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Abstract 

We aim to study the association between the results of the YW test and 

appendicular lean mass (ALM) evaluated by Dual Energy X-ray Absorptiometry 

(DXA) and to explore the impact of using a dichotomous YW on the model´s 

predictive validity. In this cross-sectional study developed with a sample of 187 

community-dwelling adults aged 18 years old or over we studied the association 

between the independent variables and the results of the YW test performed by 

binary and ordinal logistic regression models. For each unity increase in ALM, the 

multivariate binary logistic regression showed a decrease probability of being 

allocated to the “adjusted” and “smaller calf” group (OR=0.30; 95% CI= 0.18-

0.50). The ordinal logistic regression showed an increased probability in 

transitioning to a higher YW category for each unity increase in ALM (pOR=4.10; 

95% CI= 2.65-6.35). In the adjusted ordinal logistic regression model being male is 

associated with an increased probability of transitioning to higher categories of 

the YW test. Our logistic regression models also importantly show that our result 

variables are independent from age. The results shown in both logistic regressions, 

using the dichotomic YW test in the binary and the trichotomic YT test in the 

ordinal logistic regression, were similar, therefore, using either classification 

seems to have no significant impact on the results. Resorting to a reference 

standard method (DXA) for evaluating muscle mass we confirmed the YW test as 

an accurate method of evaluating ALM. In the future, we aim to evaluate the YW 

test as a method of self-screening sarcopenia. 

Keywords: Yubi-Wakka, anthropometry, screening, appendicular lean mass, DXA. 
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Resumo 

Neste estudo, pretendemos estudar a associação entre os resultados do teste YW 

e a massa magra apendicular (ALM) avaliada por Absorciometria de raios-X de 

dupla energia (DXA) e explorar o impacto do uso de um YW dicotómico na validade 

preditiva do modelo. Neste estudo transversal desenvolvido com uma amostra de 

187 adultos da comunidade, com 18 anos ou mais, avaliámos a associação entre 

as variáveis independentes e os resultados do teste YW com recurso a modelos de 

regressão logística binária e ordinal. Por cada aumento unitário de ALM, a 

regressão logística binária multivariada mostrou uma probabilidade decrescente 

de ser alocado ao grupo de perna “ajustada” e “menor” (OR=0.30; IC 95%= 0.18-

0.50). A regressão logística ordinal mostrou uma probabilidade aumentada na 

transição para uma categoria de YW superior por cada aumento unitário de ALM 

(pOR=4.10; 95% CI= 2.65-6.35). No modelo de regressão logística ordinal ajustado, 

ser do sexo masculino está associado a uma maior probabilidade de transição para 

categorias superiores do teste YW. Os modelos de regressão logística mostram, 

ainda, que as variáveis de resultado são independentes da idade. Os resultados 

apresentados em ambas as regressões logísticas, usando o teste dicotómico YW na 

regressão binária e o teste tricotómico YW na regressão logística ordinal, foram 

semelhantes, portanto, o uso de qualquer uma das categorizações parece não ter 

um impacto significativo nos resultados. Recorrendo a um método de referência 

padrão (DXA) para a avaliação da massa muscular confirmámos o teste YW como 

um método válido na avaliação da ALM. No futuro, pretendemos avaliar o teste 

YW como método de autorrastreio de sarcopenia. 

Palavras-chave: Yubi-Wakka, antropometria, autorrastreio, ALM, DXA. 
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Introduction 

 In 2017, Tanaka et al.(1) developed the “Yubi-Wakka” test (YW) as a 

practical and accessible method of self-screening sarcopenia, validating it in the 

Japanese population. Since then, studies have emerged analyzing its effectiveness 

in the evaluation of body composition abnormalities(2-10). The association between 

the YW test and appendicular lean mass (ALM) has been evaluated using 

bioimpedance(1, 4, 7, 8, 10, 11). However, using a reference standard method such as 

the Dual Energy X-ray Absorptiometry (DXA) to evaluate ALM(12) in an adult 

community-dwelling population, remains to be studied. 

 Over the last few years, multiple studies have emerged regarding the 

trichotomic YW test: “smaller calf” category (SCC), “adjusted calf” category 

(ACC), and “bigger calf” category (BCC). Nonetheless, some of these studies use 

the BCC as a control group and merge the other two categories to indicate a risk 

group, while applying a binary logistic regression(2-4, 8). Other studies use a 

multivariate logistic regression to analyze the association between the reference 

group (BCC) and the other two categories (ACC and SCC)(3, 5, 7, 10, 11). To our 

knowledge, the use of the dichotomic and trichotomic categorization has not yet 

been compared as to understand the potential impact of using a different number 

of categories on the model´s predictive validity regarding the same variables that 

have a direct implication in the YW test results. 

Objectives 

We aim to study the association between the results of the YW test and ALM 

evaluated by DXA, as well as clarify the association between the results of the YW 
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test and body composition measurements, namely hand length (HL) and total fat 

mass (TFM) also evaluated by DXA. We also aim to explore the impact of using a 

dichotomous rather than a trichotomic YW on the model´s predictive validity. 

Methodology 

Study oversight, sample and data collection 

This cross-sectional study was developed within the “NutriFunction - New 

aspects of muscle function related to nutritional outcomes” (NF), and “NutrIC – 

Nutrition and functional status in heart failure” (NutrIC), ongoing at the Faculty 

of Nutrition and Food Sciences of the University of Porto (FCNAUP), Portugal. The 

participants' data was obtained through the application of a questionnaire for 

socio-demographic, lifestyle, anthropometrics, body composition, physical 

activity, cognitive performance, health status, drug therapy, food supplements, 

status and risk of undernutrition and functional status characterization. 

Bioimpedance and DXA exams were also carried out. The information concerning 

this study was widespread throughout the community using physical and digital 

promotional material, as well as the University of Porto dynamic e-mail. The 

inclusion criteria for the study were not being hospitalized/institutionalized and 

being aged 18 years old or over. 

Yubi-Wakka test 

For the self-application of the YW test, each participant was in a sitting 

position with legs flexed at 90º and their thumbs joined behind their right leg. 

Circling their leg with their index fingers as to create a finger-ring, the 

participants were asked to check if their calf was smaller, adjusted, or bigger than 

the finger-ring formed. 
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Anthropometric measurements and measurement error study 

 Weight (Kg), height (cm), hand length (cm), calf perimeter (cm), 

maximum right hand grip strength (KgF), maximum left hand grip strength (KgF) 

and ½ finger-ring length (cm) were measured by trained interviewers. The ½ 

finger-ring length was measured using a circular measuring tape which 

participants were asked to involve with their thumb and index finger. The body 

mass index (BMI) was calculated and used to define BMI classes(13). The calf 

circumference (CC) was calculated from calf perimeter (CP) and calf skinfold 

according to a formula (Calf Circumference (cm) = Calf perimeter (cm) – π * Calf 

skinfold thickness (mm)) derived from the mid-arm muscle circumference formula 

from World Health Organization, 1966(14). A measurement error study was carried 

out prior to the beginning of data collection to ensure precise and exact 

anthropometric measurements. 

DXA items 

A Hologic Horizon Wi densitometer was used to quantify the right leg lean 

mass (Kg), total lean mass (Kg), TFM (%), and ALM (Kg/m2).  

Sarcopenia 

 Sarcopenia, defined as low muscle strength and low muscle 

quality/quantity by the European Working Group on Sarcopenia in Older People, 

2018 (EWGSOP2)(15), was identified based on their recommended criteria. 

Ethical considerations 

The NF (Annex I and II) and NutrIC (Annex III) studies were approved by the 

Ethics Committee of FCNAUP (reference 71/2022, addendum to the reference 
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71/2022 and 115/2022, respectively). This study was carried out in accordance 

with the Declaration of Helsinki, 2013. 

Statistical analysis 

The normality of the variables was assessed by the values of skewness and 

kurtosis. The characteristics of the participants were compared using the Chi-

square test for categorical variables and the ANOVA test and the Kruskal-Wallis 

test for continuous variables with and without normal distribution, respectively. 

The association between the independent variables and the results of the YW test 

(dependent variable), was performed by two exploratory regression models: 

(1) to analyze the association between the variables and the dichotomic YW test, 

a binary logistic regression was conducted. The robustness of the model was 

assessed by the Hosmer and Lemeshow test. Results were presented in odds 

ratios (OR) and 95% CI; 

(2) to study the association between the variables and the trichotomic YW test, 

an ordinal logistic regression was conducted, using a multivariate model of 

proportional odds. The assumption of the proportional odds across dependent 

categories was assessed using the test of parallel lines. Results were presented 

in proportional odds ratios (pOR) and their respective 95% confidence intervals 

(95% CI). 

Participants with visible peripheral edema were not excluded from the 

sample, instead a sensitivity analysis was conducted and determined the 

predictive validity of both models (binary and ordinal logistic regressions) did not 

change with the exclusion of edema. 

We considered p≤0.05 statistically significant. SPSS V29.0 software was 

used for statistical analysis.  
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Results 

Baseline participants characteristics 

Table 1 summarizes the characteristics of the 187 participants enrolled in 

this cross-sectional study by YW categories. 

Table 1 Characteristics by Yubi-Wakka categories.  

 
 

Smaller calf 
(n=39) 

Adjusted calf 
(n=77) 

Bigger calf 
(n=71) 

p-value 

Sex [n (%)]                     

 

     Women 26(66.7) 47(61.0) 51 (71.8) 

0.381 

     Men 13 (33.3) 30 (39.0) 20 (28.2) 

Age [years; μ(sd)] 34.3(15.5) 36.5(14.4) 38.1(14.4) 0.420 

Education level [n (%)]     

     None/ Basic education/Secondary education 12(30.8) 13(16.9) 16(22.5) 

0.506**      Post-secondary education 2(5.1) 4(5.2) 5(7.0) 

     Higher education 25(64.1) 60(77.9) 50(70.4) 

Smoking habits [n (%)]     

     Nonsmoker 29(74.4) 53(68.8) 48(67.6) 

0.971**      Current smoker 3(7.7) 8(10.4) 7(9.9) 

     Former smoker 7(17.9) 16(20.8) 16(22.5) 

Alcoholic habits [n(%)]     

Nondrinker 10 (25.6) 18(23.4) 11(15.5) 

0.354 

Drinker 29(74.4) 59(76.6) 60(84.5) 

*IPAQ – International Physical Activity Questionnaire. 

**Fisher’s exact test. 
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*IPAQ – International Physical Activity Questionnaire. 

**Fisher’s exact test. 

 

Table 2 summarizes the characteristics of the participants by sex and YW 

categories. The results show significant differences between the risk of 

undernutrition (p<0.001), body mass index (p<0.001), body mass index class 

(p<0.001), calf perimeter (p<0.001), calf circumference (p=0.010), right leg lean 

mass (p=0.023) and ALM (p=0.003) and YW categories. 

Table 1 Continued. 
 

    

 
 

Smaller calf 
(n=39) 

Adjusted calf 
(n=77) 

Bigger calf 
(n=71) 

p-value 

Chronic diseases [n (%)]     

None 19(48.7) 24(31.2) 29(40.8) 

0.163 

At least one 20(51.3) 53(68.8) 42(59.2) 

Risk of undernutrition [n (%)]     

Low risk 24(61.5) 72(93.5) 65(91.5) 

<0.001 

Moderate or high risk 15(38.5) 5(6.5) 6(8.5) 

Sarcopenia [n (%)]     

     Diagnosed 5(12.8) 3(5.2) 3(4.2) 

0.228** 

     Healthy 34(87.2) 74(94.8) 68(95.8) 

Level of physical activity* [n (%)]     

     Inactive or minimally active 20(51.3) 39(50.6) 35(49.3) 

0.977 

     HEPA active 19(48.7) 38(49.4) 36(50.7) 

Body mass index class [n (%)]     

     Low weight or normal weight 36(92.3) 64(83.1) 39(54.9) 

<0.001 

     Overweight or obesity 3(7.7) 13(16.9) 32(45.1) 
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Table 2 Characteristics by sex and Yubi-Wakka categories. 

 

 

 
 

 
Women 
(n=124) 

 

  

 
Men 

(n=63) 
 

 

 
Smaller 

calf 
(n=26) 

Adjusted 
calf 

(n=47) 

Bigger 
calf 

(n=51) 

p-
value 

 
Smaller 

calf 
(n=13) 

Adjusted 
calf 

(n=30) 

Bigger 
calf 

(n=20) 

p-
value 

Weight  
[Kg; Md (Q1-Q3)] 

51.4(49.8-
56.9) 

56.1(53.1-
61.5) 

60.7(55.8-
70.1) 

<0.001  
73.3(66,8-

76.0) 
73.4(66.8-

82.4) 
84.5(67.0-

95.2) 
0.089 

Height  
[cm; μ(sd)] 

163.4(4.9) 
163.4 
(5.3) 

161,7(5.6) 0.229  174.8(4.8) 174.5(6.8) 173.8(9.5) 0.908 

Body mass 
index  
[Kg/m2; μ(sd)] 

19.9(1.3) 21.6(1.8) 24.1(3.7) <0.001  22.9(2.0) 24.7(2.8) 25.1(3.4) <0.001 

Hand length 
[cm; μ(sd)] 

18.3(0.7) 18.1(0.8) 17.9(0.9) 0.115  19.6(0.7) 19.6(1.1) 19.4(1.0) 0.768 

Calf perimeter 
[cm; μ(sd)] 

32.5(1.8) 34.2(1.8) 36.7(2.7) <0.001  35.1(2.7) 37.2(2.1) 39.5(2.5) <0.001 

Calf 
circumference 
[cm; μ(sd)] 

28.8(2.0) 29.6(2.0) 31.0(2.3) <0.001  32.5(2.9) 34.2(2.3) 35.8(2.5) 0.010 

Right leg lean 
mass [Kg; μ(sd)] 

5.8(0.6) 6.4(1.1) 6.5(1.0) 0.010  8.3(1.3) 9.4(1.4) 9.8(1.7) 0.023 

Total lean mass 
[Kg; Md (Q1-
Q3)] 

3.6(3.4-
3.8) 

3.8(3.6-
4.0) 

3.8(3.5-
4.2) 

0.068  
5.0(4.7-

5.7) 
5.6(5.1-

6.0) 
6.0(5.0-

6.6) 
0.069 

Total fat mass 
[%; Md (Q1-Q3)] 

26.2(3.4) 28.1(6.7) 32.7(7.5) <0.001  21.6(6.0) 20.8(6.0) 23.7(6.1) 0.248 

Appendicular 
lean mass 
[Kg/m2; μ(sd)] 

5.7(0,5) 6.1(0.6) 6.4(0.8) <0.001  7.5(1.0) 8.3(0.9) 8.7(1.1) 0.003 

Maximum right 
hand grip 
strenght [KgF; 
μ(sd)] 

22.4(5.9) 24.1(5.4) 23.5(4.5) 0.424  39.6(7.1) 35.6(6.4) 39.1(10.2) 0.458 

Maximum left 
hand grip 
strenght [KgF; 
μ(sd)] 

39.6(7.1) 35.6(6.4) 39.1(10.2) 0.183  20.6(4.7) 21.6(4.7) 21.3(3.8) 0.640 
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Table 3 represents a sub-analysis of 67 participants regarding the ½ finger-

ring length. 

 

Table 3 Sub-analysis of ½ finger-ring length by sex and Yubi-Wakka categories. 

 

Binary logistic regression 

For the binary logistic regression, the participants from the BCC were used 

as the control group and the other two YW categories were merged as the risk 

group (SCC and ACC). The results of the binary logistic regression are presented 

in Table 4. 

Each centimeter increase in HL is associated with a 91% probability increase 

of being allocated to the risk group (OR=1.91; 95% CI= 1.25-2.90). Each kilogram 

per square meter increase in ALM is associated with a 70% decrease probability of 

being allocated to the risk group (OR=0.30; 95% CI= 0.18-0.50). For each 1% 

increase in TFM there is a 12% probability decrease of being allocated to the risk 

group (OR=0.88; 95% CI= 0.82-0.93). Both HL and TFM have a significant association 

in the unadjusted and adjusted model. The association between HL is stronger in 

the adjusted model. 

 

 

 

 

 

 
  

Women 
(n=42) 

    
Men 

(n=25) 
  

 Smaller 
calf 

(n=9) 

Adjusted 
calf 

(n=14) 

Bigger 
calf 

(n=19) 

p-
value 

 
Smaller 

calf 
(n=3) 

Adjusted 
calf 

(n=12) 

Bigger 
calf 

(n=10) 

p-
value 

½ finger-ring 
length [μ(sd)] 

16.6(0.7) 15.9(0.8) 15.4(1.0) 0.008  17.3(0.6) 16.9(1.2) 17.5(0.8) 0.348 
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Table 4 Results from the binary logistic regression regarding Yubi-Wakka categories (“bigger calf” versus 

“adjusted” and “smaller” calf). 

 Unadjusted model 

 

Adjusted model 

 Odds Ratio 95% CI Odds Ratio 95% CI 

Sex   

 

  

     Women 1.00 (Referent) 1.00 (Referent) 

     Men 1.50 0.79-2.85 3.37 0.84-13.56 

Age 0.99 0.97-1.01 0.99 0.96-1.01 

Level of physical activity      

     Inactive or minimally active 1.00 (Referent)  1.00 (Referent) 

     Active 0.94 0.52-1.70  1.30 0.63-2.57 

Hand length 1.39 1.05-1.83  1.91 1.25-2.90 

Appendicular lean mass 0.83 0.66-1.04  0.30 0.18-0.50 

Total fat mass 0.91 0.87-0.95  0.88 0.82-0.93 

OR = proportional Odds Ratio. 95% CI = 95% Confidence Intervals. Test of Hosmer and Lemeshow: p > 0.05. 

 

Ordinal logistic regression 

The results of the ordinal logistic regression are presented in Table 5. Each 

centimeter increase in HL is associated with a 57% probability decrease in 

transitioning from a lower to a higher YW category (pOR=0.53; 95% CI= 0.37-0.75). 

Each kilogram per square meter increase in ALM is associated with a 310% 

probability increase in transitioning from a lower to a higher YW category 

(pOR=4.10; 95% CI= 2.65-6.35). For each 1% increase in TFM there is a 12% 

probability of increase in transitioning from a lower to a higher YW category 
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(pOR=1.12; 95% CI= 1.07-1.18). All the 3 measurements (HL, ALM, and TFM) have 

a significant association both in the unadjusted and adjusted model, stronger in 

the adjusted model. In the adjusted model, men have 3.42 higher odds than 

women in transitioning from a lower to a higher YW category. 

 

Table 5 Results from the ordinal regression regarding Yubi-Wakka categories. 

 Unadjusted model 

 

Adjusted model 

 Odds Ratio 95% CI Odds Ratio 95% CI 

Sex   

 

  

     Women 1.00 (Referent) 1.00 (Referent) 

     Men 1.28 0.73-2.25 4.42 1.45-13.42 

Age 1.01 0.99-1.03 1.02 0.99-1.04 

Level of physical activity      

     Inactive or minimally active 1.00 (Referent)  1.00 (Referent) 

     Active 0.94 0.55-1.61  1.24 0.69-2.23 

Hand length 0.78 0.62-0.99  0.53 0.37-0.75 

Appendicular lean mass 1.32 1.07-1.63  4.10 2.65-6.35 

Total fat mass 1.08 1.04-1.12  1.12 1.07-1.18 

pOR = proportional Odds Ratio. 95% CI = 95% Confidence Intervals. Test of parallel lines: p > 0.05. 

Sensitivity analysis 

A sensitivity analysis was conducted to assess the effect of the presence of 

peripherical edema on the predictive validity of the model. Differences between 

regression estimates of the binary logistic regression (with and without edema) 

varied between 0.00 and 0.01, with a mean difference of 0.004. Differences 

between regression estimates of the ordinal logistic regression (with and without 
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edema) varied between 0.00 and 0.03, with a mean difference of 0.01. The 

predictive validity of both models did not change with the exclusion of edema.  

Discussion 

In the present study we conducted an exploratory analysis of body 

composition measurements associated with the YW test. Previous studies have 

confirmed the YW test as a useful method for screening sarcopenia in community 

dwelling middle aged and older adults both in Japanese and Chinese populations 

(1, 3, 7-10). Some of these studies(3, 10) have already mentioned the need for using 

more reliable methods of evaluating body composition than bioimpedance or 

computed tomography.  To the best of our knowledge, this study is the first to 

analyze the association between ALM and the YW test, using a reference standard 

method for evaluating muscle mass (DXA)(12). As previously evaluated by 

bioimpedance and reported by Watanabe et al. 2021(10), there is a significant 

association between the YW test and ALM. As shown by our results, we confirmed 

an increased probability in being allocated to the BCC and transitioning to higher 

YW categories with each unity increase in ALM (Kg/m2), respectively in the binary 

and ordinal logistic regressions.  

We did not evaluate the YW test performance as a screening method for 

sarcopenia due to low sarcopenic frequency in the studied sample. Instead, one 

of our objectives was to analyze the association between the YW test and the ALM 

measured by DXA. Moreover, this study enabled the comparison of body 

composition measurements such as the finger-ring length which are essential for 

understanding the anatomic differences which impact the YW test results in the 

Japanese and Portuguese populations. According to Tanaka et al. 2018(1), the 
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mean (±standard deviation) of finger-ring length for Japanese women was 

32.6(±1.8) cm and 31.0(±1.6) cm for Japanese men. Our results show a mean 

finger-ring length for women of approximately 34 cm and 37 cm for men. However, 

one of the advantages of the YW test is precisely its ability to use each 

participant´s hands as their own personal calf measurer thus reflecting the 

adjustment of the method to the participant’s hand size which in turn represent 

their differences in physical size. Our logistic regression models also importantly 

show that our result variables are independent from age. The same was previously 

mentioned by Tanaka et al. 2018(1) who said that the finger-ring length does not 

change with age, which is an advantage of the YW test. However, sex seems to 

affect the allocated category of the YW test in the adjusted ordinal logistic 

regression model. In this model being male is associated with an increased 

probability of transitioning to higher categories of the YW test. Watanabe et al. 

2021(10) found similar results showing the calf perimeter as a screening tool for 

low muscle mass to be less sensitive in women than in men, which he believes is 

due to larger fat volumes in women’s legs. It is important to notice the high 

athlete proportion of participants from the studied sample which may help explain 

this finding. In response to our other objective, we compared the studied variables 

using the dichotomic and trichotomic categorization of the YW test. The results 

shown in both logistic regressions, using the dichotomic YW test in the binary and 

the trichotomic YT test in the ordinal logistic regression, were similar, apart from 

variable sex for the adjusted model of the ordinal logistic regression. Therefore, 

using either classification seems to have no significant impact on the results.  

 In this study we followed the EWGSOP2(15) and International Society for the 

Advancement of Kinanthropometry (ISAK)(16) criteria which enables the results to 
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be compared with those from future research. Although the YW test is 

self-administrated and self-reported, our staff further confirmed the YW test 

results given by the participants, therefore any systematic error due to self-

reporting was eliminated. 

Tanaka et al.(1) developed the YW test to be performed on the 

non-dominant leg, however, we carried out this measurement on the right leg in 

order to follow the ISAK guidelines(16) and thus be able to have comparable data 

from the same limb to other anthropometric measurements. In future studies, a 

more heterogeneous sample is required for a more robust analysis by adding 

additional research settings such as long-term care institutions and hospitals. It 

should be noted that most of our sample were women. Consequently, there may 

be bias due to sex-specific effect, hence the need in the future for sampling 

methods to attempt to even the gender ratio or allowing a stratified analysis for 

sex.  

Also seeing that study participation was voluntary, participants would be 

more health-conscious than the general population, leading to a self-selection 

bias. There is a need for studies with larger samples, with even gender ratio and 

even sarcopenic participation to further confirm the association between the YW 

test and body composition measurements firstly here described. 

Conclusion 

 Seeing as ALM is one of the criteria in diagnosing sarcopenia, in this 

cross-sectional study we took a step back and resorting to a reference standard 

method for measuring muscle mass (DXA) we confirmed the YW test as an accurate 

method of measuring ALM independently of age and level of physical activity. In 
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the future, we aim to assemble a wider sample with more even sex and sarcopenic 

participation ratios, to evaluate the YW test as a method of self-screening 

sarcopenia. 
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