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ABSTRACT 

Background: Although the European Working Group on Sarcopenia in Older People 2 

(EWGSOP2) recommends the use of different functional tests for the diagnosis of sarcopenia, 

it still remains a gap about which tests can best track for reduced appendicular lean mass 

(ALM) in older adults, especially women. 

Objective: To determine which tests recommended by the EWGSOP2 have the best accuracy 

in tracking reduced ALM in the diagnosis of sarcopenia in community-dwelling older women. 

Methods: A cross-sectional study with 161 community-dwelling older Brazilian women (≥ 

65 years). The outcome was ALM assessed by Dual-Energy X-ray absorptiometry. The 

independent variables were the tests recommended by the EWGSOP2: 5-Times Sit-to-Stand 

Test (5XSST), Handgrip Strength (HGS), Gait Speed (GS), Short Physical Performance 

Battery (SPPB), and Timed Up and Go (TUG). The analysis was performed using the 

Receiver Operating Characteristic Curves to assess which tests have the best accuracy in 

tracking reduced ALM. 

Results: The HGS [≤ 19.7 kgf, area under the curve (AUC): 0.81, 95% confidence interval 

(CI): 0.74; 0.87] and the TUG [> 12.4 s, (AUC): 0.63, 95% CI: 0.55; 0.70] showed a 

statistically significant ability to track reduced ALM in community-dwelling older women. 

There was no significant ability to track the reduction in ALM with the 5XSST, GS, and 

SPPB tests. 

Conclusion: HGS and TUG have significant accuracy in tracking reduced ALM in 

community-dwelling older women. The cutoff points differed from those suggested by 

EWGSOP2. 
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1 BACKGROUND 

Sarcopenia is a disease (ICD-10-MC) diagnosed by a reduction in the quality and/or 

quantity of muscle mass (MM), which occurs due to gradual and generalized muscle changes 

[1]. This condition is associated with an increased risk of falls [2], dependence, 

institutionalization [3], disability [4] and mortality [5]. It is a prevalent disease in the older 

adults, especially in women [6]. Recent estimates suggest that the overall prevalence can 

range from 10.0% [7] to 82.1% [8,9]. 

The divergence in the prevalence of sarcopenia may occur due to the diagnostic 

criteria used, since different instruments are recommended by the algorithm proposed by the 

European Working Group on Sarcopenia in Older People 2 (EWGSOP2) [8,10]. Previous 

studies have found differences in the prevalence of sarcopenia according to the test used to 

diagnose probable and confirmed sarcopenia, according to the algorithm proposed by the 

EWGSOP2 ([1,11,12]. 

Recently, Anand et al. (2022) identified differences in the prevalence of sarcopenia 

and poor agreement between diagnostic tests in Asian adults. Similar results were observed by 

our research group in older Brazilian women. There were variations in the prevalence and 

classification of sarcopenic older women depending on the instruments used, in addition to 

low agreement between the tests proposed by the EWGSOP2 [8]. 

Although the available literature shows a difference in prevalence according to the 

diagnostic instrument used, it is not known which test proposed would be able to track a 

reduction in appendicular lean mass (ALM) in the older population. Of note, once 

socioeconomic, cultural, and anthropometric issues can impact the results, it is crucial to 

evaluate and establish cutoff points for older Brazilian adults. Identifying the best screening 

test will help healthcare professionals choose the best instrument for diagnosing the condition 

faster and easier. In this context, the objective of the present study was to determine which 

tests recommended by the EWGSOP2 algorithm have the best accuracy in tracking reduced 

ALM in the diagnosis of sarcopenia in community-dwelling older women. 
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2 METHODS 

2.1 STUDY DESIGN 

This was a cross-sectional study carried out with community-dwelling older women 

which was approved by the Research Ethics Committee of the Federal University of the 

Valleys of Jequitinhonha e Mucuri (UFVJM), Diamantina, Minas Gerais, Brazil, n° 

1.461.306.   

2.1.1 Eligibility criteria 

Older women (≥65 years) residing in the community able to walk independently 

were included. The exclusion criteria were: a) cognitive decline detectable by the Mini-

Mental State Examination, considering the Brazilian cutoff points related to schooling [13]; b) 

neurological sequelae; c) hospitalization in the last three months; d) fractures in the lower 

limbs for less than six months; e) musculoskeletal, respiratory, cardiovascular, and thyroid 

diseases or other inflammatory diseases in the acute phase; f) active neoplasms in the last five 

years; g) individuals in palliative care; h) using anti-inflammatory drugs or drugs acting on 

the immune system; i) practitioners of physical activities on a regular basis; j) severe visual 

and/or hearing impairments. 

 

2.2 PROCEDURES 

Data were collected between June 2016 and June 2017, in the morning, at the 

Exercise Physiology Laboratory (LAFIEX) of the UFVJM. The older women were selected 

for convenience and recruited through calls, invitations, and announcements in public places 

and health care, such as home visits, Basic Health Units, and geriatric and gerontological 

offices. To characterize the sample, the older women were asked about the use of medication, 

history of falls in the last six months, and physical activity. After assessing eligibility, the 

participants signed an informed consent form, and a visit to the laboratory was scheduled to 

carry out the ALM assessment and diagnostic tests for sarcopenia [14]. 

ALM assessment was performed using Dual-energy X-ray absorptiometry (DXA) by 

trained professionals. There was masking between the assessors of the ALM and the 

functional tests. The sequence of execution of the functional tests was determined by drawing 
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lots. Initially, the older women performed the anthropometric assessment (weight and height) 

and then the ALM assessment in fasting. Subsequently, the tests proposed by the EWGSOP2 

algorithm were performed: 5-Times Sit-to-Stand Test (5XSST), Handgrip Strength (HGS), 

Gait Speed (GS), Short Physical Performance Battery (SPPB), and Timed Up and Go test 

(TUG).  

2.3 INSTRUMENTS  

2.3.1 Outcome 

The study outcome was Appendicular Lean Mass (ALM). For its evaluation, the 

participants were instructed to be fasting, wearing light clothes and not using metallic objects. 

Initially, body mass and height were measured using an analog scale (Welmy, model 110, 

precision of 0.1 kg) with an attached stadiometer (accuracy of 0.5 cm). Then, participants 

were positioned in the DXA scanning area so that the sagittal line passed through the center of 

anatomical points such as the skull, spine, pelvis and legs. For optimal positioning, Velcro 

straps joined the legs, both at the knee and at the forefoot. Data related to lean and fat muscle 

mass (MM) were collected to obtain the ALM. Participants were categorized as sarcopenic 

when ALM was less than 15 kg [1,14]. 

 

2.3.2 Independent variables 

The independent variables of this study were the tests recommended by the 

EWGSOP2 for screening (5XSST and HGS) and establishing the severity (GS, SPPB and 

TUG) of sarcopenia. 

- 5-Times Sit-to-stand Test (5XSST): The time spent by the participant to sit and stand up 

from the chair five times, as fast as possible, with the upper limbs crossed in front of the chest 

was timed [15].  

- Hand Grip Strength (HGS): The participants performed an isometric contraction applied on 

the Jamar® dynamometer handle, in a seated position, with shoulders and wrists in a neutral 

position and elbow in 90 degrees of flexion. The measurement was obtained in kilogram-force 

(kgf). Three HGS assessments were performed with the dominant hand and the mean of these 

measurements was used in the analyses. 
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- Gait Speed (GS): Participants were asked to walk from a static position for four meters at a 

comfortable/habitual pace. Timing started with the first movement of the foot after the 

starting line and ended when the foot completely crossed the finish line [16]. The GS (m/s) 

was calculated by dividing the distance covered (4m) by the time taken to perform the test. 

- Short Physical Performance Battery (SPPB): The SPPB is a battery of tests used to assess 

the functionality of the lower limbs in the older adults. It consists of three tests that indirectly 

assess muscle strength, static body balance and GS. For each of the tests, scores from 0 to 4 

points, with a final maximum score of 12 points. The higher the score, the better the 

performance [17,18]. 

- Timed Up and Go (TUG): The time taken by the participant to get up from a chair, walk 

three meters, pivot around an obstacle, return and sit down again was recorded [19]. 

2.4 STATISTICAL ANALYSIS 

Data were analyzed using the SPSS statistical program (IBM®, Chicago, IL, USA), 

version 23.0. The confidence level adopted was 5%. Descriptive analyzes were performed, 

presenting the proportions (%) with their respective 95% confidence intervals (95% CI). 

Receiver Operating Characteristic (ROC) Curves were used to assess sensitivity, specificity, 

and likelihood ratio for a positive test (+LR) and negative test (-LR) to track reduced ALM. 

3 RESULTS 

The study sample consisted of 161 older women, with a mean age of 74.4 (± 7.3) 

years. Regarding anthropometric measurements, the mean weight was 61.0 (± 10.9) kg and 

the mean height was 1.5 (± 0.05) m. In addition, 21.7% of the older women had a history of 

falls in the last 6 months and 81.4% were physically inactive (i.e, they practiced physical 

exercises less than three times a week). 

Among the tests suggested by EWGOSP2 for screening for sarcopenia, HGS values 

≤ 19.7 kgf demonstrated better significant accuracy in tracking reduced ALM in older women 

(area under the curve (AUC): 0.81, 95% CI: 0.74; 0.87) (Table 1 and Figure 1a); sensitivity: 

67.4% (95% CI: 56.8; 76.8); specificity: 83.1% (95% CI: 71.7; 91.2); +LR: 3.98 (95% CI: 

2.30; 7.00); −LR: 0.39 (95% CI: 0.30; 0.50); Youden J statistic: 0.50 (95% CI: 0.36; 0.59) 

(Table 1). The 5XSST was not significantly accurate in tracking reduced ALM (AUC: 0.59, 

95% CI: 0.50; 0.67). 



10 

 

Regarding the tests to establish the severity of sarcopenia, times > 12.4 s on the TUG 

demonstrated significant accuracy in tracking reduced ALM in older women (AUC: 0.63, 

95% CI: 0.55; 0.70) (Table 1 and Figure 1b); sensitivity: 42.4% (95% CI: 32.1; 53.1); 

specificity: 76.9% (95% CI: 64.8; 86.5); +LR: 1.84 (95% CI: 1.10; 3.00); −LR: 0.75 (95% CI: 

0.60; 0.90); Youden J statistic: 0.19 (95% CI: 0.11; 0.25) (Table 1). There was no significant 

ability in tracking reduced ALM with the GS (AUC: 0.59, 95% CI: 0.50; 0.67) and SPPB 

(AUC: 0.59, 95% CI: 0.50; 0.66) tests. 

 

Table 1 - Analysis of the area under the ROC curve and cutoff points in tracking reduced 

appendicular muscle mass in community-dwelling older women. 

 

* Significant value p<0.05; ROC: Receiver Operating Characteristic Curves; AUC: area under the ROC curve; +LR: 

likelihood ratio for a positive test; -LR: likelihood ratio for a negative test; HGS: Handgrip Strength; TUG: Timed 

Up and Go. 

 

 

 

Fig. 1 - ROC curves and area under the ROC curves to track reduced appendicular muscle 

mass in community-dwelling older women: (a) Handgrip Strength and (b) Timed Up and Go 

test. 

Outcomes Cutoff AUC Sensitivity 

(%) 

Specificity 

(%) 

+LR -LR Youden J 

statistic 

HGS (kgf) ≤ 19.7 0.81 

 [0.74-0.87]* 

67.4  

[56.8-76.8] 

83.1  

[71.7-91.2] 

3.98  

[2.30-7.00] 

0.39  

[0.30-0.50] 

0.50  

[0.36-0.59] 

TUG (s) > 12.4 0.63  

[0.55-0.70]* 

42.4  

[32.1-53.1] 

76.9  

[64.8-86.5] 

1.84  

[1.10-3.00] 

0.75  

[0.60-0.90] 

0.19  

[0.11-0.25] 
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4 DISCUSSION 

The objective of the present study was to identify which tests recommended by the 

EWGSOP2 algorithm have the best accuracy in tracking reduced ALM in community-

dwelling older women. Our results evidenced that HGS and TUG have the best accuracy in 

tracking reduced ALM in community-dwelling older Brazilian women according to the 

EWGSOP2 algorithm. 

Corroborating our findings, a recent study conducted with hospitalized older adults 

showed that HGS can be used as a diagnostic tool for sarcopenia. [20]. These authors found a 

cutoff point of 18 kgf for French older women, with an AUC of 0.72 (95% CI: 0.59–0.85), a 

sensitivity of 92.9%, and a specificity of 52.1%  [20]. A study conducted by Confortin et al. 

(2017) also evidenced that HGS is a good indicator of total muscle strength and, 

consequently, a good predictor of sarcopenia. These authors found a cutoff value of 18.5 kgf 

for older women from Santa Catarina, which is close to that found in our study, with an AUC 

of 0.64 (95% CI: 0.59-0.69), a sensitivity of 60.6%, and a specificity of 60.3% [21]. 

Fernandes et al. (2021) found a cutoff value of 16 kgf for older women from the Brazilian 

Northeast, a lower value than that found in our study. According to the authors, this lower 

value compared to studies from other regions of the country may be related to the 

sociodemographic characteristics of the female population in the Northeast, which has greater 

exposure to violence, discrimination, and gender inequality, which may lead to a significant 

impact on their performance when using HGS [22]. 

The cutoff point identified for HGS in the present study was higher (≤ 19.7 kgf) 

compared to that recommended by the EWGSOP2 for women (< 16 kgf) [1]. A possible 

explanation for this finding could be the ethnic, anthropometric, lifestyle, and cultural 

differences between Brazilian and European women [23]. Corroborating this argument, Bahat 

et al. (2020) identified a cutoff of < 20 kgf to detect probable sarcopenia in Turkish older 

women. These authors also observed that the use of a cutoff point similar to that suggested for 

the British population could result in the underdiagnosis of probable sarcopenia in 25.3% of 

the sample [24].  

Among the tests proposed by the EWGSOP2 to classify the severity of sarcopenia, 

only the TUG demonstrated the ability to track a reduction in ALM. In our study, AUC for the 

TUG was 0.63 (95% CI: 0.55; 0.70). In line with this result, previous studies have also 

demonstrated that TUG is a good predictor of sarcopenia, as it is significantly associated with 
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muscle mass [25,26]. Furthermore, the balance ability measured in this test is of great 

importance in the diagnosis of sarcopenia [26]. A study conducted by Martinez et al. (2015) 

with hospitalized older Brazilians of both sexes found an AUC of 0.80 (95% CI: 0.66-0.94), 

which indicates a good accuracy for predicting sarcopenia. A higher AUC found in their study 

can be due to the sample characteristics since the authors predicted sarcopenia in hospitalized 

older adults [27]. 

The cutoff point for TUG found in our analysis was much lower (> 12.4 s) when 

compared to that recommended by the EWGSOP2 (≥ 20 s) [1]. Again, this divergence can be 

attributed to the different characteristics between the Brazilian and European populations. In 

addition, in consonance with our findings, Filippin et al. (2017) observed that the TUG could 

track sarcopenia in older Brazilians. However, the cutoff point found by these authors also 

differed from the present study, being 7.5 s. This finding may be related to the differences in 

the profile of the samples between the studies in terms of physical-functional, cultural, and 

social characteristics. In our study, only female participants from a municipality in the 

Southeast region of Brazil were evaluated, while in the study by Filippin et al. (2017), the 

sample consisted of older adults of both sexes from a municipality in the southern region of 

the country [28].  

Our study contributes to clinical practice and public health policies, by identifying 

the instrument with the best accuracy to track the reduction of ALM, which can help in the 

generation of more reliable epidemiological data and, consequently, better allocation of 

financial and human resources. However, our findings should be considered with caution due 

to some limitations. First, the sample was obtained by convenience. It is possible that the 

healthier older women accepted to participate in the research. Second, only women were 

included in this study. Therefore, sex-related differences could not be evaluated. Third, the 

cutoff point used to determine the reduction in the ALM was the one suggested by the 

EWGSOP2 algorithm (<15 kg) and not a specific cutoff point for older Brazilian women. 

However, there is no cutoff point for the Brazilian population. Finally, the cutoff points found 

in this study to classify older women as sarcopenic are specific to the Brazilian population in 

a low-income region and may not be nationally representative. 

Based on our findings, researchers and health professionals should use the best 

screening method for the early identification of sarcopenia, which will consequently assist in 

the appropriate treatment of this disease. Additional studies on diagnostic tests for sarcopenia 

are needed, both to determine which test has the best accuracy in detecting reduced ALM 
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among older males, and to determine specific cutoffs representative of the Brazilian 

population. 

5 CONCLUSION 

 

HGS and TUG showed significant accuracy in tracking low muscle quantity in 

community-dwelling older women. If there is a need to apply a single functional test, since 

time is a crucial aspect in the evaluation, our results showed that HGS should be the chosen 

test, as it presented better accuracy evidenced by the greater area under the ROC curve. 

However, our cutoff points were different from those recommended by EWGSOP2. 
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