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ABSTRACT

Background: Handgrip strength, gait speed, Five-Times-Sit-to-Stand Test (FTSST) performance, skeletal muscle mass and calf
circumference are important health outcomes, particularly useful for diagnosing sarcopenia. The aim of this study was to estab-
lish reference (normative) values for handgrip strength, gait speed, FTSST performance, skeletal muscle mass and calf circum-
ference by pooling individual participant data from national cohorts in Asia.

Methods: We conducted a pooled analysis of individual participant data from 20 national cohorts representing 12 Asian coun-
tries (China, India, Indonesia, Israel, Japan, Lebanon, Malaysia, Mongolia, Philippines, Republic of Korea, Singapore and Sri
Lanka). We included cohorts with data on at least one relevant outcome collected among community-dwelling individuals aged
20years and older (up to 100+years). Data were harmonized and stratified by sex and 5-year age groups with the 5th, 10th,
20th, 30th, 40th, 50th, 60th, 70th, 80th, 90th and 95th percentile calculated for each outcome. Pan-Asian, regional (East, South,
Southeast and West Asia) and country-specific reference values were calculated.
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Results: The number of participants in the analysis was as follows: 277921 (54.6% females) for handgrip strength; 13474 (50.4% fe-
males) for 2.5-m gait speed; 139121 (54.9% females) for 4-m gait speed; 55235 (52.2% females) for FTSST performance; 49309 (56.6%
females) for skeletal muscle mass via bioelectrical impedance analysis or dual-energy x-ray absorptiometry; and 19465 (55.8% fe-
males) for calf circumference. The established reference values were generally more favourable among younger age groups, compared
with older age groups, and they also varied across Asian regions. The largest regional analysis was performed for handgrip strength,
and indicated higher values in East and West Asia, compared with South and Southeast Asia. There were also differences in the es-

tablished reference values between sexes, typically indicating greater handgrip strength, higher gait speed, better performance on the

FTSST, more skeletal muscle mass and larger calf circumference among males, compared with females.

Conclusions: This study provides the most comprehensive set of reference values for handgrip strength, gait speed, FTSST per-

formance, skeletal muscle mass and calf circumference in the Asian population. The findings demonstrate clear gradients by age
and sex, as well as regional variation. The reference values for Asian populations provided in this study offer a valuable resource

for clinical, public health and research applications.

1 | Introduction

Sarcopenia is a ‘progressive and generalized skeletal muscle dis-
order involving the accelerated loss of muscle mass and func-
tion’ [1]. Ageing is one of the main risk factors for sarcopenia,
as it is associated with a decline in muscle strength, physical
function and skeletal muscle mass [1-4]. While there are no uni-
versally accepted methods for assessing sarcopenia, guidelines
have been provided by various working groups, including the
European Working Group on Sarcopenia in Older People and
the Asian Working Group for Sarcopenia [5, 6].

The Asian Working Group for Sarcopenia published updated
consensus statements on the methodology for diagnosing sarco-
penia [6, 7]. This working group suggested that the probability
of having sarcopenia should be determined by using handgrip
strength and appendicular skeletal muscle mass as diagnostic cri-
teria; calf circumference assessments are suggested for case-find-
ing, with gait speed and Five-Times-Sit-to-Stand Test (FTSST)
performance are used as additional outcome measures [6, 7]. To
interpret individual test results, it is crucial to establish reference
(normative) values which enable age- and sex-matched compari-
sons. While reference values for these outcomes are valuable for
diagnosing sarcopenia, they can also serve as early indicators of
potential decline of muscle health enabling timely identification
of individuals at risk before overt sarcopenia develops and pro-
vide a foundation for guiding intervention prescriptions (e.g., ex-
ercise, nutritional supplements) [8]. At population level, reference
values can also be used when monitoring secular trends within
and across different demographic groups over time [9].

Reference values for some of these outcomes have been estab-
lished from national cohorts in Canada, the United States of
America and the United Kingdom [10-12]. While several studies
have also provided reference values in different Asian countries
[13-15], some of the studies have limited generalizability. For
example, reference values for handgrip strength in India were
based on community-dwelling adults aged 45+ years and living
in a rural area [13]. In Malaysia, reference values for handgrip
strength were derived from a small sample (n=412) of univer-
sity staff, students and visitors [14]. In Singapore, reference val-
ues for handgrip strength, gait speed, FTSST test and skeletal
muscle mass were based on data from individuals living in a sin-
gle residential town (Yishun) [15]. In addition, results of these

studies are not necessarily generalisable to whole Asia and its
specific regions, including Central, East, South, Southeast and
West Asia. These limitations highlight the need for more gener-
alizable, cross-national reference values for the Asia population.

While traditional data synthesis methods (i.e., meta-analyses
based on aggregate data) are useful for combining results across
different studies to enable more accurate inference, such ap-
proaches are more challenging when applied to reference values.
In particular, the use of specific reference percentiles (e.g., 25th,
50th, 75th percentile) and age classifications across studies makes
pooling methodologically challenging [13-16]. One approach to
circumvent this issue is to calculate reference values by pooling
individual participant data from different cohorts. However, such
an approach has been sparingly utilized to generate reference val-
ues for Asia, highlighting a gap in the literature [17]. Therefore,
the aim of this study was to establish reference values for handgrip
strength, gait speed, FTSST performance, skeletal muscle mass
and calf circumference by pooling individual participant data
from national cohorts in Asia. The reference values are intended
to support standardized assessment and early identification of sar-
copenia risk across diverse Asian populations.

2 | Methods
2.1 | Data Sources

Asian national cohorts containing data on handgrip strength,
gait speed, FTSST performance, skeletal muscle mass or calf cir-
cumference were identified using multiple approaches. A com-
prehensive search strategy (Supplementary file 1) was applied in
PubMed/MEDLINE and Scopus to identify studies associated
with cohorts containing data on the outcomes. The goal was not
to include individual studies themselves, but to track the under-
lying cohorts represented in these publications. Once a cohort
was identified, the possibility of accessing individual participant
data was explored. Cohorts outlined in the Gateway to Global
Aging Data, a platform providing population survey data on
ageing worldwide, were explored [18]. Additionally, all articles
published under the ‘Cohort Profile’ category in the International
Journal of Epidemiology were screened [19]. These articles aim to
increase the visibility of large cohorts and encourage collabora-
tion and data sharing. In some cases, data access was obtained
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via online registration on the cohort's website. For others, a study
proposal was submitted to request access. If no online data access
platform was available, the cohort's principal investigator was
contacted to inquire about data availability. Only anonymized
data were obtained from each of the studies. The search was per-
formed in September 2024 and updated in April 2025.

2.2 | Inclusion Criteria

Our analysis included national cohort studies from Asian coun-
tries that collected data on at least one of the following outcomes:
handgrip strength, gait speed, FTSST performance, skeletal mus-
cle mass and calf circumference. Eligible studies were required to
provide access to individual participant data, including age, sex
and at least one of the above-mentioned variables, as these data
were needed to generate age- and sex-specific reference values.
Only cohorts involving adults (>20years of age) were included
[20]. Although some datasets contained information on younger
populations, these data were excluded from our calculations. All
studies included nationally representative samples drawn from
the general population of community-dwelling adults.

2.3 | Data analysis

Sex- and age-specific reference values were calculated. Age was
categorized into 5-year intervals starting at 20years (e.g., 20—
24, 25-29, 30-34), continuing through 95-99years. Individuals
aged 100years and older were grouped into a single open-ended
category (100+ years). For each sex and age group, reference val-
ues were expressed as the 5th, 10th, 20th, 30th, 40th, 50th, 60th,
70th, 80th, 90th and 95th percentiles.

In the main analysis, data were pooled across all countries to
generate pan-Asian reference values, provided sufficient data
were available. Reference values were also calculated separately
for Central Asia, East Asia, South Asia, Southeast Asia and West
Asia, that is, Asian geographic regions according to the United
Nations classification [21]. Regional pooling was conducted only
when data from at least two countries from the respective region
were available. When insufficient data were available for re-
gional pooling, only country-level values were presented. Prior
to pooling, datasets were cleaned by removing participants with
negative, zero or missing values.

Reference values for handgrip strength were calculated for
the dominant hand, following the guidelines from the Asian
Working Group for Sarcopenia [6]. When the dominant hand
was not specified in the dataset, the hand with higher handgrip
strength was considered as the dominant hand. The test used to
determine gait speed varied between cohorts, with the 2.5-m test
used in four cohorts and the 4-m test used in five. The 3-m and
10-m tests were used in one cohort each. Therefore, data pooling
was performed only for the 2.5-m and 4-m tests. All gait speed
reference values were presented in meters per second (m/s). As
part of the standard FTSST protocol, the goal is to complete the
test as soon as possible; therefore, higher values indicate poorer
performance. Skeletal muscle mass reference values were de-
rived from cohorts evaluating fat-free mass via bioelectrical im-
pedance analysis (BIA) or lean body mass via dual-energy x-ray

absorptiometry (DXA). Country-specific reference values distin-
guish between lean body mass and fat-free mass. Reference val-
ues were also provided for appendicular height-adjusted muscle
mass (kg/m?), even though these data were available only in one
cohort. All analyses were performed using IBM SPSS Statistics
V.30 (SPSS Inc. an IBM Company, Chicago, IL, USA).

3 | Results
3.1 | Characteristics of the Included Cohorts

Individual participant data were obtained from 20 cohorts,
representing 12 Asian countries (Supplementary file 2).
China and Singapore were represented by three cohorts
each; India, Japan, the Philippines and the Republic of
Korea by two cohorts each; and Indonesia, Israel, Lebanon,
Malaysia, Mongolia and Sri Lanka by a single cohort. Data
from the following cohort studies were obtained: China
Health and Retirement Longitudinal Study (CHARLS);
Chinese Longitudinal Health and Longevity Survey (CLHLS);
Indonesian Family Life Survey (IFLS); Korea National Health
and Nutrition Examination Survey (KNHANES); Korean
Longitudinal Study of Aging (KLoSA); Lebanon Study on
Aging and HeAlth (LSAHA); Longitudinal Ageing Study in
India (LASI); Longitudinal Study of Ageing and Health in
the Philippines (LSAHP); Malaysia Ageing and Retirement
Survey (MARS); Mongolia Population-Based Study (MPBS);
National Survey of the Japanese Elderly (NSJE); Nihon
University Japanese Longitudinal Study of Aging (NUJLSA);
Panel on Health and Ageing of Singaporean Elderly (PHASE);
Philippine Study on Aging (PSA); PopulatION HEalth and Eye
Disease PROfilE in Elderly Singaporeans Study (PIONEER);
Sri Lanka Health and Ageing Study (SLHAS); Study on
Global AGEing and Adult Health (SAGE); Survey of Health,
Ageing and Retirement in Europe (SHARE); Well-being of the
Singapore Elderly (WiSE). SAGE includes data for both China
and India. Handgrip strength was evaluated in 18 cohorts, gait
speed in 11, FTSST performance in four, skeletal muscle mass
in four and calf circumference in two cohorts (Supplementary
file 2). Appendicular muscle mass was evaluated in one co-
hort (KNHANES). Data collection across the included cohorts
took place between 2004 and 2024. For cohorts with multiple
data collection waves, data were combined only if the waves
sampled distinct participants (KNHANES and WiSE) or if in-
dividual participants could be identified to prevent data dupli-
cation (CHARLS and SHARE). Data collection protocols are
summarized in Supplementary files 3-7.

3.2 | Handgrip Strength
3.2.1 | Pan-Asian Reference Values

For females (n=151731), reference values for handgrip
strength were calculated for age groups between 20 and
100+ years. The highest handgrip strength was found among
all groups between the 25-29-year-olds and 35-39-year-olds
(5th percentile=14.9kg; 50th percentile=25.0kg; 95th per-
centile =36.0kg; Table 1 and Supplementary file 8). The low-
est handgrip strength was found among the 95-99-year-olds
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TABLE 1 | Reference values for handgrip strength for females (pooled n=151731) and males (pooled n=126190) in Asia (CHARLS, IFLS,
KLoSA, KNHANES, LASI, LSAHA, LSAHP, MARS, NSJE, NUJLSA, PHASE, PIONEER, PSA, SAGE, SHARE, SLHAS, WiSE).

Percentile (kg)

Age (years) n 5th 10th 20th 30th 40th 50th 60th 70th 80th 90th 95th
Females

20-24 3990 14.0 17.0 20.0 22.0 24.0 25.0 26.0 28.0 30.0 33.0 36.0
25-29 4405 13.0 17.0 20.0 22.0 24.0 25.0 27.0 28.0 30.0 34.0 36.0
30-34 4732 14.7 18.0 20.0 22.0 24.0 25.0 27.0 28.0 30.0 33.0 36.0
35-39 7625 14.9 17.5 20.0 22.0 23.5 25.0 26.0 28.0 30.0 32.5 35.0
40-44 13372 14.0 16.0 19.0 21.0 22.5 24.0 25.0 27.0 29.0 32.0 34.5
45-49 20152 13.5 15.5 18.5 20.0 22.0 23.5 25.0 26.5 28.5 32.0 34.5
50-54 17824 12.0 14.5 17.0 19.0 20.5 22.0 23.5 25.0 27.0 30.0 33.0
55-59 17728 12.0 14.0 16.5 18.5 20.0 21.5 23.0 25.0 27.0 30.0 32.0
60-64 19024 11.0 13.0 15.5 17.5 19.0 20.0 21.5 23.0 25.0 28.0 30.0
65-69 15432 10.0 12.0 14.5 16.0 17.5 19.0 20.0 22.0 24.0 26.0 29.0
70-74 11304 9.0 11.0 13.5 15.0 16.5 18.0 19.5 20.5 22.1 25.0 27.0
75-79 8047 8.0 10.0 12.0 14.0 15.0 16.8 18.0 20.0 21.0 23.5 25.5
80-84 5300 7.0 9.0 11.0 12.5 14.0 15.0 16.0 18.0 19.5 21.3 24.0
85-89 1988 5.1 7.5 10.0 11.0 12.5 14.0 15.0 16.0 18.0 20.0 22.0
90-94 625 5.0 6.5 9.0 10.0 11.0 12.0 13.5 15.0 16.0 18.5 20.5
95-99 145 4.0 5.5 7.5 9.0 9.9 11.0 12.0 13.0 14.5 16.5 17.8
100+ 38 4.1 6.4 7.2 8.1 10.0 10.0 10.5 12.3 14.0 15.3 17.3
Males

20-24 2938 27.0 30.0 34.0 37.0 39.0 40.0 42.0 44.0 47.0 51.0 54.0
25-29 3358 27.0 30.0 35.0 38.0 40.0 41.0 43.0 46.0 48.0 52.0 55.0
30-34 3268 26.0 31.0 35.0 38.0 40.0 42.0 44.0 46.0 49.0 53.0 56.0
35-39 3724 28.0 31.0 35.0 38.0 40.0 42.0 44.0 46.0 48.9 52.0 55.0
40-44 4239 24.0 29.0 33.0 36.0 39.0 41.0 43.0 45.0 48.0 51.0 54.0
45-49 17141 22.5 25.5 29.5 32.0 34.0 36.0 38.5 41.0 43.5 48.0 51.0
50-54 15843 20.5 23.5 27.5 30.0 32.5 34.5 36.8 39.0 42.0 46.0 50.0
55-59 15704 19.0 22.5 26.0 29.0 31.5 33.5 36.0 38.5 41.0 45.0 49.0
60-64 17694 17.5 20.5 24.5 27.0 29.0 31.0 33.5 36.0 39.0 43.0 46.0
65-69 15860 15.8 19.0 22.5 25.0 27.0 29.0 31.0 34.0 36.0 40.0 43.5
70-74 11715 14.0 17.0 20.5 23.0 25.0 27.5 29.5 31.8 34.0 38.0 40.5
75-79 7805 13.2 16.0 20.0 22.0 24.0 26.0 28.0 30.0 32,5 36.0 39.0
80-84 4648 11.5 14.0 17.9 20.0 22.0 24.0 25.7 28.0 30.0 33.0 36.0
85-89 1672 10.0 12.0 15.0 17.5 19.5 21.0 22.0 24.5 27.0 30.0 32.5
90-94 448 9.0 10.5 13.5 15.0 16.5 18.5 20.0 21.8 24.0 28.0 30.0
95-99 101 7.0 9.0 13.0 15.0 16.0 18.0 19.0 20.0 22.0 26.5 30.0
100+ 32 7.3 11.6 12.5 13.5 14.0 15.8 18.3 19.5 20.0 20.5 21.5

Abbreviations: CHARLS = China Health and Retirement Longitudinal Study, IFLS =Indonesian Family Life Survey, KLoSA =Korean Longitudinal Study of Aging,
KNHANES =Korea National Health and Nutrition Examination Survey, LASI=Longitudinal Ageing Study in India, LSAHA =Lebanon Study on Aging and HeAlth,
LSAHP = Longitudinal Study of Ageing and Health in the Philippines, MARS =Malaysia Ageing and Retirement Survey, NSJE =National Survey of the Japanese
Elderly, NUJLSA =Nihon University Japanese Longitudinal Study of Aging, PHASE =Panel on Health and Ageing of Singaporean Elderly, PIONEER =PopulatION
HEalth and Eye Disease PRofilE in Elderly Singaporeans Study, PSA = Philippine Study on Ageing, SAGE = Study on Global AGEing and Adult Health,

SHARE =Survey of Health, Ageing and Retirement in Europe, SLHAS = Sri Lanka Health and Ageing Study, WiSE = Well-being of the Singapore Elderly.
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and 100+-year-olds (5th percentile=4.0kg; 50th percen-
tile =9.9kg; 95th percentile =17.3kg).

For males (n =126 190), reference values for handgrip strength
were calculated for age groups between 20 and 100+ years.
The highest handgrip strength was found among the
30-34-year-olds and 35-39-year-olds (5th percentile =28.0kg;
50th percentile=42.0kg; 95th percentile=56.0kg; Table 1
and Supplementary file 9). The lowest handgrip strength
was found among the 95-99-year-olds and 100+-year-olds
(5th  percentile=7.0kg; 50th percentile=15.8kg; 95th
percentile =21.5kg).

Compared with females, males had higher handgrip
strength in all 187 percentile-by-age comparisons, with the
differences between the respective percentiles ranging from
4.0 to 20.0kg.

3.2.2 | Region-Specific Reference Values

Compared to the pan-Asian reference values, female handgrip
strength in East Asia was higher in 142, equal in 9 and lower
in 14 out of 165 percentile-by-age comparisons, with differences
between the respective percentiles ranging from —3.0 to 4.5kg
(Supplementary file 10). Compared to the pan-Asian reference
values, male handgrip strength in East Asia was higher in 157
and equal in 8 out of 165 percentile-by-age comparisons, with
differences between the respective percentiles ranging up to
7.9kg (Supplementary file 11).

Compared to the pan-Asian reference values, female handgrip
strength in South Asia was higher in 4, equal in 9 and lower in
163 out of 176 percentile-by-age comparisons, with differences
between the respective percentiles ranging from —4.0 to 1.0kg
(Supplementary file 12). Compared to the pan-Asian reference
values, male handgrip strength in South Asia was equal in 1
and lower in 164 out of 165 percentile-by-age comparisons, with
the differences between the respective percentiles ranging up to
—9.0kg (Supplementary file 13).

Compared to the pan-Asian reference values, female hand-
grip strength in Southeast Asia was higher in 8, equal in 16
and lower in 108 out of 132 percentile-by-age comparisons,
with differences between the respective percentiles ranging
from —-5.2 to 2.0kg (Supplementary file 14). Compared to
the pan-Asian reference values, male handgrip strength in
Southeast Asia was higher in 14, equal in 17 and lower in 101
out of 132 percentile-by-age comparisons, with differences be-
tween the respective percentiles ranging from —7.1 to 4.0kg
(Supplementary file 15).

Compared to the pan-Asian reference values, female hand-
grip strength in West Asia was higher in 72 and equal in 5
out of 77 percentile-by-age comparisons, with differences
between the respective percentiles ranging up to 4.0kg
(Supplementary file 16). Compared to the pan-Asian refer-
ence values, male handgrip strength in West Asia was higher
in all 88 percentile-by-age comparisons, with differences be-
tween the respective percentiles ranging from 1.6 to 10.5kg
(Supplementary file 17).

Country-specific reference values for handgrip strength in
China, India, Indonesia, Israel, Japan, Lebanon, Malaysia, the
Philippines, Republic of Korea, Singapore and Sri Lanka are pro-
vided in Supplementary files 18-39.

3.3 | Gait Speed
3.3.1 | Pan-Asian Reference Values (2.5-m Test)

For females (n=6792), reference values for gait speed (2.5-m
test) were calculated for age groups between 50 and 94years.
The highest gait speed was found among the 50-54-year-olds
(5th percentile=0.43m/s; 50th percentile=0.81m/s; 95th
percentile=1.24m/s; Table 2 and Supplementary file 40).
The lowest gait speed was found among the 85-89-year-olds
and 90-94-year-olds (5th percentile=0.18m/s; 50th percen-
tile=0.52m/s; 95th percentile =1.02m/s).

For males (n=6682), reference values for gait speed (2.5-m test)
were calculated for age groups between 50 and 94years. The
highest gait speed was found among all groups between the
50-54-year-olds and 65-69-year-olds (5th percentile=0.43m/s;
50th percentile=0.80m/s; 95th percentile=1.26 m/s;
Table 2 and Supplementary file 41). The lowest gait speed
was found among the 85-89-year-olds and 90-94-year-olds
(5th percentile=0.19m/s; 50th percentile=0.58m/s; 95th
percentile=1.02m/s).

Compared with females, males had higher gait speed in 81,
equal in 8 and lower in 10 out of 99 percentile-by-age compari-
sons, with differences between the respective percentiles rang-
ing from —0.03 to 0.15m/s.

3.3.2 | Region-Specific Reference Values

Region-specific reference values for gait speed (2.5-m test)
were calculated only for East Asia. Compared to the pan-
Asian reference values, female gait speed in East Asia was
higher in 63, equal in 12 and lower in 2 out of 77 percentile-by-
age comparisons, with the differences between the respective
percentiles ranging from —0.05 to 0.08 m/s (Supplementary
file 42). Compared to the pan-Asian reference values, male
gait speed in East Asia was higher in 54 and equal in 23 out
of 77 percentile-by-age comparisons, with the differences
between the respective percentiles ranging up to 0.18 m/s
(Supplementary file 43).

Country-specific reference values for gait speed (2.5-m
test) in China, Israel, Japan and Singapore are provided in
Supplementary files 44-51.

3.3.3 | Pan-Asian Reference Values (4-m Test)

For females (n=76443), reference values for gait speed (4-m
test) were calculated for age groups between 20 and 100+ years.
The highest gait speed was found among the 20-24-year-olds
and 25-29-year-olds (5th percentile=0.65m/s; 50th per-
centile=0.93m/s; 95th percentile=1.32m/s; Table 3
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TABLE 2 | Reference values for gait speed (2.5m) for females (pooled n=6792) and males (pooled n=6682) in Asia (CHARLS, NSJE, PHASE,
SHARE).

Percentile (m/s)

Age (years) n 5th 10th 20th 30th 40th 50th 60th 70th 80th 90th 95th
Females

20-24 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
25-29 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
30-34 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
35-39 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
40-44 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
45-49 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
50-54 449 0.43 0.50 0.63 0.69 0.76 0.81 0.88 0.94 1.02 1.13 1.24
55-59 514 0.41 0.47 0.58 0.65 0.71 0.76 0.82 0.88 0.98 1.10 1.20
60-64 1738 0.35 0.45 0.55 0.62 0.68 0.74 0.80 0.87 0.95 1.11 1.24
65-69 1326 0.32 0.39 0.49 0.58 0.64 0.71 0.77 0.85 0.95 1.09 1.21
70-74 948 0.28 0.35 0.45 0.53 0.60 0.66 0.73 0.80 0.89 1.01 1.14
75-79 858 0.25 0.32 0.42 0.50 0.58 0.65 0.74 0.82 0.94 1.07 1.21
80-84 564 0.24 0.31 0.41 0.49 0.57 0.65 0.73 0.80 0.90 1.05 1.16
85-89 305 0.18 0.25 0.32 0.38 0.46 0.54 0.61 0.71 0.81 0.96 1.11
90-94 90 0.22 0.25 0.35 0.40 0.46 0.52 0.57 0.62 0.71 0.86 1.02
95-99 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
100+ n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
Males

20-24 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
25-29 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
30-34 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
35-39 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
40-44 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
45-49 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
50-54 402 0.43 0.50 0.63 0.70 0.75 0.80 0.88 0.95 1.01 1.13 1.21
55-59 481 0.39 0.50 0.60 0.67 0.72 0.79 0.84 0.91 0.98 1.08 1.17
60-64 1767 0.39 0.50 0.59 0.66 0.73 0.78 0.83 0.91 1.00 1.14 1.26
65-69 1355 0.34 0.43 0.56 0.63 0.70 0.75 0.82 0.89 1.00 1.15 1.25
70-74 1011 0.33 0.40 0.50 0.58 0.64 0.71 0.78 0.84 0.94 1.11 1.21
75-79 868 0.31 0.40 0.50 0.60 0.66 0.73 0.81 0.88 0.99 1.11 1.24
80-84 532 0.27 0.36 0.47 0.55 0.63 0.71 0.79 0.85 0.94 1.05 1.18
85-89 223 0.19 0.27 0.39 0.51 0.60 0.66 0.73 0.81 0.90 1.05 1.26
90-94 43 0.20 0.23 0.32 0.41 0.50 0.58 0.64 0.72 0.78 1.01 1.02
95-99 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
100+ n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a

Abbreviations: CHARLS = China Health and Retirement Longitudinal Study, NSJE = National Survey of the Japanese Elderly, PHASE =Panel on Health and Ageing
of Singaporean Elderly, SHARE = Survey of Health, Ageing and Retirement in Europe.
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TABLE 3 | Reference values for gait speed (4 m) for females (pooled n=76443) and males (pooled n=62678) in Asia (LASI, PIONEER, SAGE,

SLHAS).

Percentile (m/s)

Age (years) n 5th 10th 20th 30th 40th 50th 60th 70th 80th 90th 95th
Females

20-24 766 0.63 0.70 0.77 0.83 0.88 0.93 0.95 1.03 1.11 1.25 1.32
25-29 951 0.65 0.70 0.76 0.82 0.87 0.91 0.95 0.98 1.04 1.18 1.25
30-34 1513 0.63 0.69 0.76 0.80 0.86 0.89 0.93 0.97 1.02 1.14 1.25
35-39 4027 0.63 0.69 0.76 0.79 0.85 0.89 0.93 0.97 1.02 1.13 1.23
40-44 8443 0.61 0.66 0.74 0.78 0.82 0.88 0.92 0.95 1.00 1.11 1.20
45-49 12231 0.61 0.65 0.73 0.77 0.80 0.86 0.90 0.94 0.98 1.09 1.18
50-54 11132 0.57 0.63 0.71 0.75 0.78 0.83 0.89 0.93 0.98 1.09 1.22
55-59 10479 0.54 0.61 0.67 0.73 0.77 0.80 0.86 0.92 0.97 1.06 1.20
60-64 9814 0.49 0.56 0.63 0.69 0.74 0.77 0.81 0.88 0.93 1.02 1.14
65-69 7426 0.44 0.51 0.59 0.64 0.69 0.74 0.78 0.82 0.90 0.98 1.09
70-74 4583 0.39 0.45 0.54 0.59 0.64 0.68 0.74 0.78 0.85 0.95 1.05
75-79 2685 0.36 0.42 0.49 0.55 0.60 0.64 0.69 0.75 0.80 0.92 1.00
80-84 1509 0.30 0.36 0.44 0.49 0.54 0.59 0.64 0.70 0.77 0.88 0.98
85-89 592 0.26 0.32 0.40 0.45 0.50 0.54 0.58 0.64 0.69 0.87 0.95
90-94 196 0.24 0.35 0.41 0.45 0.48 0.52 0.56 0.60 0.65 0.78 0.86
95-99 74 0.25 0.28 0.31 0.39 0.43 0.48 0.51 0.55 0.56 0.72 0.86
100+ 22 0.21 0.26 0.33 0.38 0.40 0.43 0.49 0.52 0.56 0.68 0.69
Males

20-24 337 0.67 0.74 0.80 0.85 0.93 0.98 1.03 1.11 1.18 1.29 1.46
25-29 354 0.69 0.74 0.83 0.89 0.95 1.00 1.03 1.08 1.18 1.29 1.45
30-34 383 0.67 0.73 0.82 0.87 0.91 0.96 1.03 1.08 1.18 1.26 1.38
35-39 659 0.63 0.70 0.77 0.82 0.87 0.92 0.96 1.02 1.08 1.21 1.25
40-44 689 0.63 0.71 0.78 0.84 0.89 0.93 0.97 1.03 1.11 1.21 1.29
45-49 10734 0.64 0.72 0.78 0.85 0.90 0.93 0.97 1.01 1.09 1.20 1.28
50-54 10221 0.62 0.70 0.77 0.82 0.88 0.93 0.96 1.00 1.09 1.22 1.29
55-59 9317 0.60 0.66 0.75 0.79 0.85 0.90 0.94 0.98 1.05 1.18 1.29
60-64 9607 0.57 0.64 0.72 0.77 0.81 0.87 0.92 0.96 1.02 1.14 1.25
65-69 8561 0.51 0.58 0.66 0.73 0.77 0.82 0.88 0.93 0.98 1.10 1.21
70-74 5666 0.46 0.54 0.61 0.66 0.72 0.76 0.80 0.87 0.93 1.03 1.14
75-79 3321 0.41 0.48 0.57 0.63 0.68 0.73 0.78 0.83 0.91 1.00 1.10
80-84 1816 0.37 0.43 0.51 0.57 0.63 0.67 0.73 0.78 0.86 0.96 1.10
85-89 714 0.32 0.39 0.47 0.52 0.56 0.62 0.67 0.73 0.80 0.91 0.98
90-94 220 0.29 0.37 0.44 0.48 0.54 0.58 0.64 0.68 0.75 0.89 0.98
95-99 57 0.32 0.34 0.42 0.47 0.47 0.55 0.57 0.65 0.69 0.75 0.92
100+ 22 0.31 0.38 0.42 0.42 0.43 0.46 0.51 0.59 0.62 0.62 0.81

Abbreviations: LASI=Longitudinal Ageing Study in India, PIONEER = PopulatION HEalth and Eye Disease PRofilE in Elderly Singaporeans Study, SAGE = Study on

Global AGEing and Adult Health, SLHAS = Sri Lanka Health and Ageing Study.
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and Supplementary file 52). The lowest gait speed was
found among the 95-99-year-olds and 100+ year-olds
(5th percentile=0.21m/s; 50th percentile=0.43m/s; 95th
percentile =0.69 m/s).

For males (n=62678), reference values for gait speed (4-m test)
were calculated for age groups between 20 and 100+ years.
The highest gait speed was found among the 20-24-year-olds
and 25-29-year-olds (5th percentile=0.69m/s; 50th per-
centile=1.00m/s; 95th percentile=1.46m/s; Table 3 and
Supplementary file 53). The lowest gait speed was found among
all groups between the 90-94-year-olds and 100+-year-olds
(5th percentile=0.29m/s; 50th percentile=0.46m/s; 95th
percentile =0.81 m/s).

Compared with females, males had higher gait speed in 185,
equal in 1 and lower in 1 out of the 187 percentile-by-age com-
parisons, with the differences between the respective percen-
tiles ranging from —0.06 to 0.20m/s.

3.3.4 | Region-Specific Reference Values

Region-specific reference values for gait speed (4-m test) were
calculated only for South Asia. Compared to the pan-Asian ref-
erence values, female gait speed in South Asia was equal in 48
and lower in 128 out of 176 percentile-by-age comparisons, with
the differences between the respective percentiles ranging up
to 0.12m/s (Supplementary file 54). Compared to the pan-Asian
reference values, male gait speed in South Asia was equal in 27
and lower in 138 out of 165 percentile-by-age comparisons, with
the differences between the respective percentiles ranging up to
0.17m/s (Supplementary file 55).

Country-specific reference values for gait speed (4-m test)
in China, India, Singapore and Sri Lanka are provided in
Supplementary files 56-63. Country-specific reference values
for the 3-m (Lebanon) and 10-m gait speed test (Singapore) are
provided in Supplementary files 64-67.

3.4 | Five-Times-Sit-to-Stand Test
3.4.1 | Pan-Asian Reference Values

For females (n=28826), reference values for FTSST perfor-
mance were calculated for age groups between 20 and 94 years.
The best performance was found among the 20-24-year-olds (5th
percentile=9.0s; 50th percentile=6.2s; 95th percentile=4.4s;
Table 4 and Supplementary file 68). The worst performance
was found among all groups between the 75-79-year-olds and
90-94-year-olds (5th percentile =32.4s; 50th percentile=13.8s;
95th percentile=6.7s).

For males (n=26409), reference values for FTSST performance
were calculated for age groups between 20 and 94years. The
best performance was found among the 20-24-year-olds (5th
percentile=7.5s; 50th percentile=5.2s; 95th percentile=3.9s;
Table 4 and Supplementary file 69). The worst performance was
found among the 90-94-year-olds (5th percentile =26.3s; 50th
percentile =14.4s; 95th percentile =6.85).

Compared with females, males had better FTSST performance
in 157, equal in 2 and worse in 6 out of the 165 percentile-by-age
comparisons, with the differences between the respective per-
centiles ranging from —1.0 to 6.1s.

3.4.2 | Region-Specific Reference Values

Region-specific reference values for FTSST performance were
calculated only for Southeast Asia. Compared to the pan-
Asian reference values, female performance in the FTSST test
in Southeast Asia was better in 28, equal in 3 and worse in 35
out of 66 percentile-by-age comparisons, with the differences
between the respective percentiles ranging from —6.2 to 1.2s
(Supplementary file 70). Compared to the pan-Asian reference
values, male performance in the FTSST test in Southeast Asia
was better in 40, equal in 7 and worse in 8 out of 55 percentile-
by-age comparisons, with the differences between the respective
percentiles ranging from —2.5 to 0.5s (Supplementary file 71).

Country-specific reference values for FTSST performance
in China, Indonesia, Israel and Singapore are available in
Supplementary files 72-79.

3.5 | Skeletal Muscle Mass
3.5.1 | Pan-Asian Reference Values

For females (n=27894), reference values for skeletal muscle
mass were calculated for age groups between 20 and 94years.
The largest skeletal muscle mass was found among all groups
between the 30-34-year-olds and 50-54-year-olds (5th percen-
tile=24.1kg; 50th percentile =38.6kg; 95th percentile =48.3kg;
Table 5 and Supplementary file 80). The lowest skeletal muscle
mass was found among the 85-89-year-olds and 90-94-year-olds
(5th  percentile=22.2kg; 50th percentile=28.9kg; 95th
percentile =36.3kg).

For males (n=21415), reference values for skeletal muscle
mass were calculated for age groups between 20 and 89years.
The largest skeletal muscle mass was found among all groups
between the 20-24-year-olds and 30-34-year-olds (5th percen-
tile=38.6kg; 50th percentile =55.6kg; 95th percentile =70.0kg;
Table 5 and Supplementary file 81). The lowest skeletal mus-
cle mass was found among the 85-89-year-olds (5th percen-
tile=31.6kg; 50th percentile =39.2kg; 95th percentile =48.4kg).

Compared with females, males had more skeletal muscle mass
in all 154 percentile-by-age comparisons, with the differences
between the respective percentiles ranging from 8.2 to 23.0kg.

3.5.2 | Region-Specific Reference Values

Region-specific reference values for skeletal muscle mass were
calculated only for East Asia. Compared to the pan-Asian ref-
erence values, female skeletal muscle mass in East Asia was
higher in 133, equal in 7 and lower in 3 out of 143 percentile-by-
age comparisons, with the differences between the respective
percentiles ranging from —0.4 to 9.0kg (Supplementary file 82).
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TABLE 4 | Reference values for the Five-Times-Sit-to-Stand Test for females (pooled n =28 826) and males (pooled n=26409) in Asia (CHARLS,
IFLS, PHASE, SHARE).

Percentile (s)

Age (years) n 5th 10th 20th 30th 40th 50th 60th 70th 80th 90th 95th
Females

20-24 1971 9.0 8.1 7.2 6.7 6.4 6.2 5.8 5.5 5.2 4.7 4.4
25-29 2237 9.2 8.3 7.3 6.8 6.5 6.2 5.9 5.6 5.2 4.8 4.5
30-34 1759 9.5 8.6 7.6 7.1 6.7 6.4 6.1 5.8 5.4 5.0 4.6
35-39 1676 10.1 9.1 8.1 7.4 6.9 6.6 6.3 6.0 5.6 5.1 4.7
40-44 2461 12.9 11.2 9.8 8.8 8.2 7.6 7.1 6.6 6.1 5.6 5.0
45-49 4275 14.4 12.8 11.1 10.0 9.1 8.4 7.8 7.2 6.6 5.9 5.4
50-54 3235 15.1 13.5 11.5 10.3 9.5 8.8 8.1 7.5 6.9 6.0 5.4
55-59 3401 16.5 14.5 12.3 11.1 10.1 9.4 8.7 8.0 7.2 6.3 5.7
60-64 2953 17.3 15.0 12.9 11.6 10.6 9.7 9.0 8.2 7.5 6.4 5.8
65-69 2150 18.0 15.8 13.7 12.4 11.2 10.3 9.5 8.7 7.8 6.8 6.1
70-74 1437 20.6 18.0 15.0 13.5 12.2 11.2 10.2 9.2 8.1 6.9 6.0
75-79 763 229 19.2 16.4 14.6 13.3 12.2 11.1 10.0 8.7 7.5 6.7
80-84 354 23.3 20.9 18.3 16.0 14.3 13.2 11.8 10.2 9.2 7.5 6.4
85-89 118 24.4 21.2 17.4 15.9 14.8 13.8 12.5 11.3 10.1 8.1 6.4
90-94 36 32.4 24.9 17.4 16.0 15.6 13.5 12.6 11.3 10.1 8.1 6.6
95-99 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
100+ n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
Males

20-24 1584 7.5 6.9 6.2 5.8 5.5 5.2 5.0 4.8 4.5 4.1 3.9
25-29 2019 7.7 7.1 6.3 6.0 5.7 5.3 5.1 4.8 4.5 4.2 3.9
30-34 1749 8.2 7.4 6.6 6.2 5.9 5.6 5.2 5.0 4.7 4.3 4.1
35-39 1575 8.7 7.6 6.9 6.5 6.1 5.8 5.5 5.2 4.9 4.3 4.1
40-44 1709 11.0 9.8 8.4 7.5 6.9 6.5 6.0 5.6 5.2 4.7 4.3
45-49 3651 13.3 11.7 10.0 8.9 8.2 7.5 7.0 6.4 5.9 5.2 4.8
50-54 2891 14.0 12.3 10.6 9.5 8.8 8.1 7.4 6.8 6.2 5.6 5.0
55-59 3157 14.8 13.0 11.3 10.0 9.2 8.5 7.8 7.1 6.4 5.7 5.2
60-64 2838 15.5 13.6 11.7 10.5 9.7 9.0 8.2 7.5 6.9 6.0 5.4
65-69 2222 16.0 14.2 12.1 10.9 10.0 9.3 8.5 8.0 7.1 6.2 5.6
70-74 1547 18.0 15.5 13.1 11.7 10.8 10.0 9.2 8.5 7.7 6.7 6.0
75-79 882 18.6 16.4 14.4 12.9 11.3 10.4 9.6 8.7 7.8 6.7 6.0
80-84 410 19.9 16.9 14.7 13.0 12.0 10.9 9.7 8.8 7.7 6.4 5.7
85-89 151 22.5 20.6 17.0 14.9 13.3 12.4 11.3 10.1 9.2 7.4 6.4
90-94 24 26.3 21.1 18.4 16.8 15.1 14.4 12.5 11.5 9.8 8.5 6.8
95-99 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
100+ n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a

Abbreviations: CHARLS = China Health and Retirement Longitudinal Study, IFLS =Indonesian Family Life Survey, PHASE = Panel on Health and Ageing of
Singaporean Elderly, SHARE = Survey of Health, Ageing and Retirement in Europe.
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TABLE 5 | Reference values for skeletal muscle mass (fat-free mass and lean body mass) for females (pooled n=27894) and males (pooled
n=21415) in Asia (KNHANES, MPBS, PIONEER, SLHAS).

Percentile (kg)

Age (years) n 5th 10th 20th 30th 40th 50th 60th 70th 80th 90th 95th
Females

20-24 1276 23.6 26.0 31.2 33.5 35.0 36.4 37.7 39.3 41.5 44.6 47.0
25-29 1502 23.5 25.5 30.7 33.8 35.6 37.0 38.4 40.0 41.9 44.3 47.0
30-34 1709 24.0 27.5 33.2 35.0 36.7 38.0 39.3 41.0 42.8 45.6 48.3
35-39 2461 23.4 25.7 33.0 35.1 36.5 379 39.0 40.5 42.4 44.8 47.1
40-44 2591 24.0 27.0 33.8 35.9 37.1 38.6 40.0 41.3 43.0 45.6 47.8
45-49 2467 24.1 27.0 33.9 359 37.4 38.6 39.7 41.0 42.9 45.4 47.6
50-54 2790 241 28.5 33.8 35.5 36.9 38.0 39.0 40.4 42.0 44.8 46.9
55-59 2502 22.7 25.9 33.0 35.0 36.4 37.6 38.7 40.0 41.2 43.4 45.3
60-64 2882 23.8 27.6 32.5 34.4 36.0 37.0 38.2 39.5 41.0 43.2 45.0
65-69 2697 24.0 27.4 32.0 339 351 36.4 37.6 38.9 40.4 42.6 44.4
70-74 2217 23.2 25.1 29.9 32.0 33.4 34.7 36.0 37.3 39.0 41.0 43.0
75-79 1543 239 27.0 30.0 31.9 33.1 34.4 35.6 37.0 38.1 40.2 42.0
80-84 1107 241 26.1 28.7 30.2 31.6 32.7 33.9 35.1 36.6 39.0 40.2
85-89 122 22.2 22.8 25.1 26.3 27.6 29.5 30.4 31.9 33.8 36.6 38.6
90-94 28 23.3 23.9 25.1 27.2 28.1 28.9 29.7 30.6 31.4 34.8 36.3
95-99 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
100+ n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
Males

20-24 948 38.6 42.2 45.8 49.3 52.0 54.3 56.0 58.7 61.2 66.0 70.0
25-29 1267 36.9 41.7 47.6 50.9 52.8 55.0 56.9 59.4 62.0 65.8 69.0
30-34 1310 36.5 40.4 47.5 51.0 53.4 55.6 57.5 59.5 61.9 65.0 69.6
35-39 1961 34.3 37.3 44.1 49.0 52.3 54.4 56.1 58.3 61.0 65.0 68.3
40-44 1978 34.4 37.4 46.0 50.3 52.6 54.7 57.0 59.0 61.6 65.4 68.3
45-49 1854 349 37.2 44.7 49.0 51.7 53.8 55.5 57.8 60.0 63.0 66.7
50-54 1914 35.1 37.7 45.5 48.8 51.0 53.0 54.6 56.5 58.6 62.1 65.2
55-59 1891 33.8 36.6 43.9 47.5 49.8 51.5 53.4 55.1 57.5 60.5 62.1
60-64 2266 33.9 36.9 43.0 46.0 48.2 50.0 51.6 53.7 56.0 58.8 61.3
65-69 2183 33.5 37.2 421 45.3 47.2 49.0 50.5 52.2 54.4 57.2 60.0
70-74 1716 33.6 36.3 40.2 43.0 45.2 47.0 48.7 50.3 52.3 55.2 579
75-79 1208 32.8 35.2 39.3 41.9 43.8 45.7 47.0 49.0 50.6 53.1 55.5
80-84 819 33.3 35.0 38.1 40.2 42.0 43.3 44.9 46.4 48.0 51.0 52.9
85-89 100 31.6 32.1 34.8 37.1 38.0 39.2 40.2 41.9 429 45.1 48.4
90-94 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
95-99 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
100+ n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a

Abbreviations: KNHANES =Korea National Health and Nutrition Examination Survey, MPBS =Mongolia Population-Based Study, PIONEER =PopulatION HEalth
and Eye Disease PRofilE in Elderly Singaporeans Study, SLHAS =Sri Lanka Health and Ageing Study.
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Compared to the pan-Asian reference values, male muscle mass
in East Asia was higher in 137, equal in 5 and lower in 1 out
of the 143 percentile-by-age comparisons, with the differences
between the respective percentiles ranging from —0.2 to 11.2kg
(Supplementary file 83).

Country-specific reference values for skeletal muscle mass in
Mongolia, Republic of Korea, Singapore and Sri Lanka are avail-
able in Supplementary files 84-93. Reference values for appen-
dicular height-adjusted muscle mass in the Republic of Korea
are available in Supplementary files 94-97.

3.6 | Calf Circumference
3.6.1 | Pan-Asian Reference Values

For females (n=10859), reference values for calf circum-
ference were calculated for age groups between 60 and
100+ years. The largest calf circumference was found among the
65-69-year-olds and 70-74-year-olds (5th percentile=23.4cm;
50th percentile=31.0cm; 95th percentile=40.0cm; Table 6
and Supplementary file 98). The lowest calf circumference was
found among the 100+-year-olds (5th percentile =19.0cm; 50th
percentile =26.0 cm; 95th percentile =34.0cm).

For males (n =8606), reference values for calf circumference were
calculated for age groups between 60 and 100+ years. The larg-
est calf circumference was found among all groups between the
65-69-year-olds and 75-79-year-olds (5th percentile=25.6cm;
50th percentile=33.0cm; 95th percentile=41.0cm; Table 6
and Supplementary file 99). The lowest calf circumference was
found among the 100+-year-olds (5th percentile =22.0cm; 50th
percentile =30.0 cm; 95th percentile =40.0cm).

Compared with females, males had larger calf circumference in
96 and equal in 3 out of the 99 percentile-by-age comparisons,
with the differences between the respective percentiles ranging
up to 6¢cm.

Country-specific reference values for calf circumference in
China and India are available in Supplementary files 100-103.

4 | Discussion

This study provided reference values for handgrip strength,
gait speed, FTSST performance, skeletal muscle mass and calf
circumference in the Asian population. The established refer-
ence values are generally more favourable among younger age
groups, compared with older age groups, and they also vary
across Asian regions. There are differences in the established
reference values between sexes, typically indicating greater
handgrip strength, higher gait speed, better performance on the
FTSST, more skeletal muscle mass and larger calf circumference
among males, compared with females. The reference values pro-
posed in this study can be used as Asian-specific benchmarks
for clinical, public health and research purposes.

A recent study established international reference values for
handgrip strength using data from 69 countries and regions,

including 22 in Asia [8]. While this study provided international
reference values, no data were reported for Asia specifically.
Compared to the international reference values, the Asian-
specific values established in the current study are considerably
lower across nearly all percentiles, with the differences reaching
up to 7.4kg for females and 13.6 kg for males. Similar differences
are observed when comparing with reference values established
for 27 European countries [22]. This comparison suggests that
Asian populations tend to have lower normative handgrip
strength, underscoring the need for Asian-specific reference
values. Our reference values also differ from those reported in
a recent pooled analysis of eight cohorts from Japan, Malaysia
and Taiwan [17]. In this study, the lower percentiles are up to
8.5and 10kg smaller for females and males, respectively, while
the differences between the upper percentiles ranged between
—2 and 6kg. These discrepancies likely reflect differences in the
study samples. The previous analysis included only data from
East and Southeast Asia and had a much smaller sample size
(n=16730) [17]. Additionally, their oldest age group was defined
as 80years and older.

Region-specific reference values in this study revealed that both
males and females from Eastern and Western Asia exhibit higher
handgrip strength compared to those in South and Southeast
Asia. Handgrip strength is influenced by several factors, such
as height, body weight, body mass index, waist circumference,
upper arm circumference, nutritional status and ethnicity
[23, 24] (S18). Handgrip reference values for China were con-
sistently among the highest, whereas those for Singapore were
among the lowest, despite approximately 70% of Singapore's
population being of Chinese descent (Supplementary file 104;
S18). This difference persists even when excluding the Malay
and Indian populations from Singapore's data, with compari-
sons drawn solely between ethnically Chinese individuals from
Singapore and those from China, even though Singapore data
are available only for those 60+ years of age (S18). It is unlikely
that a single factor, such as ethnicity, could fully explain the dif-
ferences in handgrip strength across regions of Asia.

Only one previous pooled analysis of gait speed in Asia has
been conducted, including data from Japan, Malaysia and
Taiwan [17]. Their reference values showed an age-related
difference in gait speed, with the lowest speeds observed in
the oldest age groups. However, they reported that gait speed
peaks at ages 50-54 years, which contrasts with our findings,
where gait speed was the highest among individuals of both
sexes in their 20s. It is important to note that this observa-
tion pertains to the 4-m test, as the youngest age group for
the 2.5-m test in our data was 50-54-year-olds. Several factors
may explain these differences. The previous analysis pooled
data from multiple test distances (4-m, 5-m, 6-m and 10-m),
whereas our study pooled only data from cohorts using the
same test distance. Additionally, the earlier study lacked data
for participants aged 20-29years and had very limited data
for those aged 30-39years (only 9 males and 12 females), re-
sulting in a sample with an over-representation of older age
groups [17].

Although the FTSST is easy to administer and relatively in-
expensive (requiring only a chair and a stopwatch), it was ad-
ministered in only four of the included cohorts. In a recent
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TABLE 6 | Reference values for calf circumference for females (pooled n=10859) and males (pooled n=8606) in Asia (CLHLS, LASI DAD).

Percentile (cm)

Age (years) n 5th 10th 20th 30th 40th 50th 60th 70th 80th 90th 95th
Females

20-24 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
25-29 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
30-34 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
35-39 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
40-44 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
45-49 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
50-54 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
55-59 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
60-64 706 234 24.9 26.1 27.5 28.8 30.0 31.0 32.3 33.6 35.4 38.0
65-69 1399 23.4 25.0 27.0 28.5 30.0 31.0 33.0 34.0 35.0 38.0 40.0
70-74 1183 23.0 25.0 27.0 29.0 30.0 31.0 32.1 34.0 35.0 38.0 40.0
75-79 1279 22.2 24.8 27.0 28.1 30.0 31.0 32.0 34.0 35.0 37.0 40.0
80-84 1237 22.2 24.6 27.0 28.0 29.0 30.0 31.0 32.7 34.0 36.0 40.0
85-89 1011 21.2 24.0 26.0 27.0 28.0 29.0 30.0 31.0 33.0 36.0 38.0
90-94 1171 21.0 23.0 25.0 26.0 27.0 29.0 30.0 31.0 32.0 35.0 38.0
95-99 785 19.0 21.0 23.0 25.0 26.0 27.0 28.0 30.0 30.0 33.0 36.0
100+ 2088 19.0 20.0 23.0 24.0 25.0 26.0 27.0 28.0 30.0 32.0 34.0
Males

20-24 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
25-29 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
30-34 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
35-39 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
40-44 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
45-49 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
50-54 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
55-59 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
60-64 485 25.2 26.4 28.0 29.0 30.1 31.0 32.0 33.0 34.5 36.1 38.0
65-69 1330 25.6 27.0 29.0 30.0 31.4 33.0 34.0 35.0 36.8 39.0 40.0
70-74 1296 25.0 27.0 29.0 30.0 31.7 33.0 34.0 35.0 37.0 39.0 41.0
75-79 1211 24.0 26.3 29.0 30.0 32.0 33.0 34.0 35.0 36.0 39.0 41.0
80-84 1179 23.0 26.0 28.0 30.0 31.0 32.0 33.0 34.8 36.0 38.0 40.0
85-89 879 24.0 26.0 28.0 30.0 30.0 32.0 33.0 34.0 36.0 39.0 40.0
90-94 989 23.0 25.0 27.3 29.0 30.0 31.0 32.0 33.0 35.0 37.0 40.0
95-99 563 23.0 25.0 27.0 28.0 30.0 30.0 32.0 33.0 35.0 37.0 40.0
100+ 674 22.0 24.0 26.0 28.0 29.0 30.0 31.0 32.0 34.0 37.0 40.0

Abbreviations: CLHLS = Chinese Longitudinal Health and Longevity Survey; LASI DAD = Longitudinal Aging Study in India-Diagnostic Assessment of Dementia.
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pooled analysis of eight Asian cohorts, the reported reference
values were generally lower (i.e., faster completion times)
than those observed herein [17]. Across most overlapping age
groups and percentiles, differences of 1-2s were noted, albeit
some were even larger (e.g., 5s at the 95th percentile for males
aged 70-74years). A key distinction between the two analyses
lies in the countries represented. The second-largest cohort in
the previous analysis was from Japan (n=7205), whereas the
data for the present study came from cohort studies in China,
Indonesia, Israel and Singapore. This is important, as a study
comparing FTSST performance between native Japanese
and Caucasian women in the United States found that the
Japanese group generally completed the test 3—-4s faster [25].
The authors attributed this to lifestyle factors, such as fre-
quent squatting, the use of tatami mats and futon bedding,
among the Japanese cohort [25]. The higher performance of
Japanese participants and their large representation in the
earlier analysis may partly explain the observed differences
between the two studies [17].

When comparing the reference values presented in this study
with those from Western countries, it is evident that the Asian
population generally performs better in the FTSST. For example,
studies using data from the Canadian Longitudinal Study on
Ageing and 14 European countries included in SHARE gener-
ally reported higher percentile values (worse performance) than
those observed herein [10, 26]. Performance on the FTSST is in-
fluenced by various factors, including visual contrast sensitiv-
ity and lower limb proprioception [27]. Future research should
consider investigating whether and how much factors underpin-
ning FTSST test performance differ between Asian and Western
populations.

Data on skeletal muscle mass were available in four cohorts
only, which may not be surprising given the inherent chal-
lenges associated with its measurement. Many national co-
horts rely on field-based data collection, where practical
limitations restrict the use of certain body composition assess-
ment tools. While BIA offers portable options suitable for field
settings, DXA generally requires participants to visit a clinical
facility, potentially creating logistical hurdles. This likely ex-
plains the limited use of DXA in large-scale cohort studies. In
the calculation of reference values, we combined fat-free mass
(measured by BIA) and lean body mass (measured by DXA)
under the unified term ‘skeletal muscle mass’, as they repre-
sent similar body components [28].

The reference values indicate that skeletal muscle mass remains
relatively stable until approximately 50years of age, after which
it begins to decline more markedly. For example, among males
in Singapore, the difference in reference values for muscle mass
in each decade of life from 60 to 80years of age ranges from 1
to 7kg. This pattern aligns with the higher sarcopenia preva-
lence with age [29]. These findings suggest that early interven-
tion (i.e., before significant muscle mass loss occurs) could help
reduce the risk of muscle-related conditions, such as sarcopenia.
While the Asian Working Group for Sarcopenia recommends
assessing skeletal muscle mass, their guidelines focus specifi-
cally on height-adjusted appendicular muscle mass, for which
threshold values are provided [6, 7]. In this study, reference val-
ues for appendicular muscle mass were available only from one

cohort (KNHANES), which used DXA (2008-2011) and BIA
(2022-2023). Given these limited data, future studies are needed
to establish more comprehensive reference values for appendic-
ular muscle mass in Asia. Additionally, there are limitations in
combining data from BIA and DXA, given that these methods
provide somewhat different measures. Hence, while our pan-
Asian reference values for skeletal muscle mass may serve as a
general guide, using the country- and device-specific reference
values may enable a more accurate interpretation.

While assessing skeletal muscle mass in large-scale cohort stud-
ies may present logistical challenges, calf circumference offers
a relatively simple surrogate measure. Previous studies have
shown that calf circumference is strongly correlated with ap-
pendicular lean mass [30]. Cutoffs for calf circumference have
been established when screening for low muscle mass (< 34cm
in men and <33cm in women) [6, 7]. Despite growing recogni-
tion of its relevance for muscle health, calf circumference was
assessed in only two of the 20 cohorts included in this study.
However, these cohorts represent China and India, which to-
gether account for over 50% of the Asian population. Notably,
the reference values for calf circumference were generally
higher in the Chinese cohort than in the Indian cohort. This
finding aligns with existing data on sarcopenia prevalence. The
pooled estimates indicate a lower prevalence of sarcopenia in
China (10.0%; 95% confidence interval =9.6%, 10.4%) compared
to India (14.2%; 95% confidence interval=13.8%, 14.6%) [31].
One potential contributor to this difference is a higher preva-
lence of insufficient physical activity in India, compared with
China [32]. In both countries, calf circumference data were only
available for adults aged 60+ years, underscoring the need for
future studies that would include younger age groups across a
broader range of Asian countries.

5 | Practical Applications

In practice, the reference values can be used to support health
screening, monitoring and intervention planning. They can
help identify people with low values and may be used to guide
interventions. At the population level, they allow evaluation
of performance trends across demographics and help define
cutoffs for low values. Although no universal thresholds exist,
one proposed system classifies values as ‘low’ (< 20th percen-
tile), ‘somewhat low’ (20-39th percentile), ‘moderate’ (40-59th
percentile), ‘somewhat high’ (60-79th percentile) and ‘high’
(>80th percentile) and may be used when interpreting the
reference values [8]. Indeed, the 20th percentile is commonly
used as a cutoff for low values [7]. In the 2025 consensus up-
date from the Asian Working Group on Sarcopenia, cutoffs for
handgrip strength were 34kg (male) and 20kg (female) for the
50-64-year-olds and 28kg (male) and 18kg (female) for the
65+ year-olds [7]. If the 20th percentile is applied as a cutoff
in our pan-Asian data, the values would vary from 7.2 to 20kg
for females and from 12.5 to 34kg for males, depending on
the age group. The data generated herein may help inform fu-
ture revisions of cutoff values, which could be developed for
different groups by sex, age, region and country. From a prac-
tical standpoint, the pan-Asian reference values offer a broad
framework for comparisons with the whole Asian population,
while the region- and country-specific reference values are
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expected to provide greater accuracy for specific populations.
If the region- and country-specific reference values are not
available, the pan-Asian reference values may represent a suit-
able alternative.

6 | Strengths and Limitations

The key strength of this study is the comprehensive and sys-
tematic search that was conducted to identify the included
national cohorts. Additional strengths are the large sample
sizes for some of the analysed reference values and coverage
of a broad range of age groups. Despite these strengths, there
are limitations that also need to be mentioned. One limita-
tion is that there were no national cohorts from Central Asia;
therefore, future research is needed in this region. Another
limitation is the use of different protocols for evaluating the
outcomes. For example, the handgrip strength assessment was
performed: using electrical or mechanical dynamometers;in a
standing or seated position; and with the elbow flexed or ex-
tended. While all these factors can influence handgrip strength
assessments [33], the associated variation tends to be relatively
small (i.e., within the range of 1 to 4kg) [33]. Additionally, al-
though only national cohorts were included, not all provided
sampling weights, necessitating the use of unweighted percen-
tiles in the analyses. Another limitation is that the data collec-
tion periods across different cohorts ranged from 2004 to 2024.
This should be considered when using the reference values,
as secular trends have been reported for some of the analysed
outcomes. For example, handgrip strength in Japan improved
on average by 1.4kg from 1998 to 2017, with other studies re-
porting a decline over time [34-36]. As secular changes are
generally considered negligible to small [34-36], this limita-
tion likely had only minor influence on the reference values,
since many percentile differences exceed the magnitude of
typical secular changes. Finally, the small number of cohorts
for some outcomes, such as calf circumference, also needs to
be highlighted, reinforcing the need for future research.

7 | Conclusion

Using data from 20 national cohorts from Asia, this study estab-
lished reference values for handgrip strength, gait speed, FTSST
performance, skeletal muscle mass and calf circumference. For
all analysed variables, the age gradient in percentiles was evi-
dent, with younger age groups generally having better test re-
sults than older age groups. Regional differences in reference
values were also found. Notable sex differences were also ob-
served, with males typically having greater handgrip strength,
faster gait speed, better performance on the FTSST, more skel-
etal muscle mass and larger calf circumference compared to
females. The sex-, age- and region-specific reference values for
Asian populations provided in this study offer a valuable re-
source for clinical, public health and research applications.
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