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Abstract

Background The Ishii Test is recommended by the European Working Group on Sarcopenia in Older People (EWG-
SOP2), however the use of this technique is still little explored in the clinical context and the scientific literature.

Objective We aimed to verify the use of the Test of Ishii in screening for sarcopenia in older adults.

Methods We searched three electronic databases and two reviewers independently screened and assessed the stud-
ies. Studies with older adults (60 years or more) of both genders, no year or language restriction and which aimed

to evaluate sarcopenia using the Ishii Test and another diagnostic criteria were selected. A summary of the ROC curve,
sensitivity and specificity were performed using the MedCalc and SPSS software programs, respectively.

Results A total of 3,298 references were identified in the database, 278 by manually searching, and finally 11 studies
were included for the review. The screening test showed good sensitivity and specificity in both genders. All studies
showed values above the considered value for the Area Under the Curve (AUC) results, without discriminating power
(0.500). Four studies used the original values, and five studies developed a new cut-off point. A summary of the AUC
curve showed the diamond close to one, indicating that the Ishii test has good performance for screening sarcopenia
(1°=83,66%; p<0.001; 95%Cl: 69.38 to 91.28 for men; and 1°=60.04%; p<0.001; 95%Cl: 13.06 to 81.63 for women).

Conclusion The Ishii Test can be considered a useful tool for the early identification of sarcopenia in older adults.
However, further studies are still needed to understand the behavior of this screening tool.

Trial registration CRD42023424392.
Keywords Epidemiology, Geriatrics, Sarcopenia, Ishii test, Screening

Introduction

Sarcopenia is defined as a musculoskeletal disorder
characterized by reduced muscle mass and strength. It
is considered an important public health problem, since
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Due to its great impact on the life of the affected indi-
vidual (mostly older adults), the importance of an early
diagnosis by identifying sarcopenia in the early stages
may represent a valuable opportunity to plan and carry
out interventions and slow down the progression, and
consequently prevent future disabilities [6].

According to recent studies, the number of publica-
tions on sarcopenia has been growing every year [7-9],
and with that different study groups have developed
ways to standardize the conceptual approach to sarcope-
nia [1, 8, 10, 11]; however, there is a range of tools that
can be used for this assessment [8].

Therefore, most of the available tools, especially those
used to identify low skeletal muscle mass (SMM), which
are considered the gold standard for this evaluation and
strongly recommended by consensus, have high costs,
radiological characteristics that restrict their use, low
portability, and the need for specialized people for its
operation [12-14]; all of which makes it practically
impracticable to apply the standard algorithms, and con-
sequently makes it difficult to identify sarcopenia early
in community-dwelling, institutionalized or hospitalized
older adults [12-14].

By analyzing the need to explore simple, easy-to-operate,
and low-cost alternatives, some studies developed valid
screening tests and waited to identify sarcopenia as early
as possible [15]. An alternative that can be used to quickly
identify sarcopenia is the Ishii Test. It was developed by Ishii
Ishii et al. (2014), and uses an equation-derived score based
on three items: age, handgrip strength, and calf circumfer-
ence, which are easy to perform to calculate the probability
of developing sarcopenia [15, 16]. According to Ishii et al.
[16] and Zhu et al. [12], the score generated by the test can
be used to predict future adverse events, in addition to pre-
senting high sensitivity and specificity for identifying sar-
copenia. The final score is also associated with worsening
in the general functional status of older adults [17], which
makes it strongly predictive of the onset of sarcopenia in
older adults from different contexts [13, 18].

Although the Ishii Test is recommended by the Euro-
pean Working Group on Sarcopenia in Older People
(EWGSOP2) [19], the use of this technique is still little
explored in the clinical context and the scientific litera-
ture. In a systematic review carried out in 2023 by Huang
et al. [20], it was found that the Ishii Test had good sensi-
tivity and specificity for screening sarcopenia when com-
pared to the other consensus.

According to Tang et al. [15], this can be explained
because the test was developed in the Japanese popu-
lation and only validated in the Chinese population
until mid-2018; moreover, few changes have been made
regarding the validity and use in other regions of the
world. Therefore, despite being recommended by the
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consensus most used by researchers and clinicians, it is
still necessary to investigate the use of the test and its
final evaluation in different populations.

Given the low number of studies on the subject, the
question about its validity in older adults around the
world, and the absence of reviews which show the impor-
tance of this evaluation method, the present systematic
review has the main objective to conduct a literature sur-
vey on the use of the Ishii test for screening sarcopenia in
older adults in different contexts. Associated with this,
this work will verify the accuracy of the Ishii Test accord-
ing to the reference measure to which it was compared.

Methods

The protocol for this review was registered in the Pro-
spective Register of Systematic Reviews (PROSPERO)
(CRD42023424392). We followed the recommenda-
tions of Preferred Reporting Items for Systematic Review
and Meta-Analyses of Diagnostic Test Accuracy Stud-
ies guidelines (PRISMA-DTA), and the Joanna Briggs
Institute’s (JBI) Assessing the Methodological Quality of
Systematic Reviews (AMSTAR) [21-24]. The research
question which conducted this review was based on the
PIRD (population, index test, reference test, and diag-
nosis of interest) acronym, namely: “Can the Ishii test be
used to screen for sarcopenia, compared to other diagnos-
tic methods, in older people inserted in different contexts?”

Eligibility criteria

Eligibility criteria were established according to the PICO
strategy: I) Studies with older adults (60 years or more) of
both genders. The choice of 60 years as the minimum age
limit can be explained because the World Health Organi-
zation establishes this parameter to consider the older
population in developing countries [25]; II) no year or
language restriction; III) Studies which aimed to evalu-
ate sarcopenia using the Ishii Test and another diagnostic
criteria; VI) Studies which examined the diagnostic accu-
racy of the Ishii test against a widely accepted diagnostic
criteria (i.e. sarcopenia consensus).

Articles were excluded if they: a) assessed sarcopenia
using other diagnostic methods; b) were carried out with
participants younger than 60 years old; c) were not pub-
lished in a peer-reviewed journal and published as edito-
rials, letters, comments on previously published articles,
review articles with data based on meetings or reposito-
ries of dissertations and theses, and all gray literature (i.e.
congress proceedings) were also excluded.

Search strategy and research information

The search was conducted in three databases: Med-
Line, Web of Science, and Scopus, from inception until
August 2023. We included terms with wider meanings
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in addition to “Ishii” to avoid search omissions [26]. The
search strategy was developed using the Medical Subject
Heading (MeSH) descriptors considering the following
standardized formula for all databases: Ishii AND sar-
copenia AND screening AND accuracy AND (older or
"older people” OR elderly).

Selection process and data extraction

The results after searching the databases were exported
to Rayyan® (Qatar Computing Research Institute — Data
Analytics, Doha, Qatar), a web-based software which
facilitates collaboration between reviewers during the
study selection process. Titles, abstracts, and full text
were assessed by two investigators independently to
identify eligible studies (WSB and PRSM). Any disagree-
ments were resolved by a third researcher, who evaluated
the study and made the final decision (SGGFM). After
inclusion of articles, the list of references was manually
checked by reviewers in search of new studies that met
the eligibility criteria.

Data from the included articles were extracted by a
reviewer (PRSM) and checked by a second examiner
(SGGFM). At this stage, a standardized form was used
in Excel® which contained information presented in
Tables 1 and 2 (supplementary file 01).

Methodological quality

The Quality Assessment of Diagnostic Accuracy Stud-
ies (QUADAS-2) was used to assess the risk of bias in
four dimensions (patient selection, index text, reference
standard and low and timing). Based on the responses
obtained, the risk of bias can be classified as low, high,
or unclear. Two independent reviewers (WSB and PRSM)
assessed the quality of the included studies.

Data analysis

Descriptive data are presented in tables and graphs. A
summary receiver operating characteristic (SROC) curve
was constructed with the included studies that presented
AUC data and confidence interval (95%), according to
gender and considering all reference consensuses. Only
studies which presented AUC and 95%CI values for both
sexes were considered to carry out this test, with 9 stud-
ies being considered at this stage.

According to Spick et al. [33], ROC curves show the
trade-off between sensitivity and specificity, whereby a
test can be more sensitive (by over-diagnosing disease) at
the cost of being less specific (more false positives), and
vice versa. A test that was 100% sensitive and 100% spe-
cific would generate an area under the curve (AUROC) of
exactly 1, and generally values closer to 1 indicate better
diagnostic performance.
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Finally, the degree of heterogeneity of the studies
included in the SROC was measured using I, with I val-
ues of 25, 50, and 75%, indicating low, moderate, and high
heterogeneity, respectively [34]. A Z-test was performed to
compare the pooled sensitivity or specificity of Ishii Test
for each gender, according to diagnostic criteria (p < 0.05
indicated significant differences). All analyzes were per-
formed using the MedCalc 22.09® program.

Results

Selection of studies

A total of 3,298 references were identified in the initial
search carried out in the databases, of which 570 were
excluded due to duplicity. After reading the titles and
abstracts, 2,708 articles were excluded and a total of 19
had their full text read to check eligibility. At this stage,
10 references were excluded for not meeting the crite-
ria adopted for this review. A manual search was then
carried out and two articles included in this work were
checked. Details on the study identification procedure
can be seen in Fig. 1 and the main characteristics of the
included studies are summarized in Table O1.

Characteristics of selected studies

A total of 11 studies were selected. A total sample of
6,885 participants of both sexes were assessed, with a
mean age of at least 63 to 84 years old. Studies were car-
ried out with older adult residents in different places,
three of which were carried out in hospitals [14, 15, 27],
five in communities [16, 18, 31, 35], two in nursing home
care [12, 13] and one in ambulatory [9]. The characteris-
tics of the study can be found in Table 1.

Ishii formula and cut-off points used
The original study [16], which is also included in this sys-
tematic review, developed a mathematical equation com-
prising the variables of age, handgrip strength and calf
circumference according to gender, with cut-off points of
> 105 points for men and > 120 points for women.
Studies by Erdogan et al. [9], Lin et al. [13], and Huang
et al. [20] only used the values determined by the original
study (=105 points for men and > 120 points for females).
Thus, [12, 18, 27, 31] developed new cut-off points based
on their populations using the Youden Index statistical
method. Li Min et al. [14] developed new cut-off points;
however, the values found were the same as the original.
Therefore, we see that the new values found vary, being
lower than the original for men and women in the stud-
ies by Alsadany et al. [27], Chen et al. [18], and Ding
et al. [28], and higher for both sexes in the study by Zhu
et al. [12]. Locquet et al. [31] developed new values using
the different sarcopenia consensuses as a standard for
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Table 2 The accuracy of the Ishii score chart in predicting sarcopenia
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Study Accuracy values

Sensitivity Specificity PPV NPV AUC (95% 1C)

%
Alsadany et al. (2021) [27] Men

87 75 75 86 0.93 (0.83 10 0.98)

Women

80 78 93 76.6 0.86 (0.79 t0 0.98)
Chenetal, (2021) [18] Men

Original cut-off point

64.94 85.46 64.94 92 NR

New cut-off point

70.65 81.35 70.65 92 0.81(0.75t0 0.86)

Women

Original cut-off point

46.91 9322 46.91 90 NR

New cut-off point

7531 799 7531 94 0.84 (0.80 t0 0.89)
Ding et al,, (2023) [28] Men

932 59.1 79.07 838 0.83(0.75 t0 0.90)

Women

933 64.7 5283 95.6 0.84 (0.77 t0 0.93)
Erdogan et al, (2021) [32] Probable sarcopenia

84 (78.1-88.9) 86.1(84.2-87.9) 84 (78.1-88.9) 97.6 84 (78.1t0 88.9)

Confirmed sarcopenia

100 (71.5-100) 83.9(82-85.7) 100 (71.5-100) 100 100 (71.5 to 100)

Severe sarcopenia

100 (47.8-100) 84.6 (82.6-86.3) 100 (47.8-100) 100 100 (47.8 to 100)
Huang et al,, 2023 [20, 29] Total

71.0 75.0 280 95.0 0.73 (0.67 t00.79)
Ishii et al. (2014) [16] Men

84.9 88.2 849 97.2 0.940 (0.92-0.95)

Women

755 92.0 75.5 93.0 0.91 (0.88 100.93)
Lietal, (2019) [14] AWGS Men

889 70.6 NR NR 0.87 (0.61 10 0.83)

Women

77.8 68.6 NR NR 0.78 (0.65t0 0.91)
Li Min et al,, (2018) [30] AWGS Men

88.0 73.0 NR NR 0.91 (0.82-1.00)

Women

82 82 NR NR 0.85 (0.76-0.95)
Linetal. (2021) [13] Men

94.83 56.41 94.83 0.88 0.86 (,0.78-0.94)

Women

82.05 85.71 82.05 0.89 0.85 (0.77-0.94)
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Study Accuracy values
Sensitivity Specificity PPV NPV AUC (95% IC)
Locquet et al. (2017) [31] EWGSOP criteria
89.70 80.9 (76.5-85.3) 89.70 96.3 (94.2-98.4) 0.85 (0.80-0.90)
EWGSOP?2 criteria

Zhuetal. (2022) [12]

84.3(80.2-88.4)
IWGS criteria
86.8 (83.0-90.6)

77.7 (73.0-82.4)

74.3 (69.4-79.2)

84.3 (80.2-88.4)

86.8 (83.0-90.6)

Society of Sarcopenia, Cachexia, and Wasting Disorders criteria

100.0 (100-100)
AWGS criteria

100.0 (100-100)
Total

74.1 (69.2-79.0)

74.9 (70.0-79.8)

89.6 83.3
Men

85 77.2
Women

96.3 88

100.0 (100-100)

100.0 (100-100)

89.6

85

96.3

97.7 (96.0-99.4)

97.7 (96.0-99.4)

100.0 (100-100)

99.1 (98.0-100)

84.3 (80.2-88.4)

86.8 (83.0-90.6)

100.0 (100-100)

100.0 (100-100)

0.94 0.89 (0.84-0.93)
0.88 0.82(0.74-0.91)
0.92 0.83(0.73-0.92)

NR: Not reported, EWGSOP European Working Group on Sarcopenia in Older People, IWGS International Working Group on Sarcopenia, AWGS Asian Working Group for
Sarcopenia, FNIH Foundation for the National Institutes of Health, PPV Positive predictive value, NPV Negative predictive value, AUC Area under the curve

Identification of studies via databases and registries (References) ]

Records removed before
— | screening:

Duplicate records removed (n
=66)

Records not retrieved
(n=NA)

\4

Records excluded (n=210)

[ Identification of studies via databases and registries J
—
Records removed before
g screening:
= . . X Duplicate records removed (n
§ | | Records identifed from: | =570 Records identified from:
£ pa aisfe?is(n(?m 1298) > Records marked as ineligible Manual searching (n = 278)
H 9 by automation tools (n = 0)
2 Records removed for other
| reasons (n = 0)
_—
v
—
Records screened. > Records excluded.
(n=2,728) (n=2,708)
Records sought for retrieval .| Records not retrieved Records sought for retrieval
2| | = T tn=na) (n=NA)
=
@
: ! !
o
»
N Records excluded (N=10) o
Records assessed for eligibility o Age less than 60 years old Records assessed for eligibility
(n=19) I (ne5) (n=212)
Meeting abstract (n=1)
Did not relate to the main
theme (n=2)
A systematic review (n=1)
_—
o
3 Studies included in review
2 (n=9)
£ Manual searching (n =2)

Fig. 1 Flowchart of studies found for this review
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comparison [1, 10, 11, 36, 37], which used values ranging
from 11.1 to 128.5 for both men and women.

Number of cases and prevalence of sarcopenia

The number of cases and the prevalence of older adults
with sarcopenia using the Ishii Test were only observed
in the studies by Erdogan et al. (2021), Ishii et al. (2014,
and Li Min et al. (2019), and compare the values found
with the international consensus [1, 10, 11, 36, 37]. It was
seen that when using the Ishii Test, the prevalence of sar-
copenia was lower when compared to the gold standard
method, except in the study by Li Min et al. (2019), who
verified the difference of only one case compared to the
AWGS (N=36 vs N=35, respectively). In observing the
prevalence of sarcopenia using the consensus as diag-
nostic criteria (L.-K. Chen et al., 2014; Cruz-Jentoft et al.,
2010; Fielding et al., 2011; Morley et al.,, 2011; Studenski
et al.,, 2014)(L.-K. Chen et al., 2014; Cruz-Jentoft et al.,
2010; Fielding et al., 2011; Morley et al,, 2011; Studen-
ski et al., 2014), it is noted that there is a variation in the
results, depending on the method used.

Comparative results of sensibility and specificity of the Ishii
Test based on different diagnostic criteria

Figures S1 A and B and Figure S2 C and D (supplemen-
tary material) show the summary comparison of sensitiv-
ity and specificity results between the test measure (Ishii’s
Formula) and the sarcopenia consensus according to gen-
der. It can be observed that the Ishii Test showed greater
sensitivity when compared to AWGS1 and greater speci-
ficity when compared to EWGSOP], for both men and
women. There was no significant difference between the
variables for the Z test results.

Screening probability using the Ishii test

In analyzing the results of the diagnostic accuracy of the
Ishii Test (sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and Area Under
the Curve (AUC)) for screening sarcopenia in the articles
included (Supplementary file 01).

Considering the original cut-off values according to
gender, the screening test was more sensitive for men
and more specific for women in the studies by Ishii et al.
(2014) and Lin et al. (2021), whereas in the study by Zhu
et al. (2022) there was a greater sensitivity and specificity
for women; while in Li Min et al. (2019) there was better
performance of accuracy for men. However, despite dif-
ferences in results between genders, all studies show that
the Ishii Test has good sensitivity and specificity in men
and women, proving capable of identifying the presence
of sarcopenia when necessary.

In the study by Huang et al. (2023), the sensitivity and
specificity values were lower than 75% when compared to
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other screening methods; however, the test proved to be
effective in screening for sarcopenia in cancer patients.
When looking at the PPV values for this study (26%), this
means that the probability of presenting the disease when
the test is positive is lower.

Locquet et al. [31] showed accuracy results accord-
ing to different criteria (EWGSOP1, EWGSOP2, IWGS,
Society of Sarcopenia, Cachexia and Wasting Disor-
ders and AWGS) [1, 10, 11, 36, 37], and it is possible to
observe that the Ishii Test had 100% sensitivity when
compared to the Society of Sarcopenia, Cachexia and
Wasting Disorders criteria and the AWGS and presented
better specificity (80.9%) with the EWGSODP2.

All values regarding NPV are greater than 87%, which
indicates a good probability that the individual is not sar-
copenic in case the test is negative. However, PPV values
are low, indicating that the probability of having sarcope-
nia when the test is positive is lower; in addition, there is
a variation in these values (14.5 — 46.7) depending on the
criterion used (consensus).

For new cut-off points, five studies [14, 18, 27, 28, 32]
developed new values for sarcopenia screening. In Chen’s
study, it is possible to analyze the comparison between
the accuracy according to the new and original values,
and it is observed that sensitivity for both genders is less
than 70% when using the values established by Ishii et al.
[16], which changes when considering the new cut-off
values; however, the sensitivity reduces when comparing
with the original.

The study by Alsadany et al. [27] uses the values of
115 and 110 and observes greater sensitivity in men and
greater specificity in women. Erdogan et al. [32] verified
the diagnostic capacity of the Ishii test in the different
degrees of sarcopenia and observed that there was 100%
sensitivity and NPV for confirmed and severe sarcopenia,
however, the PPV value was lower than the other studies
analyzed. The new cut-off values in Ding’s study present
good sensitivity for both sexes; however, the specificity
of the test was low when compared to other studies ana-
lyzed, especially for males. In the study by Li-Min et al.
(2019), the cut-off values were equal to those found by
Ishii et al. (2014), and showed good specificity and sensi-
tivity in screening for sarcopenia.

Summary of ROC curve
All studies showed AUC values above the considered
“value without discriminating power (0.500)”; therefore,
it is possible to say that the Ishii Test has good perfor-
mance for identifying sarcopenia in the evaluated older
people.

Figure 2A and B represent a summary of the ROC
curves of the studies included according to gender. For
this analysis, only articles that presented AUC Curve
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Fig.2 A Summary of the ROC curves for men; B Summary of the ROC curves for women

results for men and women were considered. It is possi-
ble to observe in both figures that the diamond is close to
the value 1, indicating that the Ishii test has good perfor-
mance for screening sarcopenia.

Regarding the heterogeneity of the studies (I? index), an
I? value equal to 60% was found for both women and 80%
for men, which shows moderate and high heterogeneity,
respectively.

Table 3 Risks relating to bias (QUADAS-2)

Methodological quality

Table 3 summarizes identified risks of bias for the studies
reviewed in this work established using the QUADAS-2
framework, with the proportion of studies by each risk
category shown in Fig. 1. Of these studies, the index test
and reference standard were low risk of bias in almost
studies, whereas patient selection and flow and timing
the risk of bias were high.

Study RISK OF BIAS

PATIENT SELECTION

INDEX TEST REFERENCE STANDARD FLOW

TIMING

Alsadany et al, 2021 [27]
Chenetal, 2021) [18]
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Lietal,2019[14]
Linetal, 2021 [13]
Locquet et al, 2017 [31]
Li Min et al,, 2018 [30]

Zhu et al, 2022 [12]
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Discussion

This systematic review had the main objective to verify
the use of the Ishii Test in older adults living in differ-
ent contexts, whether community or not; in addition, the
validity of this screening tool and the prevalence of sarco-
penia when used in this population group were verified.

Main findings

We observed that most of the studies were developed
in China, except for the studies by Erdogan et al. [32],
Alsadany et al. [27] and Locquet et al. [31]; therefore, the
validity of the test is practically restricted to the Asian
population. In turn, this review reinforces the need to
carry out more studies using this diagnostic method.
Corroborating this point of view, a review by Dent et al.
[38] concludes that despite the Ishii Test being an alter-
native, further validation studies are still needed, mainly
outside the Asian region. Furthermore, this work rein-
forces the need to encourage the use of this easily appli-
cable and low-cost measure by health professionals,
allowing rapid screening for sarcopenia and avoiding
future complications in the older adult population.

Prevalence and number of cases

Comparing the prevalence and number of cases of sarco-
penia using the gold standard methods and the Ishii Test,
it is observed that the prevalence is lower for the latter.
This can be explained because according to some studies
by Alsadany et al. [27] and Chen et al. [18], the Ishii Test
works better to rule out those cases at risk of sarcopenia,
which is different from what is proposed by consensus and
gold standard methods that aim to identify those who are
really affected by the disease (rule-in); therefore, the chance
of finding truly sarcopenic people using this screening test
is lower when compared to traditional methods.

There is also heterogeneity of values in analyzing the
prevalence of sarcopenia when using different consen-
suses. This corroborates with what was seen by Fer-
nandes et al. [8] when analyzing studies carried out in
communities of older adults from different locations, and
observed a variation from 2.4 - 35.05%. This prevalence
range was also observed in older residents in nursing
home care and institutionalized [17, 39, 40].

According to previous studies [41-44], this variation in
values depends on the cut-off points and consensus used.
As an example, we can highlight the study by Qian et al.
(2024), which observed a difference in prevalence in older
Chinese adults when using the AWGS 2019 (70.5%) and
the AWGS 2014 (11.22%), and which can be explained
due to the increased cut-off values for gait speed and
handgrip strength in men. Another study carried out
by Fernandes et al. [8] observed the same heterogeneity
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pattern in the prevalence of sarcopenia depending on the
diagnostic methods used. Therefore, we can reinforce
that different evaluation methods and instruments and
the studied population influence the cases of sarcopenia.

Ishii test, mathematical formula, and cut-off point

The included studies used the Ishii Equation, which is
based on the following variables: age, calf circumference,
and handgrip strength. According to Ishii et al. [16], the
choice of these variables was due to the significant cor-
relations about strength and muscle mass, essential ele-
ments for the screening of sarcopenia, and which are also
used in the gold-standard diagnostic criteria.

However, some studies have developed new cut-off val-
ues based on their specific populations, so according to
Arango-Lopera et al. [45], it is possible to produce incon-
sistent results when using original cut-off values in geno-
type and phenotypically distinct populations; associated
with this, the calf circumference and handgrip strength
variables are sensitive to ethnic differences, such as gen-
der, race and body composition, which may influence the
identification of sarcopenia [46—48].

It is clear in the literature that the cut-off values influ-
ence the ability to identify or not the studied outcome,
increasing or reducing the sensitivity and specificity of
the test. Corroborating this information, Chen et al. [18]
shows that when using the new cut-off values, the test’s
prediction sensitivity increased from 46.9 to 75.3% in
women and from 64.9 to 70.65% in men. Similar to these
findings, Shuyue Lou et al. [49] also found that the NPV,
which is directly linked to test sensitivity, was 98% in both
sexes when using new cut-off values.

In studies by Edorgan et al. [32] and Locquet et al. [31],
sensitivity and NPV reached 100% in certain situations
when developing new reference values, which may mean
that the new values created were too rigorous. Moreover,
there is a risk of specificity and PPV having lower values
with sensitivity values so high, increasing the risk of false
positives [50].

Diagnostic accuracy

Sensitivity and specificity

The Ishii Test showed high sensitivity and specificity in
almost all evaluated studies. Like our findings, the review
carried out by Huang et al. (2023) shows that the Ishii
score has superior specificity (0.85, 95%CI; 0.77-0.90) for
diagnosing sarcopenia. Only Ding et al. [28] presented
low specificity values for both men and women, suggest-
ing that there was a greater possibility of overestimation
of sarcopenia in the studied population, which, unlike
other studies, was composed of cancer patients.
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According to McNamara et al. [51], these qualities
make the test a good option for screening; therefore,
greater sensitivity shows that the Ishii Test can identify
individuals at risk of developing sarcopenia, enabling
screening and early interventions, being beneficial for
clinical practice and for the health of the older adult
population [31, 32].

Good sensitivity and specificity results are expected
when using the Ishii Test when compared to other
screening instruments such as the SARC-F [52] or the
Screening grid [53], since the variables contained in the
equation are present or indirectly linked to what is used
in the original assessment. Based on these observations,
it is possible to affirm that the Ishii Test is valid and reli-
able in screening sarcopenia in the older adults evaluated
associated with poor functional status [17, 54].

Overall, the Ishii test exhibited high sensitivity and
accuracy, which may be attributable to the fact that it
takes handgrip strength, which is itself a diagnostic cri-
terion for sarcopenia, into consideration [55]. While
handgrip strength is just one component of the overall
diagnosis of sarcopenia, it can be assessed in an inex-
pensive, convenient, and portable manner in contrast
to DXA and BIA, highlighting its potential value as a
screening tool [20, 55].

PPV, NPV, and AUC

All analyzed studies showed satisfactory NPV values
(accompanied by good sensitivity), which allows us to say
that the Ishii Test presents good performance in identify-
ing those who do not suffer from sarcopenia (rule-out).
For Trevithan (2017), a high NPV value is desirable,
which implies that false negative cases are minimized.
The studies by Ding, Ishii, Erdogan, Zhu, Lin, and Li Min
[12-14, 16, 28, 32] showed high PPV values, indicating
that the Test was able to identify those who presented the
condition in these specific populations.

However, the PPV values in Erdogan et al. [32], Loc-
quet et al. [31], Huang et al. [29], and Chen et al. [18]
were low, which strengthens the hypothesis that the Ishii
Test has a better performance when “excluding” (rule-
out) the possible cases. Therefore, according to Erdogan
et al. [32] and Chen et al. [18], even with low rates of
PPV, the tool would not ignore cases of sarcopenia; how-
ever, individuals could be detected as sarcopenic when
they do not have the disease, leading to the appearance
of false positives. Nevertheless, in some cases, especially
in screenings and that no damage is harmful, the appear-
ance of mistakenly positive cases may be acceptable, thus
protecting the older adult population from the target
condition [56].

Locquet et al. [31] showed that the PPV has var-
ied values depending on the reference method used,
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being higher when compared to the EWGSOP. A pos-
sible explanation for this is that the Ishii Test equation
was developed based on the EWGSOP. In addition, it is
worth mentioning that each screening algorithm consid-
ers other diagnostic criteria [8], such as gait speed, which
may influence the identification of sarcopenia and agree-
ment with the screening test. Huang et al. [29] presented
the lowest PPV value among the studies; however, unlike
the results of this review, this study compares the Ishii
Test with a new assessment tool which is still in the pro-
cess of being developed. Validation (AB3C model) and
possibly the nature of this tool, which contains subjective
measures such as the assessment of dietary diversity and
the definition of exercise intensity, may have led to infe-
rior results.

Finally, the AUC was higher in all of the studies
included than what is considered acceptable [57], pre-
senting values between 0.8-0.9, thus indicating that
the Ishii Test has an excellent discriminating property
between sarcopenic and non-sarcopenic patients in both
sexes. This information is confirmed when observing the
summary of the ROC curve presented in Fig. 2A and B,
where values close to 1 show good performance.

The moderate and high heterogeneity present in our
results can be explained due to the nature of the popu-
lation included in the primary articles, since there are
studies carried out in different regions of the world with
older people living in communities and hospitalized. As a
result, they present different sociodemographic and body
characteristics which will affect this result. A similar
observation was made by Lu et al. [26] when verifying the
accuracy of the SARC-F, another sarcopenia screening
instrument, in older adults from different contexts Fig. 3.

In summary, it was possible to analyze the use of the
Ishii Test in this review and identify the sensitivity, speci-
ficity, predictive values, as well as its applicability in dif-
ferent contexts. Furthermore, despite the variation in
the values found, it can be observed that this screening
method is considered a valid option for identifying sarco-
penia in the older adult population. Different guidelines
recommend different screening tools. If the accuracy of
different screening tools can be analyzed and compared
under the same diagnostic criteria, it may provide new
ideas for researchers to perform sarcopenia screening in
different areas, thus promoting sarcopenia screening in
older adults [25].

Limitations and strengths

This review has important restrictions. First, the lack of
studies evaluating the Ishii Test in other regions makes
it difficult to extrapolate its use to older people living
in America and Europe; therefore, there is a need for
external validation studies. Second, the small number of
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INDEX TEST

QUADAS-2 Domain

PATIENT SELECTION

0% 20%
Fig. 3 Proportion of studies with low, high, or unclear risks of bias

participants included in the selected articles and the eli-
gibility criteria may influence the results found and make
it difficult to extrapolate the use of the screening tool to
other groups. Third, the use of variables sensitive to eth-
nic differences and the use of handgrip strength, where
the use of a dynamometer is necessary for its evaluation,
can reduce the ability to use the Ishii Test.

Finally, the absence of information such as true positives
(TP), false positives (FP), true negatives (TN), and false
negatives (FN) made it difficult to carry out a meta-anal-
ysis about sensitivity and specificity. Most of the studies
analyzed presented negative and positive predictive values;
however, according to Trikalinos et al. [58], predictive val-
ues depend on extremely broad prevalence estimates, so it
is rarely meaningful to combine them in a meta-analysis.

As strengths, we saw that this is the first systematic
review which analyzes the use of the Ishii Test in the older
adult population. In addition, it was possible to carry out
a detailed survey of the cut-off values and the diagnostic
accuracy of the test according to the place of residence of
the older person, showing in which situations the Ishii Test
presents a better performance for detecting sarcopenia.

Conclusion
The Ishii Test can be considered a useful tool for the early
identification of sarcopenia in older adults; however, fur-
ther studies are still needed to understand the behavior
of this screening tool. In addition, little is known about
the use of the Ishii Test in older adults living in long-
term care or nursing home care, so it is worth empha-
sizing the need for further investigation into these same
experiences.

Despite some limitations regarding its use, the Ishii
Test can have a positive impact on clinical practice, since

40% 60% 80% 100%

it is a low-cost test with easy applicability. Therefore, the
use of the Ishii Test will enable early identification of
sarcopenia, allowing quick and direct action, facilitating
management of the older adult by the health professional,
and helping to develop and strengthen public policies to
minimize the deleterious effects caused by sarcopenia.

Abbreviations

AUC Area Under the Curve

EWGSOP2 European Working Group on Sarcopenia in Older People

FN False negatives

FP False positives

JBI Joanna Briggs Institute

NPV Negative predictive value

PPV Positive predictive value

PRISMA-DTA  Preferred Reporting Items for Systematic Reviews and Meta-

Analyses-Diagnostic Test Accuracy

PROSPERO Prospective Register of Systematic Reviews
N True negatives
TP True positives

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512877-024-05155-2.

Supplementary Material 1.
Supplementary Material 2.
Supplementary Material 3.

Authors’ contributions

SGGFM: Writing — original draft, Methodology, Formal analysis, Data curation.
PRSM: Formal analysis, Data curation. WBS: Formal analysis, Data curation.
ACCM: Writing - review & editing, Writing — original draft, Supervision.

Funding

This study was financed by the Coordenagdo de Aperfeicoamento de Pessoal de
Nivel Superior - Brasil (CAPES) - Finance Code 001, “National Council for Scien-
tific and Technological Development — CNPq" and the Fundagéo de Amparo e
Promogdo da Ciéncia, Tecnologia e Inovagdo do Rio Grande do Norte (FAPERN).
The funders had no role in study design, data collection and analysis, decision
to publish, or preparation of the manuscript.


https://doi.org/10.1186/s12877-024-05155-2
https://doi.org/10.1186/s12877-024-05155-2

Macédo et al. BMC Geriatrics

(2024) 24:609

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 2 January 2024 Accepted: 17 June 2024
Published online: 17 July 2024

References

1.

Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et al.
Sarcopenia: European consensus on definition and diagnosis. Age Age-
ing. 2010;39:412-23. https://doi.org/10.1093/ageing/afq034.
Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyéere O, Cederholm T, et al.
Sarcopenia: revised European consensus on definition and diagnosis. Age
Ageing. 2019;48:16-31. https://doi.org/10.1093/ageing/afy 169.
Lauretani F, Russo CR, Bandinelli S, Bartali B, Cavazzini C, Di lorio A, et al.
Age-associated changes in skeletal muscles and their effect on mobility:
an operational diagnosis of sarcopenia. J Appl Physiol. 2003;95:1851-60.
https://doi.org/10.1152/japplphysiol.00246.2003.

Reginster J-Y, Cooper C, Rizzoli R, Kanis JA, Appelboom G, Bautmans |,

et al. Recommendations for the conduct of clinical trials for drugs to treat
or prevent sarcopenia. Aging Clin Exp Res. 2016;28:47-58. https://doi.org/
10.1007/540520-015-0517-y.

Kara M, Kaymak B, Frontera W, Ata A, RicciV, Ekiz T, et al. Diagnosing
sarcopenia: Functional perspectives and a new algorithm from the ISar-
CcoPRM. J Rehabil Med. 2021;53:rm00209. https://doi.org/10.2340/16501
977-2851.

Nishikawa H, Asai A, Fukunishi S, Takeuchi T, Goto M, OguraT, et al.
Screening Tools for Sarcopenia. In Vivo (Brooklyn). 2021;35:3001-9.
https://doi.org/10.21873/invivo.12595.

Bahat G, Yilmaz O, Kili¢ C, Oren MM, Karan MA. Performance of SARC-F in
regard to sarcopenia definitions, muscle mass and functional meas-
ures. J Nutr Health Aging. 2018;22:898-903. https://doi.org/10.1007/
512603-018-1067-8.

Fernandes S, Rodrigues da Silva E, New York B, Macedo P, Gongalves R,
Camara S, et al. Cutoff points for grip strength in screening for sarcopenia
in community-dwelling older-adults: a systematic review. J Nutr Health
Aging. 2022,26:452-60. https://doi.org/10.1007/512603-022-1788-6.
Erdogan T, Catikkas NM, Oren MM, Kilic C, Karan MA, Bahat G. Ishii test
for screening sarcopenia: performance in community-dwelling older
adults. Aging Clin Exp Res. 2022;34:785-91. https://doi.org/10.1007/
540520-021-01998-6.

Chen LK, Liu L-K, Woo J, Assantachai P, Auyeung T-W, Bahyah KS, et al.
Sarcopenia in Asia: consensus report of the Asian working group for sar-
copenia. J Am Med Dir Assoc. 2014;15:95-101. https://doi.org/10.1016/j.
jamda.2013.11.025.

Studenski SA, Peters KW, Alley DE, Cawthon PM, MclLean RR, Harris TB,

et al. The FNIH sarcopenia project: rationale, study description, confer-
ence recommendations, and final estimates. J Gerontol. 2014,69:547-58.
https://doi.org/10.1093/gerona/glu010.

Zhul, LiJ,LiM, Li Z Lin X, Liu L, et al. Accuracy of SARC-F, SARC-CalF,
and Ishii test in assessing severe sarcopenia in older adults in nursing
homes. J Nutr Health Aging. 2022;26:576-80. https://doi.org/10.1007/
$12603-022-1798-4.

Lin X, Li M, Li Z, Zhu L, Liu L, Chen X. Evaluation of four methods for the
assessment of sarcopenia in older adults in nursing homes. J Nutr Health
Aging. 2021;25:1119-23. https://doi.org/10.1007/512603-021-1680-9.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Page 13 of 14

Li M, Kong Y, Chen H, Chu A, Song G, Cui Y. Accuracy and prognostic
ability of the SARC-F questionnaire and Ishii’s score in the screening of
sarcopenia in geriatric inpatients. Br J Med Biol Res. 2019;52. https://doi.
0rg/10.1590/1414-431x20198204.

Tang T, Wu L, Yang L, Jiang J, Hao Q, Dong B, et al. A sarcopenia screening
test predicts mortality in hospitalized older adults. Sci Rep. 2018;8:2923.
https://doi.org/10.1038/541598-018-21237-9.

Ishii S, Tanaka T, Shibasaki K, Ouchi Y, Kikutani T, Higashiguchi T, et al.
Development of a simple screening test for sarcopenia in older adults.
Geriatr Gerontol Int. 2014;14:93-101. https://doi.org/10.1111/ggi.12197.
Morandi A, Onder G, Fodri L, Sanniti A, Schnelle J, Simmons S, et al. The
association between the probability of sarcopenia and functional out-
comes in older patients undergoing in-hospital rehabilitation. J Am Med
Dir Assoc. 2015;16:951-6. https://doi.org/10.1016/jjamda.2015.05.010.
Chen X, Hou L, Zhang Y, Luo S, Dong B. The accuracy of the Ishii score
chart in predicting sarcopenia in the elderly community in Chengdu.
BMC Geriatr. 2021;21:296. https://doi.org/10.1186/512877-021-02244-4.
Cruz-Jentoft AJ, Sayer AA. Sarcopenia. Lancet. 2019;393:2636-46. https://
doi.org/10.1016/5S0140-6736(19)31138-9.

Huang L, Shu X, Ge N, Gao L, Xu P, Zhang Y, et al. The accuracy of screen-
ing instruments for sarcopenia: a diagnostic systematic review and meta-
analysis. Age Ageing 2023;52. https://doi.org/10.1093/ageing/afad152.
Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD,
The PRISMA, et al. statement: an updated guideline for reporting system-
atic reviews. BMJ. 2020;2021:n71. https://doi.org/10.1136/bmj.n71.
Moola S, Munn Z, Sears K, Sfetcu R, Currie M, Lisy K, et al. Conducting
systematic reviews of association (etiology). Int J Evid Based Healthc.
2015;13:163-9. https://doi.org/10.1097/XEB.0000000000000064.
Salameh J-P, Bossuyt PM, McGrath TA, Thombs BD, Hyde CJ, Macaskill P,
et al. Preferred reporting items for systematic review and meta-analysis of
diagnostic test accuracy studies (PRISMA-DTA): explanation, elaboration,
and checklist. BMJ. 2020:m2632. https://doi.org/10.1136/bmj.m2632.
Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, et al. AMSTAR 2:
a critical appraisal tool for systematic reviews that include randomised
or non-randomised studies of healthcare interventions, or both. BMJ.
2017:j4008. https://doi.org/10.1136/bm; j4008.

Qian S, Zhang S, Lu M, Chen S, Liu L, Liu S, et al. The accuracy of screening
tools for sarcopenia in older Chinese adults: a systematic review and
meta-analysis. Front Public Health. 2024;12. https://doi.org/10.3389/
fpubh.2024.1310383.

Lu J-L, Ding LY, Xu Q, Zhu S, Xu X-Y, Hua H-X, et al. Screening accu-

racy of SARC-F for sarcopenia in the elderly: a diagnostic meta-

analysis. J Nutr Health Aging. 2021;25:172-82. https://doi.org/10.1007/
$12603-020-1471-8.

Alsadany MA, Sanad HT, Elbanouby MH, Ali S. Detecting a valid screening
method for sarcopenia in acute care setting. J Frailty Sarcopenia Falls.
2021;6:111-8. https://doi.org/10.22540/JFSF-06-111.

Ding L, Wang X, Mao T, Li J. Diagnostic value of serum creatinine and
cystatin-c-based indices and ishii score in cancer-related sarcopenia.
Diagnostics. 2023;13:2179. https://doi.org/10.3390/diagnostics13132179.
Huang S-W, Long H, Mao Z-M, Xiao X, Chen A, Liao X, et al. A nomogram
for optimizing sarcopenia screening in community-dwelling older adults:
AB3C MODEL. J Am Med Dir Assoc. 2023;24:497-503. https://doi.org/10.
1016/jjamda.2023.02.001.

Li Min, Song Guiqi, Ren Haiyan, Wei Xueping, Qu Qimei. The application
of Ishii’s scores in the screening for sarcopenia in community elderly. Chin
Nurs Manag. 2018;18.

Locquet M, Beaudart C, Reginster J-Y, Petermans J, Bruyére O. Compari-
son of the performance of five screening methods for sarcopenia. Clin
Epidemiol. 2017;10:71-82. https://doi.org/10.2147/CLEPS148638.
ErdoganT, Eris S, Avci S, Oren MM, Kucukdagli P, Kilic C, et al. Sarcopenia
quality-of-life questionnaire (SarQolL)®: translation, cross-cultural adapta-
tion and validation in Turkish. Aging Clin Exp Res. 2021;33:2979-88.
https://doi.org/10.1007/s40520-020-01780-0.

Spick M, Lewis HM, Wilde MJ, Hopley C, Huggett J, Bailey MJ. Systematic
review with meta-analysis of diagnostic test accuracy for COVID-19 by
mass spectrometry. Metabolism. 2022;126:154922. https://doi.org/10.
1016/j.metabol.2021.154922.

Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-analysis.
Stat Med. 2002;21:1539-58. https://doi.org/10.1002/sim.1186.


https://doi.org/10.1093/ageing/afq034
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1152/japplphysiol.00246.2003
https://doi.org/10.1007/s40520-015-0517-y
https://doi.org/10.1007/s40520-015-0517-y
https://doi.org/10.2340/16501977-2851
https://doi.org/10.2340/16501977-2851
https://doi.org/10.21873/invivo.12595
https://doi.org/10.1007/s12603-018-1067-8
https://doi.org/10.1007/s12603-018-1067-8
https://doi.org/10.1007/s12603-022-1788-6
https://doi.org/10.1007/s40520-021-01998-6
https://doi.org/10.1007/s40520-021-01998-6
https://doi.org/10.1016/j.jamda.2013.11.025
https://doi.org/10.1016/j.jamda.2013.11.025
https://doi.org/10.1093/gerona/glu010
https://doi.org/10.1007/s12603-022-1798-4
https://doi.org/10.1007/s12603-022-1798-4
https://doi.org/10.1007/s12603-021-1680-9
https://doi.org/10.1590/1414-431x20198204
https://doi.org/10.1590/1414-431x20198204
https://doi.org/10.1038/s41598-018-21237-9
https://doi.org/10.1111/ggi.12197
https://doi.org/10.1016/j.jamda.2015.05.010
https://doi.org/10.1186/s12877-021-02244-4
https://doi.org/10.1016/S0140-6736(19)31138-9
https://doi.org/10.1016/S0140-6736(19)31138-9
https://doi.org/10.1093/ageing/afad152
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1097/XEB.0000000000000064
https://doi.org/10.1136/bmj.m2632
https://doi.org/10.1136/bmj.j4008
https://doi.org/10.3389/fpubh.2024.1310383
https://doi.org/10.3389/fpubh.2024.1310383
https://doi.org/10.1007/s12603-020-1471-8
https://doi.org/10.1007/s12603-020-1471-8
https://doi.org/10.22540/JFSF-06-111
https://doi.org/10.3390/diagnostics13132179
https://doi.org/10.1016/j.jamda.2023.02.001
https://doi.org/10.1016/j.jamda.2023.02.001
https://doi.org/10.2147/CLEP.S148638
https://doi.org/10.1007/s40520-020-01780-0
https://doi.org/10.1016/j.metabol.2021.154922
https://doi.org/10.1016/j.metabol.2021.154922
https://doi.org/10.1002/sim.1186

Macédo et al. BMC Geriatrics

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

(2024) 24:609

Wu B, LyuY, Bin, Cao ZJ, Wei Y, Shi WY, Gao X, et al. Associations of sarco-
penia, handgrip strength and calf circumference with cognitive impair-
ment among Chinese Older adults. Biomed Environ Sci. 2021;34:859-70.
https://doi.org/10.3967/bes2021.119.

Fielding RA, Vellas B, Evans WJ, Bhasin S, Morley JE, Newman AB, Interna-
tional Working Group on Sarcopenia, et al. Sarcopenia: An Undiagnosed
Condition in Older Adults. Current Consensus Definition: Prevalence, Eti-
ology, and Consequences. J Am Med Dir Assoc 2011;12:249-56. https.//
doi.org/10.1016/jjamda.2011.01.003.

Morley JE, Abbatecola AM, Argiles JM, Baracos V, Bauer J, Bhasin S, et al.
Sarcopenia with limited mobility: an international consensus. J Am Med
Dir Assoc. 2011;12:403-9. https://doi.org/10.1016/jjamda.2011.04.014.
Dent E, Woo J, Scott D, Hoogendijk EQ. Sarcopenia measurement in
research and clinical practice. Eur J Intern Med. 2021;90:1-9. https://doi.
0rg/10.1016/).€jim.2021.06.003.

Vetrano DL, Landi F, Volpato S, Corsonello A, Meloni E, Bernabei R, et al.
Association of sarcopenia with short- and long-term mortality in older
adults admitted to acute care wards: results from the CRIME study. J
Gerontol A Biol Sci Med Sci. 2014,69:1154-61. https://doi.org/10.1093/
gerona/glu034.

Rossi AP, Fantin F, Micciolo R, Bertocchi M, Bertassello P, Zanandrea V, et al.
Identifying sarcopenia in acute care setting patients. J Am Med Dir Assoc.
2014;15:303.e7-303.e12. https://doi.org/10.1016/jjamda.2013.11.018.
Fernandes SGG, Limade Andrade LE, dos Santos Aguiar Gongalves RS,
Airesda Camara SM, Guerra RO, Cavalcanti Maciel AC. Cut-off points to
screening for sarcopenia in community-dwelling older people residents
in Brazil. PeerJ. 2021;9:38. https://doi.org/10.7717/peerj.12038.

Sims EL, Keefe FJ, Kraus VB, Guilak F, Queen RM, Schmitt D. Racial differ-
ences in gait mechanics associated with knee osteoarthritis. Aging Clin
Exp Res. 2009;21:463-9. https://doi.org/10.1007/BF03327442.

Bijlsma AY, Meskers CGM, Ling CHY, Narici M, Kurrle SE, Cameron ID, et al.
Defining sarcopenia: the impact of different diagnostic criteria on the
prevalence of sarcopenia in a large middle aged cohort. Age (Omaha).
2013;35:871-81. https://doi.org/10.1007/511357-012-9384-z.

Bahat G, Tufan A, Kilic C, Karan MA, Cruz-Jentoft AJ. Prevalence of
sarcopenia and its components in community-dwelling outpatient older
adults and their relation with functionality. Aging Male. 2020;23:424-30.
https://doi.org/10.1080/13685538.2018.1511976.

Arango-Lopera VE, Arroyo P, Gutiérrez-Robledo LM, Perez-Zepeda MU,
Cesari M. Mortality as an adverse outcome of sarcopenia. J Nutr Health
Aging. 2013;17:259-62. https://doi.org/10.1007/512603-012-0434-0.
Sawada S, Ozaki H, Natsume T, Deng P, Yoshihara T, Nakagata T, et al. The
30-s chair stand test can be a useful tool for screening sarcopenia in
elderly Japanese participants. BMC Musculoskelet Disord. 2021;22:639.
https://doi.org/10.1186/512891-021-04524-x.

Bahat G, Kilic C, Ozkok S, Ozturk S, Karan MA. Associations of sarco-

penic obesity versus sarcopenia alone with functionality. Clin Nutr.
2021;40:2851-9. https://doi.org/10.1016/j.cInu.2021.04.002.

Phillips A, Strobl R, Vogt S, Ladwig K-H, Thorand B, Grill E. Sarcope-

nia is associated with disability status—results from the KORA-Age
study. Osteoporosis Int. 2017;28:2069-79. https://doi.org/10.1007/
s00198-017-4027-y.

Shuyue Luo, Xiaoyan Chen, Lisha Hou, Jirong Yue, Xiaolei Liu, Xin Xia, et al.
Analysis of the Accuracy of the Ishii Test in Diagnosing Severe Sarcopenia
among Multi- ethnic Middle-aged to Older Adults: Results From the West
China Health and Aging Trend Study. Res Sqg. 2022.

Trevethan R. Sensitivity, specificity, and predictive values: foundations, pli-
abilities, and pitfalls in research and practice. Front Public Health. 2017;5.
https://doi.org/10.3389/fpubh.2017.00307.

McNamara LA, Martin SW. Principles of Epidemiology and Public Health.
Principles and Practice of Pediatric Infectious Diseases, Elsevier; 2018, p.
1-9.e1. https://doi.org/10.1016/B978-0-323-40181-4.00001-3.

Malmstrom TK, Morley JE. SARC-F: a simple questionnaire to rapidly
diagnose sarcopenia. J Am Med Dir Assoc. 2013;14:531-2. https://doi.org/
10.1016/jjamda.2013.05.018.

Goodman MJ, Ghate SR, Mavros P, Sen S, Marcus RL, Joy E, et al. Develop-
ment of a practical screening tool to predict low muscle mass using
NHANES 1999-2004. J Cachexia Sarcopenia Muscle. 2013;4:187-97.
https://doi.org/10.1007/513539-013-0107-9.

OnoueY, Izumiya Y, Hanatani S, Tanaka T, Yamamura S, Kimura Y, et al.

A simple sarcopenia screening test predicts future adverse events in

55.

56.

57.

58.

Page 14 of 14

patients with heart failure. Int J Cardiol. 2016;215:301-6. https://doi.org/
10.1016/j.jcard.2016.04.128.

Luo S, Chen X, Hou L, Yue J, Liu X, Xia X, et al. Cut-off points of the Ishii
test to diagnosing severe sarcopenia among multi-ethnic middle-aged
to older adults: results from the West China Health and Aging Trend
study. Front Med (Lausanne) 2023;10. https://doi.org/10.3389/fmed.2023.
1176128.

van Stralen KJ, Stel VS, Reitsma JB, Dekker FW, Zoccali C, Jager KJ. Diag-
nostic methods I: sensitivity, specificity, and other measures of accuracy.
Kidney Int. 2009;75:1257-63. https://doi.org/10.1038/ki.2009.92.
Mandrekar JN. Receiver operating characteristic curve in diagnostic test
assessment. J Thorac Oncol. 2010;5:1315-6. https://doi.org/10.1097/JTO.
0b013e3181ec173d.

Trikalinos TA, Balion CM, Coleman Cl, Griffith L, Santaguida PL, Vander-
meer B, et al. Chapter 8: Meta-analysis of Test Performance When There
is a“Gold Standard!"J Gen Intern Med. 2012,27:56-66. https://doi.org/10.
1007/511606-012-2029-1.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.3967/bes2021.119
https://doi.org/10.1016/j.jamda.2011.01.003
https://doi.org/10.1016/j.jamda.2011.01.003
https://doi.org/10.1016/j.jamda.2011.04.014
https://doi.org/10.1016/j.ejim.2021.06.003
https://doi.org/10.1016/j.ejim.2021.06.003
https://doi.org/10.1093/gerona/glu034
https://doi.org/10.1093/gerona/glu034
https://doi.org/10.1016/j.jamda.2013.11.018
https://doi.org/10.7717/peerj.12038
https://doi.org/10.1007/BF03327442
https://doi.org/10.1007/s11357-012-9384-z
https://doi.org/10.1080/13685538.2018.1511976
https://doi.org/10.1007/s12603-012-0434-0
https://doi.org/10.1186/s12891-021-04524-x
https://doi.org/10.1016/j.clnu.2021.04.002
https://doi.org/10.1007/s00198-017-4027-y
https://doi.org/10.1007/s00198-017-4027-y
https://doi.org/10.3389/fpubh.2017.00307
https://doi.org/10.1016/B978-0-323-40181-4.00001-3
https://doi.org/10.1016/j.jamda.2013.05.018
https://doi.org/10.1016/j.jamda.2013.05.018
https://doi.org/10.1007/s13539-013-0107-9
https://doi.org/10.1016/j.ijcard.2016.04.128
https://doi.org/10.1016/j.ijcard.2016.04.128
https://doi.org/10.3389/fmed.2023.1176128
https://doi.org/10.3389/fmed.2023.1176128
https://doi.org/10.1038/ki.2009.92
https://doi.org/10.1097/JTO.0b013e3181ec173d
https://doi.org/10.1097/JTO.0b013e3181ec173d
https://doi.org/10.1007/s11606-012-2029-1
https://doi.org/10.1007/s11606-012-2029-1

	Use of the Ishii Test for screening sarcopenia in older adults: a systematic review with meta-analysis of diagnostic test accuracy (DTA) studies
	Abstract 
	Background 
	Objective 
	Methods 
	Results 
	Conclusion 
	Trial registration 

	Introduction
	Methods
	Eligibility criteria
	Search strategy and research information
	Selection process and data extraction
	Methodological quality
	Data analysis

	Results
	Selection of studies
	Characteristics of selected studies
	Ishii formula and cut-off points used
	Number of cases and prevalence of sarcopenia
	Comparative results of sensibility and specificity of the Ishii Test based on different diagnostic criteria
	Screening probability using the Ishii test

	Summary of ROC curve
	Methodological quality

	Discussion
	Main findings
	Prevalence and number of cases
	Ishii test, mathematical formula, and cut-off point
	Diagnostic accuracy
	Sensitivity and specificity
	PPV, NPV, and AUC​

	Limitations and strengths

	Conclusion
	References


