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Abstract
Objectives: To describe the normative values of sarcopenia among community-dwelling adults (≥21),
compare the prevalence of sarcopenia using AWGS2014, AWGS2019 and EWGSOP2 guidelines, and
identify factors associated with sarcopenia.

Design: Participants were recruited through random sampling. Sarcopenia assessments were performed
using a DXA scan (muscle mass), handgrip test (muscle strength) and usual walking test (physical
performance). Questionnaires were administered to evaluate lifestyle and cognition.

Setting and Participants: 542 community-dwelling Singaporeans were recruited (21-90 years old, 57.9%
women). 

Methods: We assessed anthropometry, body composition, and questionnaire-based physical and
cognitive factors, and estimated sarcopenia prevalence according to the AWGS2014, AWGS2019 and
EWGSOP2 recommendations, and examined associations using logistic regression.

Results: According to AWGS2019, the Singapore population-adjusted sarcopenia prevalence was 13.6%
(men 13.0%; women 14.2%) overall, and 32.2% (men 33.7%, women 30.9%) in those aged 60 and above.
The cut-offs derived from young adult reference group for low ALMI is 5.28 kg/m2 for men and 3.69
kg/m2 for women (lower than AWGS recommended cut-off); for GS it is 0.82 m/s, (AWGS2019
recommended cut-off 1.0m/s, AWGS2014 cut-off was 0.8 m/s); for HGS, it is 27.9 kg /m2 for men, and
16.7 kg/m2 for women (close to AWGS2019 recommendation). Age, gender, marital status, alcoholism,
physical activity, BMI, waist circumference and global cognition were associated with sarcopenia (p<.05).

Conclusions and Implications: This is the �rst study to provide reference values of muscle mass, strength
and gait speed across the adult lifespan of Singaporeans. Using AWGS2019 criteria, sarcopenia is
prominent in older age (32.2% in ≥60 years old); but it is already non-trivial (6.9%) among young and
middle-aged persons. Multi-domain lifestyle modi�cations addressing muscle strength, cognition and
nutrition over the adult lifespan is important to delay the development of sarcopenia.

Introduction
Sarcopenia is an age-associated muscle disease characterised by the progressive loss of muscle mass,
strength and function.1 Given its associations with disability, falls, need for long-term care and
mortality,1,2 rising sarcopenia prevalence due to longer life expectancy constitutes a public health
concern. Since the recent upsurge in sarcopenia research (2000), studies have reported widely-differing
sarcopenia prevalence. To standardize its diagnosis and harmonize working de�nitions across studies,
the European Working Group on Sarcopenia in Older People (EWGSOP) in 2010 published the �rst
guidelines on sarcopenia classi�cations and diagnostic cut-offs.3 In 2018, it revised its classi�cation to
recognize that low muscle strength constitutes ‘probable sarcopenia’, low muscle mass con�rms the
diagnosis, and physical function determines the severity (EWGSOP2).1
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To address ethnic differences in body size and lifestyles, the Asian Working Group for Sarcopenia
(AWGS) proposed its own diagnostic criteria for Asians in 2014 (AWGS2014).4 A 2016 review found
widely-differing prevalence in Asian populations, and concluded that further revisions to cut-offs are
required, while calling for more data from Asia.5 In 2019, the criteria was revised to recognize poor
muscle strength and/or physical performance as ‘possible sarcopenia’, low muscle mass and poor
muscle strength or physical performance as ‘sarcopenia’, while the presence of all three constitutes
‘severe sarcopenia’ (AWGS2019).6 The cut-offs for slow gait speed were raised from 0.8 to 1.0 m/s and
low handgrip strength for men from 26 to 28 kg. These changes are expected to in�ate sarcopenia
prevalence,6 but to what extent is unknown. 

In Singapore, a few small-sample studies have reported sarcopenia prevalence using different
measurement instruments and sarcopenia domains on various population groups. Using the SARC-F
questionnaire, a prevalence of 44.3% was reported for 115 outpatients (≥65 years) attending specialist
clinics.7 Among 186 community-dwelling older adults, 53.8% had low muscle mass (DXA-ALM/Ht2)
using EWGSOP cut-offs (Conference Abstract).8 Amidst 387 type 2 diabetic older adults in primary care,
58% showed low muscle mass (bioimpedance estimated) and 28% had sarcopenia according to
AWGS2014.9 A fourth study, using AWGS2014 guidelines, reported a low muscle mass (bioimpedance
estimated) prevalence of 20.6% among 400 community-dwelling adults (≥65 years).10 These studies
have several limitations. The SARC-F has low sensitivity in screening for sarcopenia.11 Compared to the
dual-energy X-ray absorptiometry (DXA), the bioimpedance estimate is also less reliable in measuring
muscle mass due to its dependence on assessment conditions.4 To date, there is no data on sarcopenia
prevalence, muscle mass and function based on gold standard measurements among Singaporeans in a
representative community-dwelling sample that includes younger and older adults.

Studies suggest earlier onset and deterioration of muscle mass, strength and function attributed to
physiological and neuromuscular changes,1 sedentary lifestyles,12 inadequate nutrition,13 obesity14,
neurocognitive decline15, and more recently, the emerging role of gut microbiome in muscle health.16
Studying the age-associated changes in muscle mass and function, development of sarcopenia across
the lifespan and its associated factors in the multi-ethnic population of Singapore contributes important
data towards a better understanding and de�nition of sarcopenia among Asians.

The aims of the present study are: (1) to describe the normative values of muscle mass, strength and
function among community-dwelling adults in Singapore, (2) estimate sarcopenia prevalence using
AWGS2014, AWGS2019 and EWGSOP2 guidelines, and (3) identify factors associated with AWGS2019
and EWGSOP2 sarcopenia.

Methods
Setting

Community-dwelling adults (≥21 years) were recruited from a large north-eastern residential town of
Yishun in Singapore, with residential population of 220,320 (50.6% females), with 12.2% older adults
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(≥65 years).17 This is similar to the overall Singapore residential population of 4,026,210 (51.1%
females), with 14.4% older adults (≥65 years).17

Participants

Random sampling was employed to obtain a representative sample of approximately 300 male and 300
female participants, �lling quotas of 20-40 participants in each sex- and age-group (10-year age-groups
between 21-60; 5-year age-groups after 60). Conventionally, the sample size of 30 or greater per age-
group is su�cient for normative measures.18 Between October 2017 and February 2019, using two-stage
random sampling, 50% of all housing blocks were selected, and 20% of the units were approached for
participant recruitment. Between March and November 2019, 50% of all housing blocks were randomly
selected and all units approached. Up to three eligible participants were recruited from each unit. Non-
response units were re-contacted a second time at a different time of day on a later date. Older adults
(>75 years) were additionally recruited through community sources and from a list of registered
participants in four senior activity centres. Exclusion criteria were: individuals with disabilities, injuries,
fractures or surgeries affecting function, neuromuscular, neurological and cognitive impairments, or more
than �ve poorly-controlled comorbidities. Pregnant women or those planning for pregnancy were also
excluded. Overall response rate was 39.0%. Ethics approval was obtained from the National Healthcare
Group DSRB (2017/00212). All respondents signed informed consent before participating in the study. 

Questionnaires

Participants answered questionnaires pertaining to education level, housing type, living arrangement,
marital status, smoking and alcoholism, a health and medical questionnaire indicating medical
conditions and comorbidities, a mini nutritional assessment (MNA),19 a global physical activity
questionnaire (GPAQ)20 and the LASA physical activity questionnaire.21

Anthropometry

Body weight to the nearest 0.1 kg and height to nearest millimetre were measured using a digital balance
and stadiometer (Seca, GmbH & Co. KG, Hamburg, Germany). Waist and hip circumferences were
measured using a non-elastic, �exible measuring tape around the navel and widest part of the hips
respectively. Body mass index (BMI) was calculated as weight (kg) divided by height (m) squared.

Cognitive Assessment

Global cognition and cognitive domains including immediate and delayed memory, visuospatial,
language and attention were assessed using the Repeatable Battery for the Assessment of
Neuropsychological Status (RBANS).22

Body Composition
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Bone mineral density and appendicular lean mass (ALM) were measured using DXA (Discovery WI,
Hologic, Inc., Marlborough, USA). Appendicular lean mass index (ALMI) was calculated as ALM (kg)
divided by height (m) squared, where ALM equals to the sum of lean mass in the upper and lower limbs.

Handgrip Strength

Handgrip strength (HGS) was assessed using the Jamar Plus+ Digital Hand Dynamometer (Patterson
Medical, Evergreen Boulevard, Cedarburg, USA). Seated with arms 90 degrees to the sides, two trials were
taken per arm in an alternating fashion with 30 s of rest between trials. The highest reading was
recorded.

Gait Speed 

Usual gait speed (GS) was measured using the 6 m GAITRite Walkway (CIR Systems Inc., Sparta. New
Jersey, USA) with a 2 m lead in and out phase. Three trials were taken. The average GS was recorded. 

Sarcopenia

Sarcopenia was assessed using the AWGS20144, AWGS20195 and EWGSOP21 criteria. Poor physical
function was de�ned as GS <1.0 m/s (AWGS2014 ≤0.8 m/s), low muscle mass as ALMI <7.0 and <5.4
kg/m2, and muscle strength by HGS <28 kg (AWGS2014 <26 kg) and <18 kg for men and women
respectively. AWGS2014 categorizes low muscle mass and poor muscle strength and/or physical
function as ‘sarcopenia’.4 AWGS2019 recognizes poor muscle strength and/or physical function as
‘probable sarcopenia’, while low muscle mass and poor muscle strength or physical performance
constitutes ‘sarcopenia con�rmed’.5 EWGSOP2 recognizes low muscle strength as ‘probable sarcopenia’,
with low muscle mass con�rming the diagnosis.1 Presence of all three constitutes ‘severe sarcopenia’ in
both AWGS2019 and EWGSOP2.1,5

Statistical Analysis

SPSS version 22 (Chicago, Illinois, USA) was used for analysis. Continuous variables were reported as
mean (SD) and categorical variables as number (%). Sample estimates of sarcopenia were extrapolated
to the general population weights by age groups. Univariate and multivariable logistic regressions using
backward stepwise selection (removal threshold: p=.05) were performed to examine factors associated
with sarcopenia, without correction for multiple signi�cance testing. No sarcopenia and sarcopenia
probable were grouped as “no sarcopenia”, and “sarcopenia” was de�ned as sarcopenia con�rmed and
severe sarcopenia. Statistical signi�cance was set at p<.05.

Results
A total of 542 participants (57.9% females) aged 21-90 years were recruited. Due to incomplete data from
six participants, data from 536 participants were analysed. Of these, 81.7% were Chinese, 8.6% Malays,
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6.9% Indians, and 2.8% from other races. Mean age was 58.5 (18.8) years. The descriptive statistics are
presented in Supplementary Table 1, S1.

The prevalence of sarcopenic phenotypes according to age-groups are presented in Table 1., and
comparisons among the three different criteria (i.e., AWGS2014, AWGS2019 and EWGSOP2) shown in
Figure 1. Overall population-adjusted prevalence of low muscle mass was 40.6%. Using AWGS2014
guidelines, the prevalence of low muscle strength was 7.3% and slow gait speed 4.1%. With AWGS2019,
the prevalence of low muscle strength increased to 9.0% and slow gait speed to 24.0%, while prevalence
of ‘probable sarcopenia’ was 14.0%, ‘sarcopenia con�rmed’ 9.5% and ‘severe sarcopenia’ 4.1%, compared
to EWGSOP2’s 1.8% (probable), 3.1% (con�rmed) and 4.1% (severe).

Overall sarcopenia prevalence according to AWGS2014 was 6.7% (male 6.9%; female 6.4%) compared to
AWGS2019’s 13.6% (male 13.0%; female 14.2%) and EWGSOP2’s 7.1% (male 9.1%; female 5.3%;
Supplementary Table, S2.).

Study Norms

The number of young adults sampled (21-40 years), mean age 30.5 (6.1) years, was n=121 (55.4%
females). Population-speci�c cut-offs, derived by subtracting two SD from the young reference mean,1,3
for GS is 0.82 m/s (close to AWGS2014); for HGS, 27.9 and 16.7 kg (close to AWGS2019); and for ALMI,
5.28 and 3.69 kg/m2 (lower than AGWS) for men and women respectively. Using these cut-offs, the
prevalence of low muscle strength is 7.2% (overall) and 18.9% (≥60 years), muscle mass 0.3% (overall)
and 1.1% (≥60), and physical performance 4.9% (overall) and 11.9% (≥60).

Factors associated with sarcopenia

Table 3 shows the results of signi�cant variables associated with sarcopenia in a regression model from
backward stepwise selection. Across age, AWGS2019 sarcopenia prevalence was 6.9% (21-59 years),
32.2% (≥60), 39.1% (≥65) and 53.4% (≥75). Participant characteristics and sarcopenia statuses are
presented in Table 2. Factors associated with sarcopenia are shown in Table 3.

With AWGS2019, age, ethnicity, education level, housing type, living arrangement and marital status were
associated with sarcopenia in univariate analysis (p<.05). Age and marital status remained signi�cant
after multivariable analyses (p<.01). With EWGSOP2, age, gender and marital status were associated with
sarcopenia after multivariable analyses (p<.05).

Health and Medical Conditions

Diabetes, hypertension, high cholesterol and number of medical conditions were associated with
sarcopenia in univariate analyses (p<.01). Alcoholism was associated with AWGS2019 sarcopenia after
multivariable analyses (p<.01).

Nutrition and Physical Activity
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MNA and GPAQ were associated with sarcopenia in univariate analyses (p<.05). GPAQ remained
signi�cant after multivariable analyses in both AWGS2019 (p<.01) and EWGSOP2 (p<.05).

Anthropometry and Body Composition 

With univariate analysis, BMI and hip circumference were associated with sarcopenia (p<.001). BMD was
associated with AWGS2019 sarcopenia (p<.01). After multivariable analyses, BMI remained signi�cant
(p<.001), while waist circumference was associated with AWGS2019 sarcopenia (p<.05).

Cognitive Performance

Global cognition was associated with sarcopenia in univariate analyses (p<.001) and remained
signi�cant after multivariable analyses (p<.05).

Discussion
Our study contributes to a growing Asian database for sarcopenia. It is the �rst population-based study to
present reference values for muscle mass, strength, gait speed and sarcopenia prevalence across the age
groups of community-dwelling Singaporean adults. Sarcopenia prevalence vary widely across studies.5
Our estimated AWGS2014 prevalence was 18.0% (≥60 years) and 24.1% (≥65), at the upper range (5.5-
25.7%) of those surveyed in the recent AWGS update.4 Other East Asian studies have reported similar
prevalence of 27.8% (Korea)23 and 29.7% (China),24 as well as much lower ones of 8.6% (Japan)25 and
6.8% (Taiwan).26

Despite similarities in ethnicities and body size, the wide-ranging prevalences reported across Asian
studies are attributable to the different assessment methods. Muscle mass assessed through
bioimpedance analysis (BIA)23,24 is less consistent and reliable than DXA due to its dependence on
hydration status, humidity and other assessment conditions.4 There are yet insu�cient studies to
validate the use of BIA for speci�c Asian populations.1,4 The Lunar DXA machine26 may also give
differing results from the Hologic machine used in this study.27 Inter-instrumental DXA measurements
have low reliability and signi�cant inter-manufacturer differences.27 Furthermore, handgrip strength
assessed with the Smedley dynamometer25,26 has low agreement with the Jamar dynamometer used in
this study.28 Recommended by the American Society of Hand Therapists, the Jamar is the most widely
used and tested, has higher inter- and intra- individual reliability, and is considered the ‘gold standard’.28

Sociodemographic differences among study populations (i.e., rural-dwellers,23 suburban- dwellers,25
working farmers26 and city community-dwellers24) could have further contributed to the heterogeneity of
sarcopenia prevalence in Asian studies. Additionally, only 44.8% of Yuki et al.’s25 participants were aged
≥75, compared to 54.8% in this study. Huang et al.26 further acknowledged that their participants, mostly
working farmers, had remarkable physical activity levels that probably protected them from sarcopenia.

AWGS2019 Cut-offs
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Our study sheds light on the rami�cations of the AWGS guidelines that are promulgated and revised with
the intent to reduce heterogeneity of prevalence and to standardize sarcopenia diagnosis. Sarcopenia
prevalence in this study increased from 6.7% (AWGS2014) to 13.6% (AWGS2019) due to the revisions in
diagnostic criteria. The proportions of our sample with low handgrip strength increased from 7.3% to
9.0%, and slow gait speed from 4.1% to 24.0%, the latter being most responsible for in�ating sarcopenia
prevalence. At the very least, this calls for caution when interpreting data according to the AWGS2014 and
the current AWGS2019 criteria. To better re�ne diagnostic criteria, more normative data of handgrip
strength, gait speed, and especially DXA-muscle mass based on young reference adult Asian populations
are needed. Our population-derived cut-offs for HGS for men (27.9 kg) is identical to AWGS2019 (28 kg),
and for women (16.7 kg) just a little lower than AWGS2019 (18 kg). For gait speed, our cut-off (0.82 m/s)
is lower than the revised AWGS2019 (1.0 m/s), but close to the original AWGS2014 (0.8 m/s). For DXA-
ALMI, our cut-offs for men and women (5.28 and 3.69 kg/m2) are considerably lower than AWGS2019
(7.0 and 5.4 kg/m2). The latter cut-off values are placed at about the mean of this reference population
for women, and roughly one SD below the mean for men, not two SD below the mean, which has the
effect of in�ating low muscle mass prevalence.

Factors associated with sarcopenia

Multivariable logistic regression using backward stepwise selection procedures revealed that age, gender,
marital status, alcoholism, physical activity, BMI, waist circumference and global cognition were
associated with sarcopenia. In sensitivity analyses, we also used forward selection which led to identical
�ndings as backward selection for AWGS2019 analyses, but for EWGSOP2, it identi�ed the same but two
fewer risk factors. The full saturated models identi�ed the same but one fewer risk factor for AWGS2019,
and the same but three fewer risk factors for EWGSOP2. Forward selection has the drawback of
suppressor effects, whereas leaving a large number of clearly insigni�cant factors in the model reduces
the effects of potentially signi�cant factors.

Older males were more likely to develop sarcopenia25,26,30 as age-related hormonal changes affect men
more than women.30 Although age-associated decrease in sex hormones is a major contributor to loss of
lean mass and increase in fat mass for both genders, fat promotes the conversion of androgens to
estrogens, a process that exhibits anabolic effects only in women,31 thereby attenuating the loss of lean
mass and strength in women but not in men.

Higher BMI lowered the risk of sarcopenia.10,32 Overweight and obese individuals are better-nourished
with diets higher in calories, proteins and nutrients, translating to better health outcomes than the
underweight and malnourished.13,32 However, a larger waist circumference increased sarcopenia risk.
Excess body fat exacerbates fat in�ltration into muscle, decreasing muscle quality and physical
performance.1,32 Increased abdominal and visceral fat stimulates the production of pro-in�ammatory
cytokines that perpetuate chronic and muscle in�ammation, further contributing to muscle loss.30
Moreover, obese individuals are often less physically active, resulting in a gradual decrease in muscle
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mass and strength.32 Given the contrasting evidence, it is important to assess adiposity in addition to
BMI.

Poorer global cognition increased sarcopenia risk. Gait and function require input from the executive
functional, attentional, visuospatial and memory resources.33 Declining cognitive functions and brain
structures affect gait and balance,34 and corroboratively, lower IQ, smaller brain volume and cortical
thinning were associated with slower gait speed, suggesting that gait was in�uenced by brain health and
neurocognition.15 Indeed, a recent study reported the association between lower, but not upper, extremity
muscle mass and cognitive impairment in persons with type 2 diabetes.35 More studies can elucidate the
relationship between speci�c cognitive domains and gait. Taken together, lower-extremity strength and
cognition, both domains of intrinsic capacity,36 are important factors in sarcopenia prevention.

Low physical activity levels were associated with sarcopenia. Physical activity, although inconsistent in
maintaining muscle mass and strength, lowers sarcopenia risk possibly through its effects on preserving
physical function.12

Interestingly, alcoholism was associated with AWGS2019 but not EWGSOP2 sarcopenia. This could be
attributed to the different diagnostic criteria; poor physical function is con�rmative of AWGS2019
sarcopenia, but merely indicative of severity in EWGSOP2.

Excessive alcohol intake propagates systemic in�ammation, leading to mobility limitations and
decreased physical performance.37 More speci�c measures of alcohol consumption could clarify our
understanding of its effects on sarcopenia.

Notably, married adults had lower sarcopenia risk. Marital status is critical, especially in mid- to later-life,
in regards to its protective effects on health and mortality through mutual care provision and reception.38

Sarcopenia in younger adults

Among younger and middle-aged adults (21-59 years), 32.4% have low muscle mass, 14.1% have
probable sarcopenia, while 6.9% have sarcopenia, suggesting that sarcopenia was not exclusive to the
older adults. Interventions to improve and maintain intrinsic capacity are needed well before old age so
as to delay functional disability. Consistent with previous reports, our data showed that muscle mass and
strength peak in early adulthood (31-40 years) before declining thereafter.39 Indeed, sarcopenia can
develop from a multitude of factors secondary to ageing,1 of which, physical inactivity, poor nutrition and
obesity have been discussed previously.12,13,14 Identifying and implementing multi-domain lifestyle
modi�cations over the adult lifespan and across life- stage transitions may be important to effectively
prevent or delay the development of sarcopenia. Such multi-domain lifestyle interventions have been
shown to reverse sarcopenia in community-dwelling older adults.40

This study has several limitations. It presents cross-sectional data on the muscular health and function
of Singaporeans and is subject to cohort effects. This may actually mean the younger generation of
Singaporeans are at increased risk of sarcopenia. Age-related changes may not fully re�ect the temporal
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changes across the lifetime, as well as the longitudinal trajectories of muscle mass and function, and the
causal relationships between sarcopenia and the associated parameters. The participants were also
relatively healthy, community-dwelling adults; therefore, the �ndings may not be generalisable to the
institutionalised or disabled individuals.

Conclusions And Implications
This study presents new and much-needed reference data for appendicular lean mass index, handgrip
strength, gait speed, and sarcopenia prevalence across age groups of community-dwelling adults in
Singapore. Age, gender, marital status, alcoholism, physical activity, BMI, waist circumference and global
cognition are associated with sarcopenia. Moreover, some younger adults are already at risk of
sarcopenia. These �ndings add to Asian data on sarcopenia de�nition and suggest the important role of
multi-domain lifestyle interventions to strengthen or maintain intrinsic capacity in younger and middle-
aged adults to reduce sarcopenia so as to delay functional disability in old age.
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