%) 4851 (72.7%) 3623 (85.5%) 3307 (44.3%) 3584 (15.7%) <0.001

Activity level

Low 7053 (17.1%) 4183 (62.6%) 780 (18.4%) 982 (13.2%) 1108 (4.9%) <0.001

Moderate 9959 (24.2%) 1481 (22.2%) 2328 (54.9%) 2129 (28.6%) 4021 (17.6%)

High 24,159 (58.7%) 1013 (15.2%) 1130 (26.7%) 4346 (58.3%) 17,670 (77.5%)

Hypertension 14,883 (36.1%) 1472 (22.0%) 1544 (36.4%) 4003 (53.7%) 7864 (34.5%) <0.001

Diabetes 4226 (10.3%) 322 (4.8%) 334 (7.9%) 1358 (18.2%) 2212 (9.7%) <0.001

Heart disease 4742 (11.5%) 601 (9.0%) 475 (11.2%) 1433 (19.2%) 2233 (9.8%) <0.001

Cancer 2302 (5.6%) 37 (0.6%) 297 (7.0%) 964 (12.9%) 1004 (4.4%) <0.001

Handgrip strength 34 (11) 33 (10) 33 (11) 33 (11) 36 (11) <0.001

Handgrip strength 
ratio

1.10 (0.24) 1.07 (0.30) 1.09 (0.18) 1.11 (0.19) 1.10 (0.24) <0.001

Note: The significant values have been bolded.
Abbreviation: BMI, body mass index.
aMean (SD); n (%).
bKruskal-Wallis rank sum test; Pearson's Chi-squared test.
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comprehensive adjustments, the Q4 groups, representing the 
least weakness, were significantly associated with a reduced risk 
of pain compared to the Q1 groups (indicative of most weakness) 
across all cohorts. The hazard ratios (HRs) were 0.81 with a 95% 
confidence interval (CI) of (0.74, 0.89) in CHARLS, 0.86 (0.77, 0.97) 
in HRS, 0.88 (0.77, 0.98) in ELSA, and 0.78 (0.73, 0.84) in SHARE. 
In all cohorts, except for HRS, a decreasing trend in pain risk was 
observed across the quartile groups. Furthermore, compared to 
the weakness groups, the risk of pain decreased by approximately 
20% in participants with normal HGS across the cohorts, with 
HRs of 0.79 (0.70, 0.90) in CHARLS, 0.84 (0.71, 0.99) in HRS, 0.78 
(0.64, 0.94) in ELSA, and 0.79 (0.70, 0.88) in SHARE. Additionally, 
for each 5 kg increase in HGS, the hazard ratios decreased across 
all cohorts, with values being 0.95 (0.93, 0.97) in CHARLS, 0.97 
(0.94, 0.99) in HRS, 0.96 (0.94, 0.99) in ELSA, and 0.94 (0.92, 0.95) 
in SHARE, respectively.

3.3  |  Association between HGS 
asymmetry and pain

The independent associations between HGS asymmetry and pain 
are displayed in eTable 2—Data S1. When the HGS asymmetry ratio 
is set at 10%, there are no significant differences between asymmet-
ric and symmetric HGS, except in the HRS cohort where the ratio is 
1.10 (1.03, 1.18). At asymmetry ratios of 20% or 30%, asymmetric 
HGS is associated with a higher risk of pain compared to symmetric 
HGS; however, this effect is not statistically significant in the major-
ity of groups. Notably, only when the HGS asymmetry ratio reaches 
30% in the SHARE cohort, does the risk of pain increase significantly 
by 12% (1.12 (1.05, 1.21)).

3.4  |  Association between weakness and 
asymmetry of HGS and pain

When the HGS asymmetry ratio is set at 10%, participants with only 
asymmetry exhibit a lower risk of pain compared to those with both 
weak and asymmetric HGS, although these results are not signifi-
cant in most groups. Additionally, no clear relationship is evident in 
participants with only weak HGS and symmetric HGS. In contrast, 
individuals with normal and symmetric HGS consistently exhibit a 
lower risk of pain across all cohorts, with hazard ratios of 0.76 (0.67, 
0.88) in CHARLS, 0.82 (0.71, 0.95) in HRS, 0.80 (0.65, 0.98) in ELSA, 
and 0.86 (0.75, 0.98) in SHARE. Similar results are observed when 
the asymmetry ratio is increased to 20% or 30%. Across all cohorts, 
no significant interaction is observed between weak HGS and asym-
metry, with P for interaction exceeding 0.05. The detailed results are 
displayed in Table 3.

3.5  |  Sensitivity analyses

We employed multiple imputation to address the missing data, and 
the associations remained consistent with the original results across 
all cohort studies (eTables and 4—Data S1). After additional adjust-
ment for mental and cognitive disorders, the association between 
HGS weakness and pain was attenuated but remained significant 
(eTable  5—Data  S1). We applied the Fine-Gray model to replicate 
the analyses, and the associations persisted (eTable  6—Data  S1). 
Employing different weakness criteria, the results remained stable 
(eTable 7—Data S1). The results of the subgroup analysis pertaining 
to weak HGS and pain risk demonstrated consistent findings across 
all cohorts (eFigure 2—Data S1).

TA B L E  2  The association of handgrip strength weakness and risk of pain in four cohorts.

Handgrip strength

CHARLS HRS ELSA SHARE

HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value

Quartiles

Q1 (Ref) 1.00 — — 1.00 — — 1.00 — — 1.00 — —

Q2 0.88 0.81, 0.96 0.003 0.86 0.78, 0.95 0.002 0.85 0.76, 0.96 0.011 0.89 0.84, 0.94 <0.001

Q3 0.90 0.82, 0.97 0.024 0.88 0.79, 0.97 0.013 0.87 0.77, 0.99 0.035 0.83 0.78, 0.88 <0.001

Q4 0.81 0.74, 0.89 <0.001 0.86 0.77, 0.97 0.011 0.88 0.78, 0.98 0.026 0.78 0.73, 0.84 <0.001

p for trend <0.001 0.022 0.131 <0.001

Weakness versus normal strengtha

Weakness (Ref) 1.00 — — 1.00 — — 1.00 — — 1.00 — —

Normal strength 0.79 0.70, 0.90 <0.001 0.84 0.71, 0.99 0.036 0.78 0.64, 0.94 0.008 0.79 0.70, 0.88 <0.001

Per 5 kg increment 0.95 0.93, 0.97 <0.001 0.97 0.94, 0.99 0.016 0.96 0.94, 0.99 0.047 0.94 0.92, 0.95 <0.001

Note: All the models were adjusted for age, sex, marital status, insurance coverage, BMI, smoking status, drinking status, activity level, and history of 
hypertension, diabetes, heart disease, and cancer. The significant values have been bolded.
Abbreviations: CI, confidence interval; HR, hazard ratio.
aWeakness was defined according to the Foundation for the National Institutes of Health Sarcopenia Project criteria (maximal HGS <26 kg for males 
and <16 kg for females).
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4  |  DISCUSSION

This study is the first to conduct a cross-cultural and longitudinal 
investigation into the association between HGS weakness, asymme-
try, and the risk of incident pain in later life among middle-aged and 
older individuals. Our findings indicate that a weak HGS significantly 
increases the risk of pain across all cohorts; however, the relation-
ship between HGS asymmetry and pain risk is not clearly established. 
Additionally, we observed no interaction effect between HGS weak-
ness and asymmetry in terms of pain risk across all cohorts.

Although previous studies have characterized HGS as a straight-
forward yet potent predictor of future disability, morbidity, and 
mortality, comparatively little evidence exists regarding its impact 
on pain among middle-aged and older individuals.25,26 Moreover, 
Sayer et al. highlighted the need for further investigation to deter-
mine whether the relationship between HGS and health outcomes 
is consistent across countries with diverse socioeconomic condi-
tions.27 Our research clearly indicates that significant differences in 
HGS exist among middle-aged and older populations across various 
countries. However, the early detection and amelioration of weak 
HGS can potentially help mitigate the risk of subsequent pain in 
middle-aged and older adults, a factor that is significant across var-
ious socio-economic backgrounds. Nonetheless, it is important to 
note that the inverse correlation between HGS and pain risk (i.e., 
the stronger the HGS, the lower the risk of pain) diminishes above 
a certain threshold of HGS. By employing two criteria, we have 
demonstrated that categorizing HGS as “weak” or “normal” remains 
a robust indicator of pain risk across four cohorts.

Weak HGS can potentially increase the risk of pain through 
several pathways. First, weak HGS reflects a decrease in muscle 
mass and quality, potentially leading to increased physical stress on 
other body parts and heightened pain risk.28 Second, weak HGS is 
frequently correlated with metabolic issues, such as insulin resis-
tance, which involves fat accumulation in muscles, impairing muscle 
function and thereby increasing pain sensitivity.29 Additionally, HGS 
weakness is associated with functional limitations that can result in 
injuries and an overreliance on other muscle groups, leading to over-
use injuries.30 Lastly, it may indicate a chronic inflammatory state 
that can damage muscle tissues and further reduce muscle function-
ality, thus contributing to enhanced pain perception.31,32

Regarding the relationship between HGS asymmetry and pain 
risk, current research has not established a direct correlation. Our 
research did not reveal a significant relationship between HGS 
asymmetry and pain risk, and these findings were significant only 
in a small subset of the group, aligning with previous research. 
Chen et  al. demonstrated that low HGS, rather than asymmetry, 
is associated with functional mobility.33 Several studies have re-
ported that older individuals with HGS asymmetry face a higher 
risk of neurodegenerative diseases.34,35 Previous research has 
shown that HGS asymmetry may suggest different activation 
of the cerebral hemispheres and an imbalance in neural func-
tion.36 However, the relationship between HGS asymmetry and 
pain is complex, and the underlying mechanisms require further 

investigation. Simultaneously, HGS asymmetry may be more diffi-
cult to observe accurately because it likely occurs prior to weak-
ness, which may explain the observed inconsistencies with pain. 
Our findings suggest that using HGS asymmetry as a predictive 
indicator of pain risk necessitates establishing different standards 
of HGS asymmetry for diverse populations.

Moreover, the combined analysis of weak and asymmetrical HGS 
indicates that weakness in HGS may serve as an effective indicator 
for screening pain risk in middle-aged and older adults, while HGS 
asymmetry might not be suitable. However, this finding contrasts 
with previous studies, which suggest that the combination of HGS 
asymmetry and weakness could be a more effective method of as-
sessing health risks.36,37 We propose that the reasons for these dif-
ferences are as follows: (1) HGS asymmetry is more closely related to 
physical and brain cognitive functions, with a less direct relationship 
to pain. (2) The “10% rule” used as a threshold for HGS asymme-
try might not be appropriate for all populations with diverse back-
grounds. Compared to HGS weakness, fewer studies have explored 
the relationship between HGS asymmetry and health outcomes; 
therefore, validating its effectiveness in larger samples and more 
diverse populations is essential.

This study exhibits several strengths: (1) It included four prospec-
tive cohorts from diverse ethnicities with rigorous study designs and 
large sample sizes. (2) Results were consistent across the four cohorts, 
demonstrating the generalizability of our findings. (3) Asymmetry was 
investigated not only at a HGS ratio of 10%, as defined by previous 
studies, but also at 20% and 30%. (4) Diverse sensitivity analyses fur-
ther confirmed the robustness of our results. However, the study has 
several limitations: (1) Reliance on self-reported data may introduce 
recall bias. (2) Assessment of covariates such as physical activity at 
a single time point does not consider potential variation over time. 
(3) Significant social factors were not measured, highlighting direc-
tions for future research. (4) In the ELSA, death data were available 
only up to wave 6, whereas outcome data were followed up to wave 
9. (5) In various cohorts, factors such as the frequency of HGS mea-
surements, the tools used, and the measurer's posture may influence 
the measurement of HGS.(6) Only overall pain was analyzed, without 
further analysis on pain in specific body parts or the causes of pain, 
necessitating additional research for further refinement. (7) Since this 
study uses multiple datasets, the lack of data harmonization may re-
sult in inconsistencies in the measurements, making it challenging to 
compare results across different datasets.

5  |  CONCLUSION

In four prospective cohorts, it was found that middle-aged and 
older adults with HGS weakness are at a higher risk of future 
pain. HGS, recognized as a safe and expedient method for as-
sessing muscle function, may be considered an effective ap-
proach for early screening of individuals at higher risk of pain 
and for interventions targeted at improving muscle strength. 
However, HGS asymmetry has not shown a clear relationship 
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with pain, highlighting the need for further research to supple-
ment and verify these findings.
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