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Introduction: Sarcopenia is highly prevalent among residents of assisted-living facilities.
However, the optimal screening tools are not clear. Therefore, we compared the performance
of four recommended screening tools for predicting sarcopenia.

Methods: The study recruited 177 people over 65 years of age in assisted-living facilities.
Appendicular muscle mass index was measured using bioelectrical impedance analysis. Calf
circumference (CC), handgrip, six-meters walking speed, and screening questionnaires
including SARC-CalF, SARC-F and S-item Mini Sarcopenia Risk Assessment (MSRA-5)
were evaluated. The diagnosis criteria for sarcopenia were based on the Asian Working
Group for Sarcopenia 2019 consensus. The area under the receiver operating characteristic
curves (AUC) was used to contrast the diagnostic accuracy of screening tools.

Results: The prevalence of sarcopenia was 52.7% among men and 51.2% among women.
After adjusting for age, sex, body mass index and SARC-CalF score, CC remained sig-
nificantly associated with sarcopenia in logistic regression analysis. The prediction model for
sarcopenia based on CC alone had the highest accuracy compared to SARC-CalF, MSRA-5
and SARC-F (AUC, 0.819 vs 0.734 vs 0.600 vs 0.576; sensitivity/specificity, 80.4%/71.8%
vs 38.0%/80.0% vs 60.7%/54.2% vs 10.9%/91.8%). Differences in AUCs between the
prediction models were statistically significant (CC vs. SARC-CalF, P = 0.0181; SARC-
CalF vs. MSRA-5, P = 0.0042). Optimal cutoff values for predicting sarcopenia were CC
<34 cm in men and <33 c¢m in women.

Conclusion: To predict sarcopenia based on low CC alone is accurate, easy and inexpensive
for use in assisted-living facility settings. Further validation studies in different populations
are suggested.
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Introduction

Taiwan officially became an aging society in 2018 and within years will face becom-
ing a super-aged society. Sarcopenia, a prominent issue in the field of geriatrics, refers
to low muscle mass, low muscle strength, and low physical performance associated
with aging. Several sarcopenia study groups have established different diagnostic
criteria for sarcopenia.'” The prevalence of sarcopenia ranges from 5% to 13% in
adults ages 6070 years, rising to 50% in people over 80 years old.® Several studies
have revealed that sarcopenia leads to deterioration of activities of daily living,*
physical function,” and increased mortality® in geriatric populations. Because diag-

nosing sarcopenia requires special instruments and is time- and resource-consuming,
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simple and effective screening tools for sarcopenia are
needed for geriatric populations.

Several tools are available to screen for sarcopenia.
The updated consensus of the EWGSOP (European
Working Group on Sarcopenia in Older People) and the
AWGS (Asian Working Group for Sarcopenia) recom-
mended SARC-F (strength, assistance with walking, rise
from a chair, climb stairs and falls) as a screening tool in
primary health care or community preventive care
settings.'> However, several studies have reported high
specificity but poor sensitivity for SARC-F’¥; these
remain pitfalls for early disease detection. A systematic
review and meta-analysis study had found that the average
prevalence of sarcopenia in nursing homes was 41%.° As
exercise and diet control programs are often available and
mandatory in long-term care facilities, it is important to
have effective methods for selecting those at risk of sarco-
penia to participate in exercise and diet programs.
Therefore, sensitive and accurate screening tools for sar-
copenia are important in long-term care settings. Other
questionnaires, such as the 5-item Mini Sarcopenia Risk
Assessment (MSRA-5), have been developed to screen for
sarcopenia, increasing the sensitivity up to 80.4%, but the
new instrument had decreased specificity (60.4%).'°

Anthropometric measurement is a cheap and easily
available method to estimate sarcopenia. The EWGSOP
consensus in 2010 and 2018 did not recommend calf
circumference (CC) as a screening tool because of the
wide variation in CC due to age-related changes in fat
deposits and decreased skin elasticity.""'" Given that adi-
pose tissue accumulates more easily over the abdomen
than the extremities in Chinese and South Asian people
as compared to Europeans,'? it is plausible that CC is less
likely to be influenced by adipose tissue among Asians.
Growing evidence has suggested that CC is associated
with sarcopenia or low muscle mass in Asians'>'® and
the AWGS 2019 consensus recommended use of CC for
case-finding.> Moreover, a research group from Brazil
developed a combined scoring method by adding CC to
the SARC-F; the resulting SARC-CalF model of screening
for sarcopenia significantly improved the sensitivity of
SARC-F from 33% to 67% without weakening its
specificity.'” The performance of SARC-CalF has been

evaluated in community-dwelling'”'®

and nursing home
older adults.'>* In particular, a study in Slovenia showed
this method had sensitivity of up to 77.4% and specificity
of up to 89.8% for predicting sarcopenia using the

EWGSOP criteria.'’

Although the AWGS 2019 consensus recommended CC to
screen for sarcopenia, the performance of CC alone for pre-
dicting sarcopenia has not been directly compared to other
popular screening tools. This cross-sectional study was conse-
quently designed to evaluate the performance of CC, MSRA-
5, SARC-F and SARC-Calf models for predicting sarcopenia
among older ethnic Chinese adults in assisted-living facilities.

Materials and Methods
Study Design and Population

The study recruited residents over 65 years old residing in
two assisted living facilities in northern Taiwan. Exclusion
criteria included the presence of bilateral pitting edema of
the legs greater than grade 2, dementia or cognitive impair-
ment by the Mini-Cog test,”' loss of ability to walk inde-
pendently, and contraindications for bioelectrical impedance
analysis (BIA) such as having an implantable pacemaker.

Sarcopenia was diagnosed based on the AWGS 2019
criteria,” which combines low muscle mass (using the
appendicular skeletal muscle index, ASMI: men <7.0 kg/
m? and women <5.7 kg/m?) with low grip strength (men
<28 kg, women <18 kg) or low walking speed (<1.0 m/s).
A qualified physiotherapist completed measurement of
skeletal muscle mass, grip strength, calf circumference,
and questionnaire. The study was conducted in accordance
with the Declaration of Helsinki and the Institutional
Review Board of Chang Gung Medical Foundation
approved the study design protocol (IRB number:
201800398A3). Written informed consent was obtained
from all participants and/or their legal guardians.

Measurement of Appendicular Skeletal

Muscle Mass

Muscle mass and body fat mass was measured with
a multi-frequency segmental BIA device (Inbody 270,
InBody Co, South Korea). All participants were asked to
fast for 8 hours and were measured by BIA in the morning
after urination. Appendicular skeletal muscle mass (ASM)
was computed as the sum of the muscle mass of the four
limbs, then normalized by height squared to yield appen-
dicular skeletal mass index (ASMI, kg/m?).

Measurement of Grip Strength, Usual
Walking Speed, and Other

Anthropometric Measures
Grip strength was measured with the Handgrip
Dynamometer (GT-315, OG Wellness Technologies Co,
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Japan) in a sitting position with elbow flexion at 90°.
Three trials were done for each hand and the mean value
of six trials was taken to represent handgrip strength.?
Measurement of the sound hand instead of the paretic hand
was performed in participants with stroke. Walking speed
was measured by asking participants to walk a six-meter
distance at their usual speed without assistance, starting
from a static standing position.”? After sitting for 15 min-
utes, the mean CC was measured at the widest level of
both calves in a seated and relaxed position with knee
flexion at 90° using inextensible tape.?® If prominent leg
edema or hemiplegia was noted, the contralateral calf was
measured instead. Body height and weight were measured
and body mass index (BMI) was calculated.

Screening Tools: SARC-F, SARC-CalF and
the MSRA-5 Questionnaire

The standard SARC-F tool consists of a five-item ques-
tionnaire, which includes strength, assistance in walking,
rising from chair, climbing stairs and falls.® Each item
received a score from 0 to 2 points. A total score of >4
indicates sarcopenia.®

The SARC-CalF'” was comprised of the standard five-
item SARC-F and CC. The CC score was 0 if CC was
above the cutoff value (34 cm for men and 33 cm for
women) and 10 points if CC was below the cutoff value,
based on the recommendations of the AWGS 2019
consensus.” A total score of >11 indicated sarcopenia.’

The MSRA-5 questionnaire also consists of five yes or
no items including age, hospitalization, activity, regular
meals, and weight loss.'® Scores for each question range
from 0 to 15 points, and a total score of <45 indicates
sarcopenia.'® The Chinese version of the SARC-F and

MSRA-5 have been previously validated.?**

Statistical Analysis

Normality of data distribution was assessed using the
Shapiro—Wilk test. Categorical data were reported as num-
bers (%) and continuous variables were reported as means
+ standard deviation or medians (interquartile range, IQR).
In order to distinguish those with and without sarcopenia,
categorical variables were compared using a Chi-square
test or Yate’s continuity correlation, and continuous vari-
ables were compared using the unpaired #-test or the
Mann—Whitney U test. Except grip strength, walking
speed and ASMI, variables were selected for inclusion in
the multivariate logistic regression model if they were

significantly related to sarcopenia (p < 0.05) in bivariate
analyses to determine which were independent predictors
for sarcopenia. We also calculated the sensitivity, specifi-
city, positive likelihood ratio, and negative likelihood ratio
for the SARC-CalF, SARC-F, MSRA-5 and CC models.
Receiver operating characteristics (ROC) analysis was
performed for the CC, SARC-F, MSRA-5, and SARC-
CalF models, calculating the area under the ROC curve
(AUC) and 95% confidence intervals. We compared the
AUC of the different ROC curves for predicting sarcope-
nia, using the DeLong method.?® Based on type I error of
0.05 and type II error of 0.20, the reported AUC of CC"
and SARC-CalF,'” the correlation in positive and negative
group of 0.6, and the ratio of sample sizes in positive/
negative groups of 1 according to our preliminary data, the
required total sample size of 164 was calculated. In order
to determine the optimal CC cutoff value for predicting
sarcopenia, subgroup analysis stratified by sex was per-
formed using ROC analysis and the Youden index.?’
Statistical analysis was performed using MedCalc (version
19.5.3; MedCalc Software, Ostend, Belgium) for ROC
analysis and SPSS (version 22.0; SPSS Statistics; IBM,
Armonk, NY).

Results

The study screened 236 older adults in two assisted living
facilities and recruited 93 men and 84 women, with a mean
age of 78.7 £ 8.6 years for men and 81.1 + 6.8 years for
women. Thirty adults refused to join the study and 29 adults
13),
impaired walking ability (n = 7) and contraindications for

were excluded due to cognitive impairment (n =

BIA including cardiac devices (n = 4) and metal implants
(n = 5), respectively. Demographic characteristics of the
recruited participants are listed in Table 1. The prevalence
of sarcopenia was 52.7% among the men and 51.2% among
the women. There was no significant difference in underlying
disease between participants with and without sarcopenia.
Participants with sarcopenia had significantly higher SARC-
CalF scores and lower BMI, grip strength, and ASMI scores,
as well as lower CC measurements compared to participants
without sarcopenia (Table 1). Among the women, patients
with sarcopenia were significantly older than those without.
Therefore, an age-by-sex interaction term was entered into
the logistic regression model. After entering the variables of
age, sex, BMI, CC and SARC-CalF scores along with the
two-way age-by-sex interaction term into the equation, bin-
ary logistic regression analysis revealed that BMI, SARC-
CalF scores and CC were significantly associated with
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Table | Basic Characteristics, Comorbidity, Sarcopenia Markers, and Scores from Screening Tools

Men (N=93) Women (N=84)

Sarcopenia Non-Sarcopenia P-value | Sarcopenia Non-Sarcopenia P-value

(N=49) (N=44) (N=43) (N=41)
Age (year) 79.6 + 85 77.7 £ 87 0.278 829 +54 79377 0.015
BMI (kg/m?) 224 (204-238) | 25.6 (23.6-287) <0.001 | 21233 262 + 4.0 <0.001
Grip strength (kg) 19.0 (13.4-22.6) 21.3 (14.7-25.4) 0.117 11.0 (9.0-13.7) 14.6 (11.1-19.4) 0.004
Gait speed (m/s) 0.70 £ 0.30 0.80 + 0.30 0.526 0.70 + 0.30 0.70 + 0.30 0.930
ASMI (kg/m?) 6.20 (5.85-6.70) 7.40 (7.13-7.78) <0.001 4.90 (4.60-5.40) 6.4 (5.95-6.70) <0.001
HTN 32 (65.3%) 33 (75.0%) 0.309 29 (67.4%) 31 (75.6%) 0.407
DM 8 (16.3%) 10 (22.7%) 0.435 10 (23.3%) 14 (34.1%) 0.194
CAD 9 (18.4%) 8 (18.2%) 0.982 8 (18.6%) 6 (14.6%) 0.625
Cancer I (2.0%) 1 (2.3%) 1.000 3 (7.0%) 3 (7.3%) 1.000
Stroke 7 (14.3%) 6 (13.6%) 0.928 3 (7.0%) 6 (14.6%) 0.435
CC (cm) 31.5 (30.0-34.0) 34.5 (33.5-37.9) <0.001 29.5 (26.6-31.2) 34.0 31.5-35.4) <0.001
CC below cutoff value* 36 (73.5%) 12 (27.3%) <0.001 38 (88.4%) 14 (34.1%) <0.001
SARC-F score | (0-3) I (0-2) 0.263 I (1-3) I (0-2) 0.142
SARC-F (score = 4) 9 (18.4%) 6 (13.6%) 0.536 6 (14.0%) 5 (12.2%) 0.8I1
MSRA-5 score 40 (40-55) 50 (40-55) 0.078 40 (32.5-55) 50 (35-55) 0.116
MSRA-5 (score = 45) 28 (57.1%) 19 (43.2%) 0.178 26 (60.5%) 19 (46.3%) 0.150
SARC-CalF score 10 (10-12) 4.5 (0-11) 0.003 11 (10-13) 2 (0-10.5) <0.001
SARC-CalF (score = I1) | 23 (46.9%) 13 (29.5%) 0.086 31 (72.1%) 10 (24.4%) <0.001

Notes: *Cutoff value: men <34cm; women <33cm. Data are mean * SD for normal distribution data and Median (Interquartile range) for non-normal distribution data,

unless other specified.

Abbreviations: BMI|, body mass index; ASMI, appendicular skeletal muscle index; DM, diabetic mellitus; HTN, hypertension; CAD, coronary artery disease; CC, calf

circumference; MSRA-5, 5-item Mini Sarcopenia Risk Assessment.

sarcopenia (Table 2). The ROC curves and performance of
the SARC-F questionnaire, the MSRA-5 questionnaire, the
SARC-CalF and CC models in predicting sarcopenia are
presented in Figure 1 and Table 3. Larger AUC values
indicate better diagnostic accuracy of the screening tools,
and the CC model had the largest AUC (0.819, 95% CI
0.754-0.872) of the four screening tools. The CC
model presented a significantly larger AUC than the
SARC-CalF (AUC 0.819 vs 0.734, difference 0.085, 95%
C10.014-0.154, Z=2.364, P = 0.0181), and the AUC of the
SARC-CalF was significantly larger than that of the MSRA-
5 (AUC 0.734 vs 0.600, difference 0.139, 95% CI

0.044-0.234, Z = 2.863, P = 0.0042) and SARC-F (AUC
0.734 vs 0.576, difference 0.158, 95% CI 0.085-0.231,
Z =4.239, P <0.0001). The optimal cutoff values for pre-
dicting sarcopenia using CC were <34 cm in men (sensitivity
73.5%, specificity 72.7%) and <33 cm in women (sensitivity
88.4%, specificity 65.9%).

Discussion

Calf circumstance had best accuracy among four screening
tools for predicting sarcopenia and was independently
associated with sarcopenia after adjusting for SARC-
CalF score, sex, age, and BMI. The CC measurement

Table 2 Logistic Regression Analysis of Factors Associated with Sarcopenia

Variable B SE Exp(B) 95% ClI P-value
Age 0.041 0.032 1.042 0.978-1.11 0.200
Sex (women = 0, men = 1) —2.64 4.622 0.071 0-613.778 0.568
BMI -0.34 0.078 0.712 0.611-0.83 <0.001
SARC-CalF score 0.091 0.044 1.096 1.004-1.195 0.040
CcC -0.17 0.080 0.884 0.772-0.987 0.033
Age by Sex interaction 0.025 0.058 1.025 0.916-1.148 0.668

Notes: Variables were selected for inclusion in the multivariate logistic regression model if they were significantly related to sarcopenia (p < 0.05) in bivariate analyses. Cox

& Snell R?=0.403, Nagelkerke R*=0.537.

Abbreviations: BMI, body mass index; CC, calf circumference; SE, standard error; Cl, confidence interval.
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offers an accurate and easy-to-use screening tool for sar-
copenia in assisted-living facilities.

Over half of the participants residing in assisted-living
facilities were found to have sarcopenia according to the
AWGS 2019 criteria. A meta-analysis study reported
a higher prevalence of sarcopenia among nursing home
residents, with a pooled prevalence of 41% (95% CI
32-51%).” The prevalence of sarcopenia observed in this
study (52%) 1is slightly above the range previously
reported among nursing home residents and may be related
to the new AWGS 2019 diagnostic criteria used in this
study. The prevalence of a disease can affect the sensitivity
and specificity,”® but not the AUC*’ of a screening tool.
The finding that specificity tends to decrease with higher
disease prevalence®® might explain why the specificity of
the tests in this study was lower than that found in Chinese
nursing homes®® (SARC-CalF, 80.0% vs 85.7%; MSRA-5,
54.2% vs 84.1%; SARC-F, 91.8% vs 98.4%), despite
similar sensitivity of the instruments in the two studies.
The AUC of the SARC-CalF in this study (0.734) was
slightly lower than the previously reported AUC, which
ranged from 0.736 to 0.92 according to different race and

diagnostic criteria.'” "

Screening for sarcopenia using CC alone is more accu-
rate and easier than with other widely used screening tools.
This study found the accuracy of the CC method for pre-
dicting sarcopenia is significantly better than other screen-
ing tools, as shown by the significantly larger AUC of the
CC method and the fact that CC remained independently
associated with sarcopenia after adjusting for common cov-
ariates including the SARC-CalF score. Mo et al also found
that CC was better than SARC-F and SARC-CalF for
screening sarcopenia in community-dwelling Chinese
older adults.*’ Moreover, measuring CC alone is the most
convenient and inexpensive method of screening for sarco-
penia and can be performed by everybody. SARC-F is
a well-known screening tool for sarcopenia with proven
efficacy for predicting quality of life, functional impair-
ment, hospitalization, and mobility.**** However, the low
sensitivity (10.9%) of SARC-F found in this study is com-
patible with results of a recent meta-analysis.® In screening
tools, low sensitivity may cause many missed diagnoses of
people who do in fact have a particular condition. Of the
screening tools evaluated for this study, the CC model had
highest sensitivity and moderate specificity. Diagnostic
accuracy of SARC-F and MSRA-5 found in this study for

Table 3 Performance of Four Screening Tools for Sarcopenia Defined by AWGS 2019 Criteria

Sensitivity (%) Specificity (%) +LR -LR AUC
SARC-F 10.9 (5.3-19.1) 91.8 (83.8-96.6) 1.32 (0.5-3.3) 0.97 (0.9-1.1) 0.576 (0.500-0.650)
MSRA-5 60.7 (49.7-70.9) 54.2 (42.9-65.2) 1.33 (1.0-1.8) 0.73 (0.5-1.0) 0.600 (0.523-0.674)
SARC-CalF 38.0 (28.1-48.8) 80.0 (69.9-87.9) 1.9 (1.2-3.1) 0.77 (0.6-0.9) 0.734 (0.663-0.798)
CcC 80.4 (70.9-88.0) 71.8 (61.0-81.0) 2.85 (2.04.1) 0.27 (0.2-0.4) 0.819 (0.754-0.872)

Abbreviations: AWGS, Asian Working Group for Sarcopenia; +LR, positive likelihood ratio; —LR, negative likelihood ratio; AUC, area under the curve; MSRA-5, 5-item

Mini Sarcopenia Risk Assessment; CC, calf circumference.
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predicting sarcopenia is in agreement with previous studies
that recruited community-dwelling older adults.>* The find-
ing of this study that the diagnostic accuracy of SARC-CalF
was better than that of MSRA-5 or SARC-F is compatible
with previous studies of older adults living in communities
and nursing homes.'*°

The optimal cutoff value for CC to predict sarcopenia
or skeletal muscle mass may vary according to regional
and ethnic differences. Reported CC cutoff values have
ranged from 32 c¢cm to 34 cm for men and from 32 to 33 in
The AWGS 2019 consensus recommended

screening cutoff values were <34 cm for men and

women.

<33 cm for women?® which is in agreement with the opti-
mal cutoff values of CC found in this study. The sensitiv-
ity, specificity and the AUC of CC for predicting
sarcopenia in this study were consistent with results of
a previous study of community-dwelling older adults in
Korea, which recorded an optimal cutoff value of 32 cm
for predicting sarcopenia in both men (sensitivity 75%,
specificity 83%, AUC 0.82) and women (sensitivity 85%,
specificity 57%, AUC 0.72).>* Further workups including
measurement of muscle mass, strength and physical func-
tion should be arranged to diagnose sarcopenia if older
adults were screened positive.

The independent association between BMI and sarcope-
nia found in this study must be interpreted with caution.
Recent systematic review and meta-analysis studies found
only malnutrition, instead of age, sex and BMI, was inde-
pendently associated with ESGSOP-defined sarcopenia in
nursing home residents.” The findings of this study mostly
agree, except for the relationship between BMI and sarcope-
nia. Another study found higher BMI had a protective effect
against the incidence of sarcopenia in community-dwelling
Chinese older adults.*® The inconsistent relationship between
BMI and sarcopenia might result from differences in the
characteristics of the study participants. Obesity is the most
important characteristic that might affect the relationship
between BMI and sarcopenia in certain studies. Although
BMI is usually treated as an indicator of obesity instead of
muscle mass, some studies indicate that body fat and lean
mass cannot be accurately estimated by BMI.>¢ In contrast to
BMI, CC mainly reflects muscle mass and subcutaneous fat,
and low CC was found to be more effective than BMI for
predicting emerging care-need and mortality risk in older
Chinese adults.’”>® Reports from the World Health
Organization also suggest that CC is the most sensitive
measure of muscle mass and is better than BMI in older
people.®® This study did not purposely recruit participants

with a wide range of BMI values. The median BMI of the
participants in this study was 23.6 (IQR, 21.3-26.0) kg/m?
which falls into the categories of normal weight and over-
weight. Therefore, the significant association between BMI
and sarcopenia found in this study cannot be extrapolated to
patients who are obese or underweight. In other words, BMI
might be largely influenced by body fat and may lose its
ability to predict sarcopenia in individuals with high visc-
eral fat.

There are several caveats to the findings of this study.
First, due to small sample size, we did not perform sub-
group analysis stratified by sex to compare the perfor-
mance of four screening tools. Second, measurement of
skeletal muscle mass using BIA is an inexpensive but less
accurate method as compared to “gold standard” devices
such as dual-energy x-ray absorptiometry. However, BIA
is recommended as an alternative method by the AWGS.?
Finally, this cross-sectional study lacks direct evidence of
a causal relationship between sarcopenia and CC. Further
longitudinal study should be done to investigate whether
CC could be a marker for monitoring disease progression
in sarcopenia.

Conclusion

For older adults living in assisted-living facilities, the CC
measurement is the most accurate, easy, and inexpensive
way to screen for sarcopenia among the four common
screening tools. The high sensitivity of CC in predicting
sarcopenia can help long-term care facilities target at-risk
older adult residents for simple exercise and diet education

programs.

Abbreviations

CC, calf circumference; MSRA, Mini Sarcopenia Risk
Assessment; AUC, area under the receiver operating char-
acteristic curves; EWGSOP, European Working Group on
Sarcopenia in Older People; AWGS, Asian Working
Group for Sarcopenia; SARC-F, strength, assistance with
walking, rise from a chair, climb stairs and falls; BIA,
bioelectrical impedance analysis; ASM, appendicular ske-
letal muscle mass; ASMI, appendicular skeletal mass
index; BMI, body mass index; IQR, interquartile range;
ROC, receiver operating characteristics.
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