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RESUMO 

 

A presente dissertação de mestrado investigou a aplicação da análise de vetores de impedância 

bioelétrica (BIVA), em modelos clássico, específico e segmentar, para compreender diferenças 

na composição corporal e no desempenho funcional de mulheres idosas. A partir de um estudo 

transversal conduzido com a mesma amostra (N = 269), foram analisados parâmetros de 

resistência, reatância, ângulo de fase e vetores de impedância associados à massa gorda, massa 

magra, água corporal e indicadores de capacidade funcional. No primeiro manuscrito, as 

participantes foram estratificadas em tercis de componentes de composição corporal. Tanto a 

BIVA clássica quanto a específica demonstraram elevada sensibilidade para discriminar perfis 

corporais distintos, embora com ênfases complementares: enquanto o modelo clássico foi mais 

sensível a diferenças relacionadas ao estado de hidratação e conteúdo celular, o modelo 

específico (spBIVA) apresentou maior capacidade de distinguir variações estruturais dos 

compartimentos magro e gordo. Vetores mais curtos e ângulos de fase mais elevados foram 

associados a maior massa celular, melhor integridade tecidual e condições de hidratação mais 

favoráveis. Os resultados reforçam o potencial da BIVA como ferramenta auxiliar para 

identificação de sarcopenia, obesidade sarcopênica e alterações hídricas em idosas. O segundo 

manuscrito analisou a associação entre parâmetros de BIA/BIVA, obtidos por aplicações de 

corpo todo, mão-a-mão e pé-a-pé, e diferentes avaliações de funcionalidade (TUG, força de 

preensão manual, velocidade de marcha e levantar-e-sentar). Foram observadas associações 

consistentes entre os parâmetros bioelétricos do corpo todo e dos membros superiores com o 

desempenho no TUG e na força de preensão, enquanto o teste de levantar-e-sentar, a velocidade 

de marcha e a aplicação pé-a-pé não se mostraram sensíveis às variações dos marcadores 

elétricos. A BIVA segmentar, especialmente de membros superiores, demonstrou maior 

capacidade de discriminação funcional. Em conjunto, os achados evidenciam que a 

interpretação integrada da resistência, reatância, ângulo de fase e vetores de impedância oferece 

uma compreensão mais refinada da saúde muscular, da integridade das membranas celulares, 

da composição corporal e do risco funcional em mulheres idosas. A BIVA se mostra, assim, 

uma ferramenta promissora para triagem, monitoramento e suporte clínico em contextos 

voltados à prevenção de fragilidade, incapacidade e desfechos adversos do envelhecimento. 

 

 

Palavras-chave: Ângulo de fase, BIVA, composição corporal, funcionalidade, 

envelhecimento. 
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ABSTRACT 

 

This master's dissertation investigated the application of bioelectrical impedance vector 

analysis (BIVA), using classical, specific, and segmental models, to understand differences in 

body composition and functional performance in older women. Based on a cross-sectional 

study conducted with the same sample (N = 269), parameters of resistance, reactance, phase 

angle, and impedance vectors associated with fat mass, lean mass, body water, and functional 

capacity indicators were analyzed. In the first manuscript, participants were stratified into 

tertiles of body composition components. Both classical and specific BIVA demonstrated high 

sensitivity in discriminating distinct body composition profiles, although with complementary 

emphases: while the classical model was more sensitive to differences related to hydration 

status and cellular content, the specific model (spBIVA) showed greater ability to distinguish 

structural variations in lean and fat compartments. Shorter vectors and higher phase angles 

were associated with greater cell mass, better tissue integrity, and more favorable hydration 

conditions. The results reinforce the potential of BIVA as a supportive tool for identifying 

sarcopenia, sarcopenic obesity, and hydration abnormalities in older women. The second 

manuscript analyzed the association between BIA/BIVA parameters—obtained through 

whole-body, hand-to-hand, and foot-to-foot measurements, and different functional 

assessments (TUG, handgrip strength, gait speed, and chair stand). Consistent associations 

were observed between whole-body and upper-limb bioelectrical parameters with performance 

in the TUG and handgrip strength tests, whereas the chair-stand test, gait speed, and foot-to-

foot application were not sensitive to variations in electrical markers. Segmental BIVA, 

particularly of the upper limbs, demonstrated greater functional discriminative capacity. Taken 

together, the findings show that the integrated interpretation of resistance, reactance, phase 

angle, and impedance vectors provides a more refined understanding of muscular health, cell 

membrane integrity, body composition, and functional risk in older women. Thus, BIVA 

emerges as a promising tool for screening, monitoring, and clinical support in contexts aimed 

at preventing frailty, disability, and adverse aging-related outcomes. 

 

Keywords: Phase angle, BIVA, body composition, functionality, aging. 
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PRESENTATION 

 

This dissertation is structured into four chapters: Contextualization, Manuscript 1, 

Manuscript 2, and Final Considerations. The two studies presented in this work are the result 

of a cross-sectional analysis of a postdoctoral study entitled “Bioelectrical impedance 

parameters, bone geometry, and associations with physical activity and sedentary behavior in 

older women with osteosarcopenic obesity: a prospective study.” The titles of the respective 

manuscripts are: “Classical and Specific Bioelectrical Impedance Vectors Analysis of older 

women according to different body composition tertiles” and “Whole-body and segmental 

bioelectrical impedance vectors analysis (BIVA) according to different levels of functionality 

of older women”. 

The first has already been submitted to the Journal of Cachexia, Sarcopenia and Muscle, 

classified by QUALIS CAPES as A1 in the area of Physical Education/Physical Therapy, with 

an impact factor of 9.1. The authorship of the article is in the following order: Beatriz Dalarme 

Tanganini, Vanessa Ribeiro dos Santos, Wilson Aparecido Tonelli Neto, Carlos Miguel 

Balestriero Alves, Luís Alberto Gobbo. 

The second one will be finalized after review by the members of this panel and should 

be submitted to the journal “The Journal of Frailty & Aging,” with QUALIS CAPES A1 and 

an impact factor of 3.9. 

The research was conducted at the Skeletal Muscle Assessment Laboratory (LABSIM) 

linked to the Department of Physical Education at the School of Technology and Science 

(FCT/UNESP), Presidente Prudente campus. The work was carried out in accordance with the 

guidelines established by the Graduate Program in Movement Sciences.  
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1. CONTEXTUALIZATION 

 

1.1. Introduction 

Body composition is closely related to human health, making it a relevant subject 

of research in the fields of health and movement sciences. The literature suggests that 

body composition should be approached at different levels, with the body being defined 

as the combination of atoms, molecules, cells, tissues, and body segments (Wang, Pierson 

and Heymsfield, 1992). 

Once the level of analysis has been chosen, different methods for assessing body 

composition can be used to measure the main components in a clinical and/or scientific 

context, such as dual-energy X-ray absorptiometry (DXA) and magnetic resonance 

imaging. DXA, used to assess bone tissue, as well as adipose and lean soft tissue, and 

magnetic resonance imaging, used for more specific clinical approaches, are more valid 

methods, but are more complex to operate and relatively more expensive (Wells, 2006). 

An alternative to these methods, which is easier to apply and widely used in 

scientific literature and in the clinical field, is bioelectrical impedance analysis (BIA) 

(Campa et al., 2022). BIA, used to assess body composition, has recently been employed 

to analyze cell membrane integrity and is becoming a marker highly associated with 

various chronic and infectious diseases, including neurodegenerative diseases (Buffa et 

al., 2007, 2010; Mereu et al., 2018). 

BIA stands out for being a portable, non-invasive, low-cost method with less 

operational complexity (Jossinet, 2005) and works through an electric current that is 

emitted in two impedance components in humans: resistance (R) and reactance (Xc) 

(Dittmar, 2003). This current flows through water-rich, highly conductive tissues. 

However, adipose tissue offers greater resistance (R) to the flow of current because it has 

a low level of hydration, while lean tissue, composed of approximately 73% water, 

conducts current with less resistance to flow. In this sense, individuals with a high 

proportion of fat-free mass, and consequently a low percentage of body fat (%BF), with 

adequate hydration (higher intracellular/extracellular water ratio), have lower R. On the 

other hand, reactance (Xc) is the measure of resistance to current by the cell membrane, 

also called capacitance. Thus, while total body R reflects resistance to intra- and 

extracellular fluids, Xc reflects the integrity of the cell membrane. The vector sum of the 
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resistance and reactance measured in an individual provides impedance values (Kyle et 

al., 2004b, 2004a). 

Conventional techniques for BIA analysis using single frequencies (50 KHz) 

allow the estimation of total body water (TBW) and fat-free mass (FFM) using predictive 

equations, considering resistance, impedance and other elements, which can lead to 

considerable errors, especially when applied to specific groups, different to those where 

the equation were validated (Piccoli et al., 1997). Hence, it is suggested that other 

parameters should be used as indicators of cellular health and membrane integrity, in 

addition to body composition, such as the phase angle (PhA) and bioelectrical impedance 

vector analysis (BIVA), besides the raw BIA parameters. 

PhA has been linked to cellular integrity and improved distribution among 

intracellular fluids, proving to be a simple and low-cost health marker for detecting 

oxidative and inflammatory stress, especially in populations with different chronic 

conditions and distinct age groups (Sardinha, 2018). PhA is calculated from the raw 

values of R and Xc, together with the arc of the tangent of the angle formed in the 

impedance graph (Kyle et al., 2004a): 

• PhA = arctg (Reactance [Xc] ÷ Resistance [R]) x (180 ÷ π). 

The impedance value provides information about total water content and cellular 

integrity. 

BIVA is proposed to minimize possible errors arising from calculations with 

predictive equations, using the raw parameters of R and Xc. It consists of a method that 

allows subjective and objective assessment of body mass and fluids based on the analysis 

of vectors and ellipses in a Cartesian impedance X-Ygraph (Piccoli et al., 1994). BIVA 

also is suggested as a complementary analysis to PhA, considering the fact of people with 

different body composition patterns can present similar values of PhA (Figure 1) (Mereu 

et al., 2018). 
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Figure 1. Graphical representation of different phase angle values (in degrees) on the 

same impedance vector. (Source: the Author). 

 

Two important components for BIVA are Tolerance and Confidence Ellipses. 

Tolerance ellipses represent the variability of body composition in a reference population. 

They can be used to evaluate both a single individual and a group in relation to the 

reference population (Figure 2). However, the choice of population can impact the 

evaluation (Piccoli et al., 1994). 

 
Figure 2. Tolerance ellipses. (Source: the Author). 
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A confidence ellipse does not require a reference population for comparison and 

is constructed around an average impedance vector for a group of individuals, with the 

size and orientation of the ellipse determined by the variability of vectors within a group. 

(Piccoli et al, 1994). These ellipses are useful for comparing different groups of 

individuals; larger ellipses represent greater variability in the body composition of the 

group (heterogeneous group); therefore, a smaller ellipse represents a more homogeneous 

group - with less variability in body composition parameters (Figure 3).  

 
Figure 3. Confidence ellipses. (Source: the Author). 

 

In the most recent studies on BIA, considerable attention has been given to 

localized (L-BIA) (Nescolarde et al., 2023) or segmental applications (Codognotto et al., 

2008; Doan et al., 2022; Mereu et al., 2018b) . In these cases, electrodes are placed at 

specific points on the body, according to the objective of the study. This approach allows 

for a more focused analysis of body regions, providing well-targeted information for each 

situation. However, most research to date has focused primarily on the assessment of 

muscle injuries in specific groups, such as athletes (Nescolarde et al., 2023), leaving room 

to further explore the use of L-BIA in other clinical conditions. 

In this context, this project aims to present two manuscripts based on data from a 

larger study conducted at the School of Technology and Science - Sao Paulo State 

University, Presidente Prudente, SP, Brazil. Both present BIA analyses, especially BIVA, 
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considering the feasibility of these methods in prognostics for frailty, sarcopenia, and 

other diseases.  

 

1.2. Objectives 

First manuscript: To analyze the bioelectrical impedance vectors (confidence 

ellipses) of individuals classified into different tertiles (T1, T2, and T3) of body 

composition (fat mass, bone mass, muscle mass, appendicular muscle mass, total body 

water, and extracellular/intracellular water ratio), considering both classical and specific 

BIVA models in older women. 

Second manuscript: To analyze whole-body and segmental BIVA of older women 

according to different levels of functionality and mobility. 

 

1.3. Methodology 

1.3.1. Population and ethical aspects 

The two manuscripts presented in this dissertation were cross-sectional studies 

with the same sample, consisting of women over 60 years of age. The participants 

underwent body composition analysis using electrical bioimpedance and DXA, in 

addition to answering health, socioeconomic, and general data questionnaires. To collect 

functional variables, participants performed the TUG, Sit and Stand test, Gait Speed, and 

Handgrip tests. All women signed the Free and Informed Consent Form, and the study 

was approved by the University Ethics Committee (CAAE: 70333222.3.0000.5402). 

 

1.3.2. Variables 

First manuscript: Bioimpedance parameters R, Xc, Classic and Specific Vectors  

Analysis, Bone mineral content, Fat mass, Lean Mass, Intracellular water, Extracellular 

water/Intracellular water ratio, Appendicular Lean Soft Tissue. 

Second manuscript: BIA and L-BIA (upper and lower limbs) parameters R, Xc, 

and PhA, as well as performance in functional tests (TUG, Sit and Stand, Gait Speed and 

Handgrip). 

 



6 

 

 

1.4. Introduction References  

Buffa, R., Lodde, M., Floris, G., Zaru, C., Putzu, P. F., & Marini, E. (2007). 

Somatotype in Alzheimer’s disease. Gerontology, 53(4), 200–204. 

https://doi.org/10.1159/000100486 

Campa, F., Gobbo, L. A., Stagi, S., Cyrino, L. T., Toselli, S., Marini, E., & Coratella, 

G. (2022). Bioelectrical impedance analysis versus reference methods in the 

assessment of body composition in athletes. European Journal of Applied 

Physiology, 122(3), 561–589. https://doi.org/10.1007/s00421-021-04879-y 

Campa, F., Toselli, S., Mazzilli, M., Gobbo, L. A., & Coratella, G. (2021). 

Assessment of Body Composition in Athletes: A Narrative Review of Available 

Methods with Special Reference to Quantitative and Qualitative Bioimpedance 

Analysis. Nutrients, 13(5). https://doi.org/10.3390/NU13051620 

Codognotto, M., Piazza, M., Frigatti, P., & Piccoli, A. (2008). Influence of localized 

edema on whole-body and segmental bioelectrical impedance. Nutrition (Burbank, 

Los Angeles County, Calif.), 24(6), 569–574. 

https://doi.org/10.1016/J.NUT.2008.02.009 

Dittmar, M. (2003). Reliability and variability of bioimpedance measures in normal 

adults: effects of age, gender, and body mass. American Journal of Physical 

Anthropology, 122(4), 361–370. https://doi.org/10.1002/AJPA.10301 

Doan, D. N. T., Kim, K., Kim, S. G., Lee, S., Lee, K. H., & Kim, J. (2022). 

Segmental bioelectrical impedance analysis for Korean older population with cold 

pattern. Frontiers in Nutrition, 9. https://doi.org/10.3389/FNUT.2022.975464 

Jossinet J. (2005). Bioimpedance and p-Health. Studies in health technology and 

informatics, 117, 35–42. 

Kyle, U. G., Bosaeus, I., De Lorenzo, A. D., Deurenberg, P., Elia, M., Gómez, J. M., 

Heitmann, B. L., Kent-Smith, L., Melchior, J. C., Pirlich, M., Scharfetter, H., Schols, 

A. M. W. J., & Pichard, C. (2004a). Bioelectrical impedance analysis - Part I: 

Review of principles and methods. Clinical Nutrition, 23(5), 1226–1243. 

https://doi.org/10.1016/j.clnu.2004.06.004 

Kyle, U. G., Bosaeus, I., De Lorenzo, A. D., Deurenberg, P., Elia, M., Gómez, J. M., 

Heitmann, B. L., Kent-Smith, L., Melchior, J. C., Pirlich, M., Scharfetter, H., Schols, 

https://doi.org/10.1159/000100486
https://doi.org/10.1007/s00421-021-04879-y
https://doi.org/10.3390/NU13051620
https://doi.org/10.1016/J.NUT.2008.02.009
https://doi.org/10.1002/AJPA.10301
https://doi.org/10.3389/FNUT.2022.975464
https://doi.org/10.1016/j.clnu.2004.06.004


7 

 

 

A. M. W. J., & Pichard, C. (2004b). Bioelectrical impedance analysis-part II: 

utilization in clinical practice. Clinical Nutrition (Edinburgh, Scotland), 23(6), 

1430–1453. https://doi.org/10.1016/J.CLNU.2004.09.012 

Martins, P. C., Gobbo, L. A., & Silva, D. A. S. (2021). Bioelectrical impedance 

vector analysis (BIVA) in university athletes. Journal of the International Society of 

Sports Nutrition, 18(1). https://doi.org/10.1186/S12970-020-00403-3 

Mereu, E., Succa, V., Buffa, R., Sanna, C., Mereu, R. M., Catte, O., & Marini, E. 

(2018). Total body and arm bioimpedance in patients with Alzheimer’s disease. 

Experimental Gerontology, 102, 145–148. 

https://doi.org/10.1016/J.EXGER.2017.11.011 

Nescolarde, L., Talluri, A., Yanguas, J., & Lukaski, H. (2023). Phase angle in 

localized bioimpedance measurements to assess and monitor muscle injury. Reviews 

in Endocrine and Metabolic Disorders, 24(3), 415–428. 

https://doi.org/10.1007/S11154-023-09790-9 

Piccoli, A., Pillon, L., & Favaro, E. (1997). Asymmetry of the total body water 

prediction bias using the impedance index. Nutrition (Burbank, Los Angeles County, 

Calif.), 13(5), 438–441. https://doi.org/10.1016/S0899-9007(97)91282-X 

Piccoli, A., Rossi, B., Pillon, L., & Bucciante, G. (1994). A new method for 

monitoring body fluid variation by bioimpedance analysis: the RXc graph. Kidney 

International, 46(2), 534–539. https://doi.org/10.1038/KI.1994.305 

Sardinha, L. B. (2018). Physiology of exercise and phase angle: another look at BIA. 

European Journal of Clinical Nutrition, 72(9), 1323–1327. 

https://doi.org/10.1038/S41430-018-0215-X 

Wang, Z. M., Pierson, R. N., Jr, & Heymsfield, S. B. (1992). The five-level model: 

a new approach to organizing body-composition research. The American journal of 

clinical nutrition, 56(1), 19–28. https://doi.org/10.1093/ajcn/56.1.19 

Wells, J. C. K. (2006). Measuring body composition. Arch Dis Child, 91, 612–617. 

https://doi.org/10.1136/adc.2005.085522 

 

  

https://doi.org/10.1016/J.CLNU.2004.09.012
https://doi.org/10.1186/S12970-020-00403-3
https://doi.org/10.1016/J.EXGER.2017.11.011
https://doi.org/10.1007/S11154-023-09790-9
https://doi.org/10.1016/S0899-9007(97)91282-X
https://doi.org/10.1038/KI.1994.305
https://doi.org/10.1038/S41430-018-0215-X


44 
 

 

4. FINAL CONSIDERATIONS 

 

Based on the two manuscripts that compose this dissertation, it is possible to conclude 

that bioelectrical impedance vector analysis—both in classical and specific models, as well as 

in segmental approaches—proves to be a sensitive tool for capturing the heterogeneity of body 

composition and functional aspects in older women. In the first study, stratification into tertiles 

of fat mass, lean mass, bone mineral content, intracellular water, and the ECW/ICW ratio 

showed that shorter vectors and higher phase angles are associated with better tissue quality, 

greater cellular content, and a more favorable hydration status. The specific model (spBIVA) 

demonstrated a greater ability to discriminate structural variations in lean and fat 

compartments, reinforcing its potential to support the diagnosis of sarcopenia, sarcopenic 

obesity, and hydration imbalances. 

In the second study, the findings indicated that whole-body and upper-limb BIA and 

BIVA parameters are consistently associated with performance in global functionality tests, 

particularly the TUG and handgrip strength, while tests such as the chair stand and 4-meter gait 

speed were not sensitive to variations in electrical markers, and the foot-to-foot application did 

not satisfactorily discriminate between different levels of functional performance. 

Taken together, these results suggest that the integrated interpretation of resistance, 

reactance, phase angle, and impedance vectors—within classical, specific, and segmental 

models—provides a more refined picture of muscular health, cell membrane integrity, and 

functional risk in older women. This supports the use of BIVA as a complementary screening 

and monitoring tool in clinical and research settings focused on preventing frailty, disability, 

and adverse outcomes throughout aging. 
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