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Abstract
Objective: To test the cross-validation of anthropometric prediction equations for appendicular 
muscle mass (AMM) in older Brazilian women. Methods: Sixty-seven older women (69.84 ± 
5.95 years old) underwent anthropometric measurements. AMM (kg) reference values obtained by 
dual-energy X-ray absorptiometry (AMMDXA) were compared to 20 anthropometric equations 
for estimating AMM in older adults. A paired t-test (p > 0.05), standard error of estimate (SEE < 
3.50 kg), and r2 > 0.70 confirmed the validity of the equations. The agreement between predictions 
and the reference was also verified (Bland-Altman analysis of agreement between methods). 
Results: Four American equations and one Mexican equation were not statistically different from 
AMMDXA (p > 0.05) but did not present suitable r2 values for validation. The American equation 
from the National Health and Nutrition Examination Survey (NHANES), AMM (kg) = (-0.04 
× age [years]) + (0.46 × calf circumference [cm]) + (0.32 × arm circumference [cm]) + (0.11 × thigh 
circumference [cm]) – (0.27 × body mass index [BMI, kg/m2]) + (0.07 × waist circumference [cm]) 
– 13 119 showed the best performance (r2 = 0.64; SEE = 3.24 kg), with minimal mean difference 
(0.26 kg), no heteroscedasticity for extreme values, and with high agreement with the Brazilian 
sample (-3.90 to 3.40 kg). Conclusion: When specific equations for a given population are not 
available, the use of generic equations of greater sample representativeness with scientifically and 
reliably analyzed data is allowed.
Keywords: anthropometry, body composition, sarcopenia, geriatric assessment.

Resumo
Objetivo: Testar a validação cruzada das equações antropométricas preditivas da massa muscular 
apendicular (MMA) em idosas brasileiras. Metodologia: Sessenta e sete idosas (69,84 ± 5,95 anos) 
foram submetidas a medidas antropométricas. Os valores de referência da MMA (kg) fornecida 
pela absorciometria de raios X de dupla energia (MMADXA) foi comparada com 20 equações 
antropométricas preditivas para estimar a MMA para idosos. Teste t pareado (p > 0,05), erro padrão 
de estimativa (EPE) < 3,50 kg e r2 > 0,70 confirmaram a validade das equações. A concordância 
entre as previsões e a referência também foi verificada (análise de concordância entre métodos de 
Bland-Altman). Resultados: Quatro equações americanas e uma equação mexicana não foram 
estatisticamente diferentes da MMADXA (p > 0,05), mas nenhuma delas apresentou r2 adequado 
para validação. A equação americana dos dados do National Health and Nutrition Examination 
Survey (NHANES), MMA (kg) = (-0,04 × idade [anos]) + (0,46 × circunferência da panturrilha 
[cm]) + (0,32 × circunferência do braço [cm]) + (0,11 × circunferência da coxa [cm]) – (0,27 × índice 
de massa corporal-IMC [kg/m2]) + (0,07 × circunferência da cintura [cm]) – 13,12 apresentou 
o melhor desempenho (r2 = 0,64; EPE = 3,24 kg): com diferença média mínima (0,26 kg), sem 
heterocedasticidade para valores extremos e alta concordância com a amostra brasileira (-3,90 a 
3,40 kg). Conclusão: Quando não existem equações específicas para uma determinada população, 
é permitida a utilização de equações genéricas de maior representatividade amostral, cujos dados 
tenham sido analisados de forma científica e confiável.
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INTRODUCTION
Appendicular muscle mass (AMM)1 is a skeletal mus-
cle mass (SMM) parameter recommended by consen-
sus boards to identify sarcopenia, and dual-energy X-ray 
absorptiometry (DXA) is currently considered the refer-
ence technique for objectively assessing AMM.2 A high 
correlation (r = 0.97) between AMM measured by DXA 
and that measured by magnetic resonance imaging (MRI) 
was reported for both men and women (18 – 92 years).2 
Characterized by reductions in strength, muscle mass, and 
function with age, sarcopenia is associated with disability 
and premature death in older adults, increasing hospital-
ization costs compared to older adults without this dis-
ease.3 Sarcopenia is closely linked to the frailty phenotype 
described by Fried et al.4 However, using DXA as the main 
tool for monitoring muscle loss is expensive and unfeasi-
ble for some health systems.5 To overcome this constraint, 
strategies to estimate AMM can come from anthropomet-
ric equations,6-14 but their desired cross-validation for a 
given population should be confirmed to avoid diagnos-
tics bias. Anthropometry is simple, portable, noninvasive, 
and inexpensive,11 but it requires training to ensure the 
reliability of measurements.

Thus, we aimed to test the cross-validation of anthropo-
metric prediction equations for AMM in Brazilian commu-
nity-dwelling older women. We hypothesized that specific 
anthropometric equations derived from ethnic similarities 
(Brazilian populations) would be better for predicting AMM 
with enough accuracy.

METHODS

Study population
This is a cross-sectional study involving a convenience sam-
ple of 67 Brazilian community-dwelling older women. Our 
study was conducted in accordance with the Declaration of 
Helsinki and was approved by the Ethics Committee of the 
School of Physical Education and Sports of Ribeirão Preto 
(EEFERP-USP) with CAAE No. 54345016.6.0000.5659. The 
manuscript also followed the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) check-
list guidelines.

Participants were involved in health services at University 
Hospital of Ribeirao Preto School of Medicine, University 
of Sao Paulo (HC-FMRP/USP) — namely the Fragility 
Project (FMRP-USP), and the Physical Activity for Seniors 
program at the EEFERP-USP. Data collection took place 
from July 2016 to August 2017.

Inclusion criteria were:
a) individuals able to walk independently;
b) with no amputated limbs;
c) free of unstable cardiovascular diseases and other 

conditions such as acute infections, tumors, and 
back pain;

d) with no knee or hip prostheses;
e) with no loss of more than 3 kg of body mass in the 

previous 3 months; and
f ) who were able to perform the proposed battery 

of tests.

Participants were excluded when:
a) they were unable to complete the testing protocol;
b) presented any uncontrolled chronic disease;
c) had post-stroke sequelae; or
d) had voluntarily decided to no longer participate in 

the study.

To ensure data quality, we calculated sample size (n = 
[ZySD/ε]2).15 To calculate “n”, we established the desired 
maximum error (ε ≤ 1.0%) and degree of confidence (Zy = 
0.95), with previous knowledge from a multiethnic study16 
of the variability among women’s (over 18 years old) AMM 
(highest observed variance; SD = 1.75 kg). The minimum 
number of participants was reached (n = 12) even after apply-
ing the exclusion criteria.

Measurements
Reference AMM values were obtained with DXA 
(AMMDXA): a fan-beam densitometer, Hologic® scanner, 
model QDR4500W; software version 11.2 (Bedford, MA, 
USA). The equipment was calibrated every morning before 
measurements by the same specialized technician, accord-
ing to the manufacturer’s instructions. Variables required to 
predict AMM (age, anthropometrics, and muscle strength) 
were measured following conventional international stan-
dardization.17 Anthropometrics involves body mass (kg); 
stature (cm); and measurements of circumferences (cm) of 
the arm, forearm, calf, waist, and hip with an inextensible 
measuring tape; of the biceps, triceps, subscapular, suprail-
iac, and thigh skinfolds with a Lange caliper; and of knee 
height (cm) with a segmometer. To predict AMM with for-
eign equations, we calculated the participants’ body mass 
index (BMI, kg/m2) and their corrected arm muscle area 
(CAMA) in cm2.18 To predict AMM with the American 
(Baumgartner), Chilean, and Mexican equations, we deter-
mined handgrip strength ( Jamar, model 5030J1), according 
to the current recommendations.19
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Anthropometric prediction equations for 
appendicular muscle mass
In order to select eligible equations, we conducted a literature 
search including the keywords “appendicular lean mass”, “equa-
tion”, and “model” in the PubMed, Web of Science, Embase, 
and Scopus databases. The following inclusion criteria were 
adopted: equations published between 1998 and 2022 and 
sample comprising exclusively older adults. Twenty predic-
tive anthropometric equations developed for Brazilian,9,10 
American,6,14 Indian,11 Australian,8 Chilean,12 Danish,7 and 
Mexican13 individuals were found in the literature and were 
compared to AMMDXA.

Statistical analyses
Descriptive analysis with a 95% confidence interval (CI) was 
used to describe the sample. The validity of the equations was 
tested using the following criteria9:

a) no statistically significant difference (p > 0.05) from 
AMMDXA using a paired t-test;

b) standard error of the estimate (SEE) < 3.50 kg between 
predicted (by equations) and measured (DXA) AMM; and

c) coefficient of determination (r2) > 0.70 in the estimates.20

A Bland-Altman plot identified the degree of agreement 
between measured and predicted AMM values. Statistical 
analyses (α = 5%) were performed using SPSS software, 

version 20 (Chicago, IL, USA). Plots were created using 
MedCalc 2015 (version 15.2).

RESULTS
Twenty anthropometric prediction equations for AMM 
found in the literature are shown in Supplementary Table 1.

Descriptive statistics are presented in Supplementary 
Table 2. The mean age of older women was 69.84 ± 5.95 
years and the mean BMI was in the overweight range (≥ 25 
kg/m2). The AMM predicted by the four equations of Santos 
et al. and Ramirez et al. (14.33 to 14.94 kg) was the closest 
to mean AMMDXA values (14.57 ± 2.56 kg).

Only four American National Health and Nutrition 
Examination Survey (NHANES) equations (p = 0.12 to 
0.31) proposed by Santos et al. and one Mexican equation 
proposed by Ramirez et al. (p = 0.17) were not statistically 
different from AMMDXA (Figure 1). However, none of them 
presented suitable r2 for validation (r2 > 0.70). The fourth 
NHANES equation,14 AMM [kg] = (-0.04 × age [years]) + 
(0.46 × calf circumference [cm]) + (0.32 × arm circumfer-
ence [cm]) + (0.11 × thigh circumference [cm]) – (0.27 × 
BMI [kg/m2]) + (0.07 × waist circumference [cm]) – 13.12, 
showed the best performance (r2 = 0.64; SEE = 3.24 kg).

In the Bland Altman comparison (Supplementary 
Figure  1), the fourth NHANES equation showed minimal 

*Statistical difference (p < 0.05) between AMM measured by DXA and predicted by an anthropometric equation; AMM: appendicular muscle mass; 
DXA: dual-energy X-ray absorptiometry; E: equation; r² = coefficient of determination; SEE: standard error of estimate.
Note: Red and green text represent disagreement and agreement with validity criteria established by Pereira et al.9, respectively.

FIGURE 1. Validation of anthropometric equations of appendicular muscle mass considering dual-energy X-ray absorptiometry as reference.
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mean difference (0.26 kg) from AMMDXA, no heterosce-
dasticity for extreme values, and a high agreement with the 
reference method (lower limit: -3.90 kg; upper limit: 3.40 kg).

DISCUSSION
Our results suggest that five of the 20 tested AMM predic-
tion equations did not differ from AMMDXA (four of the 
American equations and one of the Mexican equations), 
however none achieved an r2 > 0.70, the first validity crite-
rion. One of them (the fourth NHANES equation)14 was 
closest to the second validity criterion (SEE < 3.50), and the 
limits of agreement (Bland Altman plot) were smaller than 
the original study itself.14 This provides some reliability for 
it to be recommended for clinical practice.

As is the case in our work, other studies have also failed 
to validate some of the equations presented in this study for 
Brazilian women samples. For instance, Pereira et al.9 tried 
to validate equations by Baumgartner et al.6 and Tankó 
et al.7 without success. Likewise, the Brazilian equations9,10 
also did not meet the criteria for validation in our sample. 
Therefore, our hypothesis that specific anthropometric equa-
tions from national studies should be more accurate was 
rejected. However, when we tested the agreement between 
DXA and the equation with the closest validity to our criteria 
(the fourth NHANES equation), it showed better results in 
the agreement limits of the Bland Altman plot (lower limit: 
-3.90 kg; upper limit: 3.40 kg) when compared to the origi-
nal study (lower limit: -4.06 kg; upper limit: 4.17 kg). These 
results seem to support the use of this equation (with accept-
able accuracy) in clinical practice for older Brazilian women. 
This is possibly due to the use of generic equations of greater 
sample representativeness (n = 15,239), with data of scien-
tific and reliable representativeness generated by applicable 
models that are accurate for samples with slightly different 
data compared to the original study.

To the best of our knowledge, this is the first study that 
tried to validate many anthropometric prediction equations 
for AMM in Brazilian older women.

Despite the promising results obtained in this study, some 
limitations should be considered. The cross-sectional design 
could have underestimated the individual decline in AMM 
with aging. We also did not compare age groups in our sam-
ple. Future studies should consider a longitudinal design and 
probably age differences.

AMM should be applied to the clinical context of older 
adults for identifying sarcopenia, as AMM is recommended 
by the European Working Group on Sarcopenia in Older 
People (EWGSOP2) for the definition and diagnosis of 

sarcopenia.1 The application of our findings to clinical set-
tings should be considered with caution. Only one equation 
was more suitable to predict AMM in older women, thus 
we still do not affirm that this is the best scenario for AMM 
management. However, it can be well used by health profes-
sionals when DXA is not available. As implications of these 
findings for research, it is necessary to propose valid gener-
alizable equations for clinical practice that are more accurate 
than those used in research. Equations including more vari-
ables (sex, age, BMI) are more precise, with higher r2 to esti-
mate AMM (Supplementary Table 1). However, the impact 
of other diseases in the estimation of AMM with equations 
has not been studied in older adults.

The older population is increasing considerably every 
year. It should be noted that in Brazil, a large portion of the 
population resides in areas of difficult access for both older 
people and health agents, making it difficult to implement 
actions to manage and improve their health. Therefore, it is 
important to identify new prevention tools of easy access and 
management for the early detection of sarcopenia, especially 
among older adults.

CONCLUSION
In conclusion, when specific equations for a given population 
are not available, the use of generic equations created from 
data of greater sample representativeness (eg, the American 
NHANES data) that were scientifically and reliably processed 
can be clinically applicable to estimate AMM in older women. 
This equation is recommended as the one with the best per-
formance and a high agreement with the Brazilian sample.

Conflict of interest
The authors declare no conflicts of interest.

Funding
This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.

Supplementary materials
The Supplementary Materials can be accessed in the follow-
ing link: https://doi.org/10.5281/zenodo.7463429

Authors’ contribution
PPA: Conceptualization, Data curation, Formal analysis, 
Investigation, Methodology, Visualization, Writing – original 
draft. LB: Methodology, Writing – review & editing. APS: 
Visualization, Writing – original draft. LSLS: Investigation, 
Writing – original draft. MFTJ: Investigation, Writing 

http://www.ggaging.com
https://doi.org/10.5281/zenodo.7463429


Abdalla PP, Bohn L, Santos AP, Silva LSL, Tasinafo Júnior MF, Venturini ACR

5/5
Geriatr Gerontol Aging. 2022;16:e0220034 www.ggaging.com

REFERENCES

1. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Cederholm T, et al. 
Sarcopenia: revised European consensus on definition and diagnosis. Age Ageing. 
2019;48(1):16-31. https://doi.org/10.1093/ageing/afy169

2. Kim J, Wang ZM, Heymsfield SB, Baumgartner RN, Gallagher D. Total-body 
skeletal muscle mass: estimation by a new dual-energy X-ray absorptiometry 
method. Am J Clin Nutr. 2002;76(2):378-83. https://doi.org/10.1093/ajcn/76.2.378

3. Yagi T, Inoue T, Ogawa M, Shimada Y, Heguri Y, Okada R, et al. Sarcopenia 
affects activities of daily living recovery and hospitalization costs in older adults 
in convalescent rehabilitation wards. Eur Geriatr Med. 2021;12(6):1237-45. 
https://doi.org/10.1007/s41999-021-00552-x

4. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. 
Frailty in older adults evidence for a phenotype. J Gerontol A Biol Sci Med Sci. 
2001;56(3):M146-56. https://doi.org/10.1093/gerona/56.3.m146

5. Venturini ACR, Abdalla PP, Santos AP, Alves TC, Carvalho AS, Mota J, et al. 
Population specificity affects prediction of appendicular lean tissues for diagnosed 
sarcopenia: a cross-sectional study. Nutr Hosp. 2020;37(4):776-85. http://doi.
org/10.20960/nh.02929

6. Baumgartner RN, Koehler KM, Gallagher D, Romero L, Heymsfield SB, Ross 
RR, et al. Epidemiology of sarcopenia among the elderly in New Mexico. Am 
J Epidemiol. 1998;147(8):755-63. https://doi.org/10.1093/oxfordjournals.aje.
a009520

7. Tankó LB, Movsesyan L, Mouritzen U, Christiansen C, Svendsen OL. Appendicular 
lean tissue mass and the prevalence of sarcopenia among healthy women. 
Metabolism. 2002;51(1):69-74. https://doi.org/10.1053/meta.2002.28960

8. Visvanathan R, Yu S, Field J, Chapman I, Adams R, Wittert G, et al. Appendicular 
skeletal muscle mass: development and validation of anthropometric prediction 
equations. J Frailty Aging. 2012;1(4):147-51. https://doi.org/10.14283/jfa.2012.23

9. Pereira PMG, Silva GA, Santos GM, Petroski EL, Geraldes AAR. Development 
and validation of anthropometric equations to estimate appendicular muscle mass 
in elderly women. Nutr J. 2013;12:92. http://doi.org/10.1186/1475-2891-12-92

10. Gomes IC, Gobbo LA, Silva AM, Freitas Junior IF, Duarte YAO, Marucci MFN, 
et al. Appendicular lean soft tissue: development and cross-validation of predictive 
models for older men and women. J Frailty Aging. 2013;2(2):62-7. https://doi.
org/10.14283/jfa.2013.10

11. Kulkarni B, Kuper H, Taylor A, Wells JC, Radhakrishna KV, Kinra S, et al. 
Development and validation of anthropometric prediction equations for 
estimation of lean body mass and appendicular lean soft tissue in Indian men and 
women. J Appl Physiol (1985). 2013;115(8):1156-62. https://doi.org/10.1152/
japplphysiol.00777.2013

12. Lera L, Albala C, Ángel B, Sánchez H, Picrin Y, Hormazabal MJ, et al. Predicción 
de la masa muscular apendicular esquelética basado en mediciones antropométricas 
en adultos mayores chilenos. Nutr Hosp. 2014;29(3):611-7. https://dx.doi.
org/10.3305/NH.2014.29.3.7062

13. Ramirez E, Enríquez-Reyna MC, Garza-Sepúlveda G, Tijerina-Sáenz A, 
Ramos-Peña E, de la Garza MG. Puntos de corte y validación de una ecuación 
antropométrica para estimar la masa muscular, en el estudio de la sarcopenia en 
población mexicana. Salud Pública Méx. 2015;57(6):485-6. 

14. Santos LP, Gonzalez MC, Orlandi SP, Bielemann RM, Barbosa-Silva TG, 
Heymsfield SB, et al. New prediction equations to estimate appendicular skeletal 
muscle mass using calf circumference: results from NHANES 1999-2006. JPEN 
J Parenter Enteral Nutr. 2019;43(8):998-1007. https://doi.org/10.1002/jpen.1605

15. Bolfarine H, Bussab WdO. Elementos de amostragem. São Paulo: Edgard Blücher 
2005. 

16. Silva AM, Shen W, Heo M, Gallagher D, Wang Z, Sardinha LB, et al. Ethnicity-
related skeletal muscle differences across the lifespan. Am J Hum Biol. 2010;22(1):76-
82. https://doi.org/10.1002/ajhb.20956

17. Ramlagan S, Peltzer K, Phaswana-Mafuya N. Hand grip strength and associated 
factors in non-institutionalised men and women 50 years and older in South 
Africa. BMC Res Notes. 2014;7:8. https://doi.org/10.1186/1756-0500-7-8

18. Heymsfield SB, McManus C, Smith J, Stevens V, Nixon DW. Anthropometric 
measurement of muscle mass: revised equations for calculating bone-free arm 
muscle area. Am J Clin Nutr. 1982;36(4):680-90. https://doi.org/10.1093/
ajcn/36.4.680

19. Massy-Westropp NM, Gill TK, Taylor AW, Bohannon RW, Hill CL. Hand grip 
strength: age and gender stratified normative data in a population-based study. 
BMC Res Notes. 2011;4:127. https://doi.org/10.1186/1756-0500-4-127

20. Lohman TG. Advances in body composition assessment. Champaign: Human 
Kinetics Publishers; 1992.

– original draft. ACRV: Investigation, Writing – original 
draft. NCR: Writing – original draft, Writing – review & 
editing. PJMP: Data curation, Writing – review & editing. 

JM: Software, Supervision, Writing – review & editing. 
DRLM: Formal analysis, Project administration, Resources, 
Supervision, Validation.

http://www.ggaging.com
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1093/ajcn/76.2.378
https://doi.org/10.1007/s41999-021-00552-x
https://doi.org/10.1093/gerona/56.3.m146
http://doi.org/10.20960/nh.02929
http://doi.org/10.20960/nh.02929
https://doi.org/10.1093/oxfordjournals.aje.a009520
https://doi.org/10.1093/oxfordjournals.aje.a009520
https://doi.org/10.1053/meta.2002.28960
https://doi.org/10.14283/jfa.2012.23
http://doi.org/10.1186/1475-2891-12-92
https://doi.org/10.14283/jfa.2013.10
https://doi.org/10.14283/jfa.2013.10
https://doi.org/10.1152/japplphysiol.00777.2013
https://doi.org/10.1152/japplphysiol.00777.2013
https://dx.doi.org/10.3305/NH.2014.29.3.7062
https://dx.doi.org/10.3305/NH.2014.29.3.7062
https://doi.org/10.1002/jpen.1605
https://doi.org/10.1002/ajhb.20956
https://doi.org/10.1186/1756-0500-7-8
https://doi.org/10.1093/ajcn/36.4.680
https://doi.org/10.1093/ajcn/36.4.680
https://doi.org/10.1186/1756-0500-4-127

