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a b s t r a c t

Objective: To examine the screening ability of SARC-F for older adults using a meta-analysis.
Design: Meta-analysis.
Setting and Participants: The literature review was conducted using MEDLINE, Cochrane Database of
Systematic Reviews, and ClinicalTrials.gov. Articles written on and after 1960 that included data
regarding the sensitivity and specificity of SARC-F’s diagnostic criteria for sarcopenia in older adults were
searched.
Measures: The bivariate random effects model was used to calculate the summary estimates of sensitivity,
specificity, positive likelihood ratio (PLR), negative likelihood ratio (NLR), and diagnostic odds ratio
(DOR). The summary receiver operating characteristic curve was used to summarize the overall test
performance.
Results: Seven studies involving a total of 12,800 subjects met the eligibility criteria of our study. The
pooled results of sensitivity, specificity, PLR, NLR, and DOR with the European Working Group on Sar-
copenia in Older People as the reference standard were 0.21 [95% confidence interval (CI), 0.13-0.31], 0.90
(95% CI, 0.83-0.94), 2.16 (95% CI, 1.51-3.09), 0.87 (95% CI, 0.80-0.95), and 2.47 (95% CI, 1.64-3.74),
respectively. Overall, we achieved similar pooled results of sensitivity and specificity for studies using the
International Working Group on Sarcopenia and Asian Working Group for Sarcopenia as the reference
standards. Because few studies used the Foundation National Institute of Health reference standards, a
meta-analysis was not performed.
Conclusions/Implications: Although the screening sensitivity performance of SARC-F was poor, its speci-
ficity was high; thus, it is an effective tool for selecting subjects who should undergo further testing for
confirming a diagnosis of sarcopenia.

! 2018 AMDA e The Society for Post-Acute and Long-Term Care Medicine.

The population of older adults is rising globally, with predomi-
nance in developed countries. Thus, growing attention has been given
to sarcopenia, which is characterized by the decline of muscle mass,
muscle strength, and physical functionality associated with aging.1e3

The European Working Group on Sarcopenia in Older People (EWG-
SOP)4 defines the diagnostic criteria of sarcopenia as follows: (1) low
muscle mass, (2) low muscle strength, and (3) low physical perfor-
mance. The International Working Group on Sarcopenia (IWGS),5 the
Asian Working Group for Sarcopenia (AWGS),6 and the Foundation
National Institute of Health (FNIH)7 have similarly established their

own diagnostic criteria for sarcopenia. Sarcopenia is also reportedly
associated with a decline in activities of daily living and quality of life,
death,4 lowered cognitive function,8 depression,9 and increased
medical costs,10 thereby revealing the extremely high clinical impor-
tance of sarcopenia.

However, as described above, because the method of diagnosing
sarcopenia is complex and is considered to be difficult to introduce
into routine practice, more simplified methods of evaluation is war-
ranted. Malmstrom and Morley created SARC-F, a simplified screening
tool for assessing sarcopenia in older adults, and examined its val-
idity.11,12 SARC-F is a self-administered questionnaire used to deter-
mine the level of difficulty experienced for the 5 components of
strength, assistance inwalking, rise from a chair, climb stairs, and falls,
with a 3-level score range of 0 to 2 points for each item, representing
none (0), some (1), or a lot (2) [with the exception of falls, which is
evaluated as none (0), 1-3 times (1), or !4 times (2)]. The total score
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range is 0 to 10, with scores of !4 points as the criteria for sarcopenia.
There have been reports examining the screening ability of SARC-F in
many countries since its creation,13e18 which suggest a low sensitivity
and high specificity of the SARC-F test despite some variance in the
results. We believe that summarizing these previous studies will
provide robust results regarding the screening ability of the SARC-F
test. Therefore, the purpose of this study was to examine the
screening ability of the SARC-F test on older adults by conducting a
meta-analysis of previous studies.

Methods

Study Selection

The literature review consisted of a search of Medline, Cochrane
Database of Systematic Reviews, and ClinicalTrials.gov on September
1, 2017, for articleswritten on or after 1960. Because the term “SARC-F”
as an index test was considered very specific, it was assumed that the
number of relevant articles would be few. To avoid search omissions,
we included terms with wider meanings in addition to “SARC-F.”19

Therefore, the search strategy consisted of {“SARC-F” or [(“elderly”
or “aged” or “advanced age” or “old people”) and (“screening” or
“diagnosis” or “diagnostic” or “medical examination”) and (“sarco-
penia” or “muscle mass” or “fat free mass” or “European Working
Group on Sarcopenia in Older People” or “Asia Working Group on
Sarcopenia” or “International Working Group on Sarcopenia” or
“Foundation National Institute of Health”)]}. In addition, we used
Google Scholar to include hand research (eg, conference minutes and
letters to editors). We did not set a limit on language when
researching. Studies with subjects aged !60 years containing data on
the sensitivity and specificity of the SARC-F diagnostic criteria for
sarcopenia for which a 2 " 2 table could be created were included.
Two authors independently evaluated whether the results met the
eligibility criteria of this study. When the 2 authors’ opinions did not
match, a third reviewer was consulted.

Data Extraction and Quality Assessment

We created a data extraction form that included the features of the
study (key author’s name; publication year; study location; sample
size; patient’s baseline information; cut-off points of SARC-F; refer-
ence standards for diagnosing sarcopenia; number of patients with
sarcopenia using reference standards; and number of false positives,
false negatives, true positives, and true negatives). Two authors
independently evaluated the quality of the works included in this
study. The quality was evaluated using the Quality Assessment of
Diagnostic Accuracy Studiese2 (QUADAS-2).20 The QUADAS-2 com-
prises 11 components divided into 4 domains of patient selection,
index test, reference standard and flow, and timing and examines the
risk of bias (high risk, low risk, and unclear risk) and applicability of
each primary research by domain. The results were represented
graphically.

Statistical Analysis

A bivariate random effects model was used to calculate summary
estimates of sensitivity, specificity, positive likelihood ratio (PLR),
negative likelihood ratio (NLR), and diagnostic odds ratio (DOR), and a
summary receiver operating characteristic (SROC) curve was drawn.21

The bivariate random effects model is said to correct index test
thresholds (cut-off values) differences and inter-test variations (het-
erogeneity) of test accuracy.21 Because meta-analyses must include at
least 4 studies, we did not perform a meta-analysis in cases where
there were fewer than 4 studies that met the criteria. As described
earlier, there are several diagnostic criteria of sarcopenia that were

used as reference standards (eg, EWGSOP); thus, it was predicted that
the reference standard used in each study would differ. Because
different reference standards yield variable test accuracy results of
SARC-F,20 meta-analyses were performed for each reference standard.
We also assumed that the screening ability of SARC-F would be re-
ported in terms of sex; however, because that would require us to
exclude studies in which male and female results were reported
together, we analyzed the results for both sexes together to assess the
screening ability of SARC-F. For additional analysis, we excluded
studies for which a QUADAS-2 domain of “high risk of bias” or “high
applicability concerns” was reported. Furthermore, we created funnel
plots to assess publication bias.22 For analysis, we used RevMan
version 5.3 (The Nordic Cochrane Centre, The Cochrane Collaboration,
Copenhagen, Denmark; http://tech.cochrane.org/revman/download,
August 2017) and Stata, version 12.1 (Stata Corp, College Station, TX).

Results

Description and Methodological Quality of Included Studies

A total of 2055 studies were extracted through the literary search,
of which 7 studies (12,800 subjects) met the eligibility criteria for our
study and were included in our meta-analysis (Figure 1).13e18,23 The
characteristics of the 7 studies are displayed in Table 1. The mean age
of the patients was 75.1 years, and 61.8% of the subjects were females.
The prevalence of sarcopenia was measured using the EWGSOP, IWGS,
AWGS, and FNIH criteria, and the prevalence were 11.4%, 17.5%, 8.9%,
and 3.0%, respectively.

The results of the evaluation of the quality of the studies included
using QUADAS-2 are shown in Figure A1. In the majority of the studies
included in our study, the index test and reference standard were
unclear risks of bias, whereas patient selection and flow and timing
were generally associated with a low risk of bias. On the other hand, in
terms of applicability concerns, although patient selection (subjects
with diabetes receiving outpatient treatment had different charac-
teristics from community-dwelling older adults)15 and the index test
(use of a questionnaire used in a previous study rather than the use of
the validity tested SARC-F17) demonstrated high applicability con-
cerns, overall, the applicability concerns were low.

SROC Curve and Pooled Results

Figure 2 displays the SROC curve with EWGSOP as the reference
standard. The ranges of SARC-F sensitivity and specificity in the

Fig. 1. Flow diagram of articles identified and evaluated during the study selection
process.
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studies with EWGSOP as the reference standard13e16,18,23 were 0.07 to
0.27 and 0.80 to 0.97, respectively (solid circle in Figure 2). The sum-
mary ROC curve represents the relationship between sensitivity and
specificity across the included studies with a 95% confidence ellipse
and a 95% prediction ellipse. The pooled results of sensitivity, speci-
ficity, PLR, NLR, and DOR with EWGSOP as the reference standard
using the bivariate random effects model were 0.21 [95% confidence
interval (CI), 0.13-0.31], 0.90 (95% CI, 0.83-0.94), 2.16 (95% CI, 1.51-
3.09), 0.87 (95% CI, 0.80-0.95), and 2.47 (95% CI, 1.64-3.74), respec-
tively (Table 2). The pooled results for the sensitivity and specificity
with IWGS13,14,18,23 and AWGS13,14,18,23 as the reference standards
were generally similar to the abovementioned findings. However, the
pooled results of PLR (3.99, 95% CI, 1.72-8.89) and DOR (4.69, 95% CI,
1.84-11.92) with IWGS as the reference standard were somewhat
higher compared with those of other reference standards. Because
there were only 3 studies with FNIH as the reference standard,17,18,23

these were omitted from the meta-analysis.
In an additional analysis performed after eliminating studies that

were deemed to have high applicability concerns with QUADAS-2
using EWGSOP as the reference standard,15,17 the pooled results of
sensitivity, specificity, PLR, NLR, and DOR were 0.22 (95% CI, 0.12-
0.36), 0.91 (95% CI, 0.85-0.95), 2.64 (95% CI, 2.00-3.48), 0.84 (95% CI,
0.75-0.94), and 3.11 (95% CI, 2.22-4.36), respectively. Furthermore,
because only few studies were included in this study, we did not
evaluate publication bias with funnel plots.

Discussion

This study demonstrated low sensitivity when EWGSOP, IWGS,
AWGS, or FNIH was used as the reference standard, thereby indicating
a low utility of SARC-F for the purpose of excluding sarcopenia. Its
specificity however was very high, suggesting its high utility as a
screening tool for selecting subjects who should undergo furtherTa
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Fig. 2. Summary receiver operating characteristic (SROC) curve for SARC-F with Eu-
ropean Working Group on Sarcopenia in Older People as the reference standard. Each
solid circle represents each study in the meta-analysis. The confidence ellipse (short
dashed line) indicates that the mean values for sensitivity and specificity were more
likely to be in this region. The prediction ellipse (long dashed line) indicates that in-
dividual values for sensitivity and specificity were more likely to be in this region.
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testing for confirming a diagnosis of sarcopenia. Among the results,
the accuracy of SARC-F with IWGS as the reference standard was
particularly high compared with the other reference standards. The
results were approximately equal in an additional analysis, in which
the studies evaluated as having a high risk of bias or high applicability
concerns by QUADAS-2 were excluded.

The prevalence rates of sarcopenia in the studies included in this
study by the reference standard used were 11.4%, 17.5%, 8.9%, and 3.0%
for EWGSOP, IWGS, AWGS, and FNIH, respectively. The prevalence
rates of sarcopenia in community-dwelling older adults reported in
previous studies range between 5% and 13%,24 which were generally
similar to our results. Among the studies included in this study, the
prevalence of sarcopenia was lower in the studies that used FNIH as
the reference standard17,18,23 and higher in the study of diabetic pa-
tients,15 suggesting that the differences in the cut-offs of low muscle
mass and differences between patient characteristics explained the
variation in the prevalence rates of sarcopenia.

A SROC curve was drawn by deriving all the possible values of
sensitivity and specificity of all the possible values that the threshold
value may take, with sensitivity and 1 e specificity represented on the
y and x axes, respectively. It shows the accuracy of the diagnostic text
based on one index, allowing us to examine how the sensitivity and
specificity changes depending on the threshold value. As we viewed
this plot of primary research included on the ROC plane, we noticed
that although there are studies that followed the SROC curve, there
was a primary research that deviated from the curve. Although the
dispersion of the primary research along the SROC curve is due to the
threshold effect, those that fall at a greater distance from the SROC
curve are believed to be due to factors other than the threshold ef-
fect.25 Because a meta-analysis of screening abilities is likely to
encompass the abovementioned threshold effect and heterogeneity in
many cases,25 we selected the bivariate random effects model, which
estimates the test accuracy taking these effects into consideration.
Because only few studies were included in this study, we did not
conduct a subgroup analysis or explore the factors of heterogeneity
with covariate hierarchical modeling. The reasons for the heteroge-
neity in our study may be due to the effects from differences in the
study populations (eg, age and sex) or differences in understanding
questionnaire items (nuance), which could be due to ethnic, social, or
cultural differences translated from the original SARC-F version.

In the pooled results of the study, the SARC-F sensitivity was low
and its specificity was high, regardless of the reference standards.
Furthermore, PLR and NLR of the reference standards were 2.13 to 3.99
and 0.83 to 0.91, respectively. The higher the PLR and the more posi-
tive the test results, the more likely it is for the actual status to be
positive, leading to a definitive diagnosis.26 Conversely, the lower the
PLR and the more negative the test results, the more likely it is for the
actual status to be negative, thereby leading to diagnosis by exclusion.
The NLR results of our study were high regardless of reference stan-
dards, thereby suggesting that it could not be suitably used for “ruling
out.” In contrast, PLR was relatively high when IWGS was used as the
reference standard, indicating that it could be used more appropri-
ately for “ruling in,” in comparison to using other reference standards.
Finally, DOR when IWGS was used as the reference standard was
higher compared to when other reference standards were used. DOR

is found by dividing PLR by NLR and represents the screening ability of
one indicator. DOR can range between 0 and N, and a higher DOR
represents a higher accuracy.26 Although careful attention should be
paid to the fact that there could be multiple omissions when SARC-F is
used for excluding sarcopenia as a result of pooled results of sensi-
tivity, specificity, PLR, NLR, or DOR, it suggests that people positive for
SARC-F were highly likely to have sarcopenia. Furthermore, these test
accuracies were believed to be particularly high when the reference
standard was IWGS.

Sarcopenia was added to the International Classification of Dis-
eases code in October 2016. Therefore, we can predict that there will
be increased opportunities to diagnose and treat sarcopenia in the
future. Sarcopenia has been associated with poor outcomes (eg,
future falls, lowered physical function, death, and increased medical
costs).4,9,10 Therefore, clinically, it is considered very important to
diagnose sarcopenia. As mentioned earlier, however, diagnosis of
sarcopenia is often accompanied with challenges as it requires
expensive equipment to measure muscle mass and perform an
assessment of grip strength and physical function. SARC-F is highly
feasible because it is a self-administered questionnaire that enables a
simple assessment. It is important for this screening tool to be simple
and low-cost, not require a specially trained tester, and have short
administration times.27 By narrowing down individuals with a higher
likelihood of sarcopenia using SARC-F, the amount of time taken to
assess muscle mass, grip strength, and physical performance, which
are necessary for the eventual definitive diagnosis, can be reduced. In
addition, previous reports have noted that those diagnosed with
sarcopenia using SARC-F are strongly associated with declined
physical performance, quality of life, and death23 and hospitaliza-
tion.28 The fact that positive sarcopenia screened using SARC-F is
associated with clinically important outcomes also suggests the
effectiveness of SARC-F. Treatment for sarcopenia includes resistance
exercises, protein intake,29e31 and drug therapy to improve sarco-
penia symptoms.32,33 Because sarcopenia is treatable,34 it is impor-
tant to make an early diagnosis and rapidly implement treatment
measures for sarcopenia; thus, SARC-F is useful for accomplishing
this goal.

There are several limitations associated with this study: (1) There
are relatively few studies included in this study, and their heteroge-
neity is suspected, which may have affected the validity of the results.
In particular, we could not obtain pooled results of the studies with
FNIH as the reference standard because of a limited number of studies.
(2) We cannot deny that there may have been studies that met the
eligibility criteria in databases that we did not use this time, which
may have impacted the results. And (3) there were multiple studies
included in the quality of this study with “unclear risks of bias” in
index tests and reference standards. These biases may overestimate
screening abilities,20 thereby suggesting possible concerns over val-
idity of our results.

In conclusion, the screening ability of SARC-F appears to be low for
the purpose of excluding sarcopenia; however, it could represent a
very useful tool for detecting subjects for further testing to make a
definitive diagnosis of sarcopenia. Despite the above limitations,
considering the clinical importance of sarcopenia and the ease of
running the screening test, SARC-F represents a very useful tool.

Table 2
Pooled Results of the Meta-analysis

Reference Standard Sensitivity (95% CI) Specificity (95% CI) PLR (95% CI) NLR (95% CI) DOR (95% CI)

EWGSOP 0.21 (0.13-0.31) 0.90 (0.83-0.94) 2.16 (1.51-3.09) 0.87 (0.80-0.95) 2.47 (1.64-3.74)
IWGS 0.20 (0.10-0.38) 0.94 (0.88-0.97) 3.99 (1.72-8.89) 0.83 (0.70-0.98) 4.69 (1.84-11.92)
AWGS 0.14 (0.06-0.28) 0.93 (0.87-0.96) 2.13 (1.69-2.70) 0.91 (0.84-0.99) 2.32 (1.73-3.12)
FNIH d d d d d
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