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Aim: To establish normative reference values for handgrip strength (HGS) in Malaysian older adults using cross-sectional data from 
the LRGS-TUA cohort study.
Methods: We analyzed data from 2180 community-dwelling adults aged ≥60 years enrolled in the LRGS-TUA longitudinal study. 
Sex-specific percentile curves and age-specific normative reference values for absolute and body weight-normalized HGS were 
generated using the lambda-mu-sigma (LMS) method. We compared the prevalence of low HGS using the Asian Working Group 
for Sarcopenia (AWGS) 2019 cutoffs versus lowest quintile thresholds and assessed their associations with sarcopenia-related 
outcomes.
Results: Peak mean absolute HGS occurred at age 60–64 years for both men (30.9 ± 6.6 kg) and women (19.7 ± 4.8 kg). Peak 
normalized HGS was observed at 65–69 years for men (0.47 ± 0.11 kgf/kg) and at 60–64 years for women (0.33 ± 0.09 kgf/kg), with 
women maintaining stable values through 70–74 years. The AWGS 2019 criteria identified substantially higher prevalence of low HGS 
(men: 46.2%; women: 48.7%) compared to lowest quintile thresholds (men: 19.6%; women: 20.1%). Both definitions demonstrated 
significant correlations with sarcopenia-related outcomes.
Conclusion: Low handgrip strength prevalence was higher using AWGS 2019 criteria, though both definitions showed similar 
associations with sarcopenia-related outcomes. Their relative clinical utility requires confirmation through longitudinal validation.
Keywords: handgrip strength, normative reference value, older adults, sarcopenia

Introduction
Muscle weakness is a pervasive and clinically significant condition in older adults, with far-reaching consequences for 
functional independence, health outcomes, and quality of life.1 Central to this process is sarcopenia, the age-related 
decline in skeletal muscle mass and function, which contributes to progressive reductions in muscle strength and power.2 

Collectively, these changes impair the capacity to perform activities of daily living and increase vulnerability to mobility 
limitations, falls, disability, and institutionalisation.1 Beyond functional decline, reduced muscle strength has been 
consistently associated with a higher risk of chronic conditions, including cardiovascular disease and osteoporosis, as 
well as adverse metabolic outcomes through its influence on glucose regulation, insulin sensitivity, and energy 
expenditure.3,4 As such, preserving muscle strength represents a critical target for promoting healthy ageing, maintaining 
independence, and reducing healthcare burden.

Handgrip strength (HGS) has emerged as a simple, non-invasive, and reliable proxy of overall muscle strength, with 
strong prognostic value across diverse populations.5 Declines in HGS reflect the combined effects of ageing, sarcopenia, 
chronic disease, and modifiable lifestyle factors such as physical inactivity and suboptimal nutrition.2 A substantial body 
of evidence demonstrates that low HGS is independently associated with functional limitations, increased risk of falls and 
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fractures, and all-cause mortality.6–8 Consequently, HGS assessment is increasingly integrated into geriatric screening 
and research as a practical tool for risk stratification and early identification of individuals at risk of adverse health 
outcomes.

Accurate interpretation of HGS, however, depends on the availability of appropriate normative reference values. 
Population-specific benchmarks are essential to distinguish between normal age-related variation and clinically mean
ingful muscle weakness, enabling more precise identification of at-risk individuals and informing intervention strategies. 
Although normative HGS values have been established in several populations, their generalizability to Malaysia is 
limited due to substantial heterogeneity in genetic background, ethnicity, lifestyle, and sociocultural factors.9,10 This 
emphasize the need for locally derived reference standards. Therefore, in this study, we aim to establish normative HGS 
values among Malaysian older adults using data from the LRGS-TUA cohort, and to provide contextually relevant 
benchmarks to support screening, clinical decision-making, and future research in ageing populations.

Methods
Participants and Inclusion/Exclusion Criteria
This study is based on baseline data from the Longitudinal Research Grant Scheme – Towards Useful Ageing (LRGS- 
TUA), a large community-based cohort of older adults in Malaysia. For the present analysis, cross-sectional data 
collected between May 2012 and February 2013 were used. The overall study design, sampling procedures, and 
eligibility criteria have been described in detail in earlier publications.11,12 In brief, community-dwelling individuals 
aged 60 years and above were recruited. Participants with documented major psychiatric disorders or mental illnesses 
were excluded, as were those with moderate to severe cognitive impairment, defined by a Mini-Mental State Examination 
(MMSE) score of 14 or below. Of the 2322 participants enrolled at baseline, 2180 individuals with complete dominant 
handgrip strength measurements were included in this analysis.

Data Collection
Data collection followed standardised protocols implemented across the LRGS-TUA cohort and was carried out by 
trained enumerators. Key procedures relevant to the current analysis are summarized below for clarity.12

Sociodemographics and Medical History
Sociodemographic information, including age, sex, ethnicity, and educational level, was obtained through structured 
face-to-face interviews. Participants were also asked to recall any falls experienced during the previous 12 months and 
were classified as non-fallers, single fallers (one fall), or recurrent fallers (two or more falls) based on self-reported 
frequency.13 Medical history was collected using self-report and included common chronic conditions including 
hypertension, hyperlipidemia, diabetes mellitus, stroke, osteoarthritis, cardiovascular disease, cataract or glaucoma, 
renal disease, asthma, chronic obstructive pulmonary disease, tuberculosis, gout, hip fracture, thyroid disorders, and 
cancer. Multimorbidity was defined as the presence of two or more chronic conditions in an individual.14

Physical Measurement and Muscle Strength
Anthropometric measurements were obtained using standardized equipment and procedures. Body height was measured 
with a Leicester Height Measure (CMS Weighing Equipment, UK), and body weight was recorded using a Tanita HD319 
digital scale (Tanita Corporation of America, IL, USA), with values recorded to the nearest 0.1 cm and 0.1 kg, 
respectively. Body mass index (BMI) was calculated as weight (kg) divided by height squared (m2) and categorized as 
underweight (<22 kg/m2), normal (22–27 kg/m2), or overweight/obese (>27 kg/m2). These specific cut-offs were adopted 
as better reflecting health risks and protective factors against functional decline in older Asian cohorts compared to 
standard WHO classifications. Body composition was assessed using bioelectrical impedance analysis (InBody S10, 
Biospace, Seoul, Korea) in accordance with the manufacturer’s recommendations. Skeletal muscle mass was adjusted for 
height and expressed as kg/m2. Low skeletal muscle mass was defined as <7.0 kg/m2 for men and <5.7 kg/m2 for women, 
based on the Asian Working Group for Sarcopenia (AWGS) 2019 criteria.15
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Dominant handgrip strength (HGS) was assessed using a calibrated handgrip dynamometer (Jamar Plus+ Hand 
Dynamometer, SI Instruments Pty Ltd, SA, Australia).12 Participants were instructed to exert maximal effort during two 
trials, performed with the shoulder in adduction and neutral rotation, the elbow flexed at 90°, the forearm in a neutral 
position, and the wrist maintained between 0° and 15° of ulnar deviation. The highest value obtained (kg) was taken as 
the participant’s absolute dominant HGS. Given the well-recognized influence of body size on muscle strength, absolute 
HGS values were additionally normalized to body weight. Normalized HGS (kgf/body mass in kg) was calculated by 
dividing absolute HGS (kgf) by body mass (kg).

Physical Function
Functional mobility was evaluated using the Timed Up and Go (TUG) test. Participants were asked to rise from 
a standard armless chair (seat height 46 cm), walk a distance of 3 m at a comfortable pace, turn, return to the chair, 
and sit down. The test was performed twice in succession, and the mean of the two trials was used for analysis. 
Participants were allowed to use their usual walking aids (walking stick, tripod, or quadripod) if required. To examine 
sarcopenia-related functional outcomes associated with low HGS, a cut-off value of ≥11.18 seconds was applied. This 
threshold was previously established in the same cohort and has been shown to indicate an increased risk of falls.16 

Functional independence was evaluated using the Instrumental Activities of Daily Living (IADL) scale, which assessed 
participants’ ability to perform tasks such as using the telephone, shopping, food preparation, housekeeping, transporta
tion, medication management, and financial handling. IADL scores were categorised as no impairment (14), minimal 
impairment (10–13), or moderate to severe impairment (<10). Disability was assessed using the 12-item World Health 
Organization Disability Assessment Schedule 2.0 (WHODAS 2.0), with responses rated on a five-point Likert scale from 
0 (no difficulty) to 4 (very severe difficulty). WHODAS 2.0 scores were categorised as no disability (0), mild (1–4), 
moderate (5–9), or severe disability (10–48).

Cognition
Cognitive function was evaluated using a battery of standardized neurocognitive assessments, including the Mini-Mental 
State Examination (MMSE), Digit Span Test, and Rey Auditory Verbal Learning Test (RAVLT), which assessed global 
cognition, working memory, and short-term verbal memory, respectively. The administration protocols for these assess
ments have been described previously.12 Participants were subsequently classified as cognitively normal or having mild 
cognitive impairment (MCI) in accordance with established criteria.17,18 MCI was defined by the presence of subjective 
memory complaints (reported by participants or caregivers) and/or objective memory impairment, indicated by perfor
mance at least 1.5 standard deviations below the mean on the Digit Span Test or RAVLT. Additional criteria included 
preserved global cognitive function (MMSE score ≥19), minimal or no functional limitations in daily activities, and the 
absence of clinically diagnosed dementia.

Lifestyle
Lifestyle engagement, disability, and functional status were assessed using validated instruments employed within the 
LRGS-TUA cohort.12 Lifestyle activities were measured using an adapted 26-item Activity Lifestyle Questionnaire 
encompassing physical, mental, and social domains. Results in Table S1 are presented in quartiles (Q1 representing the 
highest activity and Q4 the lowest).

Statistical Analysis
Statistical analysis was conducted using IBM SPSS Statistics version 25.0 (IBM Corp, Armonk, New York, USA), with 
statistical significance considered at p < 0.05. Descriptive analysis was conducted to study baseline parameters in male 
and female participants, and univariate comparisons between groups were performed using Independent T-test and Chi- 
square test for continuous and categorical data, respectively. Then, absolute and normalized HGS were stratified based on 
sex and participant characteristics, including age group, BMI categories, cognitive status, medical history, falls history, 
lifestyle activities, disability, and functional status. Between-group comparisons of absolute and normalized HGS were 
carried out using independent T-tests or one-way analysis of variance (ANOVA) for characteristics with two groups or ≥3 
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groups, respectively. A two-way ANOVA test was employed to examine whether sex and age group should be used to 
stratify absolute and normalized HGS measurements. The analysis was adjusted for potential confounding factors, 
including BMI categories, cognitive status, medical history, falls history, lifestyle activities, disability, and functional 
status.

Subsequently, normative reference values for absolute and normalized HGS, including percentiles, means, and 
standard deviations (SD), were calculated, stratified by sex and age groups. Sex-specific percentile curves for absolute 
and normalized HGS were generated using the lambda-mu-sigma (LMS) statistical method from the generalized additive 
model for location, scale, and shape (GAMLSS) package in R statistical software version 4.2.3.19 Age-specific normative 
reference values for males and females, ranging from 60 to 90 years old, were extrapolated based on the fitted LMS 
model.

Following the Asian Working Group for Sarcopenia (AWGS) recommendation from 2014, the cut-off value for low 
muscle strength was set at the lower 20th percentile of HGS in the study.20 After considering the cohort data from eight 
Asian older populations aged 65 and above, the AWGS 2019 recommended cut-offs for low HGS were <28.0 kg for 
Asian males and <18.0 kg for Asian females.17 Then, we calculated and compared the sex-specific prevalence of low 
HGS for the study populations based on the different cut-off values derived from the aforementioned definitions. 
Additionally, the association between sarcopenic-related outcomes and the prevalence of low HGS derived from different 
definitions was investigated using multiple binary logistic regression in both unadjusted and adjusted models (controlling 
for age, sex, BMI, and multimorbidity status) to determine which definition performed better in defining low HGS in the 
Malaysian older population.

Results
Baseline Characteristics of the Participants
Table 1 presents the baseline characteristics of the participants. Generally, men were older, had higher education levels, 
body weight, height, and BMI (p < 0.05). Regarding medical history, men were more likely (p < 0.05) to have 
cardiovascular diseases and gout, while women were more likely to have hypertension, hypercholesterolemia, and 
joint pain. Women also exhibited a higher prevalence of falls compared to men. Meanwhile, men were found to have 
less disability (with a lower WHODAS 2.0 score and a higher IADL score) and had higher lifestyle activities than 
women (p < 0.05). The absolute (28.4 ± 6.8 vs. 18.2 ± 5.1) and normalized HGS (0.45 ± 0.11 vs. 0.33 ± 0.10) of men 
were significantly higher than those of women in the Malaysian older adults (p < 0.001).

Table 1 The Characteristics of the Participants in Total and by Sex

Variables Total Male Female p-Value

2180 (100) 1048 (48.1) 1132 (51.9)

Age (years) 68.87 ± 6.10 69.26 ± 6.00 68.50 ± 6.17 0.003**

Age group
60–64 years 639 (29.3) 268 (25.6) 371 (32.8) 0.002**
65–69 years 627 (28.8) 303 (28.9) 324 (28.6)

70–74 years 491 (22.5) 263 (25.1) 228 (20.1)

75–79 years 307 (14.1) 154 (14.7) 153 (13.5)
≥80 years 116 (5.3) 60 (5.7) 56 (4.9)

Ethnicity
Malay 1374 (63.0) 696 (66.4) 678 (59.9) 0.010*
Chinese 698 (32.0) 299 (28.5) 399 (35.2)

Indian 104 (4.8) 51 (4.9) 53 (4.7)

Others 4 (0.2) 2 (0.2) 2 (0.2)

(Continued)
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Table 1 (Continued). 

Variables Total Male Female p-Value

2180 (100) 1048 (48.1) 1132 (51.9)

Education level
No education 443 (20.3) 100 (9.5) 343 (30.3) <0.001***
Primary education 1269 (58.2) 665 (63.5) 604 (53.4)

Secondary education 421 (19.3) 247 (23.6) 174 (15.4)

Tertiary education 47 (2.2) 36 (3.4) 11 (23.4)
Weight (kg) 60.75 ± 

12.20

64.48 ± 

11.87

57.30 ± 11.46 <0.001***

Height (cm) 155.86 ± 
8.59

162.00 ± 
6.52

150.16 ± 5.95 <0.001***

BMI (kg/m2) 24.95 ± 4.34 24.50 ± 3.90 25.37 ± 4.67 <0.001***

<22 550 (25.2) 274 (26.1) 276 (24.4) <0.001***
22–27 994 (45.6) 516 (49.2) 478 (42.2)

>27 636 (29.2) 258 (24.6) 378 (33.4)

Cognitive status
Non-MCI 1860 (85.3) 869 (82.9) 991 (87.5) 0.002**

MCI 320 (14.7) 179 (17.1) 141 (12.5)

Medical history
Hypertension 1089 (50.0) 488 (46.6) 601 (53.1) 0.002**

Hypercholesterolemia 661 (30.3) 283 (27.0) 378 (33.4) 0.001**

Diabetes mellitus 566 (26.0) 278 (26.5) 288 (25.4) 0.564
Cardiovascular disease 227 (10.4) 139 (13.3) 88 (7.8) <0.001***

Cataract/Glaucoma 197 (9.0) 91 (8.7) 106 (9.4) 0.580

Joint pain 539 (24.7) 228 (21.8) 311 (27.5) 0.002**
Gout 95 (4.4) 69 (6.6) 26 (2.3) <0.001***

Multimorbidity
No 499 (22.9) 247 (23.6) 252 (22.3) 0.576
1 disease 568 (26.1) 278 (26.5) 290 (25.6)

≥2 diseases 1113 (51.1) 523 (49.9) 590 (52.1)

Falls status
No fall 1774 (81.4) 890 (84.9) 884 (78.1) <0.001***

1 fall 221 (10.1) 95 (9.1) 126 (11.1)

≥2 falls 185 (8.5) 63 (6.0) 122 (10.8)
WHODAS 2.0 score 6.51 ± 9.05 6.00 ± 9.14 6.99 ± 8.93 0.012*

No disability 782 (36.7) 423 (41.1) 359 (32.6) <0.001***

Mild disability 482 (22.6) 226 (21.9) 256 (23.2)
Moderate disability 300 (14.1) 140 (13.6) 160 (14.5)

Severe disability 568 (26.6) 241 (23.4) 327 (29.7)

IADL 12.47 ± 2.25 12.78 ± 1.92 12.19 ± 2.47 <0.001***
No impairment (14) 1003 (46.6) 531 (51.3) 472 (42.3) <0.001***

Mild impairment (10−13) 939 (43.6) 440 (42.5) 499 (44.7)

Moderately – severe impairment 
(<10)

210 (9.8) 64 (6.2) 146 (13.1)

Lifestyle activities 38.34 ± 

10.42

39.64 ± 

10.48

37.14 ± 10.22 <0.001***

Absolute HGS (kg) 23.1 ± 7.9 28.4 ± 6.8 18.2 ± 5.1 <0.001***

Normalized HGS (kgf/kg) 0.39 ± 0.12 0.45 ± 0.11 0.33 ± 0.10 <0.001***

Notes: *p<0.05; **p<0.01; ***p<0.001. 
Abbreviations: BMI, body mass index; HGS, hand grid strength; IADL, instrumental activities of daily living; MCI, mild 
cognitive impairment; WHODAS 2.0, World Health Organization Disability Assessment Schedule 2.0.
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Absolute and Normalized HGS Stratified by Sex and Other Characteristics of the 
Participants
Table S1 depicts the comparisons of absolute and normalized HGS measurements based on participants’ characteristics. 
Generally, men and women in higher age groups, with higher disability levels, greater functional impairment, and lower 
levels of lifestyle activities, were found to have lower absolute HGS measurements. Regarding BMI categories, the 
highest absolute HGS measurement was observed in BMI 22–27 for men and BMI >27 for women, respectively.

In addition to age group, BMI categories, disability levels, functional impairment, and lifestyle activities, normalized 
HGS was also found to be lower (p < 0.05) in men who self-reported hypertension, hypercholesterolemia, diabetes 
mellitus, cardiovascular diseases, cataract/glaucoma, joint pain, gout, and multimorbidity. In contrast, normalized HGS 
was lower (p < 0.05) in women who self-reported hypertension, hypercholesterolemia, diabetes mellitus, joint pain, and 
multimorbidity. Additionally, men with a history of falls were reported to have lower (p < 0.05) normalized HGS, but this 
association was not observed in women.

Subsequently, a two-way ANOVA statistical test was conducted to examine if sex and age group should be used to 
stratify absolute and normalized HGS measurements (Table S2). Our current findings demonstrated that, in the 
unadjusted model, sex and age group were independent variables that affected absolute and normalized HGS, with no 
interaction effects between sex and age group detected. After adjusting for potential confounding factors, absolute and 
normalized HGS still differed significantly by sex and age group. However, there was a statistically significant interaction 
between the effects of sex and age group on absolute HGS measurements, but not on normalized HGS. Our current 
findings suggest that sex and age group could be used to stratify absolute HGS measurements.

Normative Reference Values for Absolute and Normalized HGS Measurements
The mean values and percentiles for absolute and normalized HGS measurements, stratified by sex and age group, are 
summarized in Table 2. The peak mean absolute HGS value was 30.9 ± 6.6 kg for men and 19.7 ± 4.8 kg for women in the 
60–64 years age group. As age increased, the mean absolute HGS values for both men and women gradually decreased, and 
this trend was consistent across all percentiles. In contrast, the peak mean normalized HGS value was 0.47 ± 0.11 kgf/kg for 
men in the 65–69 years age group. Surprisingly, normalized HGS values peaked at the 60–64 years age group (0.33 ± 0.09) 
for women and remained constant at 65–69 years (0.33 ± 0.09) and 70–74 years (0.33 ± 0.11) age groups, suggesting that 
older women are more resistant to deterioration in HGS after accounting for changes in body mass.

The percentile curves depicted in Figure 1 were generated using the LMS statistical model. These curves illustrated 
a gradual decline in absolute HGS with increasing age for both men (Figure 1A) and women (Figure 1B), with a more 
pronounced decline in men. The normalized HGS curves for men (Figure 1C) also showed a gradual decline starting at 
age 60. In contrast, the normalized HGS curves for women (Figure 1D) were generally flatter, remaining plateaued before 
experiencing a decline in the early years of the seventh decade of life. Estimated normative reference values for absolute 
and normalized HGS among the Malaysian older adults were extrapolated from the fitted LMS models and presented in 
Tables S3 and S4, respectively.

The Comparison of Low HGS Prevalence Based on Different Cut-off Values
The prevalence of low HGS was determined using different cutoff values derived from 1) the AWGS 2019 definition 
and 2) the lowest quintile of HGS in the study population (<22.8 kg for men and <13.8 kg for women), as shown in 
Table 3. Overall, the prevalence of low HGS was higher for cutoff values derived from the AWGS 2019 definition 
(46.2% in men and 48.7% in women) compared to the lowest quintile definition (19.6% in men and 20.1% in women). 
Additionally, the prevalence of low HGS was higher in women than in men across all age groups using the AWGS 2019 
cutoff values. However, based on cutoff values derived from the lowest quintile definition, the prevalence of low HGS 
was higher in men before the age of 70, and vice versa after the age of 70.
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The Relationships of Sarcopenic-Related Outcomes with Low HGS Defined by 
Various Definitions
The sarcopenic-related outcome measurements, stratified by the prevalence of low HGS derived from AWGS 2019 and 
the lowest quintile definition, are presented in Table 4. Based on the findings from the multiple binary logistic regression 
(Table 5), both AWGS 2019 and the lowest quintile definitions did not associate with falls history in both adjusted and 
unadjusted models. However, both definitions appeared to be significantly (p < 0.05) associated with moderate/severe 
disability, moderate/severe functional impairment, lower lifestyle activities, lower mobility, and lower muscle mass in the 
unadjusted model. After adjusting for potential confounding factors, the lowest quintile definition still remained 
associated (p < 0.05) with all the aforementioned outcomes. However, when low HGS was defined using the AWGS 
2019-suggested cut-off, low HGS was significantly (p < 0.05) associated with disability, functional impairment, lifestyle 
activities, and mobility outcomes, but not with low muscle mass outcomes. Overall, the prevalence of low HGS was 
higher using the AWGS 2019 definition than the lowest quintile definition, and both definitions were well-associated with 
the sarcopenic-related outcomes.

Table 2 Normative Reference Values for Absolute and Normalized HGS Data by Percentile in Malaysian Older Adults, Stratified by 
Sex and Age Group

Age Group n Mean ± SD Range Percentile

5 10 20 25 30 40 50 60 70 75 80 90 95

Absolute HGS (kg)

Male
60–64 years 268 30.9 ± 6.6 8.5–58.1 20.1 22.2 25.5 26.9 28.0 29.6 30.8 32.5 34.2 35.5 36.6 39.0 41.5
65–69 years 303 29.3 ± 6.1 6.5–55.2 19.9 21.4 23.9 24.9 25.7 27.7 29.3 30.9 32.2 33.2 34.1 37.3 38.6

70–74 years 263 28.1 ± 6.6 10.1–45.7 16.7 19.7 22.9 24.1 24.9 26.5 27.8 29.4 31.2 32.2 33.5 36.8 39.6

75–79 years 154 25.4 ± 6.5 3.8–47.0 14.6 16.9 20.3 21.7 22.1 24.3 25.6 27.3 29.2 29.6 30.0 32.8 35.9
≥80 years 60 22.3 ± 6.0 6.1–35.9 13.1 14.9 16.5 17.4 18.1 20.9 22.4 24.8 26.0 26.8 27.4 30.3 32.4

Female
60–64 years 371 19.7 ± 4.8 5.0–37.1 12.0 13.5 15.6 16.5 17.3 18.6 19.7 21.0 22.2 22.8 23.7 25.6 27.6
65–69 years 324 18.6 ± 4.7 3.9–34.8 10.2 12.8 15.0 15.7 16.3 17.3 18.7 19.9 20.9 21.3 22.4 24.7 25.9

70–74 years 228 17.8 ± 5.3 1.9–43.7 9.7 11.5 13.5 14.3 15.2 16.5 17.5 19.0 20.3 21.1 21.7 23.9 26.4

75–79 years 153 16.2 ± 4.7 5.4–29.5 9.1 10.7 12.5 12.9 13.4 14.3 15.7 16.9 18.2 19.5 20.2 22.4 25.2
≥80 years 56 13.1 ± 4.1 1.4–19.9 4.7 8.1 9.4 11.3 11.6 12.4 12.9 14.3 15.6 16.4 17.1 18.7 19.3

Normalized HGS (kgf/kg)

Male
60–64 years 268 0.46 ± 0.11 0.14–0.79 0.28 0.33 0.37 0.39 0.41 0.44 0.46 0.48 0.52 0.53 0.56 0.61 0.66
65–69 years 303 0.47 ± 0.11 0.08–0.90 0.29 0.33 0.37 0.39 0.40 0.44 0.46 0.49 0.52 0.54 0.55 0.61 0.66

70–74 years 263 0.45 ± 0.12 0.17–0.82 0.25 0.30 0.35 0.37 0.39 0.42 0.45 0.48 0.50 0.51 0.53 0.60 0.65
75–79 years 154 0.42 ± 0.11 0.06–0.76 0.24 0.27 0.34 0.36 0.38 0.39 0.41 0.45 0.48 0.50 0.52 0.55 0.60

≥80 years 60 0.39 ± 0.11 0.13–0.71 0.25 0.27 0.30 0.32 0.34 0.37 0.39 0.39 0.43 0.46 0.48 0.52 0.60

Female
60–64 years 371 0.33 ± 0.09 0.11–0.71 0.19 0.22 0.26 0.27 0.28 0.30 0.32 0.35 0.37 0.38 0.41 0.45 0.51

65–69 years 324 0.33 ± 0.09 0.06–0.60 0.17 0.21 0.25 0.27 0.28 0.30 0.32 0.35 0.38 0.39 0.40 0.44 0.48

70–74 years 228 0.33 ± 0.11 0.04–1.06 0.19 0.21 0.24 0.25 0.27 0.30 0.33 0.35 0.37 0.40 0.41 0.45 0.49
75–79 years 153 0.32 ± 0.10 0.08–0.58 0.16 0.20 0.23 0.25 0.26 0.28 0.31 0.33 0.38 0.39 0.40 0.46 0.50

≥80 years 56 0.28 ± 0.09 0.03–0.48 0.10 0.18 0.21 0.21 0.22 0.26 0.29 0.31 0.33 0.34 0.35 0.38 0.42

Notes: HGS and normalized HGS data are presented in kg and kgf/kg, respectively. 
Abbreviation: HGS, hand grid strength.
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Discussion
Handgrip strength (HGS) is a well-established indicator of overall muscle strength and functional capacity in older adults. 
Although Malaysian reference values have been previously reported12,21 their generalizability is limited by restricted age 
ranges, ethnic homogeneity, and small, locality-specific samples.21,22 The present study addresses these gaps by providing 
age- and sex-specific percentile reference values for both absolute and body weight-normalized HGS derived from a large, 
nationally representative cohort of Malaysian adults aged ≥60 years. These data offer robust population-specific benchmarks 
to support early identification of muscle weakness and enable meaningful cross-national comparisons.

Consistent with existing evidence, we observed a progressive decline in absolute HGS with advancing age in both 
sexes, reflecting the combined effects of sarcopenia, neuromuscular degeneration, chronic disease burden, and lifestyle 

Absolute HGS (kg)

A Absolute HGS Men B Absolute HGS Women

Normalized HGS (kgf/kg)

C Normalized HGS Men D Normalized HGS Women

Figure 1 The estimated reference percentile curves of absolute HGS and normalized HGS performance in Malaysian male and female older adults using the LMS method. 
(A) Absolute HGS for Men, (B) Absolute HGS for Women, (C) Normalized HGS for Men, (D) Normalized HGS for Women.

Table 3 Prevalence Comparison Among Cut-off Values Derived from Different Definition for Low HGS in the 
Malaysian Older Population

Age Group Prevalence Based on AWGS 2019 (%) 
<28.0 kg for Men and <18.0 kg for Women

Prevalence Based on Lowest Quintile (%) 
<22.8 kg for Men and <13.8 kg for Women

Total Male Female Total Male Female

60–64 years 32.9 29.9 35.0 11.1 11.6 10.8
65–69 years 42.6 40.9 44.1 14.4 14.5 14.2

70–74 years 52.3 50.6 54.4 20.4 17.9 23.2

75–79 years 65.8 63.0 68.6 34.9 33.8 35.9
≥80 years 85.3 83.3 87.5 55.2 51.7 58.9

Total 47.5 46.2 48.7 19.8 19.6 20.1
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factors.1,2,23–27 Normalized HGS demonstrated a distinct trajectory, peaking at 65–69 years in men and remaining 
relatively stable between 60–74 years in women, suggesting that early declines in absolute strength may partly reflect 
reductions in body mass. Subsequent declines in normalized HGS likely indicate compounded effects of comorbidities 
and neuromuscular dysfunction, supported by our finding that individuals with chronic conditions and poorer functional 
status exhibited lower HGS.1,25 However, causal directionality cannot be established within this cross-sectional design.

Sex differences were pronounced, with men demonstrating consistently higher absolute and normalized HGS across 
all age groups, likely reflecting differences in muscle mass, hormonal profiles, and physical activity patterns.28–32 

Notably, the rate of decline was steeper in men, consistent with evidence of accelerated age-related muscle loss and 

Table 4 The Outcome Measurements Associated with the Prevalence of Low HGS Derived from Different 
Definitions

Age Group AWGS (2019) Lowest Quintile

Total Male Female Total Male Female

Falls status
No fall 828 (80.0) 406 (83.9) 422 (76.6) 338 (78.2) 166 (81.0) 172 (75.8)

Falls 207 (20.0) 78 (16.1) 129 (23.4) 94 (21.8) 39 (19.0) 55 (24.2)

WHODAS 2.0
No/mild disability 536 (53.0) 272 (56.8) 264 (49.5) 183 (43.5) 89 (43.6) 94 (43.3)

Moderate – severe disability 476 (47.0) 207 (43.2) 269 (50.5) 238 (56.5) 115 (56.4) 123 (56.7)

IADL
No/mild impairment 862 (84.6) 427 (89.5) 435 (80.3) 336 (79.4) 170 (84.2) 166 (75.1)

Moderate – severe impairment 157 (15.4) 50 (10.5) 107 (19.7) 87 (20.6) 32 (15.8) 55 (24.9)

Lifestyle activities
Upper middle 415 (40.4) 197 (40.9) 218 (40.1) 143 (33.6) 69 (33.8) 74 (33.3)

Lower middle 611 (59.6) 285 (59.1) 326 (59.9) 283 (66.4) 135 (66.2) 148 (66.7)

TUG test
Low risk 491 (47.5) 268 (55.5) 223 (40.5) 165 (38.3) 100 (49.0) 65 (38.3)

High risk 543 (52.5) 215 (44.5) 328 (59.5) 266 (61.7) 104 (51.0) 162 (71.4)

SMM – height adjusted (kg/m2)
Normal 898 (87.6) 390 (81.6) 508 (92.9) 359 (84.3) 160 (79.2) 199 (88.8)

Low muscle mass 127 (12.4) 88 (18.4) 39 (7.1) 67 (15.7) 42 (20.8) 25 (11.2)

Notes: Data are presented in n (%). 
Abbreviations: IADL, instrumental activities of daily living; SMM, skeletal muscle mass; TUG, Timed Up and Go; WHODAS 2.0, World 
Health Organization Disability Assessment Schedule 2.0.

Table 5 The Associations Between Various Sarcopenic Related Outcomes with Low HGS as Derived Using the AWGS 
2019 and Lowest Quintile Definition

Outcomes AWGS 2019 Lowest Quintile

Unadjusted Modela Adjusted Modelb Unadjusted Modela Adjusted Modelb

Odd Ratio (95% CI) Odd Ratio (95% CI) Odd Ratio (95% CI) Odd Ratio (95% CI)

Falls status 1.188 (0.958–1.475) 1.063 (0.846–1.335) 1.280 (0.988–1.659) 1.147 (0.873–1.507)

WHODAS 2.0 1.649 (1.386–1.963)*** 1.366 (1.135–1.643)** 2.232 (1.798–2.770)*** 1.859 (1.481–2.335)***

IADL 3.711 (2.684–5.131)*** 2.444 (1.734–3.445)*** 3.381 (2.508–4.558)*** 2.171 (1.566–3.009)***
Lifestyle activities 2.089 (1.759–2.481)*** 1.667 (1.391–1.996)*** 2.327 (1.863–2.906)*** 1.783 (1.412–2.251)***

TUG 2.671 (2.239–3.186)*** 2.152 (1.782–2.599)*** 2.990 (2.405–3.717)*** 2.359 (1.867–2.981)***
SMM – height adjusted 1.357 (1.034–1.782)* 1.109 (0.825–1.492) 1.750 (1.289–2.376)*** 1.453 (1.041–2.028)*

Notes: Multivariate binary logistic regression analysis. aUnadjusted model. bModel adjusted for age, sex, BMI and multimorbidity status. *p<0.05; **p<0.01; 
***p<0.001. 
Abbreviations: IADL, instrumental activities of daily living; SMM, skeletal muscle mass; TUG, Timed Up and Go; WHODAS 2.0, World Health 
Organization Disability Assessment Schedule 2.0.
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testosterone decline, whereas women exhibit a more stabilized trajectory post-menopause.33–36 These findings highlight 
important sex-specific ageing patterns that should inform interpretation of HGS and related risk stratification.

The prevalence of low HGS was substantially higher when applying AWGS 2019 criteria (47.5%) compared to 
population-specific thresholds (19.8%). Regionally, Malaysian HGS values were lower than those reported in several 
East Asian populations but comparable to Singapore and China and higher than some Southeast Asian countries, 
reflecting underlying differences in socioeconomic, lifestyle, and health factors.9,37–48 Population-specific cutoffs derived 
from the lowest quintile (<22.8 kg for men; <13.8 kg for women) were markedly lower than AWGS 2019 thresholds. 
While both definitions were associated with sarcopenia-related outcomes, including disability and reduced mobility, 
AWGS criteria did not retain association with low muscle mass after adjustment. These findings suggest that AWGS 
2019 may enhance sensitivity for case detection, whereas population-specific thresholds may better reflect local 
distributions of strength. However, their relative clinical utility remains to be established.

Strengths of this study include its large, nationally representative sample and the application of LMS methodology to 
generate robust normative curves. Limitations include the cross-sectional design, which precludes causal inference and 
assessment of predictive validity, and the absence of ethnic-specific analyses in a multiethnic population. Future 
longitudinal and stratified studies are needed to refine these reference standards and determine their prognostic relevance.

In summary, HGS declines with age among Malaysian older adults, with marked sex differences and substantial 
variation depending on the definition of low strength. The normative values presented here provide important context- 
specific benchmarks for identifying individuals at risk of functional decline. However, the application of international 
versus population-specific cutoffs should be interpreted cautiously, pending longitudinal validation of their predictive and 
clinical utility.
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