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Abstract

Background: There is an increasingly strong association between sarcopenia and malnutrition in research findings.
We aimed to determine the prevalence and factors associated with sarcopenia in community-dwelling older adults
(= 65years) at risk of malnutrition based on Malnutrition Universal Screening Tool (MUST).

Methods: This was a cross-sectional study of 811 participants. Participants were recruited from the general popula-
tion, community centers, senior activity centers, polyclinics, and hospital. Community-dwelling older adults at risk of
malnutrition participated in the study. Participants data and measurements were collected at the baseline visit. Data
included socio-demographic information, anthropometric measurements, body composition, dietary intakes, and
functional assessments. Sarcopenia was defined using the Asian Working Group for Sarcopenia 2019 consensus.

Results: Of the 694 participants with complete datasets, overall prevalence of sarcopenia was 76% (n = 530); 57%
(n=393) had severe sarcopenia. In the overall cohort, compared to participants without sarcopenia, those with sarco-
penia were older, had lower physical activity scale for the elderly score, leg strength, handgrip endurance, mid-upper
arm circumference, calf circumference, and bone mass, and had lower dietary protein intake and poorer nutritional
status (all p <0.015). After adjusting for confounders, sarcopenia was significantly associated with older age, male
gender, higher risk of malnutrition, lower calf circumference, and lower bone mass (all p <0.044).

Conclusions: In community-dwelling older adults at risk of malnutrition, there is a high prevalence of sarcopenia and
severe sarcopenia. As such, screening positive for either malnutrition risk or sarcopenia in older adults should prompt
screening for the other risk factor, to allow early institution of disease modifying interventions to forestall adverse
outcomes for both malnutrition and sarcopenia.

Trial registration: The study was registered at clinicaltrials.gov as NCT03245047.
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Background

Globally, the proportion of older adults (> 65years)
increased from 6% in 1990 to 9% in 2019 [1]. This
trend is led by Eastern and Southeastern Asia where
5 — S _ the proportion of older adults has nearly doubled from
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sarcopenia, a condition defined as age-related loss of
muscle mass plus low muscle strength, and/or reduced
physical performance [2].

Sarcopenia is common among older adults world-
wide, although its prevalence varies widely by popu-
lation, by care setting, and by diagnostic criteria used
[3-7]. Asian studies report sarcopenia prevalence rang-
ing from 18 to 41% in community-living older adults
[3, 8, 9]. In Singapore, the prevalence of sarcopenia in
community-dwelling older adults ranges from 23 to
46% [10-12].

Many factors have been reported to be associated
with sarcopenia in community-dwelling older adults.
Older age [8, 13] and low physical activity level [13]
have been associated with sarcopenia. Anthropometric
and physical measurements including low body mass
index (BMI) [9, 14], small calf circumference [15], and
low bone mass [16, 17] have been linked to sarcopenia.
Disease conditions such as diabetes [18, 19], chronic
obstructive pulmonary disease (COPD) [20], and cog-
nitive impairment [21] have also been correlated with
sarcopenia.

Among aging adults, malnutrition is likewise common
and leads to adverse functional and clinical outcomes.
A recent study conducted among community-dwelling
older adults in Singapore found that 31.4% of participants
were at risk of malnutrition and 3.9% were malnourished
[22]. Older adults who were malnourished or at risk of
malnutrition have higher risk of falls compared to those
who were well-nourished [23]. Poor nutritional status
also increases risk for disability and poorer quality of life
in this cohort [24]. Malnutrition is also associated with
increased risks of infection, frailty, and mortality [25-27].

Malnutrition and sarcopenia commonly overlap in
older people [11, 27-29]. Studies have found that older
adults with malnutrition or risk of malnutrition were
at higher risk of sarcopenia compared with those of
normal nutritional status. The odds ratio for sarcope-
nia ranges from 9.9 to 13.6 in the malnourished or at-
risk groups [11, 29]. In addition, a cohort study over
4 years revealed a four-fold higher risk of developing
sarcopenia in malnourished older adults compared to
well-nourished older adults [28]. Notably, a team of
multidisciplinary experts in Singapore made a con-
sensus recommendation that all older adults should
be screened early for muscle impairment and further
treated, when needed, before sarcopenia becomes
established and lead to adverse outcomes [30].

Therefore, the objectives of the present study were: (i)
to determine the prevalence of sarcopenia and its com-
ponents in community-dwelling older adults (> 65years)
who were at risk of malnutrition, and (ii) to identify fac-
tors that are associated with sarcopenia.
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Methods

Study design and participants

Data for this analysis were collected as part of the
Strengthening Health In ELDerly through nutrition
(SHIELD) study, which involved community-dwelling
older people at risk of malnutrition in Singapore. Data
from the baseline visit were used in this cross-sectional
study. Participants were recruited sequentially between
August 2017 and March 2019. Full details of the SHIELD
study design have been previously reported [31]. Briefly,
participants were recruited based on the following inclu-
sion criteria: males or females aged > 65years, commu-
nity-ambulant with or without aid, and at medium- or
high-risk of malnutrition using Malnutrition Universal
Screening Tool (MUST) [32]. Study participants were
community-dwelling (not residing in an intermediate or
long-term care services institution) or were discharged
directly to home after hospitalization. Individuals with
stable chronic disease(s) were eligible. Stable, chronic
disease was defined as a long-term condition treatable
by regular medication such that symptoms could be con-
trolled to those experienced by the participant when he
or she was well.

Eligible participants could consume food and beverages
orally, communicate, and follow instructions. Individu-
als were excluded if they had any of the following condi-
tions: allergy or intolerance to milk products, dementia,
type 1 or type 2 diabetes, an active infectious disease
(e.g., tuberculosis, Hepatitis B or C, HIV infection), a
severe gastrointestinal disorder (e.g., celiac disease, short
bowel syndrome, pancreatic insufficiency), cystic fibrosis,
end-stage organ failure, pre-terminal disease, acute myo-
cardial infarction within the last 30 days, or active malig-
nancy in the last 5 years.

A total of 811 eligible participants took part in this
study. The study was approved by the SingHealth Cen-
tralized Institutional Review Board in Singapore, refer-
ence number 2017/2273. All participants gave written
informed consent. The study was registered at clinicaltri-
als.gov as NCT03245047.

Study measurements

At the baseline study visit, a medical history was taken,
and sarcopenia-related measurements were done. In
addition, socio-demographic information, co-morbid-
ities, dietary intakes, anthropometric measurements,
body composition, and functional assessments were
collected.

Socio-demographic data including age, gender, eth-
nicity, marital status, education, number of prescribed
drugs, housing status, smoking status, and alcohol con-
sumption were collected during the visit. The Charlson
Comorbidity Index (CCI) was used to determine the
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comorbidity level based on the number and severity of
comorbidities [33]. Energy and macronutrient intakes
were estimated using 24-hour dietary recall.

Anthropometric measurements included height, mid-
upper arm circumference (MUAC), and calf circumfer-
ence. Standing height was measured using a stadiometer
(Avamech B1000). Mid-upper arm circumference was
measured at mid-point of the acromion and olecranon.
Calf circumference was measured at the largest part of
the calf.

Body weight and composition were determined using
a bioelectrical impedance analysis (BIA) machine (Tanita
MC-780). Body composition measurements included
appendicular skeletal muscle mass (ASMM), fat mass,
and bone mass. Appendicular skeletal muscle mass index
(ASMI) was calculated by dividing appendicular skel-
etal muscle mass (ASMM) in kilograms (kg) by height in
meters (m) squared (kg/m?).

Functional assessments were also measured dur-
ing the study visit. Each participant’s physical activity
level was determined using the Physical Activity Scale
for the Elderly (PASE) [34]. The Modified Barthel Index
(MBI) was used to measure functional independence
for 10 activities of daily living [35]. Handgrip strength
was measured using a hand-held dynamometer (DynX).
Handgrip endurance was measured by asking partici-
pants to hold the hand-held dynamometer as long as pos-
sible at half-maximal voluntary contraction. Leg strength
was determined by measuring isometric knee extension
(Lafayette 01165). Physical performance was measured
by the Short Physical Performance Battery (SPPB) con-
sisting of three components, which includes the balance
test, 4-m gait speed, and 5-time chair stand test [36].

Sarcopenia diagnosis

Diagnosis of sarcopenia was based on criteria from the
updated consensus by the Asian Working Group for Sar-
copenia 2019 [2]. Possible sarcopenia was defined by low
muscle strength or low physical performance. Sarcopenia
was defined by low ASMI plus low muscle strength or by
low ASMI plus low physical performance. Severe sarco-
penia was defined by low ASMI plus low muscle strength
plus low physical performance.

Low ASMI was based on BIA gender-specific cut-off
values (male <7.0kg/m? female <5.7kg/m?%). Handgrip
strength was used to determine muscle strength; low
muscle strength was identified by gender-specific hand-
grip strength cut-off values: male <28kg, female <18kg.
The 5-time chair stand test was used to determine physi-
cal performance as a surrogate marker for gait speed [37];
low physical performance was determined by 5-time
chair stand test with a cut-off value > 12seconds.
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Statistical analysis

Data were presented as mean and standard error for con-
tinuous variables and as numbers and percentages for
categorical variables. Continuous variables were com-
pared between the groups (gender, age, and sarcopenia
status) using analysis of variance and categorical vari-
ables were compared using Chi-square test or Fisher’s
exact test.

Univariate logistic regression was used to examine the
associations between sarcopenia and each potential vari-
able. Multiple logistic regression was used to examine
the associations between sarcopenia; potential variables
were identified based on the literature in this area and on
clinical relevance [2, 12, 20, 21, 38—-40]. These variables
include factors such as age, gender, ethnicity, education
level, smoking and drinking status, malnutrition risk,
calf circumference, bone mass, and PASE score. Multi-
ple logistic regression analysis was applied when there
was a single dichotomous outcome (sarcopenia versus
no sarcopenia) and more than one independent variable.
Results of both univariate and multiple logistic regression
were reported as odds ratios with 95% confidence inter-
val (CI). SAS version 9.4 (SAS Institute, Cary, North Car-
olina, USA) was used for all statistical analyses. P<0.05
was considered statistically significant.

Results

Of the original 811 community-dwelling older adults (>
65years) who were identified to be at risk of malnutrition
and met criteria for inclusion in the analysis, 117 were
excluded due to missing data, i.e., 105 without one sar-
copenia measurement, 11 without two sarcopenia meas-
urements, and one participant without three sarcopenia
measurements. Thus, 694 participants were included in
the analysis. The overall prevalence of possible sarcope-
nia was 83% (n=>578), sarcopenia was 76% (n=1530), 57%
(n=393) of the cohort had severe sarcopenia, and only
1.7% (n=12) had normal ASMI, normal grip strength,
and normal physical performance (Table 1 and Fig. 1). By
individual sarcopenia criterion, 81% of the study partici-
pants had low ASMI, 83% had low handgrip strength, and
78% had low physical performance (Table 1).

There were significant differences between the sarco-
penia group and the non-sarcopenic group in the overall
cohort, in females, and in males (Table 2). Participants
with sarcopenia were significantly older (all p <0.004),
and they had lower PASE scores (all p <0.048). They also
had lower mid-upper arm circumference, calf circum-
ference, muscle mass, and bone mass (all p<0.001). In
addition, participants with sarcopenia had significantly
lower ASMI, handgrip strength, SPPB score, 4-m usual
gait speed, and higher 5-time chair test duration (all
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Table 1 Muscle mass, muscle strength, and physical performance of participants
Variable, unit All participants Gender Age category
(n=694) Female Male p value 65to<75yearsold > 75yearsold p value
(n=429) (n=265) between (n =425) (n=269) between age
genders categories

Low ASMI, n (%)

Yes 560 (81) 337(79) 223 (84) 0.070 333(78) 227 (84) 0.050

No 134 (19) 92 (21) 42(16) 92(22) 42 (16)
Low handgrip strength, n (%)

Yes 578 (83) 363 (85) 215(81) 0232 327.(77) 251 (93) <0.001

No 116 (17) 66 (15) 50(19) 98 (23) 18 (7)
5-time chair stand test > 12's,
n (%)

Yes 544 (78) 332(77) 212 (80) 0417 311(73) 233 (87) <0.001

No 150 (22) 97 (23) 53 (20) 114 (27) 36 (14)
Sarcopenia, n (%)

Yes 530 (76) 321 (75) 209 (79) 0.223 308 (73) 222 (83) 0.002

No 164 (24) 108 (25) 56 (21) 117 (27) 47 (17)
Severe sarcopenia, n (%)

Yes 393(57) 237 (55) 156(60) 0.349 203 (48) 190 (71) <0.001

No 301 (43) 192 (45) 109 (41) 222 (52) 79 (29)
ASMI (kg/m?) 5.73£0.03 5324002 6394+004 <0.001 5.76 +£0.04 5.6840.05 0.196
Handgrip strength (kg) 174+£0.2 143+£02 223£04 <0.001 183+£03 16004 <0.001
Handgrip endurance (s) 715+£20 707426 728+30 0616 766+26 63.5+29 0.001
Leg strength (kg) 120£0.2 112402 134+03 <0001 125402 114£03 0.002
SPPB score 92401 92401 93+0.1 0.707 9.8+0.1 83+0.1 <0.001
4-m usual gait speed (m/s) 0.87+0.01 087+£001 0884001 0458 0.9440.01 0.764+0.02 <0.001
5-time chair stand test duration  15.7£0.2 157£02 158+03 0.706 14.7£0.2 173+£04 <0.001

(s)

Note: For continuous variables, mean =+ standard error is presented; for categorical variables, n (%) is presented. The sample sizes for some variables are less than the

overall stated sample sizes

»<0.038). In terms of nutrition, those with sarcopenia
had lower dietary protein intake and poorer nutritional
status (MUST) compared to those without sarcopenia (all
p<0.015).

Table 3 shows the factors associated with sarcopenia
using univariate logistic regression in the overall cohort,
in females, and in males. These factors included age,
MUST risk, BMI, mid-upper arm circumference, calf
circumference, bone mass, total SPPB score, and 5-time
chair stand test score (all p <0.028).

Table 4 shows the results from multiple logistic regres-
sion models for overall cohort, females, and males. In
the overall cohort, after adjusting for confounders, sar-
copenia was associated with older age, male gender, and
higher risk of malnutrition. On the other hand, greater
calf circumference and bone mass were associated with
lower odds of having sarcopenia (Table 4) (all p <0.044).
For every one-year increase in age holding other factors
constant, the odds of having sarcopenia was 1.04 (95%
CIL: 1.00, 1.08). Females had significantly lower odds of

having sarcopenia compared to males (0.15, 95% CI: 0.07,
0.29). Compared to older adults at medium risk of mal-
nutrition, the odds of having sarcopenia was significantly
higher among those at high risk of malnutrition (2.11,
95% CI: 1.32, 3.36). Calf circumference and bone mass
were associated with lower odds of having sarcopenia
(both p<0.001).

Discussion

To our knowledge, this is the first large-scale study of
its kind that has reported the prevalence of sarcope-
nia and examined a wide range of associated factors in
community-dwelling, relatively well, and independently
living older adults who were at risk of malnutrition in
Singapore. Given the high likelihood of both malnu-
trition and sarcopenia in community-dwelling older
adults, we sought to quantify the clinical relationship
between the two.



Chew et al. BMC Geriatrics ~ (2022) 22:997 Page 5 of 15
Severe sarcopenia
n =393 (56.6%)
* low grip strength
Low ASMI » Low ASMI * low physical performance
n= 30(4.3%) o low ASMI
Sarcopenia > Sarcopenia
n= 85(12.3%) n =52 (7.5%)
* low grip strength * low physical performance
* low ASMI * low ASMI
Low grip Low physical
strength performance

Low grip strength — —»
n= 23(3.3%)

Normal ASMI,
Normal grip strength and
Normal physical performance
n=12(1.7%)
Fig. 1 Prevalence of sarcopenia and its components

n= 77 (11.1%)

Low grip strength and
Low physical performance

Low physical performance
n= 22 (3.2%)

Results of our study highlight the high prevalence of
sarcopenia in older adults who were at risk of malnutri-
tion, i.e., 76% in the overall population with 57% quali-
fying as severe sarcopenia. Compared to participants
without sarcopenia, those with sarcopenia were older,
had lower dietary protein intake and PASE score. After
adjusting for confounders, sarcopenia was significantly
associated with older age, male gender, higher risk of
malnutrition, lower calf circumference, and lower bone
mass. As malnutrition risk (based on MUST risk cate-
gory) increased from medium to high, risk for sarcopenia
doubled. These findings suggest there is a need to con-
duct concomitant screening for muscle health and nutri-
tional health in at-risk older adults. Early interventions
can then be instituted to prevent further progression and
to reverse deficits for both muscle and nutritional health
[2, 41-43].

In the present study, using the individual criteria of the
AWGS updated consensus 2019 [2], 81% of participants
had low ASMI, 83% had low muscle strength, and 78% had
low physical performance. Across Asia, low muscle mass
was reported to occur commonly in community-dwelling
older adults, ranging from 20 to 65% [12, 44—47]. Specifi-
cally referring to sarcopenia in older community-living
Asian adults, the prevalence ranged from 18 to 46% [3,
8-12]. The prevalence range is also widely varied in coun-
tries around the world [48]; prevalence varies according to
age [49] and community-dwelling or site of care [50, 51].

In a large meta-analysis of research studies around the
world, the prevalence of sarcopenia in older adults varied
between 10 and 27% for those > 60years; in this analysis,
the highest prevalence rates were in Europe, while lower
rates were found for Oceania and Asia [48]. Another
meta-analysis of studies in multiple countries showed
sarcopenia prevalence range of 1 to 29% in community-
dwelling older adults and 14 to 33% in long-term care
[50]. Most results were in the range of 20 to 40%, with the
highest prevalence of 68% in the very old (> 80vyears) [9].
In the present study, we found a sarcopenia prevalence of
76% because we focused on a population that was at risk
of malnutrition.

There are differences in cut-off values and in the algo-
rithm used to define sarcopenia when comparing the
different versions of each guideline, e.g., AWGS 2019 [2]
versus AWGS 2014 [52], and between the Asian versus
the European guidelines [2, 53]. For example, the hand-
grip strength for men has increased from 26kg to 28kg,
and the gait speed has increased from 0.8 m/s to 1.0m/s
in the AWGS 2019 guidelines. Five-time chair stand
test is used as a surrogate marker for gait speed [37]. In
terms of the differences between Asian and European
guidelines, the Asian guideline includes both strength or
physical performance as part of the diagnostic criteria for
sarcopenia [2] whereas for the European guideline, physi-
cal performance is used as a measure of severity of sarco-
penia [53]. For the results of the diagnostic algorithm to
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Table 3 Factors associated with sarcopenia using univariate logistic regression
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Overall cohort Females Males
Oddsratio 95%Cl pvalue Oddsratio 95% Cl pvalue Oddsratio 95%Cl pvalue

Gender 0.224

Male (ref) 1.00

Female 0.80 0.55,1.15
Age (year) 1.07 1.03,1.10 <0.001 1.06 1.02,1.10  0.003 1.08 1.02,1.13 0.005
Age 0.003 0.092 0.009

<75years (ref) 1.00 1.00 1.00

>75years 1.79 1.23,2.62 1.50 094,241 2.34 123,443
MUST Score 2.54 1.75,370 <0001 276 172,444 <0001 225 1.23,4.14 0.009
MUST risk <0.001 <0.001 0.001

Medium (ref) 1.00 1.00 1.00

High 346 231,518 3.70 224,613 3.09 1.57,6.09
Ethnicity 0.187 0.603 0.252

Chinese (ref) 1.00 1.00 1.00

Non-Chinese 149 0.83,2.68 1.24 0.55,2.80 1.66 0.70,3.93
Education 0.002 <0.001 0.372

No formal education (ref) 1.00 1.00 1.00

Secondary level or equivalent 0.91 060,140 0683 091 053,156 0.738 092 045,187 0816

A level or equivalent 042 0.26,0.70 <0.001 0.29 0.15,054 <0.001 087 035,214 0.759

University and above 049 0.26,093 0.028 0.54 023,126  0.155 043 0.17,1.14 0.090
Housing type 0.108 0.188 0.085

HDB 1-3 room flats (ref) 1.00 1.00 1.00

HDB 4-5 room flats 0.64 042,097 0.035 0.68 041,113 0135 0.57 0.28,1.18 0.129

Private properties 0.73 045,120 0220 1.04 056,194 0.897 0.39 0.17,0.90 0.028
Smoking status 0.108 0425 0.296

Non-smoker (ref) 1.00 1.00 1.00

Past smoker 0.96 0.59,1.58 0887 0.80 0.20,3.15 0751 0.84 0.44,1.58 0.582

Daily / occasional smoker 237 1.05,536 0.037 3.77 048,29.52 0.206 1.83 0.70,4.75 0.215
Alcohol consumption 0414 0.759 0476

None (ref) 1.00 1.00 1.00

Less than once a month 0.75 044,128 0.287 0.79 040,154 0486 0.67 0.28,1.64 0380

>once a month 1.24 0.66,2.35 0.504 0.84 0.29,243 0754 134 0.58,3.09 0490
Number of prescribed drugs currently taking 0.137 0488 0.172

0 (ref) 1.00 1.00 1.00

1-5 143 097,212 0072 1.24 0.76,2.02 0387 1.85 0.96,3.57 0.065

>5 1.57 0.89,2.78 0.120 1.52 0.73,3.14  0.261 1.67 0.66,420 0.279
Modified Barthel Index score 1.02 0.95,1.09 0586 1.01 094,109 0.719 1.03 0.89,1.21 0671
Physical Activity Scale for the Elderly score 1.00 0.99,1.00 0.002 1.00 099,1.00 0014 1.00 0.99,1.00 0.051
Total Charlson Comorbidity score 1.03 056,192 0916 1.25 043,365 0.689 0.87 041,186 0.722
Body weight (kg) 091 088,093 <0.001 087 083,092 <0001 081 0.75,0.87 <0.001
BMI (kg/mz) 053 045,061 <0.001 055 046,066 <0.001 048 0.37,063 <0.001
BMI <0.001 <0.001 <0.001

<18.5 kg/m?2 (ref) 1.00 1.00 1.00

18.5-24.9 kg/m2 0.25 0.16,038 <0.001 023 0.14,040 <0001 028 0.14,0.56  <0.001
Fat mass (kg) 0.97 0.92,1.02 0220 0.96 0.90,1.03  0.261 1.03 091,1.15 0667
Bone mass (100g) 0.83 0.79,0.88 <0.001 0.73 0.66,080 <0.001 052 043,0.63 <0.001
Mid upper arm circumference (cm) 0.78 0.72,084 <0001 0.77 069,085 <0001 0.73 0.64,0.84 <0.001
Calf circumference (cm) 0.68 0.62,0.74 <0.001 0.65 058,0.73  <0.001 0.63 0.53,0.75 <0.001
25-hydroxyvitamin D (ug/L) 1.00 0.98,1.02 0.906 1.00 098,1.03 0676 0.99 097,102 0549
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Table 3 (continued)
Overall cohort Females Males
Oddsratio 95%Cl pvalue Oddsratio 95%ClI pvalue Oddsratio 95%Cl pvalue
25-hydroxyvitamin D status 0.017 0.021 0413
Sufficient, 30 =< 100 ug/L (ref) 1.00 1.00 1.00
Insufficient, 20 - <30 ug/L 0.63 043,093 0.019 0.53 032,088 0014 0.85 045,158 0.602
Deficient, <20 ug/L 1.16 0.68,1.98 0.589 0.99 052,190 0.985 1.72 061,484 0308
Pre-albumin (mg/dL) 1.03 099,107 0.197 0.98 093,103 0451 1.08 1.02,1.15 0013
Creatinine (umol/L) 1.00 0.99,1.01 0.601 0.99 097,1.00 0.056 1.00 099,101 0773
Dietary protein intake (g/d) 0.98 097,099 <0.001 098 097,100 0.016 097 0.95,0.99 0.003
Total energy intake (kcal/d) 1.00 1.00,1.00 0.004 1.00 1.00,1.00 0.143 1.00 1.00,1.00 <0.001
Energy-adjusted protein intake (g/d) 0.98 0.97,1.00 0.041 0.98 0.96,1.00 0.052 0.99 096,102 0414
Leg strength (kg) 0.95 0.91,0.99 0.007 0.96 091,101 0.090 092 0.86,0.98 0.007
Handgrip endurance (s) 1.00 0.99,1.00 0.017 1.00 099,100 0.114 0.99 0.99,1.00 0.047
Total SPPB score 0.81 073,090 <0.001 0.84 0.75,095  0.005 0.74 0.61,0.90 0.002
Total balance test score 0.71 052,097 0.034 0.79 056,111 0176 043 0.18,1.01 0.053
5-time chair stand test score 0.72 061,085 <0.001 0.77 063,094 0.011 0.65 048,086 0.003
Gait speed test score 0.74 0.59,0.92 0.007 0.74 056,097 0.028 0.72 049,1.08 0.114
Table 4 Factors associated with sarcopenia using multiple logistic regression models
Overall cohort Females Males
Odds Ratio 95%Cl pvalue OddsRatio 95% Cl pvalue OddsRatio 95%Cl pvalue
Gender <0.001
Male 1.00
Female 0.15 0.07,0.29 <0.001
Age (year) 1.04 1.00,1.08 0.044 1.03 0.98,1.08 0225 1.02 0.96,1.10 0476
Ethnicity 0.829 0.346 0.633
Chinese 1.00 1.00 1.00
Non-Chinese 092 045,190 0.829 063 024,166 0346 134 041,438 0633
MUST risk 0.002 0.001 0.576
Medium 1.00 1.00 1.00
High 211 1.32,336 0.002 261 146,467 0001 1.27 0.55,296 0.576
Calf circumference (cm) 0.78 0.70,0.87 <0.001 0.77 067,088 <0001 0.79 0.63,098 0.033
Bone mass (100g) 0.77 0.70,0.85 <0.001 082 0.73,092 <0001 058 046,0.73  <0.001
Physical Activity Scale for the Elderly score  1.00 0.99,1.00 0.145 1.00 0.99,1.00 0.09%4 1.00 0.99,1.00 0.354
Education 0.075 0.003 0.624
No formal education 1.00 1.00 1.00
Secondary level or equivalent 1.22 0.72,2.05 0462 1.18 062,226 0615 1.05 041,271 0922
A level or equivalent 0.57 0.31,1.04 0.065 033 0.15,0.70  0.004 2.09 065,680 0218
University and above 1.02 048,220 0.952 1.04 037,296 0936 1.12 0.32,386 0.862
Smoking status 0.168 0.653 0.227
Non-smoker 1.00 1.00 1.00
Past smoker 0.63 031,126 0.190 0.95 017,522 0949 049 021,116 0.107
Daily / occasional smoker 1.76 063,496 0.282 344 0.25,47.85 0357 1.10 032,384 0878
Alcohol consumption 0.293 0.599 0415
None 1.00 1.00 1.00
<once a month 144 0.73,2.83 0.297 1.53 067,350 0313 1.31 037,470 0678
>once a month 1.69 0.77,3.70 0.188 1.12 031,407 0858 2.05 0.70,6.00 0.188
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be meaningful, population specific cut-offs are essential.
Hence, we have applied AWGS cut-offs for our study. For
our study cohort, the prevalence of sarcopenia as deter-
mined by the AWGS 2019 was 76% versus 70% using
AWGS 2014. The higher prevalence is due to the higher
cut-offs in handgrip strength and gait speed in AWGS
2019 versus 2014. Two recent studies also reported this
observation [12, 54].

Our findings confirm and extend reports from
other Asian studies with regards the close association
between malnutrition and sarcopenia. Malnutrition is
an important contributor to poor muscle health due to
many factors. In an energy deficient diet, amino acids
and muscle are broken down and oxidized to generate
energy to sustain life preserving functions. In a pro-
tein deficient diet, muscle protein turnover is in favor
of muscle protein breakdown leading to a negative
nitrogen balance and progressive loss of both muscle
mass and function [42, 55]. Malnutrition also leads to
deficiencies of micronutrients that are essential for the
integrity and function of muscle, e.g., vitamin D and
vitamin B12, leading to further muscle loss and function
[56, 57]. This state of low energy, low muscle mass and
low muscle function results in low physical strength and
power, low physical activity, and low exercise tolerance.
This low physical activity and low resting metabolic rate
state then contributes to further reduced appetite and
malnutrition, thereby completing the vicious perpetual
cycle of malnutrition, sarcopenia, and frailty [58-61].
Hence in the early stages of this vicious cycle, malnutri-
tion can be seen as the preceding condition which ulti-
mately leads to sarcopenia and frailty.

In addition to the significant increase in risk of sarco-
penia in malnourished versus normal nutrition in older
adults, with odds ratio ranging from 9.9 to 13.6 [11, 29],
our findings show that there is a doubling of odds ratio
for sarcopenia amongst those at high risk versus medium
risk of malnutrition. This association is further high-
lighted in a recent study from our group, which reported
that compared to older adults with normal nutritional
status, the odds of having low ASMI was 3.58 for those at
medium risk of malnutrition and 12.50 for those at high
risk of malnutrition [45]. Taken together, the presence of
malnutrition is a strong predictor of concomitant poor
muscle health. Hence, preventing and addressing malnu-
trition in older adults is of utmost importance to ensure
good muscle health.

In the AWGS 2019 consensus guidelines, sarcopenia
is considered an age-related condition of muscle loss
and impairment [2]. In a community-dwelling Singa-
porean adult population (21 to 90years old, n=>541),
more than a third of participants (35%) who were
at nutritional risk (determined by Mini Nutritional
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Assessment Short Form, MNA-SF) had sarcopenia [62].
In our study, the prevalence of sarcopenia was more
than twice as high due to our cohort being adults aged
65years and above only.

This age-related increase in sarcopenia prevalence
has been widely reported [8, 13, 14]. For example, Pang
et al. studied a Singaporean community population of
adults and found 13.6% prevalence of sarcopenia in the
full population (21 to 90years old) but the prevalence was
32% among those older than 60years [12]. Similarly, in a
Vietnamese community study where participants had a
higher mean age of 70 years, the overall prevalence of sar-
copenia was also higher at 55% and older age was associ-
ated with a higher risk for sarcopenia [20]. The highest
prevalence for sarcopenia of 68% was found in the very
old (> 80years) in a study from Thailand [9]. These find-
ings in the literature highlight the important relationship
between aging and sarcopenia.

Results of our current study showed that risk for sarco-
penia was significantly greater for men than for women.
Although the literature regarding gender-related differ-
ences shows inconsistency [63], our findings were simi-
lar to other Asian studies which had also found a higher
prevalence in men [12, 14, 20, 64]. Thus, further research
is required in this area.

Calf circumference is a recognized surrogate marker
for muscle mass [53] and is also used as one of the cri-
teria for case finding in sarcopenia [2]. A recent study
from our group using the receiver operating charac-
teristic (ROC) curve analysis reported that the cut-off
values of calf circumference for low ASMI for men was
<33.4cm and for women was <32.2cm [45], which is in
line with AWGS 2019 consensus update case finding for
sarcopenia cut-offs set at <34-cm for men and <33 cm for
women [2]. Previous studies have reported that higher
calf circumference was associated with lower odds of
having sarcopenia [14, 15], and this relationship was also
observed in the present study.

There is a known relationship between muscle health
and bone health. Our study found an inverse associa-
tion between sarcopenia and bone mass. Previous stud-
ies have reported that low bone mass was associated with
sarcopenia [16, 17], with the prevalence of osteoporosis
increased with increasing severity of sarcopenia [65].
Interventions that improve muscle health are likely to
improve bone health [66]. Hence, older adults with low
bone mineral density should also be screened for sarco-
penia so that interventions can be initiated where appro-
priate to improve both muscle and bone health.

Research groups have also reported associations
between sarcopenia and the presence of co-morbid
disease conditions such as diabetes [18, 19] and cog-
nitive impairment [21]. Nguyen et al. [20] found that
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malnutrition and chronic lung disease were associated
with sarcopenia with odds ratio of 3.77 and 3.48 respec-
tively. Our study population included community-
dwelling older adults at risk of malnutrition who were
otherwise relatively healthy, as determined by the Charl-
son comorbidity score. As such, the prevalence could be
even higher in older adults with malnutrition risk and the
additional burden of comorbidities.

Our study showed that compared to participants with-
out sarcopenia, those with sarcopenia had lower dietary
protein intake and had a lower mean PASE score. This
relationship between sarcopenia and physical activity was
highlighted in a recent study where moderate and low
physical activity levels were associated with higher odds
of having sarcopenia (OR of 4.12 and 7.02 respectively)
compared to high physical activity levels [20].

Protein intake and physical activity are modifiable risk
factors for sarcopenia, so these are ideal targets to pre-
vent or delay the onset of sarcopenia [41, 42, 67-71].
Chew and others recently summarized evidence-based
use of nutrition and progressive resistance exercise
training as interventions to improve muscle health in
older Asian adults [30]. In addition, our group recently
reported that specialized oral nutritional supplement
with dietary counseling significantly improved nutri-
tional and functional outcomes in community-dwelling
older adults at risk of malnutrition [31].

There is a strong and consistent finding from our study
and others, which highlights that community screening
of older adults for characteristics that reflect both nutri-
tional status and muscle health could facilitate the early
initiation of appropriate interventions to mitigate risk of
adverse health outcomes for both malnutrition and sar-
copenia before they become established.

Importantly, our findings revealed that among com-
munity-dwelling older adults at risk of malnutrition, over
three quarters had sarcopenia. We found that the greater
the malnutrition severity, the higher the risk for sarco-
penia. Thus, screening, diagnosing, and treating malnu-
trition in community-dwelling older adults could be a
useful strategy for concomitant early detection and man-
agement of sarcopenia in the same individuals. Validated
and easy-to-use screening tools such as MUST and Mini
Nutritional Assessment Short Form (MNA-SF) can be
used to determine risk of malnutrition in older popula-
tions [72].

Our study was limited in that it was a cross-sectional
design. We are thus constrained to report an associa-
tion between malnutrition and sarcopenia, but we can-
not prove that malnutrition was causal. We used BIA as
a measure of muscle mass in our study. BIA has been
validated [73, 74] and is recognized as one of the meth-
ods to measure muscle mass by AWGS [2] as well as by
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EWGSOP [53]. It is easy to use, inexpensive, safe, and
non-invasive. However, it is an indirect measure of mus-
cle mass, which is affected by the physical condition of
the participants, such as hydration and extreme body
mass index [75]. Such effects may influence the deter-
mination of low muscle mass when compared to use of
whole body DEXA for the same cohort. Nevertheless,
BIA is commonly used to determine the prevalence of
low muscle mass and sarcopenia [47, 76, 77]. The other
limitation of our study is also its’ strength, as our study
cohort included relatively well, independently living older
adults (as defined by the study eligibility criteria) hence
limiting the generalizability of our findings. Importantly,
it appears that the risk of being malnourished and sarco-
penic will be even higher and more severe in cohorts of
older adults with multimorbidity, inactivity, and frailty.

Conclusions

Sarcopenia and malnutrition are prevalent among older
people and often co-exist in the same individual. In the
present study, we found that three out of every four
community-dwelling older adults at risk of malnutrition
also fulfilled criteria for the diagnosis of sarcopenia. This
suggests that the benefits of routine screening for malnu-
trition risk in community-dwelling older adults extends
beyond nutrition and can facilitate the early diagnosis
and management of sarcopenia. Addressing both malnu-
trition and sarcopenia is key to healthy aging and to sup-
porting independent living for as long as possible in later
life. Evidence-based interventions such as oral nutritional
supplements and resistance exercise training are available
and imperative.
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