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Introduction

Sarcopenia is the age-related loss of muscle mass and 
strength defined by Rosenberg in 1989 (1). Even though 
sarcopenia treatment has been an acute problem, development 
of therapies of sarcopenia has lagged, partly because of the 
lack of consensus about definitions for this condition (2). 
Sarcopenia is highly prevalent in long-term care settings 
such as the assisted living unit where we did our research. 
For example about 85% of patients suffered from sarcopenia 
among institutionalized male elderly individuals in Turkey 
(3) and 32.8% were identified as affected by sarcopenia in 
the teaching nursing homes of Catholic University of Rome 
(4). Nevertheless, the prevalence of sarcopenia in older adults 
varied significantly when different diagnostic criteria have been 
applied (5). These variations may have been caused by different 
levels of its severity. Depending on the severity we would treat 
sarcopenia by different approaches. For that reason, estimation 
of sarcopenia severity is an important issue for its treatment 
in clinical practice. A few diagnostic tools which have been 
described previously (6) could be used effectively in practice. 
In this study we proceeded to  divide them according to their 
ability to recognize sarcopenia severity. 

When results of diagnostics methods are considered as 
directly measurable variables (items), we can effectively 
calculate their measuring ability to estimate condition according 
to severity by using the item response theory (IRT) (7-9). 
The essence of the IRT lies in the possibility to determinate 
the diagnostic property of all dichotomously or polytomously 

scored indicators and scales (10). IRT provides two very 
important parameters: 1) discrimination coefficient and 2) 
difficulty coefficient with a possible equivalent parameter of 
strictness. In this case the parameter of difficulty/strictness 
refers to what structural and physical condition rated on Likert 
scale the tested person must have in order to not be declared as 
sarcopenic. Therefore, specifically, the IRT approach allows 
us to assign for each examined person the highest probability 
degree of investigated latent construct/trait level (7, 11) - i.e. 
severity of sarcopenia. From a clinical point of view, less 
difficult/strict tests which patients are not able to perform 
may detect severe functional or structural impairment and by 
using highly difficult/strict tests we are better able to recognize 
impairment when it is still mild and consequently we can start 
the treatment on time (10, 12). Nonparametric models of the 
Moken scales (13, 14) represent an efficient IRT approach 
for detecting both the level of unidimensionality of tests and 
their difficulty and discrimination properties. These models 
are, unlike other approaches such as factor analysis or IRT 
parametric models, free of some strong preconditions (linearity 
between directly and indirectly measurable variables, the 
logistic shape of the item response function). For more on 
the principles and preconditions of their use see the section 
Statistics. The Mokken scales, which have already been used 
in previous studies assessing the aforementioned properties 
of the indicators, such as in IADL (15, 16), showed that more 
information concerning functional impairment can be obtained 
using the IRT methods than using a summed score (16, 17). 
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Therefore, the aim of the study was to examine if the four 
diagnostics tools reflect the same construct (sarcopenia) and 
how strict they are in their identification of sarcopenia and 
then to arrange them according to their abilities to estimate 
sarcopenia severity.

Materials and methods

Participants
The current study involved the participation of 77 elderly 

subjects (17 males and 60 females). Participants were selected 
by using purposeful sampling from population living in an 
assisted living unit at the Senior Centre in Blansko. The criteria 
of exclusion for participation in the study included: a cardio-
stimulator; metal implants; walking aids including canes; use 
of diuretic drugs; hand and wrist injuries. This study was 
approved by the Ethics Committee of the Charles University 
in Prague, and written informed consent was obtained from all 
participants.

Procedure
Sarcopenia was diagnosed by using calf circumference, 

EWGSOP algorithm, hand grip strength and SPPB according 
to the proposals of EWGSOP (6) as follow. Calf circumference 
measurements were obtained with a cloth tape at the location 
of the greatest circumference. Calf circumference <31 cm has 
been associated with sarcopenia (18). The EWGSOP algorithm 
is shown in Figure 1 (6). To measure body composition, 
the Professional Body Composition Analyser InBody 720 
- Biospace Co., Ltd. Korea was used. Skeletal muscle mass 
(SMM), which was determined by InBody 720 as a part of 
resulting protocol, was converted to the skeletal muscle mass 
index (SMI), by being divided by squared height (kg/m2). 
The cut-off point proposed by Janssen et al (19) for SMI using 
bioimpedance analysis BIA was for men: ≤10.75 kg/m2 and 
for women ≤6.75 kg/m2. Hand grip strength was measured by 
hand grip dynamometer (Takei TKK A5401 Digital Hand-grip 
Dynamometer). Cut-off points by gender were <30 Kg for men 
and <20 Kg for women according to Lauretani et al (20). A 4-m 
course test was used to measure gait speed. The absolute time(s) 
of completion the 4-m course was converted to a gait speed 
(m/s). The cut-off point was <0.8 m/s (18). 

There are three components of SPPB balance; gait speed 
and chair stand tests (21). The balance test included three timed 
standing positions with feet together, semi-tandem and tandem. 
Gait speed (s) was measured on 4-m course at a preferred/
comfortable walking speed, and in the chair stand test the 
participants completed five repetitive chair stands as quickly as 
possible without assistance from the upper limbs. SPPB score 
was the sum of the scores on these tests where every participant 
could reach a score between 0 - 4 points for each test. The 
results were defined as follows: sarcopenia 0-6; pre-sarcopenia 
7-9 and no sarcopenia 10-12 points in SPPB total score (21).

Statistics 
The nonparametric item response theory (NIRT) was used 

to evaluate the difficulty/strictness of four selected tests and 
for assessment of their discrimination property. Data were 
analyzed through the Mokken scaling analysis (MSA) package 
of freeware software «R» (22). The Mokken scaling analysis 
is a nonparametric method based on the principles of the IRT, 
the models produce an ordinal scale for comparison of tested 
persons with regard to the level of latent trait, which also allows 
to specify whether items are on hierarchy based means scores 
(16). In the Mokken scaling analysis, two probabilistic models 
can be used: either monotone homogeneous model (MHO) 
or double monotonous model (DMM) (13, 14, 23). The main 
difference between NIRT and IRT parametric models is that 
some strict rules are released from the NIRT models (24). 

The MHO model is based on the assumption of 
unidimensionality, local independence and monotony of the 
item response function (IRF) that must not decline on a scale 
in progress at any point. If these conditions are met, the person 
can be sorted according to their level of trait, only on the basis 
of a simple sum of the test scores (25). The MHO detects 
unidimensionality items by the coefficient of scalability, which 
was introduced by Loevinger (26). For each item, coefficients 
discrimination (Hi) within a defined scale are computed, which 
indicate whether a given item has a sufficient coherence on 
the scale. This Hi has values in the interval (0-1) wherein the 
lower value of this coefficient means a less discriminatory test 
(27). If each of the HiS coefficients is >0.3, then we can say, 
according to Mokken (11), that items create a unidimensional 
scale. From these HiS, the overall scale factor H is calculated, 
which measures the quality and strength of the Mokken scale. 
The scale with H≤0.3 is not considered unidimensional, H≤0.4 
shows weak unidimensionality, H≤0.5 represents medium scale 
and H>0.5 is already considered as a very homogeneous scale 
(28, 29).

In this case, the difficulty coefficient is expressed as a mean 
score which takes values in the interval (0-1), wherein the 
higher value of this coefficient means a less difficult test (30). 
The DMM, which is designed for polytomously scored items, 
is a more restrictive model, because in addition to the three 
previous conditions, there is another: the condition of the non-
intersection of the IRFs. If all the aforementioned conditions 
are accomplished, then it indicates that the items are invariantly 
ordered (IIO). The IIO allows the verification of hierarchical 
scales that are replicable across files of defined population. 
This means that it allows to confirm whether all tested persons 
perceive items identically with regard to their «difficulty». 
The IIO is expressed through Htrsns (Hτ) coefficient, which 
is equivalent to H in terms of determining the power and 
weakness of scale (24).
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Results

The study participants had a mean age of 83.0 ±6.3 years 
(79.3 ±6.4 males and 82.1 ±5.6 females), most of them 
were females (76.6 %), Table 1 shows characteristics of the 
participants. Sarcopenia prevalence ranged significantly; it 
was from 19.5% according to calf circumference to 87.0% 
according to hand grip strength (Table 2).

Table 1
Descriptive Characteristic of All Participants

Characteristic N = 77
Age (years) 83.0 ± 6.3
Females 59 (76.6%)
Height, cm 157.1 ± 8,8
Weight, kg 69.2 ± 13.5
Calf circumference, cm 35.1 ± 4.6
Hand grip, kg
  Female 14.0 ± 6.2
  Males 24.0 ± 9.0
Usual gait speed, m/s 0.5 ± 0.3
SMI, kg/m2

  Female 6.4 ± 1.1
  Males 9.2 ± 1.2
Chair stand tests, s 19.1 ± 11.0
Gait speed, time s for 4 m 13.2 ± 15.5
Balance test, points 2.0 ± 1.7
Note. Categorical variables were presented as numbers (percentages), and continuous 
variables were presented as means ± standard deviations

Table 2
Prevalence of sarcopenia identified by four tools

Tool N = 77
  Hand grip strength 67 (87.0%)
  SPPB 62 (80.5%)
  EWGSOP algorithm 34 (44.2%)
  Calf circumference 15 (19.5%)

Data analysis resulted in total H = 0.57 that indicated 
strong unidimensionality; which means that the selected tests 
actually measured one common latent variable. All Hi values 
were higher than the threshold of 0.3 and ranged from 0.44 
to 0.86, which indicates that the conditions for MHM models 
were fulfilled. Thus methods could be ranked in terms of 
the discrimination level from low to very discriminatory – 
SPPB and hand grip strength were the least discriminatory 
(Hi = 0.44 for both) while the calf circumference was the 

most discriminatory with a value of Hi = 0.86. The EWGSOP 
algorithm was placed between them with a value of Hi = 0.64. 
Because the order of scales was the same for all levels of latent 
trait and Hτ = 0.58, the conditions for DMM models were 
fulfilled. Out of the four tests - calf circumference, hand grip 
strength, SPPB, and EWGSOP algorithm, which are used to 
diagnose sarcopenia, “hand grip strength” was the most difficult 
and strictest evaluation method for the tested population (mean 
score of 0.13), while calf circumference was the item with the 
lowest level of difficulty (mean score of 0.81). Discrimination 
and difficulty properties of used tests are presented in Table 3. 

Table 3
Difficulty and discrimination properties of used tests

Items Item difficulty 
mean score

Item discrimination

Hand grip strength 0.13 0.44
SPPB 0.27 0.44
EWGSOP algorithm 0.56 0.64
Calf circumference 0.81 0.86

Hτ = 0.58 H = 0.57

Figure 1
EWGSOP algorithm proposed by Cruz-Jentoft et al (6)

Discussion

The prevalence of sarcopenia depends on how the condition 
is defined (31). Different strategies influence the ability 
to diagnose sarcopenia, the optimal tool has not yet been 
proposed. For example, hand grip strength, which has been 
declared as a suitable tool for practical use, has various cut-off 
points. For example, there have been proposed the following 
values: grip strength <26 Kg for men; <16 Kg for women by 
McLean et al (32), and <37.0 for men and <21.0 for women 
by Sallinen et al (33). The prevalence of sarcopenia according 
to hand grip strength could vary according the the cut-off 
point used. All those cut-off points have validity in sarcopenia 
diagnostics, they all could estimate sarcopenia, but each on  
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a different level. We tried to solve the problem precisely in 
our study by IRT method. In the diagnosis of sarcopenia, we 
currently have only a minimal information about the degree of 
uniformity (unidimensionality) of the diagnostic tests towards 
the evaluated trait or verification of their difficulty/strictness 
and discrimination. For this reason, we decided to take 
advantage of the IRT and its benefits to demonstrate 1) whether 
the selected tests recommended for the sarcopenia diagnosis in 
clinical practice actually measure one common latent trait and 
2) what is the hierarchy of the tests according to their difficulty/
strictness as well as discrimination among the elderly living in 
institutional long-term care facilities.

The IRT is concerned with the analysis of scoring tests, 
questionnaires and similar tools for the measurement of various 
capabilities. It is based on the application of mathematical 
models to test data. The main idea of the IRT is that the 
likelihood of passing the test item is the mathematical function 
of the respondent and item parameters. The discrimination 
coefficient provides us an important piece of information on 
how well or finely each item differentiates the participants 
with relatively low levels of ability (trait) from the others 
with a relatively high level of ability (trait). For example, 
an item with a low level of discrimination coefficient will 
distinguish with great difficulty between the patients with 
moderate and severe functional impairment. The result is that 
the likelihood of this item being positive is virtually the same 
for all patients. Nevertheless, determining between severe 
or moderate impairment is an important issue for diagnosis. 
The higher is the discrimination coefficient of the item, the 
more finely it distinguishes between the levels of the assessed 
traits and thereby increases the likelihood of the adequate 
determination of actual diagnosis. 

In the past, the IRT was used to analyze items in activities 
of daily living (ADLs) or instrumental activities of daily living 
(IADLs) (15, 16) and Mini-Mental State Examination (MMSE) 
(34). For example, in the study McGrory, Shenkin, Austin 
and Starr (14), the authors concluded that in IADL, the most 
discriminatory item was «Shopping» while the item «Travel» 
had the lowest discrimination. In the area of evaluation studies 
of sarcopenia, Steffl et al. (35) evaluated sarcopenia among the 
elderly in nursing home using the IRT. They concluded that 
«Chair Stand» had the highest difficulty level of the tests within 
EWGSOP proposals, which 78% of subjects in the study were 
not able to pass.

Risk of sarcopenia remains an unsolved problem mainly in 
assisted living facilities. Its solution such as early nutritional 
supplementation, which should be an essential strategy (36), is, 
among the others, dependent on correct and timely diagnosis. 
We believed that our analysis presented in this study could 
bring new focus on the problem of sarcopenia. Our results 
have shown that the selected diagnostic tools really measure 
the common latent variable - sarcopenia. Nevertheless, their 
difficulty/strictness and discrimination vary significantly. While 
hand grip strength as well as SPPB can identify sarcopenia 

when impairment has been still mild, EWGSOP algorithm 
as a gold standard diagnoses moderate sarcopenia, then calf 
circumference is suitable to diagnose severe impairment.

Results of this study are limited by the small number of 
subjects, especially men. It will be  necessary to confirm our 
results by testing a larger cohort. Another limitation is that the 
data were obtained only at one time and, therefore, we could 
not evaluate sensitivity of these tools for measuring sarcopenia 
progression. 
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